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Abstract:

Field study was conducted in naturally ventilated primary school
buildings in a warm and humid environment in Imo State, Nigeria to
determine the thermal comfort perception of young children (aged 7-12
years) and to understand the thermal conditions in the classrooms. The
comfort temperature was investigated in two types of classroom
buildings during the rainy and dry seasons from October 2017 to May
2018. Approximately 7050 completed valid questionnaires were collected
from 330 young children repeatedly surveyed twice a day. The children
answered comfort questions at the same time the indoor and outdoor
thermal variables were being measured. Results indicated that the
combined 'open-space' classrooms produced a neutral temperature of
28.8°C with comfort range, 25.2-32.3°C. The neutral temperature of the
combined 'enclosed-plan' classrooms is 28.1°C with 25.8-30.5°C as the
comfort range. The differences in comfort perceptions may be attributed
to the differences in the architectural characteristics of both categories of
classroom buildings. High-temperature tolerance was shown by the
participating children in the study area. This paper, therefore, suggests
that installing air conditioning in primary schools in the warm humid
environment in Nigeria may not be necessary as it could lead to
unnecessary energy consumption and carbon emission.
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Z Table 1: Summary of children’s comfort/neutral temperature from previous studies
7 Some Location Climate Season Vent" Respondents Comfort Neutral
8 Previous Age range (°C) temperature
9 Studies (°C)
10 Chen, Taiwan Subtropical Spring MM - - Upper -
1 Hwang & limit:29.3-
Shih (2014) 29.7
12 Pereira, Portugal Mediterranean  Mid-season NV 16- 45 22.1-25.2 -
13 Raimondo, 19
14 Corgnati,
15 and da Silva
16 (2014
17 Haddad etal Iran Spring NV 10- 1605 22.8
18 2014 12
Trebilcock Chile Mediterranean ~ Winter/Spring NV 9- 2100 21.1summer
19 and 10
20 Figueroea
21 (2014)
22 De Dear et Australia  Subtropical Summer NV, 10- 2850 18-27.5 22.4
23 al 2015 AC 18
24 Nematchoua Cameroon Tropical NV 23.4-25.8
25 et al (2013)
26 d'Ambrosio  Italy Mediterranean ~ Winter and NV 11-  App. 4000 - 20
57 Alfano et al. summer 18
(2013)
28 Teli et al UK Spring NV 7- 230 20.8
29 2012 11
30 Liang & Taiwan Subtropical Whole year NV 12- 1614 Autumn
31 Hwang 17 22.4
32 2012 Spring 29.2
33 Al- Rashidi ~ Kuwait Hot dry Mid season AC 12- 336 19-23.5
34 et al (2009) 17 21.5
Hwang etal Taiwan Sub tropical Mid season NV 11- 1614 22.7-29.1  17.6-30.0
35 2009 and Winter 17
36 Karyonoet  Indonesia Tropical NV, 24.9
37 al (2004) AC
38 Wong & Singapore Summer NV 13- 493 28.8
39 Khoo 2003 17
40 de Paula Brazil Tropical Summer NV 15- 108 27.3-29.3 288
41 Xavier & 18
Lamberts
42 (2002)
43 Kwok 1998  USA Winter and NV, 13- NV 2181 22-29.5 NV 26.88
44 Summer AC 19 AC 1363 AC 27.48
45 Auliciems Australia  Subtropical Winter NV 8- -- Primary
46 1975 17 24.2
47 12- Secondary
48 17 24.5
Humphreys UK Temperate Summer NV 7- 262 24-26 -
49 (1976) 11
50 Auliciems UK Temperate Summer NV 11- 624 19.1
51 1973 16
52 Pepler 1972 USA Temperate Mid-season NV,  7- NV 100 NV 21.5-25
53 Winter AC 17 AC 66 AC 22-23
54 Auliciems UK Temperate Winter NV 11- 624 16.5
55 1969 16
56
57
58
59
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Table 2. Number of public primary schools by state in South East Nigeria, year 2013-2014
(Compiled from Universal Basic Public Education and Key statistics in Nigeria)

STATE Numbers in Year 2013 Numbers in Year 2014
Male Female Male Female
Abia 120,546 118,030 100,879 97,600
Anambra 419,117 473,992 | 369,088 386,164
Ebonyi 184,290 186,020 | 209,921 214,739
Enugu 98,919 95,693 95378 92,438
Imo 796,610 719,989 | 718,141 672,039

Table 3. Summary of survey period for the 6 classrooms from 3 schools during both rainy & dry

seasons
Classroom Numof  Survey Date Season Administered Questionnaire
Type Pupils Expected Actual Valid Invalid
(Approx) Number  Collected Response  Response
Aop 25 Oct 12-24 (9days) Rainy 450 380 370 10
Aop 25 Feb 6-28(17 days) Dry 850 745 713 32
Agn 30 Oct 12-24 (9days) Rainy 540 420 411 9
Agn 30 Feb 6-28(17 days) Dry 850 740 708 32
Bop 25 Oct 25-Nov Rainy 400 343 330 13
3(8days)
Bor 25 April 2-27(20days)  Dry 1,000 885 817 68
Ben 30 Oct 25-Nov Rainy 480 415 404 11
3(8days)
Ben 30 April 2-27(20days)  Dry 1,200 961 880 81
Cop 25 May 9-29(15days) Rainy 750 620 595 25
Cop 25 Jan 15-31(13days) Dry 650 520 508 12
Cen 30 May 9-29(15 days)  Rainy 900 785 716 69
Cen 30 Jan 15-31 (13 days)  Dry 780 610 598 12
Total 330 164 dexn 8850 7424 7050 374(5%)
(95%)
Table 4. Detail of thermal preference voting using ASHRAE and McIntyre scales

ASHRAE -3 -2 -1 0 +1(a bit +2 +3

Thermal (Colder | (cooler) | (a bit colder) (okay) warmer) | (warmer) | (hotte | Pearson correlation =

Preference ) (22%) (5%) 3(43%) (4%) (21%) r) 0.999

(3%) (2%)

Mclntyre Cooler okay Warmer Sig. (2-tailed) = 0.031

Thermal (26%) (49%) (25%)

Preference
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Table 5. Technical characteristics of the measuring instruments

Instrument and Make Measured parameter Range Resolution  Accuracy
Tinytag uUltra 2 (TGU-4500) logger  Indoor air temperature ~ -25 to +85°C  +0.01°C ~ £0.3%
Indoor relative humidity 0% to 100% +0.3%.  +1.8%RH
Tinytag Plus 2 (TGP-4017) loggers Outdoor Temperature -25to +85°C +0.01°C
Kestrel 3000 Pocket wind meter Air velocity 0.30 to 40.0m/s +1.66%
Table 6: ASHRAE thermal sensation scale
Please tick v' the answer based on what you feel
Q1. How are you feeling the temperature in the classroom right now?
O Cold O Cool | O Abitcold | O Okay |O Abitwarm | 0 Warm | O Hot
(-3) (-2) -1) (0) (+1 (+2) (+3)
Table 7: Respondents’ background information
Total Dry season Rainy season
(n=330) (n=158) (n=172)
Sample size Percentage Sample size | Percentage Sample size | Percentage
Gender Male 138 42.0% 71 44.9% 67 59.0%
Female 192 58.0% 87 55.1% 105 61.0%
Age <7 0 0% 0 0% 0 0%
(years) 7-8 26 8.0% 11 6% 15 9%
9-10 185 56.0% 96 56% 89 56%
11-12 119 36.0% 63 37% 56 35%
>12 0 0% 0 0% 0 0%

Table 8: Mean, standard deviation, coefficient of variation, minimum and maximum values of the main
environmental parameters and mean Thermal Sensation Votes (TSV (ycan)) of the 6 classrooms over the survey
period (dry season dates: Jan, Feb, April 2018; rainy season dates: Oct, Nov 2017; May 2018).

Classroom 3 ‘Open 3 ‘Enclosed plan’ All 6 classrooms
Space’ classrooms
classrooms

Operative Temperature (°C)

Mean 28.9 29.3 29.1

S.D. 1.6 1.5 1.7

Min 22,5 22.9 22.5

Max 35.6 35.1 35.6

Outdoor Temperature (°C)

Mean 29.6 29.6 29.6
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S.D. 1.7 1.7 1.7
Min 23.0 23.0 23.0
Max 374 374 37.4
Relative Humidity (%)

Mean 71.8 70.8 71.2
S.D. 13.1 11.8 12.4
Min 24.0 27.4 24.0
Max 94.2 93.5 94.2
Air velocity (m/s)

Mean 0.19 0.14 0.19
S.D. - - -
Min - - -
Max 0.30 0.28 0.30
Thermal Sensation

Mean +0.09 +0.29 +0.16
S.D 0.60 0.70 0.66
Min -1.7 -1.5 -1.7
Max +1.7 +1.8 +1.8

Table 9: Correlations between the indoor operative temperatures and the outdoor temperatures
each classroom with statistically significant (p<0.05).

Classroom Season 2-tailed Remarks
significant
Aop Rainy 0.000
Dry 0.001
AgN Rainy 0.000
Dry 0.042
Bor Rainy 0.000
Dry 0.008
Ben Rainy 0.000
Dry 0.000
Cor Rainy 0.000
Dry 0.060 X
Cen Rainy 0.000
Dry 0.205 X
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Location Researcher Year Weather Building Survey group | Seasons Key research findings
Imo State | This study 2019 Warm Humid | Classroom | Children Rainy & Dry 1. Regression equation 7SV open = 0.24T,,-6.90
2. Neutral temperature open = 28.8°C
3. Regression equation 7SV enclosed = 0.367T,,-10.14
4. Neutral temperature enclosed = 28.1°C
Enugu Efeoma M. 2016 Hot Humid Office Adults Rainy& 1.Regression equation: 7SV =0.250 T, -7.197
Dry 2.Neutral temperature 7, = 28.80°C
3. Acceptable comfort range: 25.4-32.2°C
Okigwe Okafor et al 2016 Warm Humid | Res Adults Dry Season 1. Traditional building recorded mean Indoor temp
28.8°C both seasons.
2. Contemporary building recorded mean indoor temp of
29.4°C for both seasons
3.0ccupants of traditional building accepted indoor
conditions more than occupants of contemporary
building.
Abuja Adaji et al 2015 Hot Humid Res Adults Dry Season 1. Regression equation house 1: 7SV =0.46 T, -9.62
2. Regression equation house 2: 75V =0.31 T, -4.74
3. Neutral temperature house 1 7, = 29.6°C
4. Neutral temperature house 2 7, = 28.2°C
Ibadan Adunola A. 2014 Hot Dry Res Adults April 1. Regression equation: 7SV =0.483 T,, -15.59
2. Neutral temperature 7, = 32.4°C
Ogun Adebamowo & | 2012 Warm Humid Hostel Adults - 1. Regression equation: 7SV = 0.24 T, -6.982
Akande 2. Neutral temperature 7, = 29.09°C
Bauchi Akande & 2010 Hot Dry Res Adults 1. Regression equation: 7SV =0.357 T,, -10.2 (Dry
Adebamowo season)
2. Regression equation: 7SV =0.618 T,, -15.4 (Rainy
season)
3. Neutral temperature rainy season 7, =28.44°C
4. Neutral temperature dry season 7, = 25.04°C
Jos Ogbonna & 2008 Temperate Res Adults July & August | 1. Regression equation; 7SV =0.3589 T, -9.4285
Harris Dry & (Rainy season) | 2. Neutral temperature 7, = 26.27°C
Classroom 3.Acceptable comfort range=25.5-29.5°C Top
4. PMV neutral temperature 7, = 25.06°C
Lagos Adebamowo 2007 Warm Humid | Res Adults 1. Neutral temperature 7, = 29.09°C
Ibadan Akingbade 2004 Warm Humid Res Adults Dry Season 1. Comfort range 28°C-32°C
Ojesu et al 1.Temp Dry 1. Acceptable comfort zone=21-26°C
1955 2.Hot Humid Office Adults 2. Acceptable comfort zone=18-24°C
3 Warm 3. Acceptable comfort zone=21-26°C
4 Humid 4. Acceptable comfort zone=21-26°C
P/Rivers Amber Warm Humid Adults 1. Neutral temperature 7, = 23.13°C

http://mc.manuscriptcentral.com/bsert




oNOYTULT D WN =

Building Services Engineering Research and Technology Page 6 of 30

Figure List:
Figure 1A: Sample classroom types:” Open-space’ (left) and ‘Enclosed-plan’ (right)

Figure 1B: Other sample classroom types:” Open-space’ (right) and ‘Enclosed-plan’ (left)

Figure 2: Graphical representation of the mean daily max, min, the hot days and cold nights
(data taken from local Met Office Nigeria).

Figure 3: Shows the floor plan (left) and front view (right) of school A
Figure 4: Shows the floor plan (left) and front view (right) of school B
Figure 5: Shows the floor plan (left) and front view (right) of school C
Figure 6: Dress Code of the School children

Figure 7: Sample graphical representation of temperature data from logger

Figure 8: Bivariate Scatter plot of mean thermal sensation votes against indoor operative
temperature during both seasons: (A) in the 3 ‘open-classrooms’; and (B) in the 3 ‘enclosed-
classrooms’

Figure 14: Sample classroom types:’ Open-space’ (left) and ‘Enclosed-plan’ (right)
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Figure 1B: Other sample classroom types:” Open-space’ (right) and ‘Enclosed-plan’ (left)

Mean daily Max
Mean daily Min
~ - — = Hot days st
N mm—e- Cold nights e

~ e
~ -

- .-

N
N
w
o]

NN
H W
w w
-~ o
T
\
/
1
|
]
!

w
N

0

NN N W
[e) ]

Temperature (°C)
=y

w

o
N
N

-
______________________
- -
--------

w

-
[}
o

w

N
[y
00

33 Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
34 Months

36 Figure 2. Graphical representation of the mean daily max, min, the hot days and cold nights (data taken
37 from local Met Office Nigeria).
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46
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Figure 3. Shows the floor plan (left) and front view (right) of school A
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Area=g0m’ Area=360m*

Figure 4. Shows the floor plan (left) and front view (right) of school B

OFFICE
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Figure 5. Shows the floor plan and front view of school C
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27 Figure 6: Dress Code of the School children
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56 Figure 7: Sample graphical representation of temperature data from logger
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1. Response to number 7: This is an error. Author replaces ‘humidity’ with ‘temperature’ in
his comment.

v ‘the ceiling in the classroom which likely reduced the impact of humidity’ is not found in
the text.

2. Response to Table 5.

v' Additional information about the operational characteristics is included in the text as
highlighted in red on page 8.

3. Response to number 11. Comment added as the last statement in the conclusion
section, page 14 and highlighted in red

v’ Findings from this work is not generalized to apply beyond the climatic zone of this study.
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Evaluating the perception of thermal environment in naturally ventilated
schools in a warm and humid climate, Nigeria

Abstract

Field study was conducted in naturally ventilated primary school buildings in a warm and humid
environment in Imo State, Nigeria to determine the thermal comfort perception of young children (aged
7-12 years) and to understand the thermal conditions in the classrooms. The comfort temperature was
investigated in two types of classroom buildings during the rainy and dry seasons from October 2017
to May 2018. Approximately 7050 completed valid questionnaires were collected from 330 young
children repeatedly surveyed twice a day. The children answered comfort questions at the same time
the indoor and outdoor thermal variables were being measured. Results indicated that the combined
'open-space' classrooms produced a neutral temperature of 28.8°C with comfort range, 25.2-32.3°C.
The neutral temperature of the combined 'enclosed-plan' classrooms is 28.1°C with 25.8-30.5°C as the
comfort range. The differences in the comfort perceptions may be attributed to the differences in the
architectural characteristics of both categories of classroom buildings. High temperature tolerance was
shown by the participating children in the study area. This paper, therefore, suggests that installing air
conditioning in primary schools in the warm humid environment in Nigeria may not be necessary as it
could lead to unnecessary energy consumption and carbon emission.

Practical application: This work is part of the main research work that pioneers research on thermal
comfort in public primary school classrooms in Nigeria. The findings from this study on the acceptable
indoor temperatures in naturally ventilated classrooms in the warm and humid climate, Nigeria are
important information for building services engineers and architects. The young children in these
classrooms can accept high indoor temperatures. The intention of this information is to discourage high
energy usage in heating, ventilation and air-conditioning (HVAC) system in primary school buildings
in the study area, while maintaining the acceptable thermal comfort levels.

Keywords
Classrooms; field-study; naturally-ventilated; thermal-comfort; young children

Introduction

The indoor thermal conditions are one of the study areas researchers are very interested in
because most people are believed to spend more of their time indoors than outdoors. Of all the
Indoor Environmental Quality (IEQ) components, thermal comfort is mostly ranked as the
number one component that gives the building occupants the most concern especially in the
tropical areas. The American Society of Heating, Refrigeration, and Air Conditioning
Engineers (ASHRAE) defined “thermal comfort’” as “that condition of mind that expresses
satisfaction with the thermal environment” ASHRAE 2017'. Two main models that evaluate
thermal comfort of buildings are the heat balance model and the adaptive model. The first
model is reported to be more suitable to be applied to artificially (air conditioned) ventilated
buildings, while the second model is proven to be more suited for free running buildings Nicol
et al 20122, predominantly found in the tropical zones. The adaptive model is more of a
subjective evaluation, where the relationship between occupants and the environment in free
running buildings are constantly changing, unlike in conditioned buildings.

1
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It is continuously highlighted in thermal comfort research reports that lack of knowledge about
the thermal perception of children may put their health at risk, especially with the growing
concerns about the possibility of continuous overheating in school buildings caused by climate
change. Exposure to these high temperatures in classrooms can cause health problems such as
increased risk of heat stroke, respiratory and cardiovascular hospitalizations and deaths
Anderson et al 20133; Hoshiko et al 2010*. This information was further corroborated by some
other thermal comfort researchers who posit that apart from the impact on pupils’ health, it
may also affect their learning and problem-solving ability Ricardo et al 2015°; Singh et al
20186. The importance of providing thermally comfortable environments in these classrooms,
where children spend one-third of the day de Dear et al 20157, cannot be overemphasised.
However, providing a comfortable learning environment in a school requires understanding
how the occupants feel about the thermal conditions in such classrooms.

In tropical climates, various thermal comfort studies in schools have reported various ranges
of indoor temperatures acceptable to the studied students. For example, Abdeen et al 20148
investigated the thermal conditions in naturally ventilated public primary schools in a hot and
humid climate of Egypt and found an acceptable range of thermal comfort between the range
25.5t0 29.5°C. Mishra and Ramgopal 2015° conducted thermal comfort field study in naturally
ventilated classrooms in the hot and humid climate of India and observed a neutral temperature
of 29.0°C and preferred temperature of 26.8°C, with an 80% occupant satisfaction between
22.1 to 31.0°C. Hussein and Rahman 2009!° conducted field study in naturally ventilated
classrooms located in Malaysia, a tropical country, to determine the perception of the occupants
and found that the occupants of the classrooms accepted thermal comfort beyond the ASHRAE
comfort range. However, not all the surveys on thermal comfort perception in schools reported
that students accepted the prevailing indoor temperatures in their classrooms. For example,
Mohamed 2009'! assessed the thermal comfort of occupants in naturally ventilated primary
school classrooms in hot and humid Egypt and observed that most of the students were
thermally uncomfortable. The reason was attributed to high occupancy ratio and inadequate
natural ventilation in these surveyed classrooms.

Despite the importance of understanding thermal perception in classrooms, previous thermal
comfort investigation conducted in Nigeria, mainly focused on hostel blocks, residential and
office buildings. Furthermore, the participants used in these studies were mainly adults, despite
that approximately 43% of the population of the country is within the range age of 0-14 years
Nigerian Demographics 201812, Teli et al 2013'3 and de Dear et al 20157 argue that children’s
perception of comfort may be different from that of adults because age, activity and metabolic
rates differ significantly between both groups. In addition, children are not matured in
physiology and psychology, causing them to possess poor self regulation ability when faced
with temperature changes Jiang et al 20184, Based on these findings, thermal comfort obtained
using only adults as participants may not be applicable to children. Furthermore, comfort
temperature survey carried out in a geographical area can not be generalized to apply to a
different geographical area Nicol et al 20122; Treblicock et al 2017'° because of differences in
culture, buildings and climates.

2
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The case study country, Nigeria is classified as tropical and has a population of approximately
180 million people United Nations 2017'6. The precise study state, Imo State, has a warm and
humid climate. In this state, children from mixed socio-economic backgrounds converge for
class activities in public schools in two types of classrooms referred in this paper as ‘open-
space and ‘enclosed-plan’ classrooms (Figures 1A and 1B). The two types of classrooms have
different architectural compositions, and the occupants are from mixed socio-economic
backgrounds. There is a need to extract information from these two factors that may influence
the perception of thermal comfort, in view of the finding from Trebilcok et al 2017'> about a
correlation between thermal comfort and socio-economic backgrounds of participants in
thermal comfort surveys.

Insert Figure 14 here
Insert Figure IB here

Apart from determining the thermal comfort perception of the young children in these selected
classrooms, it is also important to understand if the comfort perception of the pupils differs
according to classroom type. According to Nicol et al, 2012,2, the buildings and the rooms the
subjects inhabit (occupy) are almost as important to the survey as the human subjects
themselves.

Therefore, the following are the objectives of the field study:

* To compare the relationship between the thermal performance in the two types of
classrooms and the responses of the young children to the thermal sensation question.

* To determine the neutral temperature and to compare the result with other similar works

* To determine the thermal comfort range and to compare the finding with other related
works

Thermal Environment

To have an ideal thermal environment, many of the occupants (put at 80% minimum by
ASHRAE Standard 55) needs to accept the thermal conditions in such an indoor environment.
According to Fanger 1970!7, environmental variables (air temperature, mean radiant
temperature, air velocity, relative humidity) and personal factors (clothing insulation,
activity/metabolic rates) determine occupants’ thermal comfort. The adaptive approach to
thermal comfort was developed to encourage low energy use in buildings. Many findings from
field works indicate that people are often comfortable at the mean temperature that is prevailing
in their locality by adjusting to it through behavioural actions such as clothing adjustment,
change in posture, reducing or increasing activity rates and opening or closing windows. These
adaptive tendencies tend to make their neutral temperature close to the mean temperature they
usually experience. However, these behavioural actions may be impeded if the occupants have
no control over their indoor thermal environment, for instance in some schools where some
teachers are reported to take control of the indoor environment Nyuk and Khoo 2003'8. To
show the relationship between the neutral temperature and the mean temperature, a database of
summary statistics containing these two variables were plotted against each other which
produced the regression equation 1 Humphreys et al 2016°:

T,=0.783(x0.11) T,, + 4.5 (1)

3
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Some earlier studies established relationship between neutral temperature and the mean indoor
temperature. Humphreys 1976 showed a strong relationship between the mean indoor
temperature 7,, and neutral temperature 7, The simple regression equation is:

T,=0.831T,, + 2.6 2)

Auliciems and de Dear 1986?! developed another equation that expressed comfort as a function
of mean indoor air temperature. The equation is:

T,=0.73T,, + 5.41 3)

Results from the various fields study on thermal comfort indicate that apart from the influence
of outdoor temperature in comfort perception of building occupants, culture and locations also
influence the perception of thermal comfort. Hence, fixing a range of thermal comfort to serve
different climates and people may not be realistic Nicol et al, 20122, Table 1 shows a summary
of some thermal comfort studies in school classrooms with different age groups, different
locations and different climates. The sample size varied from 45 to 4000 respondents with
studies conducted in air-conditioned classrooms, mixed mode ventilated classrooms and,
mostly, naturally ventilated classrooms. From the table, comfort range can be as low as 24°C
to 26°C in naturally ventilated classrooms (Humphreys, 1976)*° and 23.4°C to 25.8°C
(Nematchoua et al, 2014)%? or as wide as 18°C to 27.5°C (de Dear et al, 2015)”. Furthermore,
the neutral temperature in naturally ventilated classrooms can be as low as 19.1°C (Auliciems,
1973)23. 1t is therefore evident that the comfort ranges and/or neutral temperatures can be
significantly different from one location to another. However, most of these studies focused on
schools located in Europe, America and Asia. There is a need to undertake more research to
understand the thermal perception of school children from other geographical areas that have
not been properly covered.

Insert table 1 here

Methodology

The study area

The study area, Imo State, is in the South East of Nigeria categorized according to the climatic
classification of Koppen- Geinger in the group of tropical Zomorodian et al, 20162, The State
is located between latitude 4 ° 45'N, 7° 15'N, longitude 6 ° 50'E, and 7° 25'E and lies in the
rain forest zone of the warm and humid tropics characterised by high temperatures and high
relative humidity for most periods of the year. Generally, Nigeria is typical of the tropical
region where the sun is known to be directly overhead at noon and according to Adunola and
Ajibola 2012% ; Eludoyin, 201426, 1200 - 1600 LST is the hot discomfort period of the day.
Figure 2 shows the graphical representation of the mean daily maximum, mean daily minimum,
the hot days and cold nights in the study area.

Insert Figure 2 here

Building fabric in the study area

The characteristics of any building in terms of the materials used in the construction of the
walls and the floors, including the type of doors, windows and ceiling installed, determine the
thermal condition of that building. To a large extent, these parameters determine the thermal
perception of building occupants. The walls of the case study classrooms used in this study are
made of sandcrete blocks; a product from the mixture of cement, sand and water. Sandcrete
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block is the most common material used for the construction of external building walls in
Nigeria Oyekan and Kamiyo, 2011%7, and approximating 95% of buildings in Nigeria are
constructed with this material. Walls built with this material do not retain heat Efeoma, 201628
or absorbs heat, because it has low thermal mass Amos-Abanyie et al, 2013%°. The entire
outside walls of the surveyed classrooms were built with this material and nowhere was any
metal iron sheets used in the construction, apart from their usage for windows and, in some
places, for doors. The design of the roof overhangs, which are usually up to 1.2 metres, in most
cases, prevent solar radiation from striking the window directly Offiong and Ukoho, 20043,
and this is applicable to buildings that are not high rise Efeoma, 20168, as the case in this
research work. These classroom areas were well shaded from the sun’ rays with these roof
overhangs (eaves). Thus, the area weight average u-value of the outside walls of all the case
study classrooms satisfied the following inequality, shown in equation 4.

Uw < 50/(td)i - td)e) (4)

Where,

U, is average U-value of the wall or window, W/m2.K
ty; is internal design temperature, °C
ty. Is external design temperature, °C

Neither the children or their teachers were using any computers, as none of these electronic
gadgets were available in the surveyed classrooms. As a result, the operative temperature was
used as an index to evaluate the thermal conditions in the case study classrooms. Haddad,
20163! assumed indoor operative temperature to equal air temperature, during a field
investigation in some selected classrooms, after observing a negligible effect of thermal
radiation caused by similar minor difference of 0.03K between the indoor air temperature and
the operative air temperature in the studied classrooms. Also, Efeoma 2016% adopted operative
temperature as an index in the evaluation of thermal comfort of office workers in south east
Nigeria, having observed that the u-value of the outside walls satisfied the inequality, in
equation 4.

Furthermore, the floors of all the classrooms were covered with cast in situ concrete and
finished with weak cement screed overlay. According to Effting et al, 2007%2, the thermal
impact on the floor will only be significant in places where people do not wear shoes or sandals.
The floor finishing had no impact on thermal sensation on the children since they adhered to
the strict code of wearing sandals while in school. The surveyed classrooms were also finished
with ‘Polyvinyl Chloride’ (PVC) ceiling sheets. PVC ceiling sheets are known to have low
density, low thermal conductivity and high thermal sensitivity, which helps to reduce thermal
gain inside buildings. The roof of the entire schools is made of corrugated iron sheets resting
on timber supports. Timber is known to be a poor conductor of heat.

Case study schools
The warm humid states in South East Nigeria are five in number. The following reasons
justifies the selection of Imo State as case study area:

- The state was selected because it is easily accessed from other South Eastern states

- The state has the highest number of primary schools when compared to the other
states in the same zone (Table 2)

- Being the home state of the researcher, logistics associated with cost, accommodation,
transportation, coordination and time management will be minimal.
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Insert table 2 here

Primary schools in Nigeria are owned by the government (public schools) and by individuals
or organisations (private schools). Public schools were selected for the field work because
children from different socio-economic backgrounds attend the pubic schools. The diversity in
this socio-economic status provides an ideal platform for the survey. In addition, it is in public
schools that different classroom building types, referred to in this paper as ‘open-space’ and
‘enclosed-plan’ classrooms are found.

Three public schools located in Imo State were selected for the investigation. The three schools
are in three zones that made up the state. The schools are Premier primary school Umuaka
(School A), Central school Ogbaku (school B) and Central school Umuduru (school C). The
classrooms in all the schools are naturally ventilated. School A is a bungalow built in the 1950’s
and houses one ‘open-space’ classroom and 10 ‘enclosed-plan’ classrooms. The ‘open-space’
classrooms’ (App) and one of the ‘enclosed-plan’ classrooms (Agy) were chosen for the field
work. The frontage of both classrooms has South-West orientation. School B is also a
bungalow built in the 1940°s and houses one ‘open-space’ classroom and 6 ‘enclosed-plan’
classrooms. The ‘open-space’ classroom (Bop) and one of the ‘enclosed-plan’ classrooms (Bgy)
were selected for the study. The front elevation of both classrooms has North-East orientation.
School C was built in the 1950’s. It houses one ‘open-space’ classroom and 4 ‘enclosed-plan’
classrooms. The ‘open-space’ classroom (Cpp) and one ‘enclosed-plan’ classroom (Cgy) were
chosen for the study. The entrance to the ‘open-space’ classroom has South-West orientation,
while that of the ‘enclosed-plan’ classroom is oriented towards South-East.

The substructure of the 6 selected classrooms (3 ‘open-space’ classrooms and 3 ‘enclosed-plan’
classrooms’) comprises of mass concrete strip foundations, mass concrete floor finished with
cement screed. All the classrooms are roofed with the same material; galvanized steel resting
on timber supports and ceiled with PVC materials. Figures 3-5 show the two types of classroom
buildings. Some of the ‘enclosed-plan’ classrooms were renovated to conventional ‘style’ in
recent times, while some of the ‘open-space’ classrooms remain in their original form.

The two major approaches usually adopted in thermal comfort research are the laboratory
experiment and the field work. Laboratory experiment is more suited for airconditioned
buildings while the field experiment is suggested to be adopted in naturally ventilated buildings
Nicole et al, 20122, Furthermore, in naturally ventilated buildings, results from field
measurements are widely accepted to predict the comfort temperature of occupants. Singh et
al, 2018°. This study adopts field research as the research methodology since all the classroom
buildings in the study area are naturally ventilated.

Insert Figure 3 here
Insert Figure 4 here
Insert Figure 5 here

To capture the different climatic periods in the classrooms, the field work took place from the
month of October 2017 to the month of May 2018 (with some breaks in between). The duration
of the survey in the classrooms varied from one week to more than two weeks. With the help
of a trained assistant, the six classrooms were surveyed morning and afternoon during which
330 young children were evaluated, resulting to 7050 completed valid questionnaires. Table 3
gives further detail about the survey period in each of the visited classrooms.
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Insert table 3 here
Questionnaire

Some researchers raise doubts whether children can understand the wordings of a
questionnaire. Some others argue that children have the capability to complete the self-
reporting questionnaires. For instance, Christensen & James 200833 argue that children are
worthy of investigating and may not need parents or caregivers to guide them. Treblicock et al
201434, added that children can properly understand the wordings in a questionnaire.
Furthermore, Clark and Moss 20113 believe that children are strong, capable, and
knowledgeable experts on their lives. In Nigeria, English language is the medium of
communication and teaching in schools from nursery to the university level. Children ask and
answer questions, write figures and essays using English language. According to Edem et al,
201136, teachers in Nigeria expose children to English as a medium of communication from
the beginning of their schooling. However, there is a concern that some of the children may be
influenced by their classmates while answering thermal comfort questions. This very potential
factor was observed and dealt with accordingly during the survey. The present of the teacher
ensured that the pupils did not influence one another when filling the questionnaires.

Though some researchers support that young children can understand and answer thermal
comfort questions further evidence was needed in this work, and a simple reliability test was
carried out prior to the commencement of the survey. The Mclntyre scale and ASHRAE scale
were used to judge the responses of the children to thermal preference question: Right now, I
would prefer to be?, to which they had the option to choose preference to be ‘colder’ (-3) and
‘cooler’ (-2) on the ASHRAE seven point scale, equated to preferring to be ‘cooler’ (-1) on the
Mclintyre scale. Likewise, preferring to be ‘hotter’ (+3) and ‘warmer’ (+2) on the same
ASHRAE scale were equated to preferring to be ‘warmer’ (+1) on the Mclntyre scale, while
preferrenc to be ‘a bit cold’ (-1), ‘okay’ (0) and ‘a bit warm’ (+1) on the ASHRAE scale were
equated to preference to be ‘okay’ (0) on Mclntyre scale. The questionnaire containing the
preference questions based on ASHRAE seven-point scale was the first to be distributed to
each participating child. After they were done with the first questionnaire, the next
questionnaire containing the Mclntyre scale was handed over to them to fill. Result from the
analysis indicates that the percentage of children who preferred to be ‘cooler’ was 26%,
adopting the Mclntyre preference scale, while in ASHRAE scale it was 25%. 23% and 25%
were the preference votes to be ‘warmer’ using the Mclntyre scale and ASHRAE scale,
respectively. The preference votes on the basis of ‘okay’ was 49% and 53% using the Mclntyre
scale and ASHRAE scale, respectively. Further statistical analysis shows no significant
difference in the responses between the two rating scales. The correlation between the
responses in the two scales is high (r =0.99) with p value < 0.051. The consistency in their
responses using both scales indicate that the children, being evaluated, understood the
questions and could reflect answers according to their thermal conditions.

Insert table 4 here

Evaluation procedure

The participating children did not change classes in the two seasons the survey was conducted
and were assumed to have adapted to their classroom’s indoor environment. To obtain
objective data from them, Tinytag Ultra 2 (TGU-4500) data logger was placed inside each of
the classrooms at the height of approximately 0.6 metres above the floor area for the seated
occupant ASHRAE, 2017!. The loggers recorded the indoor air temperature and the indoor
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relative humidity. Based on the type of building fabric in the classroom buildings, as earlier
discussed, and the spot checks of air temperature in various spaces in the classrooms, the air
temperature was assumed to be equal to the operative temperature. For the outdoor temperature,
Tinytag plus 2 (TGP-4500) did the recording and both loggers had temperature reading
resolution of £0.01°C, while the reading resolution of the relative humidity was +0.3%. The
instruments used for the survey met the prescriptions of ASHRAE Standard 55-2017! and often
adopted by some thermal comfort researchers because of their reliability. Kestrel 3000 Pocket
Wind Meter recorded the indoor air velocity. The indoor data loggers were carefully positioned
in the surveyed classrooms to ensure they did not prevent the children and their teachers from
walking around the classrooms freely. The outdoor data logger was adequately shaded from
rain and sunlight. Table 5 shows the technical characteristics of the measuring instruments.

Insert table 5 here

Prior to the start of the survey, the temperature readings were taking at different heights in the
classrooms; 2.8 metres above the floor level (near the ceiling), 1.0 metres above the floor area
at the centre of the classrooms and near the external walls. All the readings were observed to
be similar. Furthermore, the researcher adopted the same method used by some other thermal
comfort researchers such as Mors et al, 201137; Teli et al, 2013!3; Trebilock et al, 2017'%; Yun
et al, 201438 by positioning the measuring instrument at a single central location in each of the
surveyed classrooms. For the ‘open-space’ classrooms, where the subjects occupied only a
portion of the classroom space, the measuring instrument was positioned at the central area
they occupied. The data values were automatically measured and recorded every 5 minutes.
The survey was performed twice daily; (morning at 09:00 am and afternoon between 13:00 to
14:00 pm). At that time, in the morning hours, the children were expected to be in class (class
starting at 08:00 am) and were assumed to be sufficiently adapted to the temperature in the
classrooms at 09:00 am and were either seated and writing or listening to their class teacher.
The questionnaire was then administered at this period they have settled down to approximately
sedentary levels with their metabolic rate approximated at 1.2 MET. The clothing value during
the survey period was estimated based on the spot observation of what they were wearing
during the survey period and was categorized as light summer clothing and averaged 0.38clo.
It’s important to mention that primary school children in public schools in Nigeria wear
government approved uniforms as dress code and the pattern of clothing between the boys and
girls do not vary much (shown in Figure 6).

Insert Figure 6 here

For the subjective assessment, the questionnaire administered to the children, was aimed at
evaluating their thermal comfort perception as it relates to their classroom indoor thermal
variables and how their perceptions were influenced by the architectural characteristics of the
classrooms. The questionnaire was adopted from the previous commonly used thermal comfort
questionnaire and was designed in plain English language to avoid ambiguities. After
discussions with the class teachers, the word ‘neutral” was replaced with the word ‘Okay’, a
word the children were more familiar with. Table 6 shows the ASHRAE thermal sensation
questionnaire adopted in the survey.

Insert table 6 here

To ascertain the thermal environment the young children in the classroom classify as desirable,
ASHRAE 7-point thermal sensation scale ranging from -3 (cold) to +3 (hot) was adopted. After
the survey, the administered questionnaire was checked and rechecked against possible
unanswered questions and those that ticked more than one answer. Those who indicated not
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being healthy but still wished to participate in the survey were allowed, so that they would not
feel overlooked. However, their questionnaires were not considered during data analysis. The
most common illness in the study area, especially among children, is locally referred to as
‘malaria’ which causes more than a normal high body temperature. Such cases of uncompleted
questionnaires and ill health constituted only 4.8% of the population that participated in the
survey.

Method of analysis

The neutral temperature is the temperature at which most people vote for neutral (okay) on the
7-point ASHRAE scale. Linear regression analysis is one of the popular methods used to
determine the subjects’ comfort temperature Humphreys et al, 2016'%; Nicole et al, 20122;
Haddad, 20163!. In this study, a linear regression model of mean thermal sensation (7SV) was
carried out with respect to weighted indoor operative temperature (7pp) using statistical
package for the social sciences (SPSS) software package. The thermal neutrality is attained
when the individual indicates 0 in the 7-point ASHRAE thermal sensation scale, where the 7SV
of the subjects are typically expressed as equation (5). By substituting the value of 78V = 0, in
any linear regression, between the TSVs and the Tp, a neutral temperature can be predicted.
It can also be obtained from the graph where the intersection of regression line with neutral
(Okay or ‘0’) thermal sensation gives neutral temperature of the studied population. Neutral
temperature obtained by regression analysis is often adopted by thermal comfort researchers to
compare with previous studies Oseland 19943%; Rijal et al 20104,

The comfort range of the young children can be determined using thermal comfort indices such
as the Predicted Mean Votes (PMV) established by Fanger and Toftum 20024! or the adaptive
method established by de Dear and Brager 200242. In this study, the ASHRAE adaptive Model
that sets an 80% comfortable zone, -0.85<TSV<+0.85, ASHRAE 55, 2017!; de Dear et al,
20157 was adopted to determine the thermal comfort range.

TSV=aT,, + b (5)

Where a represents the gradient, b represents the value at the intersection, and Tp represents
the operative temperature.

4. Results
Subject’s information

Table 7 gives detail of the respondents background. The sample constitutes returned responses
from 7050 valid returned questionnaires drawn from 330 primary school children aged 7-12
years in six naturally ventilated classrooms. All the classrooms in the study area were naturally
ventilated and none had any active ventilator such as an air-conditioning system or a fan. A set
of 158, representing 47.8% of the school children participated in the dry season survey, while
172 children, representing 52.2%, participated in rainy season survey. Further detail show that
the number of female participants was more (58%) compared to the male (42%) during both
seasons. Female constituted; 55.1% and 61.0% for rainy season and dry season, respectively,
against 44.9% and 59.0% for rainy season and dry season, respectively for men. Most of the
children (56.0%) were within the age range 9-10 years. Of all the participants that were
surveyed, none was less than 7 years or more than 12 years. Majority of the participating
children (96%) were born in the study area, Imo state.

Insert Table 7 here
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Measured and calculated thermal variables

Figure 7 displays the graphical representation of temperature downloaded from the data logger,
while Table 8 provides the summary of the measured indoor and outdoor thermal variables in
the surveyed classrooms and the thermal responses of the school children. A mean operative
temperature (7pp) for all 6 classrooms during both seasons is 29.1°C. The indoor operative
temperature varies from 22.5 to 35.6 °C during the survey period, with a standard deviation of
1.7. The mean outdoor temperature for all the 6 classrooms is 29.6 °C during the same survey
period with range from 23.0 to 37.4 °C with 1.7 as the standard deviation. The relative humidity
varies from 24.0 to 94.2% with a mean value of 71.2% and standard deviation of 12.4.
Recorded mean air velocity in the combined classrooms is 0.19ms!, with a maximum value of
0.30m/s.

According to classroom type, mean indoor operative temperature for the ‘3 open-space’
classrooms and ‘3 enclosed-plan’ classrooms are 28.9°C and 29.3°C, respectively. The young
children expressed in their voting mean thermal sensations with values +0.09 and +0.29 in the
combined ‘open-space’ classrooms and combined ‘enclosed-plan’ classrooms, respectively.

Insert Figure 7 here
Insert table 8 here
Neutral temperature

The regression of the operative temperature against the thermal sensation votes for the
combined ‘open-space’ classrooms and the combined ‘enclosed plan’ classrooms produced the
regression equations 6a and 6b, respectively. From these equations, neutral temperature, or
optimum temperature, corresponding to a vote of 0 (okay) in the 7-point ASHRAE thermal
sensation scale was obtained by substituting the 7SV in equation 6a and 6b with value 0. The
equations produced 28.8°C and 28.1°C as the neutral temperatures for the sampled pupils in
combined ‘open space’ classrooms and the combined ‘enclosed plan’ classrooms, respectively.
This neutral temperature can also be obtained from the scatter plot (Figure 8), from the
intersection of the regression line with neutral (Okay) or ‘0’ thermal sensation of the studied
sample population.

TSVopen = 0.24T,, —6.90 (6a)
TSVenclosed = 0.36T,, —10.14 (6b)

Insert Figure 8 here
Comfort range

Thermal comfort range of a studied population can be obtained, considering the predicted mean
thermal sensation votes in the range -0.85 to +0.85 ASHRAE, 55, 2017!; de Dear et al, 20157.
The comfort range (acceptable indoor temperature) for the pupils in the warm humid climate
in the combined ‘open-space’ classrooms is from 25.2 to 32.3 °C. This was determined from
the linear regression of the thermal sensation votes and the mean indoor operative temperature
from the field work that produced the equation 7SV = -6.90 + 0.24x. The comfort range for the
combined ‘enclosed plan’ classrooms is from 25.8 to 30.5°C, obtained from regression
equation 7SV =-10.14 + 0.36x.

5. Discussion
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Thermal performance in the two types of classrooms and the responses of the children to the
thermal sensation question

The two types of classrooms recorded different minimum, maximum and mean values in the
indoor operative temperatures and relative humidity. Furthermore, the lower mean value of the
indoor operative temperature in the combined ‘open-space’ classrooms may be an indication
that the occupants in the classrooms expressed their indoor environment ‘cooler’ than those in
the combined ‘enclosed-plan’ classrooms. The results of the thermal sensation votes where the
surveyed young children in the combined ‘open-space’ classrooms voted a lower mean value
(+0.09) compared to the subjects’ mean vote in the combined ‘enclosed-plan’ classrooms
(+0.29) is another indication that the occupants in the combined ‘open-space’ classrooms
expressed their environment ‘cooler’.

The adaptive model relates the indoor operative temperature with the outdoor temperature in
considering the thermal comfort of building occupants. Usually, correlation between these two
variables is run to determine their degree of relationship. A high correlation between the two
indicates that as the outdoor temperature increases, the indoor temperature also increases. On
the other hand, a low correlation indicates the reverse. As shown in Table 9, a bivariate
correlation analysis conducted in this study found a statistically significant relationship
between the indoor operative temperature and the outdoor temperature in all the surveyed
classrooms, except in classroom Cop and Cgy in dry season. The reason may be linked to the
months the surveys were conducted. The dry season surveys in schools A and C were conducted
in the months of January and February, respectively. These months are characterized by high
variations in temperatures and are usually the hottest months in the year. Furthermore, the
classrooms in school B reported the highest correlation in the two seasons. This may be related
to the steady temperatures in the months of November and April the surveys were conducted
in the school.

The indoor operative temperatures in the ‘open-space’ classrooms showed higher collinearity
with the outdoor temperatures compared with the ‘enclosed-plan’ classrooms. This implies that
the indoor operative temperature observed in the ‘open-space’ classrooms followed more
closely with the change in the corresponding outdoor temperature than the ‘enclosed-plan’
classroom. These are indications that the thermal performance in these two types of buildings
differs, and the reason may be because of the differences in their architectural compositions.
This agrees with Nicol & Roaf 20174 who posits that in free running buildings, the relationship
between indoor and outdoor temperature is largely decided by the form and materials of the
building.

Insert table 9 here

Comparing neutrality with other studies

The neutral temperatures produced in this field work for both types of classrooms (28.8°C and
28.1°C) agree with the neutral temperature range 24.5-28.9°C reported by Zomorodian et al
2016%* as that obtainable in group A classified by Koppen-Geinger as tropical/mega thermal
climates. Also, this is closely related to neutral temperatures reported in some other studies on
thermal comfort in Nigeria. The neutrality is closely related to 7, = 28.4°C obtained by Akande
& Adebamowo 20104, T,,= 28.2 from Adaji et al 20174 and T, = 28.8°C obtained by Efeoma
201628, At a closer examination on Table 10, one will observe that the neutral temperature of
some of the studies vary significantly with the ones produced in this study. For example, neutral
temperature from the fieldwork of Ogbonna & Harris 2008 was lower than this study. The
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reason for the significant difference is obvious. The work was conducted in Jos Nigeria a
location where the temperature is, for the whole year, cooler than the study area of this work.
While the temperatures in city of Jos fluctuates between 21.0-30.0°C, the temperatures in Imo
State are more prevalent within the range 28.0-30.0°C. Adunola and Akande 2016%7 conducted
study in Ibadan and produced a much higher neutral temperature of 32.3°C compared to the
one produced in this study. The high difference in the neutral temperature may be because the
survey was conducted in April, a month usually associated with dry spell.

Insert table 10 here

Furthermore, Table 1 is used to compare the results from studies done in other parts of the
world with the findings from this work. The neutral temperatures in this work are, to an extent,
close to the values obtained in some other studies in other tropical works in naturally ventilated
classrooms; 28.8°C in Singapore by Wong & Khoo 200348, 28.4 °C in Malaysia by Hussein &
Rahman 2009%; 28.5°C by Karyono & Delyuzir 2016°° in primary school in Tangerang
Indonesia, 28.03°C in a school in Mexico a hot and humid environment with comfort range of
25.4 t0 30.6 °C Cetz & Azpeitia, 2018°!. However, the neutral temperature obtained in this
study is higher than that obtained from the same tropical environment in Ghana (26.0°C) by
James & Koranteng 20122, A closer look at other variables that can influence and vary thermal
perception of people reveal that the mean outdoor temperature of 26.8°C that was recorded in
the survey in Ghana and the mean outdoor temperature in this study (29.6°C) could be the
reason for the difference in the recorded neutralities of both studies. Furthermore, the neutral
temperatures obtained in a neighbouring country, Cameroon in both seasons; 25.0°C in Douala
and 24.7°C in Yaounde, Nematchoua et al, 2014%> were lower than the neutral temperatures
obtained in this study. The reason could also be linked to the lower average temperatures in the
two cities compared to that of this study. These results suggest that there is a strong relationship
between the outdoor temperatures and the neutrality experienced by building occupants.

Comfort range

Adopting the ASHRAE comfort range between -0.85 to +0.85, the acceptable indoor
temperature for the ‘combined-enclosed’ classrooms (25.8 to 30.5°C) is within the range of
24.0 to 31.0 °C observed by Mishra and Ramgopal 2015° from the various thermal comfort
studies in classrooms in the tropics. However, the upper limit of the comfort range in the
combined ‘open-space’ classrooms was by 1.3K higher than the upper limit of the range
observed by Mishra and Ramgopal, however in the combined ‘enclosed-plan’ classrooms the
upper limit was by 0.5K lower.

Comparison of the comfort range in the two types of classrooms indicates that the surveyed
children in the combined ‘open-space’ classrooms reported wider comfort range compared to
those in the combined ‘enclosed-plan’ classrooms. While the comfort bandwidth in the ‘open
space’ classrooms is 7.1K, that of the combined ‘enclosed-plan’ classrooms is 4.7K, indicating
a significant wider band in the ‘open-space’ classrooms compared with the ‘enclosed-plan’
classrooms. Comparison of the comfort bandwidth between the two types of classrooms
indicates that the upper limit of the ‘open-space’ classrooms was by 1.8K higher than that of
the ‘enclosed-plan’ classrooms. This indicates that the pupils in the combined ‘open-space’
classrooms have more tolerance to the variabilities in the indoor operative temperature
compared with those in the ‘enclosed-plan’ classrooms. This may partly be attributed to the
generally higher indoor air flow recorded in the ‘open-space’ classrooms which aided in the
removal of excess heat accumulated by the children, helping them to tolerate the indoor thermal
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conditions more. Increased air velocity has been reported as helping to offset thermal
discomfort experienced by building occupants. This is an important consideration in
adaptation, in view of the world-wide concern about the continuous temperature increase
caused by climate change.
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Conclusion

This paper evaluated the thermal conditions and the perception of indoor thermal environment
by children in two types of naturally ventilated classroom buildings during the rainy and dry
seasons in the warm and humid environment in Nigeria. The need to understand the
temperature threshold considered acceptable by children in this locality necessitated this study.
Both objective and subjective evaluation methods were adopted to determine and compare the
thermal conditions in the classrooms used for class lessons. The thermal sensations, neutral
temperatures and comfort ranges were determined through statistical analysis. The findings
were also compared with other related studies. The following are the key conclusions of the
study:

* The two categories of classrooms evaluated; the combined ‘open-space’ classrooms and
combined ‘enclosed-plan’ classrooms reported 28.8°C and 28.1°C as neutral
temperatures, respectively, indicating a significant difference in the thermal conditions
between the two types of classrooms. These neutral temperatures agree with most
results from other studies conducted in primary schools in tropical a setting.

* For the combined ‘open-space’ classrooms all seasons, it will take up to 4.2°C (0.24 as
slope) change in indoor operative temperature for the pupils to experience 1 unit change
in their thermal state, while for the combined ‘enclosed-plan’ classrooms all seasons, it
will take only 2.8°C (slope 0.36). This indicates better adaptation in the ‘open-space’
classrooms.

* The regression gradient from this study, for both types of classrooms all seasons (0.24
and 0.36), agree with the findings from most other thermal comfort studies in naturally
ventilated primary school buildings. This further confirms the suggestion that children
are less sensitive to temperature changes than adults. Adults usually produce higher
regression gradients.

* The comfort range of the studied sample in both classroom types, 25.2 to 32.3°C and
25.8 to 30.5°C in ‘open-space’ classrooms and ‘enclosed-plan’ classrooms,
respectively, are indications of higher tolerance to thermal conditions than the values
recommended in ASHRAE standard 55. The comfort ranges, from this study, extended
the upper limit of ASHRAE 55 comfortable temperature.

The results clearly show the differences in the thermal performance and occupant’s
acceptability in both types of classroom buildings adopted in this study. Thus, building
characteristics also determine thermal perceptions of building occupants. The finding in this
work highlights the importance of considering appropriate designing strategies and the choice
of sustainable building materials when constructing school buildings. These will help in
providing thermally comfortable indoor environments and could also help to reverse the current
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trend in the installation of air-conditioning systems in classroom buildings in Nigeria. Findings
from this work are not generalized to apply beyond the climatic zone of this study.
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Page 5: “Wood does not retain heat’
Editor’s Comment: The above underlined statement is not correct.

b

Author’s comment. The correct statement is - ‘Timber is known to be a poor conductor of heat
This is reflected on page 5 (just before ‘Case study schools’)

Page 6: (a) Built in the 50’s
(b) ‘meters’ incorrect
Author’s comment: (a) This has been corrected - 1950’s and 1940’s and reflected on page 6.
(b) This has been corrected - ‘metres’ and reflected where applicable (pages 7,8)
Page 9: ‘respondent’s

Author’s comment; This has been corrected - ‘respondents’ and reflected on page 9
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