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Abstract:- To enjoy the comfort of the indoor
environment of any enclosed space, it is important to
have a reasonable measure of understanding of any
spoken word in the room. In line with the above this
study assessed the characteristics of worship
auditoriums with regards to speech intelligibility in
Makurdi metropolis with the view to identifying building
characteristics that affect speech intelligibility worship
auditoriums. The study was carried out through the
employment of walkthrough survey and physical
observation; a well structured checklist was employed
for the study. Measurements of lengths, widths and
heights were carried out, from which the room volume
was obtained to have an insight of the space under
consideration. The auditoriums of ten worship centres in
Makurdi Metropolis were studied. The findings that
showed all the auditoriums were rectangular in shape. It
was found that there was use of inappropriate
application of materials for surface finishes in the
auditoriums. In terms of room volume, it was found that
G recorded the highest volume with 17064.00m? while E
recorded the lowest volume of 756.00m®. The mean
volume of the auditoriums was calculated to be
517.64m3, the Standard Deviation (SD) was 4733.44 and
the Coefficient of Variation (CV) was found to be
81.36%. The study recommended that proper selection and
application of surface finish materials be ensured during
construction of worship centres. Also, that acoustic
treatment is applied in auditoriums where defects are
identified, with the aim of effectively enhancing speech
intelligibility in worship auditoriums in Makurdi
Metropolis.
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l. INTRODUCTION

Pleasant sounds help create a sense of wellbeing in any
environment, it also aids relaxation. Good acoustic
conditions generally are fundamental to the quality and
enjoyment of homes, workplaces, worship places,
educational places, social places and many other buildings
that people occupy. From mosques to churches, acoustic
comfort is regarded as an important consideration [1] these
buildings generally have a complex challenge when it comes
to acoustical design. The environment has to accommodate
speech and music, which appears to be conflicting at times,
hence the need to balance the space to soothe the
congregation. The main goal of worship is to provide the
required message to all its participants, hence it is necessary
for the auditorium to have good acoustics to allow good
verbal and musical communication [2]. One of the most
important things a building must do amongst others is to
provide a place where speech can be clearly understood [3].
For an acoustic environment to be qualified as good or poor,
it is essential to understand how the ‘instrument’ works and
how it fails [4]. When sound is clear it is easy to understand
and remember the message passed, because the message
cannot be easily forgotten.

Speech intelligibility is an important measure of the
effectiveness of a communication system in a noisy
environment [5]. In every daily life situation, it is imperative
to understand what is being said and to be able to react to
acoustic signals of different kinds at any point in time.
Generally, speech communication can be referred to as the
‘understandability’ of speech, the connection between the
target of the speaker and the reaction of the listener; and the
ability to use speech to communicate efficiently in everyday
state of affairs [6]. Communication on its part can be
defined as a procedure in relation to sharing of ideas,
information and messages with other people, in a particular
time and place [7]. This includes writing, talking and
various other forms of expression of the body such as sign
language; all relating to sending/receiving signals, visual
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and electronic media. The place to which communication
takes place matters a lot, hence the need for it to be taken
care of, in order to minimise any form of distortion within
and around such a place to the smallest possible amount.
This is done so as not to deform the message passed across
to listeners, this is because such deformation could have
serious negative effects on people and the society in general
[8]. Communication in any given room depends on the
acoustics of the room for it to be effectively delivered.

Acoustics is that part of science that deals with
planning, designing and construction of buildings to attain
proper comfort inside and the area around the building [9].
The acoustical atmosphere in worship auditoriums is
articulated in terms of Reverberation Time (RT) value [10];
and most contemporary designers fail to focus on these
requirements at the conceptual design stage. Some of the
requirements for worship auditoriums include: sound
audibility, speech intelligibility and naturalness of the
speaker; these requirements connote elements of a good
communication [11]. In general, a good acoustic
environment helps people to hear better what they want to
hear and hear less of what they don’t want to hear; which is
what every public building design ought to have [12].

The primary use of speech is to communicate between
people; unfortunately with regards to communication in a
room, many factors impair the transmission of speech and
make it less intelligible [13]. According to [14] children’s
learning abilities are influenced by the acoustic quality of
environments where they spend most of the time during
their everyday life. This is because at the first stages of
education children need classrooms with good speech
intelligibility for their activities, which are basically sounds
and speech. When the sound in such an environment is
distorted, it does not only impair speech intelligibility but
also have a detrimental effect on the academic performance
of the students, and more stress on the instructors. Similarly,
[15] affirmed that Acoustic conditions of classrooms have
proven to have significant influence on the performance of
students and the working stress of teachers. This is because
poor acoustics leads to difficulties in learning and social
interaction; as well as greater time loss to unruly activities
during lessons. Also, it has been found that occupational
speech users, especially teachers and preachers develop
voice disorders at higher rates than the general population,
this is attributed to poor room acoustics [16]. It has been
observed that one of the major problems encountered in
auditoriums is ‘understandability’. In a large audience, it is
not easy for the entire audience to hear clearly and
completely in many auditoriums; the sound can be so
muddled and the vocal quality so poor that the sound is
absurd, gabled and becomes unintelligible [17]. It can be
further observed that one of the problems of room acoustics
is that musical sounds and speech are extremely variable in
their complexity. These are both affected by distortions
emanating from material of construction which includes:
doors, windows and surfaces causing the space to be
unintelligible [18]. Therefore, to tackle the nuisance
emanating from deformations in any given space, the
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application of acoustic treatment in the designed places
propagates the desired message to the target audience [19].

Worship auditoriums in Makurdi metropolis have
evolved over time with regards to architectural features such
as shape and surface finishes; these rooms have become
larger in volume as well. The contemporary pews are being
replaced with upholstery and plastic chairs. Walls and floor
tiles as well as rugs are now very common and the
replacement of ceiling materials to more refined finishes;
sophisticated Public Address Systems (PAS) are being
installed in these spaces as well. There is however a trend of
continuous expansion of the PAS in many worship
auditoriums to enhance hearing, this is a clear case of
unintelligibility, hence the study.

This study assesses the building characteristics of
worship auditoriums with regards to speech intelligibility in
selected worship auditoriums in Makurdi metropolis, with a
view to enhancing the comfort of the indoor environment for
proper understanding of the gospel. The objective was to
investigate the building characteristics of selected worship
auditoriums and compare it with standard acoustic
guidelines from which recommendations will be made for
improvement.

1. LITERATURE REVIEW

Acoustics is very broad and it is multi-disciplinary
[20]; with regards to architecture, acoustics is one of the
many branches also referred to as building acoustics. It
involves the scientific understanding of how to attain good
sound in a building, which typically involves the study of
speech intelligibility, music quality, and speech privacy in
the built environment. There are many characteristics
associated with acoustics, a few of these relate to building
and can be attributed to specific measurable properties of the
room [21]; some of them include: - Liveliness, intimacy,
fullness, clarity, warmth, brilliance, texture, blend and
ensemble.

Building acoustics is very complex. It can be said to be
the science of controlling noise in buildings, and the control
of other characteristics of sound within the spaces
themselves [22]. Acoustic services control sound within
specific spaces and the noise transmission is greatly
minimised [23]; this can be achieved through material
selection, design and acoustics techniques. This makes
acoustic a very crucial element in the design, construction
and operation of buildings.

> Factors that affect Speech Intelligibility in a Room
There are many factors that affect acoustical
propagation in enclosed spaces, these include the size and
shape of the enclosure as well as the materials used in the
construction of the building [24]. Other related factors
include:- room design, room acoustics, room reflection and
absorption rate, background noise, sound system quality,
sound reinforcement, audience behaviour, seating
arrangement as well as speaker articulation and projection.
By addressing these factors through proper acoustic design,
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sound system configuration and audience management,
speech intelligibility can be effectively optimised in any
given auditorium.

While there are many factors influencing a worship
space’s performance, the most critical and most obvious to
the congregants is Reverberation Time (RT). It is an
important and essential tool used to estimate the acoustics of
any space [25]. The actual, measurable, reverberation time
for a space is dependent largely upon its physical volume,
the kind of surfaces it has and the materials used in its
construction. This is because if the reverberation time is too
long and/or if the speaker does not speak with
understanding, a listener will actually hear sound from more
than one word simultaneously; the outcome is a muffled
sound that is not easily understood [26].

» Acoustical Defects and Treatment

There are various defects associated with building
acoustics, the following defects as observed by [27] include:
formation of echoes, reverberation, reverberation time (RT),
sound foci and dead spot. These are basically formed as a
result of the building characteristics such as room
orientation, shape, size and the construction materials used
on the structure; as well as the materials occupying the
room.

There are many types of acoustic treatments applied to
surfaces to address acoustic problems. The type of treatment
depends on the problem in question and the materials
available for the treatment as produced by different
companies. Some of the types of acoustic treatments
provided by [28] include: bass traps, acoustic panels, ceiling
clouds, diffuser panels, sound reflectors, acoustic foam,
fibreglass insulation, and Helmholtz resonators. These are
made up of different materials and designs some of which
serve as acoustic materials as well as aesthetic purposes.

» Speech Intelligibility

Speech intelligibility can be described as the measure
of how good persons understand a spoken message [29].
Speech Intelligibility is affected by the loudness and quality
of the speech signal, the type and level of background noise,
reverberation (reflections) and the properties of the
communication system [30]. There are basically two
methods to measuring speech intelligibility, objective and
subjective. The objective measurement methods are more
scientific, it includes: Speech Transmission index (STI),
Room Acoustics Speech Transmission Index (RASTI),
Standard Transmission Index Public Address (STIPA) [31].
Thus, for a room to be adjudged acoustically excellent or
bad it has to meet the Standard Transmission Index (STI)
scale [32] and [33]. These findings are incorporated into a
speech intelligibility metre that is able to display the
intelligibility result as a single number between 0 (bad
intelligibility) and 1.0 (excellent intelligibility).
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» Worship Auditoriums

An auditorium can be defined as that part of the
theatre, concert hall, or any other public building in which
the audience sits [34]. It further describes the auditorium as
a large building used for public gatherings, typical speeches
or stage performances. Similarly, [35] defined auditorium as
an enclosure, covered or open where people can assemble
for watching a performance displayed on the stage. Some of
these performances include; worship, recital, media
interaction, dance, opera, concert, drama, conference,
meeting and the likes.

There are different types of auditoriums for different
purposes and the acoustic finishes applied to the surfaces are
carried out with such purposes in mind. Theatres have
evolved over time presenting different internal layouts,
below are the most common types of auditoriums as
compiled by [36]. They include:- proscenium, thrust, arena,
theatres in-the-round, black box (studio), platform,
hippodromes and open air. These auditoriums may have
different shapes and dimensions to fit inside the building
structure so as to meet the aesthetics needs, efficiently
enable logistics, and improve on acoustic issues. These
shapes usually have both advantages and disadvantages
especially with respect to projection, sightlines and
acoustics [37].

. METHODS AND DATA ANALYSIS

The population of this study was based on public
buildings with specific focus on worship centres. Ten (10)
worship centres in  Makurdi metropolis with large
auditoriums were selected for the study, most of which are
headquarters of various church denominations and mosques
located in the various segments of the township. Based on
these, the 10 worship centres made up the population as well
as the sample size of the population. Judgmental sampling
was employed in the selection of the samples for this study;
the major requirements that form the criteria for selection
were that: - (i) the building must be purpose-built structure
for worship, (ii) all such structures were enclosed spaces,
(iii) the buildings were not undergoing any form of
construction/maintenance. For the purpose of this study and
anonymity the selected worship centres were substituted
with alphabets accordingly and in the way they are arranged
above; A, B, C... J.

This research involved field survey and extensive
literature review. A checklist was adopted as well as field
measurements for data collection. The data collected
includes; shape of the worship auditoriums, size of the
auditoriums and material finishes on the surfaces (ceilings,
walls and floors). The materials used for doors and windows
were noted, as well as material used for construction of the
seats were recorded here presented in Tables 4.1 — 4.3.
Descriptive statistics was used to summarise the mean,
minimum, maximum, standard deviations and cumulative
values for discussion.
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V. RESULTS AND DISCUSSION
The results of materials used as surface finishes in the selected auditoriums were presented in Table 1. The result shows that:
on ceiling finishes, three of the auditoriums A, | and J were finished in aluminium sheets; four of the auditoriums B, F, G and H
were finished in Celotex board while one, C was finished with PVC sheets. The other two D and E were of concrete finish being
part of the suspended slab of a storey building.

Table 1 Types of Surface Finishes in the selected Worship Auditoriums

ID Ceiling Finish Wall Finish Floor Finish
A Aluminium Oil paint, Wood & Stone pitching Terrazzo
B Celotex Emulsion & Qil paint Terrazzo
C PVC PVC Tiles
D Concrete slab Tiles Tiles
E Concrete slab Texcoat Tiles
F Celotex Oil paint Tiles
G Celotex Emulsion Terrazzo
H Celotex Emulsion Tiles

| Aluminium Emulsion & Oil paint Terrazzo
J Aluminium Texcoat Terrazzo

Source: Field Survey, (2019)

Also from Table 1, it was observed that, on wall
finishes, one of the auditoriums, D was finished with wall
tiles while one, C was finished with PVC Ceiling sheets.
Five of the auditoriums E, F, G, H and J were painted in
texcoat, emulsion or oil paint; while the remaining three A,
B and | had multiple finishes in different areas. They have
two or more finishes consisting emulsion paint and oil paint,
with A having stone pitching on some portions of its wall.
The auditorium floor finishes were of either terrazzo or floor
tiles thus: five of the auditoriums A, B, G, | and J were
finished with terrazzo while the other five C, D, E, Fand H
were finished with different types of floor tiles.

The appropriate use of surface finishes in a space
tackles the menace arising from sound deformation in the
space; this enables propagation of desired message to the
target. From the findings of this study, three of the
auditoriums A, | and J used aluminium sheets for ceiling;
this is a very poor acoustic material because it has high
resonance hence it aid reverberation in a room, except for
aluminium panels specially designed for acoustics. C used
PVC which is very light, hence a poor acoustic material;
there are however thick PVC panels specifically designed
for acoustics. Auditoriums B, F, G and H used Celotex; this
is one of the best acoustic materials used in buildings.
Celotex is a perfect use for sound absorption, noise
reduction and fire protection; it can be used for ceiling, wall
and floor finishes. Suspended concrete floors served as the
ceiling for two auditoriums, D and E; concrete is a very hard
surface and hard surfaces tend to diffuse sound thus
distorting it. Concrete finishes can however serve as good
soundproofing material when properly treated; such as
finishing the concrete surface with Plaster of Paris (POP) or
emulsion paint.

Auditorium D used ceramic tiles on the entire internal
walls of the auditorium. This type of surface treatment is not
advisable with regards to acoustic. This is because ceramic
and porcelain tiles are hard and have very slippery surfaces;
these tend to reflect any sound that comes in contact with it.
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With multiple reflections, sound in the auditorium may
result to echo thus distorting the entire message; except
other acoustic treatment measures are put to place. F used
Oil paint on its entire wall, just like wall tiles, oil paints
makes the surfaces reflective too; hence a similar effect to
that produced by wall tiles; water based paint are better for
indoor surfaces. C used light PVC as its wall surface finish
material; probably improvised for aesthetics but the type of
PVC used here is not a good material for wall finish as it
concerns acoustics. Auditoriums C, D, E, F and H used
ceramic tiles as its floor finish; tiles are durable materials
and good for the floor finishing but ceramic tiles can also
cause acoustics defects due to its reflective surface.
However, Auditoriums C, D and E covered parts of the floor
with rugs, which is a very good absorbing material and one
of the best in terms of sound absorption. Auditoriums A, B,
G, | and J used terrazzo as its floor finish. Terrazzo is one of
the most durable floor finishes and can be easily maintained,
hence its maximum patronage; however terrazzo floor
finish, though a hard surface is better an acoustic finish than
tiles.

It has been established by previous studies that room
acoustics is greatly affected by physical characteristics of
the space, which construction materials and surfaces
furnishes are greatly part of [38]. Also, [39] affirm that
sound waves reflect from hard surfaces, soft materials can
absorb sound; as sound originates from a vibrating body
pushes and pulls on the air particles about it.

The findings show that three of the ten auditoriums B,
G and H struck an acoustic balance in its surface finishes,
with Celotex ceiling, emulsion painted walls and
Terrazzo/Tiled floors. The floor might be hard but other
acoustic treatment measures can be put to place in curtailing
defects. The other seven had its surfaces finished as either
being too hard or surfaces with high level of resonance;
these worship centres will need stringent measures in fixing
the acoustic defects in the auditoriums.
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Table 2 Shape of the Selected Worship Auditoriums and Room Features

ID Room Shape Door Material Window Material Seat Type(s)
A Rectangle Steel Glass Pews

B Rectangle Steel Glass Pews

C Rectangle Steel Glass Plastic

D Rectangle Steel Glass Rug

E Rectangle Steel Steel Rug

F Rectangle Steel Glass Cushion
G Rectangle Steel Glass Cushion & plastic
H Rectangle Steel Glass Cushion

I Rectangle Steel Glass Pews

J Rectangle Steel Glass Plastic

Source: Field Survey, (2019)

Table 2 shows the shape of each of the auditoriums,
and some of the construction materials used, as well as the
types of seat used in the auditoriums. The table shows that
the ten auditoriums are all of rectangular shape. It also
shows that, all the major doors used to gain access into the
auditoriums were made of steel; and nine of the auditoriums
A B, C, D, F, G, H I and J used glass windows on
aluminium or steel frames, while the other one, E used steel
panelled material for its windows. Three of the auditoriums
A, B and | used pews for seats, while D and E used rug. F
and H used cushion chairs as its seating materials, C and J
used plastic chairs as its seating material while G combined
the use of cushion chairs and plastic chairs as its seating
materials

In relating the result presented in Table 2 to previous
studies, it can be observed from the table that all the ten
worship auditoriums were found to be rectangular in shape,
which shows that rectangular shape is one of the best
options in the construction of worship auditoriums. This is
in line with the findings of [40] that there is spatial
distribution of sound in the rectangular shaped buildings
than all other shapes; the study concluded that octagonal
shapes usually have concentration in the middle due to
cancellation from opposite directions, hence the preference
for it than others. Therefore the adoption of rectangular
shaped buildings in Makurdi metropolis is said to conform
to the recommendations of other scholars across the globe.

All the ten doors were of steel, probably for security
reasons but steel resonates a lot, which could result in
increase in reverberation as well as background noise. With
regards to room features, in a related study, [41] carried out
a comparative analysis to ascertain the relationship between
room features and speech intelligibility. The findings
showed that speech intelligibility was affected by acoustical
characteristics of the surface materials in the room. This is
because room features either absorb or reflect sound, thus
reducing the amount of sound originally propagated into the
space. Pews are made of wood, these can reduce the amount
of sound in a building because wood absorbs sound. This is
the same with cushion chairs which are made of foam and
covered with wool or other forms of cloth materials; if the
sound in an auditorium is not loud enough, these materials
can absorb it all thereby reducing the required reverberation
time needed in the building. Rugs are equally in the same
category as that of cushions, as the fur used in its production
greatly absorbs sound propagated into a space. Of all the
seating materials it is the plastic chairs that are less
absorptive in nature, but can cause other forms of distortion
to sound. This inappropriate use of some of these materials
greatly affects speech by distortions emanating from
materials of construction which includes doors, windows,
walls and floors; thus causing poor intelligibility in room
spaces.

Table 3 Sizes of the Selected Worship Auditoriums

ID Length (m) Width (m) Height (m) Area (m?) Volume (m®)

A 35.00 18.00 9.00 630.00 5670.00

B 38.00 25.00 10.00 950.00 9500.00

C 25.00 20.00 6.50 500.00 3250.00

D 24.00 17.50 3.50 428.75 1500.63

E 18.00 12.00 3.50 216.00 756.00

F 24.00 14.00 9.00 336.00 3024.00

G 30.00 47.40 12.00 1422.00 17064.00

H 36.00 23.60 8.00 849.60 6796.80

| 35.00 20.00 8.80 700.00 6160.00

J 22.50 18.00 11.00 405.00 4455.00
Mean 28.80 21.55 8.13 643.73 5817.64
SD 6.89 9.88 2.87 356.95 4733.44
CV (%) 23.92 45.85 35.30 55.45 81.36
Min 18.00 12.00 3.50 216.00 756.00

Max 38.00 47.40 12.0 1422.00 17064.00

Source: Field Survey, (2019)
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Table 3 shows the sizes of the auditoriums as measured
on the field, the lengths, widths, and heights were measured
through which the area was calculated to further obtain the
volume. The volume for each of the auditoriums is
presented thus: G had the highest volume of 17064.00m?
followed by B with 9500.00m?, then H with the volume of
6796.80m°. | measured 6160.00m% in volume, with A
measuring 5670.00m?, followed by J with 4455.00m2. This
was followed by C which measured 3250.00m® and F with
3024.00m?; the auditoriums with the least volumes were D
which measured 1500.63m?® and E with a distant volume of
756.00m3.

Volume is part of the physical properties of the room
that affect sound in a room. According to [42] room
volume affects sounds thus, the bigger the room, the more
sound it can hold, this is because it takes more time for
sound to reach absorbing materials than in smaller rooms;
this implies that it takes more sound to fill a big room than
the small room. Conversely, the sound in a small room will
be louder than if played in a bigger room, because the sound
will be swallowed in the space, thus bigger rooms have
more volumes therefore hold sound much longer. However,
two rooms with different shapes might have the same
volume but different surface areas, but the room with the
larger surface area will have its sound die out faster.

V. CONCLUSION

From the measurement carried out in the selected
worship auditoriums in Makurdi Metropolis, the results
show that all the ten worship auditoriums were found to be
rectangular in shape conforming to the standard in many
previous findings. The interior finishes were of: aluminium
sheets, PVC sheets, Celotex and concrete slab for ceiling; oil
paint, emulsion paint, texcoat paint, PVC sheets and tiles for
walls; terrazzo and tiles for floors. Also, all the doors in the
selected auditoriums were made of steel; and most of the
windows were made of aluminium most being acoustically
unsuitable for auditoriums due to their high level of
resonance. The seats were of: pews, plastic chairs, cushion
chairs, and rugs/mats. The sizes of the auditoriums show
that: G recorded the largest volume of 17064.00m® while E
recorded the lowest volume of 756.00m3. The mean volume
obtained was 5817.64m® with the standard deviation of
4733.44 and a coefficient of variation of 81.36%. This was
carried out to show relativity in terms of the sizes of the
auditoriums, this will give an insight as to how sound will
behave in the rooms.

From the results of the study, the following can be
concluded; the shapes of the buildings conform to
worldwide practices. However, none of the sampled
auditoriums satisfied all the acoustic requirements with
regards to surface finishes and materials for doors and
windows. This is believed to have adverse effect on speech
intelligibility in the worship auditoriums in Makurdi
metropolis. It is recommended that when applying surface
finishes in the worship auditoriums selection and application
of building materials should be carried out under strict
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compliance, with the aim to also control sound in the
auditoriums.
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