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a b s t r a c t 

An indoor environmental quality (IEQ) assessment of academic libraries in Nigeria was conducted through ob- 

jective measurements. The selected university libraries were Abubakar Gimba Library; Awwal Ibrahim Library; 

and Ibrahim Badamosi Babangida Library Complex. The libraries were evaluated under operating conditions and 

during their peak usage periods. Measurements of the main descriptors of good IEQ, including the acoustical, 

visual, and thermal comfort conditions were performed using portable IEQ meters. The methodology employed 

for the assessment of these IEQ descriptors followed prescriptions of international standards ASHRAE standard 

55 and ISO 7730. To determine the time of the day in which the library buildings can achieve optimum IEQ, 

measurements were taken in the morning and afternoon. The results obtained were compared with reference 

values found in the international Standard CIBSE Guide A for adequate IEQ compliance of academic libraries. 

The findings of this study are expected to help in improving the IEQ of academic libraries in Nigeria and other 

parts of the world. 
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. Introduction 

Academic libraries are at the forefront of the purposes of establish-

ng universities. Personal, and private studies from wide-ranging sources

re carried out in libraries, requiring set standard interior conditions

f the purposes will be optimally achieved. The quality of a library’s

ndoor environment is, therefore, important. Good and acceptable in-

oor environmental quality (IEQ) can greatly influence the learning ca-

acity of users of any academic library. For example, proper IEQ con-

itions can improve the effectiveness of comprehension and assimila-

ion, the advancement of skills, and the quality of activities such as

eading. 

Indoor environmental quality (IEQ) refers to the quality of thermal

omfort, health, and well-being that a building’s indoor environment

an offer to the occupants and/or users. The level of IEQ depends on

any complex interconnected parameters [1] . These parameters have

een reported to include the design and operation of building systems

hat control thermal comfort, indoor air quality (IAQ), acoustics, and

lluminance [2-4] . The assessment of the overall comfort of the indoor

nvironment places foremost attention to human health. The negative

mpact of the built environment on the health of users is a matter of

oncern, which points to some design or technical flaws in the building.
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rticle under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-
tudies have shown evidence that there is a direct and consistent con-

ection between the indoor environment and human well-being. This

elationship usually presents both short-term and long-term effects on

eople [5] . For example, De Giuli et al. [6] reported that poor IEQ of

 building can affect the comfort, health, and productivity of the occu-

ants. Alike, poor IEQ has been implicated in psychological and other

uilding-related illnesses that are not immediately obvious [7 , 8] . Un-

erstanding the sources of indoor environmental discomfort and their

dequate handling can often help prevent many problems ahead of time,

uring a design process [9] . 

The topic of IEQ of buildings has received tremendous attention from

esearchers over the years. However, some of these studies are deficient.

or instance, Wong and Jan [10] evaluated the total building perfor-

ance of academic buildings in Singapore using a combination of the

alkthrough, simple instrumentation, and occupancy and use analysis

pproaches. While the findings are important, the scope of the study

imits its generalization for policy formulation. Recently, some authors

tilized subjective and/or objective methods to assess IEQ parameters

n libraries. Different widely studied thematic areas of IEQ (i.e., envi-

onmental factors that define IEQ) include acoustic, visual, and thermal

omforts. The forth IEQ thematic area is IAQ, however, it is not the focus

f discussion in the present study. Hutchinson [11] conducted a clinical
 2020 
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eview on learning and teaching in the educational environment, show-

ng that background noise levels, visual distractions, and room temper-

ture can influence the learning processes due to their effects on con-

entration and inspiration. 

From the acoustic theme, Ntui [12] determined levels of environ-

ental noise and identified noise sources, which cause discomfort to

sers of the University of Calabar Library. The study found that noise

evels in the university library were high, exceeding the acceptable

hreshold of noise level established by the World Health Organization

WHO). Aremu et al. [13] assessed indoor noise at the University of

lorin Main Library in Nigeria. Different issues reported include subjec-

ive rating, extent of noise disruption, and ambient daytime and night-

ime noise levels. From this study, noise rating and extent of disrup-

ions were divergent. Also, most of the noise level measurements ex-

eeded the recommended maximum limit of 45 Decibels (dB). Franks

nd Asher [14] studied the utilization of universities’ limited space to

atisfy both separate and collective study needs of students across four

niversity libraries. Permeation of sound between floors was reported

ue to the inability of floors with open level designs to uphold sound

nsulation. Castro-Martínez et al. [15] examined the effect of noise, re-

erberation, and acoustical barriers on the level of attention of 141

tudents from a Columbian private university. The study revealed that

he students’ attention processes were affected by noise levels. How-

ver, Castro-Martínez and colleagues found that decreasing reverbera-

ion time increased the levels of attention and performance of the stu-

ents. In an explorative study of acoustic comfort in the library of Birm-

ngham, Xiao and Aletta [16] presented various sources of sound pro-

les for each floor in the library. These include verbal individual sounds,

on-verbal individual sounds, mechanical sounds, crowds of people, and

nvironmental noise. 

Another important thematic area of IEQ widely reported is the vi-

ual/lighting comfort. The provision and maintenance of a visually com-

ortable environment in university libraries is a critical issue for users to

oncurrently maintain wellbeing and good productivity [17 , 18] . Most

f the tasks that library users perform require visual sensation rather

han physical labor, which implies that the library environment should

e visually comfortable. Illuminance levels had been reported to have

 significant impact on visual performance. For example, Yoshida and

amamoto [19] and Tseng et al. [20] observed that under different

lluminance, the capability of discerning color differs. Lin and Huang

21] also found that the time of visual perception was shorter when the

lluminance was 500 lx than for other conditions. Lee et al. [22] and Lin

nd Huang [23] have also reported better and improved performance

or letter searching and text comprehension with higher illuminance

ntensity. 

Moreover, thermal comfort is a key parameter of IEQ. Thermal com-

ort is a complex IEQ criterion and may be influenced by both environ-

ental and personal factors. The various parameters that can influence

hermal comfort need to be well thought of and carefully considered

t the design stage of library buildings [24] . These factors include air

emperature, mean radiant temperature, air relative humidity (RH), air

elocity (environmental factors), metabolic rates, and clothing insula-

ion (personal factors) [25] . Other non-quantifiable elements of comfort

hat can vary the level of tolerance toward certain thermal conditions

nclude culture, habits and traditions, mental states, and expectations

26] . Among these factors, air temperature and relative humidity are

onsidered very important. In six Australian field studies, de Dear and

uliciems [27] found that in air-conditioned and free-running buildings,

he neutral temperature was 23.8 °C and 25.5 °C, respectively. Kwok

nd Chun [28] found out that students in naturally ventilated class-

ooms were thermally comfortable than their counterparts in the air-

onditioned classroom, even though the naturally ventilated classrooms

ere 3 °C warmer than the air-conditioned classrooms. Furthermore,

umidity can cause discomfort due to an uncomfortably increased level

f skin humidity and insufficient cooling of the mucous membranes in

he upper respiratory tract by inhalation of humid, or warm air [29] .
303 
everal studies have investigated the effects of relative humidity (RH)

n thermal comfort. Klein and Schlenger [30] conveyed that the expo-

ure of the human body to low RH can cause skin dryness and irritation

ue to the rapid evaporation of moisture from the skin surface. How-

ver, only a modest effect can be observed on thermal comfort within

n acceptable temperature during sedentary activities such as may be

btainable in the library. Arens et al. [31] investigated the effect of

igh RH on thermal comfort for sedentary functions and found that for

he temperature range of 20–26 °C, there were no significant psycho-

ogical or physiological differences in human response to the exposure

f between 60% and 90% RH. The human body feels discomfort when

t is wet because high friction occurs between the clothing and the skin

32] . 

As the literature review above demonstrates, however, only a few

tudies have been conducted on the IEQ of university libraries in de-

eloping countries whereas there are many studies on this subject in

he developed world. The few studies from developing countries cen-

ered on the acoustic parameter of IEQ. An exhaustive literature search

howed that no known studies have been conducted in any academic

ibrary in Nigeria to assess the IEQ, despite the comparatively old age of

ibrary buildings, their usage and study techniques employed since the

uildings were designed and built. A major factor is a token available for

unding environmental research, lack of qualified researchers, and the

erception that the indoor environment does not play any significant

ole in the health, learning performance, and academic achievements

f students. Although there have been library-related studies in Nige-

ia [12 , 13] , to the best of our knowledge, this is the first systematic

tudy that objectively assessed the IEQ of Nigerian university libraries.

he present study is significant because there is a directly proportional

elationship between the level of indoor environmental conditions and

he level of knowledge acquisition and work efficiency of library users.

lso, this study focuses on artificial design conditions that can signifi-

antly affect these three indoor environmental conditions (i.e., acous-

ic, visual, and thermal) that future university library designs must take

nto account to achieve optimum performance. Furthermore, the out-

ome of the current assessment will assist in evaluating the kind and

egree of corrections that must be introduced to the current university

ibraries under study if they will fulfill their purposes. Finally, the find-

ngs will also emphasize the merits of utilizing standardized monitoring

ethods; identifying current problems, and raising awareness of indoor

nvironmental issues among administrators of university libraries and

olicymakers both on local and regional scales. 

. Methodology 

The purpose of assessing the indoor environmental quality of the uni-

ersity library buildings being studied was to collect quantitative data

bout the current comfort conditions of the buildings, indoor and out-

oor environmental parameters. The detailed experimental procedures

re described in the following sections. 

.1. Description of selected university libraries and measurement 

rocedures 

Measurements of IEQ parameters were carried out in three different

cademic libraries: Abubakar Gimba Library in IBB University, Lapai;

wwal Ibrahim Library in the Federal University of Technology annex

ibrary; and Ibrahim Badamosi Babangida Library Complex in the Fed-

ral University of Technology, Minna. The essence was to understand

ow to improve the IEQ of the university libraries to increase the per-

ormance, health, and well-being of users. The selection of the libraries

as based on the sophistication of design, construction materials, and

opulation of users. Photos of various functional units/sections of the

hree libraries are shown in Figs. 1-3 . 
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Fig. 1. Different units assessed in the AGL. 
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𝑖  
For the sake of brevity, the phrases Abubakar Gimba Library; Awwal

brahim Library; and Ibrahim Badamosi Babangida Library Complex will

ereafter be abbreviated as AGL, AIL, and IBBLC, respectively in this ar-

icle. The measurements occurred between July and September between

he hours of 9 am and 4 pm. The measurements were carried out in July

nd September because they are the peak usage periods of the three li-

raries. These are the periods when most users patronize the libraries.

emester tests are usually conducted in July while exams are conducted

n September, hence, students are engaged in many studies. The measur-

ng probes were fitted and made ready from 8:00 am, and the collection

f data commenced by 9:00 am, to permit the environmental adaptation

f each measuring device. All the data collections were performed re-

eatedly until 4 pm every day. The level of illuminance, E of the outdoor

nvironment ranged from 800 lux to 14,500 lux. The outdoor tempera-
304 
ure was between 30 °C and 32 °C. The cooling system was in operation

n the library buildings. The details of the measurement procedures for

ighting, acoustic, and thermal comfort conditions are given in the fol-

owing sections. 

.2. Lighting comfort measurements 

Several sampling points were chosen in the reading plane in each li-

rary. The spaces considered in each library were first divided into a few

qual areas that were as nearly square as possible. The number of mea-

urement positions was evaluated based on the room index, expressed

s Eq. (1) [33] . 

 = 

𝑤.𝑙 

ℎ . ( 𝑤 + 𝑙 ) 
(1)
𝑚 
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Fig. 2. Different units assessed in the AIL. 

w  

t  

v  

r  

b  

a  

i  

v  

t  

s  

p  

u  

i  

m  

T  

r  

s  

z  

l  

t  

l  

c  

e  

r  

c  

m  

t  

t  

p

2

 

m  

n  

o  

f  

a  

t  

t  

t  

l  

t  

4  

l  

r  

t  

1  

t  

T  

4  

o  

i  

s  

t  

s  

m  

p  

t  
here: w is the room width (m); l is the room length (m); and h m 

is

he distance of the lighting source from the reading desk (m). Using the

alue of the room index, i , the number of the grid points was 4 if the

oom index value was less than 1, and 9 if the room index value was

etween 1 and 2 [33] . The measurement of the illuminance was taken

t the center of each square to (i) justify whether the lighting provision

n each space was evenly distributed or not; (ii) determine the average

alue of illuminance, E (lux) for the whole reading area by averaging

he value of these measurements. Likewise, another three-point mea-

urement was also taken for the lighting level directly on the reading

lane. A portable light lux meter (model E75CC, Precision Gold) was

sed for measuring illuminance E (the SI unit is lux) to check the light

ntensity of illuminated library spaces, to fit valid standards. The lux

eter consisted of a basic measuring device and a measuring sensor.

he measuring sensor comprised one silicon photodiode and spectral

esponse filter. The lux meter was factory calibrated before the mea-

urement and the sensor was covered to calibrate the lux meter to a

ero-reading before each measurement. Data were recorded when the

ux meter showed a stable reading. The measured values of the lux me-

er could be seen in the 4-digit liquid crystal display (LCD). Besides, the

ux meter was suitable for measuring low illumination intensities and

orrecting the spectral sensitivity of the eye. The equipment could op-

rate within a temperature range of 0 °C up to 50 °C and at a maximum

elative humidity of 80%. Also, its accuracy was ± 5% of reading and its

apacity ranged between 0 and 50,000 lux. The average value of illu-

inance for the whole period of measurements was compared with the

hreshold provided in the CIBSE Guide A for environmental design [34] ,

o assess whether a suitable level of illuminance was offered for reading

urposes by the lighting provisions of each space. 
305 
.3. Acoustic comfort measurements 

Following the ISO 3382 recommendations [35] , several measure-

ent points were chosen in each space sampled in the libraries. The

umber of measured points ranged from 4 to 6, depending on the area

f the room. The noise levels were measured in the middle of each space,

or a measurement time of 10 min, and all measurements were averaged

nd compared with the provisions of the standard. The equipment used

o measure noise levels was the 210 (L) x 55 (W) x 32 (H) mm Digi-

al Sound Level Meter (model NO5CC, Precision Gold). This sound me-

er was a high-quality device, which delivered objective, reproducible

evels of sound in decibels (dB). Furthermore, the equipment satisfied

he requirements of the International Electrotechnical Comission’s IEC

01 Type 2 standards. The equipment could monitor sound pressure

evels (SPL) from 30 dB to 130 dB in high and low measurement level

anges. Generally, for low noise settings, the meter is adjusted to the 30

o 100 dB scale, while for high noise settings, it is adjusted to the 80 to

30 dB scale. The sensor of the sound level meter had a 12.77 mm elec-

ric condenser microphone, which was located at the top of the meter.

he accuracy of the sensing microphone was ± 1.5 dB. The front-located

-digit LCD readings taken by the meter for easy viewing at 0.1 dB res-

lution were updated every 0.5 s. Moreover, the sound level meter used

n this study had a dynamic feature or time weighting that performed a

mall degree of averaging on the instantaneous sound pressures. These

ime weightings are generally recognized as “slow ”, “fast ”, or “max ” re-

ponse. The “max ” function is self-explanatory and is rarely used for

ost noise measurement. The “fast ” response averages over a 125 ms

eriod; while the “slow ” response averages for 1 s. Certain measurement

ypes specify the use of “fast ” or “slow ” response, but the “fast ” response
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Fig. 3. Different units assessed in IBBLC. 
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s usually recommended for general purpose applications because the

eter follows the noise contours very closely and the captured maxi-

um levels are not subject to excessive smoothing. 

.4. Thermal comfort measurements 

The methodology of measurement employed in our experiment was

imilar to those used in previous works of Ricciardi and Buratti [33] and

ematchoua et al. [36] , and prescriptions of existing standards such as

SO 7730 [37] and ASHRAE standard 55 [38] . In every room assessed,

he air temperature at three different points was measured. The first

oint was at the occupancy area near the outer wall, the second point

as in the occupancy area near the wall adjacent to another room and

he third point was between the first and the second points. The indoor

ir temperature was measured using a compact auto-ranging digital psy-

hrometer (EX330) manufactured by Extech R ○ Instruments Corporation,

altham, MA, U.S.A. The attainable basic uncertainty in temperature

easurements was ± 0.5%. Various components of the psychrometer in-

luded an extra-large 4000 count LCD allowing for large, easily read-

ble 1 ″ display digits, test leads, and a built-in non-contact AC voltage

NCV) detector with an LED indicator and a beeper. The measuring sen-

or was a Type K temperature probe – thermocouple (°F/ °C switchable)

nd could measure between a temperature range of − 50 to 1000 °C.

he digital psychrometer was set in various positions within the var-

ous library spaces, by subdividing the space and the readings on the

easuring probes were taken every 30 min. For each experiment, mea-

urements were taken at 1.1 m height above the floor level to assess

he spatial regularity of thermal conditions in the same environment.

ll measurements taken for the entire period of measurement were av-
306 
raged and compared with international standards. The measurement

onditions for the three IEQ factors investigated are shown in Table 1 . 

.4.1. Brief description of the cooling system in the libraries 

The cooling systems of the three libraries were similar. Spaces with

t least one exterior wall and a net usable floor area less than 160 m 

2 

ere cooled using either the window- or split-type air conditioners while

paces greater than 160 m 

2 such as the reading areas were cooled using

ackaged air-conditioning units. These package units consisted of wa-

er chillers which were located at the rooftop of the library buildings.

hilled water was pumped from the chillers through insulated pipe net-

orks to the various Air handling units (AHU) before it was supplied

hrough supply ductwork into the concerned spaces. The refrigerating

oad in the libraries throughout the year was fundamentally cooling. Ex-

aust fans with air recirculation potential as well as fresh air to balance

p the temperature regulating control of these spaces were engaged. 

.5. Statistical analysis 

The mean and standard deviation values were used to estimate the

ariability arising from different sets of experimental measurements.

he standard deviation was determined using the following relation-

hip: 

 = 

√ ∑𝑛 

𝑖 

(
𝑥 𝑖 − �̄� 

)2 
𝑛 − 1 

(2)

here, at i = 1 to n , 𝑥 1 , 𝑥 2 … 𝑥 𝑛 are the measured data and �̄� is their mean

alue, and n is the total number of data for each IEQ descriptor. 
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Table 1 

Measurement conditions for the three IEQ parameters. 

IEQ Parameters Measurement Conditions 

Thermal comfort measurements Period of sampling: every 30 min interval. 

Duration of measurement: 7 h daily. 

Acoustic measurements Sound intensity level: every 30 min interval from 9 am to 

4 pm daily. 

Lighting measurements Duration of measurements: 7 h daily. 

Artificial lighting system: turned on during measurement. 

Natural lighting condition: bright sky. 
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Table 2 

Daylighting factors of the indoor spaces. 

Location Space Description Daylight Factor 

AGL Reference Unit 2.6 

Reading Room 1 3.5 

Reading Room 2 3.4 

Serial Unit 3.9 

E-Library 1.8 

AIL Reference Unit 1.8 

Circulation Unit 1.6 

System Unit 1.5 

IBBLC Reference Unit 2.1 

Circulation Unit 2.3 

System Unit 2.6 

Serial Unit 1 2.3 

Serial Unit 2 1.8 

Postgraduate Unit 2.1 
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In this study, the authors hypothesized about the difference between

he various groups of experimental conditions to draw conclusions based

n statistical testing of data. As a convention, the null hypothesis, H o 

as used to describe a lack of variance between these groups, that is,

he mean values of IEQ parameters from one experimental condition

nd another experimental condition were equal (H o : μ1 = μ2 ). For the

lternative hypothesis, the authors described the existence of variance,

hat is, the estimated mean values of the IEQ descriptors were not equal

H 1 : μ1 ≠ μ2 ). The conditions tested were twofold. First, the differences

etween IEQ descriptors during morning and afternoon periods. In this

ase, an independent sample t -test (two-tailed) was conducted to assess

f the null or alternative hypothesis was true. Second, differences among

he three libraries in terms of IEQ descriptors were also tested using

he one-way analysis of variance (ANOVA) test. To find out the group

f university libraries where IEQ parameters were statistically signifi-

antly different, a Tukey–Kramer Honest Significance Difference (HSD)

ost Hoc test was conducted. The estimated p -value from the various

tatistical tests conducted was exploited for taking decisions on these

ifferences. To ensure a 95% certainty that the differences did not oc-

ur by chance, the 𝛼 = 0.05 setting was employed with the probability

f rejecting the null hypothesis when p < 0.05. 

. Results 

.1. Lighting assessment 

Clearly from Fig. 4 , the illuminance levels fell below the recom-

ended level of 500 lux, which can have a significant effect on the

sers of the libraries. The average illuminance level in each library

nit in AGL during morning and afternoon periods was 128.33 ± 16.07

 245.00 ± 30.00 lux for the reference unit, 95.00 ± 5.00 & 176.67 ±
5.08 lux for the reading room–1, 91.67 ± 18.93 & 180.00 ± 0.10 lux

or the reading room–2, 40.00 ± 0.15 & 120.00 ± 0.18 lux for the se-

ial unit, and 130.00 ± 62.45 & 248.33 ± 12.58 lux for the E-library sec-

ion, respectively. The average morning and afternoon illuminance

or AIL was 73.33 ± 27.54 & 163.33 ± 50.08 lux for the reference

nit, 82.00 ± 38.69 & 217.33 ± 55.64 lux for the circulation unit, and

0.00 ± 20.00 & 113.33 ± 35.47 lux for the system unit, respectively.

hereas, for IBBLC, the average illuminance during morning and after-

oon periods was 30.00 ± 10.00 & 68.33 ± 7.64 lux for the reference unit,

0.00 ± 17.32 & 136.67 ± 20.21 lux for the circulation unit, 20.00 ± 5.00 &

5.00 ± 13.23 lux for the system unit, 89.50 ± 26.19 & 125.00 ± 21.79 lux

or the serial unit–1, 62.67 ± 31.01 & 115.00 ± 31.22 lux for the serial

nit–2, and 33.33 ± 23.09 & 91.67 ± 16.07 lux for the postgraduate unit,

espectively. With the readings falling below the acceptable value of

00 lux, turning off the artificial lighting at any point in time is not fea-

ible. An independent t -test ( 𝛼 = 0.05, 2-tailed) showed that in most of

he library units, there was a significant difference ( p < .05) between the

lluminance levels during morning and afternoon periods except for the

eading room-1 in AGL ( p = .06), system ( p = .05) and reference ( p = .05)

nits in AIL, and serial unit-1 ( p = .15) and serial unit-2 ( p = .11) in IB-

LC. 

The box and whisker plots ( Fig. 5 ) showed that there were no outliers

mong the measured values of illuminance levels for each university
307 
ibrary. The Shapiro-Wilk’s test for normality suggested that the data

ere normally distributed at p = .36 for AGL, p = .91 for AIL, and p = .45

or IBBLC. The homogeneity of variances was satisfied, as assessed by

avene’s test of Homogeneity of variances ( p = .74, median). The one-

ay ANOVA test on these illuminance level scores yielded statistically

ignificant variation among university libraries, F(2, 11) = 5.43, p = .02.

 Tukey HSD-Kramer’s post hoc test indicated that the levels of illu-

inance in AGL and IBBLC differed significantly at p = .02; while the

lluminance levels in AIL were not statistically significantly different

rom those in AGL ( p = .53) and IBBLC ( p = .27), lying somewhere in the

iddle. 

Apart from the assessment of the artificial lighting in the selected

cademic libraries, the daylight factor was also estimated as the ratio

f the indoor illuminance to the outdoor illuminance, expressed as a

ercentage. The average daylight factor in all units of the three libraries

as less than 5 as shown in Table 2 . 

.2. Acoustic assessment 

From the acoustics results in Fig. 6 , the mean dB levels obtained

ndicated that noise levels varied at various locations of the aca-

emic libraries and were way beyond the recommended value of

5 dB. The average noise levels for morning and afternoon periods

n AGL were 49.67 ± 16.92 & 66.33 ± 19.09 dB for the reference unit,

3.67 ± 9.75 & 64.83 ± 13.90 dB for the reading room–1, 46.83 ± 10.54 &

3.00 ± 7.00 dB for the reading room–2, 56.17 ± 8.25 & 68.00 ± 7.94 dB

or the serial unit, and 48.67 ± 18.06 & 65.50 ± 16.30 dB for the E-library

nit, respectively. In AIL, the average noise levels for morning and

fternoon periods were 47.33 ± 14.50 & 58.83 ± 20.83 dB for the ref-

rence unit, 48.67 ± 10.12 & 59.00 ± 8.72 dB for the circulation unit,

nd 52.33 ± 8.96 & 67.50 ± 15.26 dB for the system unit, respectively.

he morning and afternoon average noise levels found in IBBLC were

9.00 ± 19.05 & 57.33 ± 27.00 dB for the reference unit, 46.50 ± 13.81 &

3.17 ± 25.36 dB for the circulation unit, 47.50 ± 18.63 & 64.00 ± 27.78 dB

or the system unit, 52.33 ± 6.25 & 72.17 ± 15.75 dB for the serial unit–1,

0.83 ± 12.85 & 59.00 ± 21.28 dB for the serial unit–2, and 50.17 ± 15.33
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Fig. 4. Measured illuminance of different academic libraries. 

Fig. 5. The box and whisker plots for illuminance levels in the university li- 

braries. 
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 61.33 ± 22.85 dB for the postgraduate unit, respectively. In compari-

on, the noise levels observed during the afternoon period were higher

han those observed in the morning period, suggesting that most users

atronize the library during the afternoon period. Although the noise
308 
evels in all the assessed units of the three libraries were relatively higher

n the afternoon than in the morning, the differences were not statisti-

ally significant ( p > .05). 

The assessment of the noise levels using the box and whisker plots

 Fig. 7 ) showed the presence of outliers in the measured data for AGL

nd IBBLC. After conducting a sensitivity analysis, one outlier that could

ffect the normal distribution of data and influence the overall result

as excluded. The Shapiro–Wilk’s test revealed that the remaining data

ere normally distributed at p = .45 for AGL, p = .19 for AIL, and p = .18

or IBBLC. The homogeneity of variances was satisfied, as assessed by

avene’s test ( p = .43, median). The one-way ANOVA test indicated that

here was no statistically significant difference in the noise levels of the

hree libraries, F(2, 10) = 0.64, p = .55. 

.3. Thermal assessment 

Fig. 8 presents the average room temperature in different units

f the libraries investigated. During the morning and afternoon

eriods, the average indoor temperature values observed in AGL
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Fig. 6. The level of noise in various functioning spaces of academic libraries. 

Fig. 7. The box and whisker plots for noise levels in the university libraries. 
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ere 28.38 ± 0.53 & 29.50 ± 0.71 °C, 30.50 ± 1.50 & 31.33 ± 1.26 °C,

8.50 ± 1.00 & 29.17 ± 1.26 °C, 29.50 ± 2.12 & 30.50 ± 2.12 °C, 28.57 ± 2.10

 29.43 ± 2.40 °C for the reference unit, reading room–1, reading

oom–2, serial unit, and E-library section, respectively. Similarly,
309 
he morning and afternoon indoor temperature values in AIL were

7.25 ± 1.15 & 28.00 ± 1.50 °C for the reference unit, 26.33 ± 0.76 &

7.17 ± 0.76 °C for the circulation unit, and 27.00 ± 0.87 & 28.00 ± 0.87 °C

or the system unit. In the case of IBBLC, the morning and after-

oon indoor temperature values were 26.33 ± 0.58 & 27.00 ± 0.50 °C,

7.00 ± 0.87 & 28.07 ± 0.81 °C, 26.53 ± 0.92 & 27.00 ± 0.87 °C, 27.50 ± 1.80

 28.50 ± 1.80 °C, 27.42 ± 1.42 & 28.17 ± 1.76 °C, 26.00 ± 0.87 &

6.50 ± 0.87 °C for the reference unit, circulation unit, system unit,

erial unit–1, serial unit–2, and the postgraduate unit, respectively.

he results revealed that the units in AGL exhibited higher room

emperature values compared to the units in AIL and IBBLC. Generally,

he room temperature in the libraries was about 2–6 °C higher than

he recommended or reference value. An independent t -test ( 𝛼 = 0.05,

-tailed) confirmed that there was no significant difference between

ndoor temperature for morning and afternoon periods in all units of

he university libraries ( p > .05). 

It was observed that there were no outliers in the indoor temperature

ata, which were normally distributed for each university library, as de-

icted by the box and whisker plots ( Fig. 9 ) and the Shapiro–Wilk’s test
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Fig. 8. Sectional thermal conditions of different academic libraries. 

Fig. 9. The box and whisker plots for indoor temperature in the university li- 

braries. 
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or normality ( p = .36 for AGL, p = .91 for AIL, and p = .45 for IBBLC), re-

pectively. The Lavene’s test showed that the homogeneity of variances

as not violated ( p = .67, median). The one-way ANOVA test indicated
310 
 statistically significant difference in indoor temperature among uni-

ersity libraries, F(2, 11) = 15.54, p < .01. A Tukey HSD-Kramer’s post

oc test revealed that the indoor temperature was statistically signifi-

antly lower in AIL (27.29 ± 0.90 °C, p < .01) and IBBLC (27.17 ± 0.47 °C,

 < .01) compared to AGL (29.54 ± 0.70 °C). There was no statistically

ignificant difference between the AIL and IBBLC ( p = .97). 

Similarly, Fig. 10 shows that very few sections of the libraries

ad relative humidity (RH) within the provisions of the standard.

he average RH values for morning and afternoon measurements in

GL were 70.83 ± 5.11 & 69.77 ± 4.37%, 70.43 ± 2.21 & 69.50 ± 1.80%,

2.00 ± 3.28 & 71.19 ± 3.01%, 73.33 ± 0.58 & 71.83 ± 0.29%, 64.00 ± 7.94

 62.83 ± 7.65% for the reference unit, reading room–1, reading

oom–2, serial unit, and E-library section, respectively. The aver-

ge morning and afternoon RH values in AIL were 73.83 ± 1.04 &

3.00 ± 1.00% for the reference unit, 75.83 ± 1.76 & 74.83 ± 1.61% for

he circulation unit, and 74.33 ± 1.15 & 73.67 ± 1.04% for the system

nit. Whereas, the average morning and afternoon RH values in IB-
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Fig. 10. The level of relative humidity in different units of university libraries. 
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Fig. 11. The box and whisker plots for relative humidity in the university li- 

braries. 

m  
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LC were 82.00 ± 2.00 & 80.50 ± 2.18%, 75.33 ± 3.21 & 74.33 ± 3.62%,

8.00 ± 3.61 & 70.50 ± 2.78%, 78.50 ± 3.28 & 77.00 ± 3.00%, 78.60 ± 3.08

 76.83 ± 3.01%, 61.33 ± 14.47 & 57.07 ± 8.67% for the reference unit,

irculation unit, system unit, serial unit–1, serial unit–2 and the post-

raduate unit, respectively. The RH values in most of the units exceeded

he recommended value of 70%. This threshold was exceeded by 1–

% in AGL, 3–6% in AIL, and 1–12% in IBBLC. The above results also

howed that more than two-thirds of the library spaces had RH values

xceeding the limits specified by international standards. The lowest

alue (57.07 ± 8.67%) of RH occurred in the afternoon in the Postgradu-

te unit of IBBLC while the highest value (82.00 ± 2.00%) of RH was ob-

erved in the reference section of IBBLC. An independent t -test ( 𝛼 = 0.05,

-tailed) showed that there was no significant difference between the

evel of RH during morning and afternoon periods for all units in the

hree libraries ( p > .05) except for the serial unit in AGL ( p = .02). 

While the box and whisker plots ( Fig. 11 ) showed that there was an

utlier in the RH data for AGL, the sensitivity analysis conducted indi-

ated that the outlier did not influence the results. The data were nor-

m  

311 
ally distributed, as assessed by the Shapiro-Wilk’s test for normality in

hich p = .10 for AGL, p = .58 for AIL, and p = .29 for IBBLC. The homo-

eneity of variances was satisfied, as assessed by Lavene’s test ( p = .27,

edian). The one-way ANOVA test showed that there was no statisti-
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ally significant difference in the level of indoor RH among university

ibraries, F(2, 11) = 0.81, p = .47. 

. Discussions 

The academic library, which is an integral part of a university cam-

us, is ‘an innovation intermediary that plays an active role in knowl-

dge and value co-creation throughout the various roles and functions

rovided by its services’ [39] . A library is an indispensable part of the

niversity education. Beyond simple collections of books and erudite pe-

iodicals as well as the general role of affording access to written art and

nformation, modern university libraries play a key role in contempo-

ary campuses by providing a wide range of academic services in the ed-

cation of students. In many ways, university libraries had increasingly

rown in usage as they have advanced into adaptable facilities, acclima-

izing to vicissitudes in technology and education [40] . Therefore, more

han any common library, the efficiency of university libraries is con-

idered very important. However, many university libraries lack good

nvironmental quality and consequently may dampen the interest for

heir use by students and faculty (staff). Due to the regular improve-

ent of academic libraries, additional physical facilities are frequently

rovided to meet the needs of library users, which had resulted in poor

EQ levels [12] . Nevertheless, the provision of study and reading ar-

as with good IEQ have remained important for focussed learning and

nowledge acquisition. Besides, with so many varied services in the con-

emporary university libraries, and to attain these ample functions, the

EQ requirements of its indoor environment are paramount and must be

atisfied. Therefore, effective design and progressive management are

ndispensable to achieving good IEQ performance in university libraries.

In this study, the authors assessed three different IEQ parameters in-

luding visual, acoustic, and thermal comforts of various units in three

igerian university libraries. The illuminance levels in the three library

paces varied significantly and was also found to be non-uniformly dis-

ributed despite the provision of daylight in the library buildings. This

ould be attributed to the presence or not of near windows. The system

nit in IBBLC, characterized by a small expanse of windows, had the low-

st light intensity of about 20 lux. These windows were also covered with

linds for most of the time, which could lead to the observed poor light-

ng condition and cause the forfeiture of light intensity enhancement by

aylight in this space. However, effective and desirable protections can

orrect and eliminate the reflective glare that could penetrate the room

rom the natural daylight and its effect on readers as well as prevent

ibrary collections from overheating, ultraviolet radiation, and decay.

he maximum intensities of light were obtained in the reference unit

247 lux) and the e-library unit (260 lux) of the AGL, both characterized

y the smallest room width and proper position of windows to receive

dequate daylight. In the remaining spaces of the libraries, the illumi-

ance was not enough to carry out visual tasks ( < 250 lux) and this was

ue to the fact that some of the lighting points had stopped functioning.

he weak indoor daylight causes serious fall-off of illumination. Due

o the meager illuminance level in the three libraries, the users would

uffer various visual related discomforts such as eyestrain, irritation of

he eyes, blurred vision, headache, and others. Consequently, some of

he most common readers’ activities inside the library buildings such

s book-searching and reading would be hugely impacted. Given the

ignificant correlation between lighting and library users’ performance,

ational and scientific lighting design, to optimize the efficiency of users’

ctivities is urgently required. To achieve this, three potential improve-

ent approaches are proffered. Firstly, the power and illuminance of

rtificial light fixtures could be amplified as a compensatory way to

rovide a more comfortable visual environment for library users and

ther library activities. Choosing the appropriate light sources, adjust-

ng the approaches to task lighting, and, even more, considering read-

rs’ expectations and perception during the design of libraries’ lighting

ystems, will immensely contribute to the optimization of library illu-

ination and increase the efficiency of users. Secondly, a large area of
312 
lass windows could be provided to deliver adequate daylight to ensure

 better lighting space, without any additional adverse effects on read-

rs or library collections, especially when the lamps cannot meet the

ighting requirements of readers. Thirdly, the hybrid approach could be

nother option. Because it is typical for windows to exhibit high day-

ight transmittance and display oblique lighting strategy in contrast with

he design of high-color-temperature artificial lighting (such as fluores-

ent lamps), the combination of suspended low-color-temperature fluo-

escent lamps and low-transmittance windows can reduce the supposed

iscomfort of readers and enhance their efficiency and accuracy. 

On the average, all the fourteen studied spaces in the libraries pre-

ented background noise levels greater than 45 dB, and the highest value

72 dB) was reached in the afternoon in the serial unit of the IBBLC while

 minimum noise level of 46.54 dB was found in the circulation unit of

he IBBLC during the morning period. The excessive noise level observed

n these library spaces could be credited to the combined effect of noise

rom the HVAC system, standing fans, lamps, and other equipment op-

rations. Another likely source of noise includes those generated from

raffic. More so, the library users contributed to the increased noise level

ue to additional sources of noise, which could be either verbal individ-

al sounds, non-verbal individual sounds such as those from footsteps on

ard floor finishes, mobile phones, and noise from the crowd of people

16] . This demonstrates that users of academic libraries often display

ertain disturbances or behaviors that are inimical to the noise policies

f such libraries. One cardinal policy of academic libraries is to ensure

 conducive environment for all library clientele to study. Therefore, to

aintain a high degree of silence or quietness in academic libraries, ev-

ry library user must respect the rights of other library users by ensuring

hat noise is minimized when using the library. As well, the reflection

f sound reaching the wall surface due to the hardness of the wall ma-

erials could be implicated in raising the noise level in the libraries,

lthough a proportion of the reflected sound may be absorbed by the

uman body [41] . It appears that the problem of high noise levels in

cademic libraries is not peculiar to Nigerian universities alone. For ex-

mple, Nafez et al. [42] in a study assessing the noise levels in libraries of

ermanshah University of Medical Sciences in Iran reported that about

1% of reading rooms had their noise levels above 45 dB. Lange et al.

43] performed an objective measurement of the Humanities and Social

ciences Library and the Schulich Library of Science and Engineering,

hich were the two largest branches in the McGill University Library

ystem. The mean dB levels recorded by these measurements revealed

hat noise levels ranged from 46.54 to 48.88 dB. In September 2018,

ierard and Baca [44] conducted a noise level measurement within the

earning Commons of the Zimmerman Library at the University of New

exico (UNM). The results of the study indicated that the average noise

evels were high and reached 56.45 dB in the morning, 58.11 dB in the

fternoon, and 50.91 dB in the evening, suggesting that the library en-

ironment was not conducive for study. Generally, the elevated level

f noise observed can be a constant source of concern for library users

nd administrators. Indeed, it is one of the most common and topmost

omplaints that students present to library administrators [45 , 46] . Al-

hough these university libraries have had to provide different measures

or controlling high noise levels for many years, this burden has not re-

uced. Given that quiet space is becoming more important to library

sers coupled with the fact that dissatisfaction with noise in many uni-

ersity libraries is common, it is crucial for more effective noise control

easures to be considered in university libraries. In the literature, com-

on strategies to combat the prevalence of noise in academic libraries

ave been established [14 , 46 , 47] . Some of the most effective and worth-

hile evidence-based noise reduction interventions for libraries to con-

ider when faced with noise problems include rearrangement of furni-

ure [48] , the designation of spaces, and monitoring of personnel [49] .

ikewise, Rajagopalan et al. [50] recommended the application of ab-

orptive materials for the floors and walls and appropriate noise insu-

ation for façades. However, strategies such as changing lighting [51] ,

nd the development of noise policies [46 , 47 , 52] have been reported
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o yield unquantifiable effects. More recently, many library users have

lso begun to advocate for quietness in the library, including noiseless

oors, reading rooms, and more customary use of a library space [53] .

onsidering the significance of university libraries for students vis-à-vis

he divergent needs of academic library users, various library admin-

strators need to consider more rigorously the solutions on which to

ase their noise reduction decisions. One plausible way is to perform

 delicate harmonizing act in the provision of both quiet and collabo-

ative spaces. It is anticipated that the results presented in this paper

ill assist library administrators and space planners to select effective

nterventions for satisfactory noise reduction. 

Temperature and humidity are adjudged the critical parameters in

he study of thermal comfort [54] . The CIBSE standard 2006 [34] states

hat the comfort zone conditions for a library space need the air tem-

erature to be between 24 °C and 25 °C and relative humidity between

0% and 70%. It is important to point out that at temperatures above

5 °C and RH above 70%, the users’ dissatisfaction begins as a result

f the high air enthalpy (stiffness, shortness of breath). However, the

hree libraries investigated were not within the comfort range (but much

igher) even though they were mechanically ventilated. The average

emperature distribution in the three libraries ranged from 26 to 32 °C.

hese values were against the set point of 23 °C suggested by Andersen

nd Gyntelberg [55] and between 20 °C and 22 °C suggested by Saltham-

er et al. [56] for typical academic settings. Most importantly, it was

oted that the temperature of the studied library spaces increased as the

utdoor temperature increased, with only marginal lower temperatures

easured indoors. One major reason for this could be the introduction of

arm unconditioned outdoor air through the opening of windows and

oors. In temperate or mixed climates, other than discomfort, higher

emperatures can reduce performance and learning outcomes [57 , 58] .

owever, due to the paucity of investigations in tropical climates, the

ffects of higher temperature on learning outcomes remain unclear. Nev-

rtheless, the indoor temperature of university libraries should be within

he range of thermal comfort standards. 

The average indoor RH of the three libraries evaluated in this study

as usually above the often-recommended maximum threshold of 70%.

t is worth noting that this generally acceptable limit of indoor RH takes

are of the risks related to dampness and mold growth. Besides, it was

hown that there was no significant difference between the values of re-

orted descriptors of thermal comfort for the morning period and those

easured for the afternoon period. It was also noted that the slight in-

rease in temperature in the afternoon had little or no impact on the RH.

he elevated levels of temperature and humidity were not unexpected

ecause Nigeria is a tropical climate and has high daytime temperatures

f 25–44 °C and relative humidity of 50–90% throughout the year. 

Thermal conditions (RH and temperature) within the universities’

ibrary buildings must be considered carefully mainly because of their

igh occupant densities and because of the negative influence that an

nsatisfactory thermal environment has on library users and collections,

specially in the hot and humid climate of tropical regions like Nige-

ia. Because of the importance of thermal comfort in academic libraries,

here is also a need to investigate the factors that influence thermal com-

ort. Besides, thermal comfort is highly associated with the effectiveness

f the ventilation system [59 , 60] particularly in crowded indoor envi-

onments, such as university libraries. Therefore, the mechanical cooling

ystems of these libraries could be improved in this regard. Assessing the

entilation parameters of the air distribution system, such as the amount

f outside air provided into the library space (air exchange rates), the

ength of the time that fresh air remains in the library (age of air), and

he effectiveness of air exchange are critical in establishing the extent

o which air is distributed inside the library buildings. Although me-

hanical systems are more expensive, they have an all-round better IEQ

61] and are being used in some offices in Nigeria. Other than improving

he mechanical cooling systems, the adoption of passive cooling systems

s another option that could be considered in achieving educational ther-

al comfort in university libraries. This could be a more feasible and
313 
ustainable method on a large scale, however, there is a need for more

lternative methods to determine the best approach that could be ap-

lied in university libraries in hot climates. 

Finally, a cursory look at the issues highlighted above from a design

oint of view suggests that it is significant for building managers and

ngineers to consider IEQ indices such as thermal, visual, and acous-

ic comfort at the design stage. More specific and in-depth attention on

ibrary users’ well-being is essential in addition to the efficiency and

ustainability of university library buildings. It is also not sufficient to

esign a library with the potential to offer comforts, the proper moni-

oring and assessment of the library buildings as well as library users’

erformance are equally important. 

. Limitations of the study 

The authors acknowledge a few limitations in this study that could be

ddressed in future research. First, the IAQ assessment of the three aca-

emic libraries was not conducted in this study. It is strongly recognized

hat IAQ is also an important parameter of IEQ, but because of its wide

overage, the authors intend to report its comprehensive assessment in

uture studies. The second limitation is that this study did not account

or the Predicted Mean Vote (PMV) index and the Predicted Percent-

ge Dissatisfied (PPD) index. While the PMV index predicts the mean

omfort response of a larger group of people according to the ASHRAE

hermal sensation scale, the PPD index is a quantitative measure of the

hermal comfort of a group of people in any thermal environment. These

wo parameters would be considered and estimated in our subsequent

tudies. 

. Conclusions 

In this study, the results of an objective assessment of the IEQ of

hree university library buildings located in Minna, Nigeria have been

resented. The various IEQ factors measured were, the sound intensity,

hermal (temperature and relative humidity), and lighting conditions.

he results showed that the average measured illuminance has higher

alues in the reference and e-library units of the AGL at 247 and 260 lux,

espectively. All the fourteen studied spaces in the libraries had back-

round noise levels exceeding the recommended threshold limit value

TLV) of 45 dB, the highest value reaching up to 72 dB in the serial unit

f IBBLC during an afternoon period. On the other hand, the indoor tem-

erature was above the reference value for thermal comfort in all library

nits. The minimum value of the indoor temperature was 26 °C in the

ostgraduate unit of IBBLC while the maximum value reached 32 °C in

he reading room–1 of AGL. Overall, the IEQ parameters did not con-

orm with well-established standards such as the CIBSE Guide A (2006)

nd CIBSE TM57 (2015). The evidence from this current assessment re-

ealed that the quality of the indoor environment of these libraries was

oor, pointing to the need for interventions. It is also evident from this

tudy that the key issues affecting IEQ in the studied university libraries

nclude inadequate lighting, excessive noise levels, and thermal discom-

ort. Because the observed poor IEQ can have negative consequences on

ibrary users, it is believed that this paper will help library administra-

ors to pay adequate and/or greater attention to IEQ improvement of

niversity libraries. 

unding 

The authors received no external financial support for this research.

his research was completely funded by the authors. 

eclaration of Competing Interest 

The authors declare no known or expected conflict of interest related

o the research, authorship, or publication of this article. 



W.P. Akanmu, S.S. Nunayon and U.C. Eboson Energy and Built Environment 2 (2021) 302–314 

C

 

W  

s  

d  

I

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

[

[  

[  

 

[  

[  

 

[  

 

[  

 

[  

 

[  

[  

 

[  

[  

 

[  

[  

 

[  

[  

[  

[  

[  

[  

[  

 

[  

[  

 

[  

[  

[  

 

[  

 

[  

[  

 

[  

[  

[  

 

[  

[  

 

[  

[

[  

[  

[  

[  

 

[  

[  

[  

 

[  

 

[  

[  

 

[  

 

[  

[  

[  

[  
RediT authorship contribution statement 

Williams P Akanmu: Conceptualization, Supervision, Resources,

riting - review & editing. Sunday S Nunayon: Methodology, Re-

ources, Data curation, Formal analysis, Visualization, Writing - original

raft, Writing - review & editing. Uche C Eboson: Conceptualization,

nvestigation, Resources. 

eferences 

[1] T. Catalina , V Iordache , IEQ assessment on schools in the design stage, Build. Envi-

ron. 49 (2012) 129–140 . 

[2] M.J. Jantunen , O. Hanninen , K. Katsouyanni , H. Knoppel , N. Kuenzli , E. Lebret ,

M. Maroni , K. Saarela , R. Sram , D Zmirou , Air pollution exposure in European cities:

the ‘‘EXPOLIS ” study, J. Expo. Anal. Environ. Epidemiol. 8 (1998) 495–518 . 

[3] M.G. Apte , W.J. Fisk , J.M Daisey , Associations between indoor CO 2 concentrations

and sick building syndrome symptoms in U. S. office buildings: an analysis of the

1994–1996 BASE study data, Indoor Air 10 (2000) 246–257 . 

[4] M. Ncube , S Riffat , Developing an indoor environment quality tool for assessment

of mechanically ventilated office buildings in the UK – A preliminary study, Build.

Environ. 53 (2012) 26–33 . 

[5] Y. Al horr , M. Arif , M. Katafygiotou , A. Mazroei , A. Kaushik , E Elsarrag , Impact of

indoor environmental quality on occupant well-being and comfort: a review of the

literature, Int. J. Sustain. Built Environ. 5 (2016) 1–11 . 

[6] V. De Giuli , O. Da Pos , M De Carli , Indoor environmental quality and pupil percep-

tion in Italian primary schools, Build. Environ. 56 (2012) 335–345 . 

[7] Houtman I., Douwes M., de Jong T., Meeuwsen J.M., Jongen M., Brekelmans F.,

Nieboer-Op de Weegh M., et al. New Forms of Physical and Psychosocial Health Risks

at Work. Policy Department Economic and Scientific Policy, available at http://

www.europarl.europa.eu/document/activities/cont/201107/20110718ATT24294/

20110718ATT24294EN.pdf ; accessed on 20/02/2018. 

[8] M.S. Jaakkola , R. Quansah , T.T. Hugg , S.A. Heikkinen , J.J Jaakkola , Association of

indoor dampness and molds with rhinitis risk: a systematic review and meta-analysis,

J. Allergy Clin. Immunol. 132 (2013) 1099–1110 . 

[9] M. Piasecki , K. Kostyrko , S Pykacz , Indoor environmental quality assessment: part 1:

choice of the indoor environmental quality sub-component models, J. Build. Phys.

41 (2017) 264–289 . 

10] N.H. Wong , W.L.S Jan , Total building performance evaluation of academic institu-

tions in Singapore, Build. Environ. 38 (2003) 161–176 . 

11] L Hutchinson , Educational environment, Br Med J 326 (7393) (2003) 810–812 . 

12] A.I Ntui , Noise sources and levels at the university of calabar library, Calabar, Nige-

ria, Afr. J. Lib., Arch. Inform. Sci. 19 (1) (2009) 53–63 . 

13] A.S. Aremu , J.O. Omoniyi , T Saka , Indoor noise in academic libraries: a case study of

university of ilorin main library, Nigeria, Afr. J. Lib. Arch. Inf. Sci. 25 (2015) 5–14 .

14] J.E. Franks , D.C Asher , Noise management in twenty-first century libraries: case

studies of four US academic institutions, New Rev. Acad. Libr. 20 (2014) 320–331 . 

15] J.A. Castro-Martínez , J.C. ROA , A.P. Benítez , S Gonzalez , The effect of classroom

acoustic change on the attention level of university students, Interdisciplinaria 33

(2016) 201–214 . 

16] J. Xiao , F Aletta , A soundscape approach to exploring design strategies for acoustic

comfort in modern public libraries: a case study of the Library of Birmingham, Noise

Mapp. 3 (2016) 264–27 . 

17] J.A. Leech , W.C. Nelson , R.T. Burnett , S. Aaron , M.E Raizenne , It’s about time: a

comparison of Canadian and American time-activity patterns, J. Expo. Anal. Environ.

Epidemiol. 12 (2002) 427–432 . 

18] D. Serghides , C. Chatzinikola , M Katafygiotou , Comparative studies of the occupants’

behaviour in a university building during winter and summer time, Int. J. Sustain.

Energy. 34 (2015) 528–551 . 

19] Y. Yoshida , Y Yamamoto , Color management of liquid crystal display placed under

light environment, Electron Commun. 86 (2003) 1–14 . 

20] F.Y. Tseng , C.J. Chao , W.Y. Feng , S.L Hwang , Assessment of human color discrimi-

nation based on illuminant color, ambient illumination and screen background color

for visual display terminal workers, Ind. Health 48 (2010) 438–446 . 

21] C.C. Lin , K.C Huang , Effects of color combination and ambient illumination on visual

perception time with TFT-LCD, Percept. Mot Skills 109 (2009) 607–625 . 

22] D.S. Lee , Y.H. Ko , I.H. Shen , C.Y Chao , Effect of light source, ambient illumination,

character size and interline spacing on visual performance and visual fatigue with

electronic paper displays, Displays 32 (2011) 1–7 . 

23] C.C. Lin , K.C Huang , Effects of ambient illumination conditions and background

color on visual performance with TFT-LCD screens, Displays 34 (2013) 276–282 . 

24] T. Steemers , J.O. Lewis , J.R Goulding , Energy in Architecture: the European Pas-

sive Solar Handbook BT Batsford for the Commission of the European Communities,

Directorate General XII for Science, Research, and Development, 1992 . 

25] M. Katafygiotou , D Serghides , Bioclimatic chart analysis in three climate zones in

Cyprus, Indoor Built Environ. 24 (2015) 746–760 . 

26] A. Tablada , A.M. De la Peña , F De Troyer , Thermal Comfort of Naturally Ventilated

Buildings in Warm-Humid Climates: Field Survey, 2005 . 

27] R.J. de Dear , Auliciems A Validation of the predicted mean vote model of thermal

comfort in six Australian field studies, ASHRAE Trans. 91 (1985) 452–468 . 
314 
28] A.G. Kwok , C Chun , Thermal comfort in Japanese schools, Sol. Energy 74 (2003)

245–252 . 

29] J. Toftum , A.S. Jorgensen , P.O Fanger , Upper limits for indoor air humidity to avoid

uncomfortably humid skin, Energy Build. 28 (1998) 1–13 . 

30] O. Klein , J Schlenger , Basics: Room Conditioning, Birkhaeuser Verlag, Berlin, 2008 .

31] E. Arens, F. Bauman, C Huizenga, ASHRAE Investigation of Thermal Comfort At

High Humidity, Building Science at University of California at Berkeley, 2002

http://www.arch.ced.berkeley.edu/resources/bldgsci/research/thermalcomf.html . 

32] J. Appah-Dankyi , C Koranteng , An assessment of thermal comfort in a warm and

humid school building at Accra, Ghana, Adv. Appl. Sci. Res. 3 (2012) 535–547 . 

33] P. Ricciardi , C Buratti , Environmental quality of university classrooms: subjective

and objective evaluation of the thermal, acoustic, and lighting comfort conditions,

Build. Environ. 127 (2018) 23–36 . 

34] CIBSEEnvironmental Design, CIBSE Guide A, the Chartered Institution of Building

Services Engineers, London, 2006 . 

35] ISO 3382Acoustics – Measurement of Room Acoustic Parameters – Part 1: Perfor-

mance spaces, 2009 . 

36] M.K. Nematchoua , R. Tchinda , P. Ricciardi , N Djongyang , A field study on thermal

comfort in a naturally ventilated building located in the equatorial climatic region

of Cameroon, Renew. Sust. Energy Rev 39 (2014) 381–393 . 

37] ISO 7730Moderate Thermal Environment - Determination of PMV and PPD Indices

and Specifications of the Conditions For Thermal Comfort, International Organiza-

tion for Standardization, Geneva, Switzerland, 2005 . 

38] ASHRAE Standard 55/2004Thermal Environment Conditions For Human Occu-

pancy, 2004 Atlanta, GA, USA . 

39] G.L. Casali , M. Perano , T Abbate , Understanding roles and functions of academic

libraries as innovation intermediaries within the service-dominant logic perspective:

an australian case study, J. Libr. Adm. 57 (2017) 135–150 . 

40] B Edwards , Libraries and Learning Resource Centre, 2nd ed., Elsevier, Burlington,

2009 . 

41] F. Asdrubali , F. D’Alessandro , S Schiavoni , A review of unconventional sustainable

building insulation materials, Sustain. Mater. Technol. 4 (2015) 1–17 . 

42] A.H. Nafez , S. Lofti , R. Rostami , R. Saeedi , Lofti Shahla , Assessment of the noise

levels in libraries and dormitories of Kermanshah University of Medical Sciences in

2016 (Kermanshah, Iran), Fresenius Environ. Bull. 6 (2017) 4890–4893 . 

43] J Lange , A Miller-Nesbitt , S Severson , Reducing noise in the academic library: the

effectiveness of installing noise meters, Library Hi Tech 34 (1) (2016) 45–63 . 

44] Cindy Pierard & Olivia Baca, Finding the sonic sweet spot: implementing a noise

management program in a library learning commons, J. Access Serv. 16 (4) (2019)

125–150 . 

45] K. Yelinek , D Bressler , The perfect storm: a review of the literature on increased

noise levels in academic libraries, Coll. Undergr. Libr. 20 (2013) 40–51 . 

46] S. Heaton , Master, N. No phone zone, Public Serv. Q. 2 (4) (2007) 69–80 . 

47] K.M. Lever , J.E Katz , Cell phones in campus libraries: an analysis of policy responses

to an invasive mobile technology, Inf. Process. Manag. 43 (4) (2007) 1133–1139 . 

48] P.D. Luyben , L. Cohen , R. Conger , S.U Gration , Reducing noise in a college library,

Coll. Res. Libr. 42 (5) (1981) 470–481 . 

49] C.P. Bird , D.D Puglisi , Noise reduction in an undergraduate library, J. Acad. Librar-

ian. 10 (5) (1984) 272–277 . 

50] P. Rajagopalan , H.T.H. Nguyen , A Carre , Acoustic performance of contemporary

public libraries: an evaluation of public libraries in Melbourne, Australia, Archit.

Sci. Rev. (2016) . 

51] B Hronek , Using lighting levels to control sound levels in a college library, Coll.

Undergr. Libr. 4 (2) (1997) 25–28 . 

52] E. Clement , P.A Scott , No food, no drink, no noise, Coll. Res. Lib. News 55 (2) (1994)

81–83 . 

53] J Howard, At libraries, Quiet Makes a comeback. The Chronicle of Higher

Education, 2012 available at http://chronicle.com/article/At-Libraries-Quiet-

Makes-a/132885/ (accessed March 26, 2015) . 

54] J. Palonen , O. Seppanen , J.J.K Jaakkola , The effects of air temperature and rela-

tive humidity on thermal comfort in the office environment, Indoor Air 3 (1993)

391–397 . 

55] I. Andersen , F Gyntelberg , Modern indoor climate research in Denmark from 1962

to the early 1990s: an eyewitness report, Indoor Air 21 (3) (2011) 182–190 . 

56] T. Salthammer , E. Uhde , T. Schripp , et al. , Children’s well-being at schools: impact

of climatic conditions and air pollution, Environ. Int. 94 (Supplement C) (2016)

196–210 . 

57] P. Wargocki , D.P Wyon , The effects of moderately raised classroom temperatures and

classroom ventilation rate on the performance of schoolwork by children (RP ‐1257),

HVAC&R Res. 13 (2) (2007) 193 ‐220 . 

58] U. Haverinen-Shaughnessy , R.J Shaughnessy , Effects of classroom ventilation rate

and temperature on students’ test scores, PLoS One 10 (8) (2015) e0136165 . 

59] W. Yang , J.S Bradley , Effects of room acoustics on the intelligibility of speech in

classroom for young children, J. Acoust. Soc. Am. 12 (2010) 225–234 . 

60] D. Wrightson , J.M Wrightson , Acoustical considerations in planning and design of

library facilities, Library Hitech 17 (1999) 349–357 . 

61] S. Heidari , S Sharples , A comparative analysis of short-term and long-term thermal

comfort surveys in Iran, Energy Build. 34 (2002) 607–614 . 

http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0001
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0001
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0001
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0002
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0003
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0003
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0003
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0003
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0004
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0004
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0004
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0005
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0005
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0005
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0005
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0005
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0005
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0005
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0006
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0006
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0006
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0006
http://www.europarl.europa.eu/document/activities/cont/201107/20110718ATT24294/20110718ATT24294EN.pdf
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0008
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0008
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0008
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0008
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0008
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0008
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0009
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0009
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0009
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0009
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0010
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0010
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0010
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0011
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0011
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0012
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0012
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0013
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0013
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0013
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0013
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0014
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0014
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0014
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0015
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0015
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0015
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0015
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0015
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0016
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0016
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0016
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0017
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0017
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0017
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0017
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0017
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0017
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0018
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0018
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0018
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0018
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0019
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0019
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0019
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0020
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0020
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0020
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0020
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0020
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0021
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0021
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0021
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0022
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0022
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0022
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0022
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0022
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0023
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0023
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0023
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0024
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0024
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0024
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0024
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0025
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0025
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0025
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0026
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0026
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0026
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0026
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0027
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0027
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0028
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0028
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0028
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0029
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0029
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0029
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0029
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0030
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0030
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0030
http://www.arch.ced.berkeley.edu/resources/bldgsci/research/thermalcomf.html
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0032
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0032
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0032
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0033
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0033
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0033
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0034
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0035
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0036
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0036
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0036
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0036
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0036
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0037
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0038
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0039
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0039
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0039
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0039
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0040
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0040
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0041
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0041
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0041
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0041
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0042
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0042
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0042
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0042
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0042
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0042
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0043
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0043
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0043
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0043
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0044
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0045
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0045
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0045
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0046
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0046
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0047
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0047
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0047
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0048
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0048
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0048
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0048
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0048
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0049
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0049
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0049
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0050
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0050
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0050
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0050
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0051
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0051
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0052
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0052
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0052
http://chronicle.com/article/At-Libraries-Quiet-Makes-a/132885/
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0054
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0054
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0054
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0054
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0055
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0055
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0055
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0056
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0056
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0056
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0056
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0056
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0057
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0057
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0057
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0058
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0058
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0058
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0059
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0059
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0059
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0060
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0060
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0060
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0061
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0061
http://refhub.elsevier.com/S2666-1233(20)30078-7/sbref0061

	Indoor environmental quality (IEQ) assessment of Nigerian university libraries: A pilot study
	1 Introduction
	2 Methodology
	2.1 Description of selected university libraries and measurement procedures
	2.2 Lighting comfort measurements
	2.3 Acoustic comfort measurements
	2.4 Thermal comfort measurements
	2.4.1 Brief description of the cooling system in the libraries

	2.5 Statistical analysis

	3 Results
	3.1 Lighting assessment
	3.2 Acoustic assessment
	3.3 Thermal assessment

	4 Discussions
	5 Limitations of the study
	6 Conclusions
	Funding
	Declaration of Competing Interest
	CRediT authorship contribution statement
	References


