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Dorin BEU

The 27" Session of the CIE will start in
July in South Africa and this mark a change
with the elected CIE president Ann Webb,
an expert on photobiology. This is the first
time that such an event happens in Africa,
following the rule of the round-the-world
destinations for the CIE Sessions. The
elected CIE President strength the
importance of Light&Health, the topic of
last ten years, which opened new directions
for lighting and increased media interest for
this area. In October will be held in Madrid
the Professional Lighting Designers
Convention, an event which is focusing in
practical area of lighting.

But, before CIE Session, there were
other three events that have marked the new
trends: Stockholm Light Symposium (see
Ingineria lluminatului vol. 12 no. 2) -
October 2010, Lausanne Daylight Seminar
and Romanian Lighting Convention — both
in May 2011 (a brief report is presented in
this issue). All three marked the new
holistic approach to lighting with the
presence of architects, engineers, physicist,
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biologist, psychologist, designers and you
name it. These meetings were extremely
important as they established a joint
vocabulary, as communication is a key
issue. Daylight is no more the Cinderella, as
the Health & Building Performance, have
save it and now architecture is
reconsidering the importance. All these
three events have shown a new generation
of PhD students that need to get in contact
and exchange ideas. That is why our review
makes a statement of intention in
publishing the work of the PhD students
related to lighting and make the proposal of
preparing a database of PhDs with contacts,
main topics and, maybe, a brief description
of their work.

The main event in the region was the
Romanian Lighting Convention 2011
(www.rlc.org.ro), held in  Bucharest
between 18 and 20 May, with the intention
to be a turning point. In order to bring
architects and designers for the first time to
a lighting event, beside major European
experts in the area, organizers have invited
celebrities like designer Gaetano Pesce
(excellent speaker which have charmed the
audience) and architect Paolo Mendez da
Rocha (Pritzker 2006, a poet architect with
extraordinary  sketches). There were
excellent presentation on all major subjects
and one problem was that sometimes it was
difficult to choose between parallel
sections. LED was the main star at the



exhibition starting from incandescent lamp
retrofit to the new LED down-lights (we
will see the disappearance of CFL down-
lights in a couple of years). Despite that |
would like to see more students to this
event, it was good to see the first LED
Design Contest, which will be excellent to
see the follow-up. Last but not least, two
major figures in lighting education,
professors Cornel Bianchi and Florin Pop,
received medals for “Spreading the Light”.

The Convention has show also the
importance of the lighting designers; for the
moment there are only a few in Central and
East Europe. Their importance is increasing
as they are the only independent, creative
and practical design office  which
implement what researchers are presenting
in the lighting reviews. Our review was not
presenting their works till now, but we
considered to offer them a way to send their
message. We have decided to offer to
lighting designers two pages to present
themselves, works, ideas and advices for
the young generation. There is an important
link between architect and lighting designer
and in order to promote this connection |
can say that “good architecture needs good
lighting designer”.

The latest lighting events have also
shown that we need to do more to create a
lighting culture. What | consider as a
problem for lighting, is that the message
doesn’t reach the end-users, neither on
daylight side nor in electric lighting one.
Our lighting associations will have to join
forces in this area and have a strong PR
which will have to repeat in a simple way
what lighting professionals know.

This year there are a lot of change in
Romanian education system, with pro and

4

cons, but it is good to see the first Lighting
Course for students from Cluj School of
Architecture, a Landscape&Light Summer
Course and a Guerilla Lighting. The last
two events were held in Cluj-Napoca
between 23 and 24 June and 54 students
from architecture and landscape have
participated. Courses were held by Katja
Perrey (Romanian Green Building Council)
and me, and it was excellent to see their
enthusiasm.

In the previous number, Wout van
Bommel mentioned his dream about a light
box, that collect daylight. My dream is
more complicated: that in few years to have
a change in public mentality about lighting,
starting with lighting course in schools and
ending with media coverage, growing
number of PhD students in this area, and
LED as the most popular solution for
lighting.

In the wyears to come, Ingineria
lHluminatului (Lighting Engineering) journal
will try to find a position of its own, and we
will need the readers opinions. What we can
tell you is that it won’t become a glossy
one, neither an exclusive scientific one, as
in both cases there are excellent reviews.
We see it more as an alternative and as the
voice of the PhD students. Your ideas and
comments are more than welcome!

sty

Dr. Dorin BEU

Director of Lighting Engineering Laboratory
Technical University of Cluj-Napoca
dorin.beu@insta.utcluj.ro
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POSSIBILITIES OF NEW LIGHT SOURCES AND SUSTAINABLE
ENERGY PRODUCTION IN SUDAN

Ater AMOGPAI
Aalto University, Lighting Unit, Finland

Abstract. Electricity supply in Sudan is characterized with frequent power breaks due to
aged machinery, lack of spare parts as well as increasing costs of new equipment from
abroad. Roughly 30% of the total population in Sudan has access to electrical grid. As
Soba Arradi area is not connected to electrical grid, diesel generators are the main
suppliers of electricity in Soba Arradi area in Khartoum, the capital of Sudan.
Incandescent and compact fluorescent lamps are the main light sources in use in this area.
This paper analyzes the cost of electricity and lighting in Soba Arradi. Power supply and
lighting systems associated with socio-economic issues are introduced. Lighting
measurements and solar power required to replace diesel generators are presented.
Lighting measurements in a one room house using LED, fluorescent and incandescent
lamps were conducted. The costs of efficient lighting and power solutions, such as LEDs,
CFLs and PV systems, are discussed. The initial cost for the PV systems proved to be
higher than that of diesel generators. PV system can be suitable for electricity generation
when its service life is longer (30 years for a solar panel and 10 years for a battery). The
study showed that in Sudan: - PV systems can be used without inverters since solar
radiation is available throughout the year; - LED lighting combined with PV systems are
suitable for lighting; - PV systems have a high potential for electricity generation.

Keywords: Sudan, electricity, lighting, LED, CFL, IL, solar panel

1 Introduction to electricity in rural areas. The main
sources of lighting in urban areas are
electricity and petroleum products, while
fuel based lighting is the main source of

lighting in rural areas. Electric lighting is

Electricity supply in Sudan is characterized
with frequent power breaks due to aged
machinery, lack of spare parts and

increasing costs of new equipment from
abroad. Roughly 30% of the total population
has access to electrical grid [1]. The
majority, of population lives without access
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mainly centered in Khartoum, central Sudan,
and in fifteen independent off-grid towns.
Diesel generators are used in these off-grid
towns to provide electricity for lighting [2].
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More than 80% of the total electricity
generation in Sudan is consumed in the
capital of Sudan, Khartoum [3]. However,
some parts of the city are (Soba Arradi
area) still out of reach of electrical grid.
Diesel generators are the main suppliers
of electricity in Soba Arradi area (Figure 1).
Most of the people in this area have no
access to education, healthcare, or
infrastructure. Lighting, clean water and
communications are considered as the
basic needs in Soba Arradi area. All these
depend directly or indirectly, on access to
electricity.

In Soba Arradi area, lighting is
necessary for education, improves the
security of communities, and promotes
business activities at both night and day-
time. Thus, access to affordable domestic
lighting systems could contribute to the
economic and human development of low
income groups living in Soba Arradi area.

The common light sources used in this
area are incandescent lamps (ILs) and
compact fluorescent lamps (CFLs).
Diesel oil and kerosene lamps are not
anymore in use in Soba Arradi area.
Instead, portable lights (LEDs) and
candles are used.

This paper is structured as follows.
Section 1 describes the access to electricity
and electric lighting consumption in Sudan.
Light sources and electric power supply
use in Soba Arradi area are also described
in Section 1. Electric power supply and
lighting systems related to socio-economic
of the residents in Soba Arradi are covered
in Section 2. Section 3 discusses the
illuminance levels measurements and solar
power required to replace diesel generators
in Soba Arradi. Cost of effective lighting

system and power supply solutions are
discussed in sections 4 and 5.

Figure 1 Soba Arradi area Khartoum, Sudan.
2 Lighting usage in Soba Arradi area

About 6000 inhabitants living in Soba
Arradi area have no access to electrical
grid. Diesel powered generators are the
only method to generate electricity, for
supplying electricity to houses in Soba
Arradi. Each of these supplies up to 50
houses with electric energy. Usually,
houses with one or two rooms are made
of mud mixed with dried cattle dung and
grass, and wooden beams (Figure 2).

Figure 2 The one-room house where lighting
measurements were conducted in Soba Arradi.

Ingineria lluminatului 2011; 13, 1: 5-14
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In the day-time, electricity is used to
power shops, refrigerators, TVs and
radios, or mobile phone chargers in
healthcare  centres.  After  sunset,
electricity is used mainly for lighting
applications. Shops, healthcare centres
and houses use ILs, fluorescent lamps or
CFLs for lighting.

Typically, each room has one lamp, IL
or CFL, in the middle or at the edge of
the room ceiling. Portable lights and
candles are also used.

One house is occupied by several
persons living together. It may include a
family with three, four or five children
and hence it is crowded. Often, cooking
Is conducted in the room with charcoal or
wood fire, but gas is also a very common
mean of cooking in Soba Arradi area. The
electricity is used for general lighting and
for reading or writing.

Most of the diesel generators used in
Soba Arradi area are made in China.
Usually, no maintenance problems are
experienced. The residents are always
advice to use energy-efficient light
sources such as CFLs.

ILs consume a lot of energy and this
can cause load problems for the
generators. Yet, the residents use
inefficient ILs in their houses. This is due
to the high price of CFLs, but, for long
term operation and energy saving, CFLs
would be the best option.

3 Lighting measurements in Soba
Arradi area

The total lighting energy used by lighting

depends on the rated power of the lamp
and the daily burning hours. The room
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and the position of the lamp to working
area have an effect on the illuminance,
and illuminance distribution [4].

An effective lighting system should
provide adequate quantity and quality of
light. Illuminance and its distribution
characteristics can be used for the
quantity of light, while for lighting
quality several parameters are needed
such as luminance, luminance
distribution, and colour characteristics [5].

A one room house with dimensions
5m x4 m x 2.5 m with two windows, each
with dimensions 0.85 m x1.05 m and one
door with dimensions 1.85 m x 1.05 m was
chosen (Figure 3). In the day-time there is
no need for artificial lighting as enough light
gets through the windows and the door.

The lighting measurements were
conducted at both night and day-time.
The lamps were hung at distance of 0.45
m from ceiling and the measurements
were conducted at distance 1.38 m from
the lamp to working area at night-time
(Figure 3). The working area is a table
with height of 0.75 m from the ground.
Illuminance values on the working area
directly under the light source (centre of
the room) and at different distances were
measured (Table 1).

It was not possible to perform long
measurements for security reasons, since
there was no advance permission to
conduct such a study in the area. Such
arrangements usually need time and
advance permission from the authorities
(security). The only available one-room
house to conduct the measurements in
was that in Figure 2. However, the room
was full of objects and disorganised and
only limited space was available (Figure 3).
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The measurements were conducted in one
day: during the daytime from 1:00 pm to
2:00 pm and at night from 8:00 pm to
9:00 pm. The main objective was to point
out the importance of using efficient
lighting. This could be the first step to
starting introducing lighting technology
combined with PV systems in Sudan.

Results: The day-time measurements
showed that the highest illuminance value
was measured at the centre of the room
(300 Ix) and the lowest (75 Ix) was
measured at the distance of 3.2 m in the
corner of the room. The illuminance
value (280 Ix) was almost as high in the
distance of 2.5 m from the centre of the
room, since this measuring point was
close to the window (Figure 3).

The night-time measurements/results
are shown in Table 1. LED provided the
highest illuminance level in the centre of
the room. CFL provided the highest
illuminace at distances 2 m, 2.5 m and
3.2 m, whereas IL and LED provided
lower illuminances at the same distances.

The illuminance levels of 25 Ix to 30
Ix are necessary for normal reading or
writing and illuminance levels of 5 Ix to
15 Ix for general lighting in rural houses
[5], [6]. These illuminance levels can also
be used in Soba Arradi households.
However, the recommended illuminance
levels for indoor lighting range between
100 Ix and 500 Ix [7], [8], [9]. Such
illuminances cannot be provided in Soba
Arradi area. Unlike in developed countries,
standards and guidelines for recommended
lighting levels in houses are not yet in use
in developing countries [6].

Table 1 Illuminances at the day-time and night-
time

Distance, m

Light source | Centre ‘ 2 ‘2.5| 35

Illuminances, Ix

Daytime light 300 190 280 75
IL (60 W) 28 9 4 | 25
CFL (18 W) 19 16 5 5.7
LED (8 W) 32 9 4 2
Dimensiens are in mefers
o A i
= él Window 25 25 Window &)
P X 2
Doer
5
&) Measurement points
25 w
b ? Lam
EfFahle
5

Figure 3 Dimensions of the room used for
measurements.

4 Replacement of diesel generators
by PV systems

Energy efficiency is especially important
when the power supply is limited as is the
case of Soba Arradi area. The amount of
solar radiation is the main parameter that
affects solar panel output. Conversion
efficiency depends on the installation
position and angle of a solar panel, as

Ingineria lluminatului 2011; 13, 1: 5-14
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well as on the installation’s geographical
location.

A study of the replacement of a diesel
generator by a PV system was conducted
in the Soba Arradi area in Khartoum
(15.5°N, 32.5°E). The largest amount of
solar energy can be produced by using
the annual optimum tilt angle. The fixed
tilt angle of 15° was chosen to maximise
the solar radiation received, because this
angle is close to the annual optimum
(Figure 4). Optimum tilt angles for
Khartoum were collected for the whole
year using the NASA statistical data. The
daily solar radiations in Khartoum are
measured data by the NASA meteorology
station [10].

Solar panel area required for different
light sources can be calculated based on
the data gathered from NASA statistical
data (Figure 4). Thus, the size of the PV
panel and battery bank required was
determined with assumption that solar
cell conversion efficiency is 10% [11].

Equations (1), (2), were used to
calculate solar panel area and battery bank
size required [12], [13]. The solar panel
area required A, can be calculated with

A, = 1.5E 4., )
77Erad
where A, is solar panel area required (m?);

Edaiy - daily energy consumed (kWh);
Eaq - daily solar radiation (kWh/m?/day);
n - solar cell conversion efficiency (10%).
The required battery bank size can be
calculated with

_ 5x15E,,

Bbank 712 (2)
where Byank IS the battery bank capacity
(Ah), and 12 - the voltage value (V).

The daily energy consumption was
multiplied by a factor of 1.5 to account
system inefficiencies that include wiring
and interconnection losses, as well as
inefficiency of battery charging and
discharging cycles [9].

Solar radiation received in Khartoum

8

7
2 o]
Ke] 5 H
N @it 15
E 4+
= X B OPT ANG
X 2 H

1 -

0 -

0 5 ' > X Q < N
¥ RS YRS F
?
Month

Figure 4 Solar radiation received in Khartoum (15.5°N, 32.5°E) based on optimal tilt and annual angles [10]
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Table 2 Energy consumed in 50 houses using different light sources four hours/day

Light source | Lamp power | Total power Daily energy Solar panel area | Battery bank
(50 homes) consumed required
w w Wh m? Ah
IL 60 3,000 12,000 30 7,500
CFL 18 900 3,600 9 2,250
LED 8 400 1,600 4 1,000

To ensure the PV system design, the
minimum solar radiation received in
Khartoum (6 kWh/m%day) was used
(Figure 4). The calculation gives an
approximate idea how much solar panel
area and corresponding battery bank size
is required for lighting devices in Soba
Arradi area where sunlight is available
throughout the year (Figure 4).
Calculation (Table 2) showed that the
largest solar panel area and battery bank
required were achieved when
incandescent lamp was used and with
LED light source, the smallest solar panel
area and battery bank required were
achieved. This means that the higher the
energy and power consumed, the larger
the solar panel area and battery bank
required.

5 Electricity and lighting costs in Soba
Arradi area

Diesel generators operate as electricity
suppliers to houses. Usually, these

generators are own and run by individuals.

They can be shop owner or even end-
users themselves living in Soba Arradi.
For the following cost calculation, a
diesel generator with the following
specifications was chosen:

10

Power: 9.9 kW (Maximum)
Operation time per day: 4 hours
Supplies power to: 50 homes

Length of wires to homes: 500-800 m
Initial cost: US $480

A generator consumes 300 liters diesel
fuel per month which costs US
$120/month and oil, which costs US
$20/month. Hence, the total monthly cost
of the generator operating for four hours
per day is US $140. The cost of
electricity for one lamp in Soba Arradi
area is US $5/month for IL or CFL.
Therefore, the operation cost for a lamp is
US $60/year while the operation cost for
a diesel generator is US $1680/year.
Energy consumed by a lamp does not
affect its charge price. This means that
energy is wasted just through clear
inefficiency and this suggests that saving
energy is the most effective way to
improve security of electric energy
supply. Thus, it could be benefiting for a
generator owner and residents to replace
their ILs with CFLs, but with subsidized
prices. However, the subsidy policy to
purchase energy-efficient lights and solar
panels is not yet in use in Sudan.

Electricity cost does not include a
lamp purchase price, only the electrical
energy delivered from diesel generator to

Ingineria lluminatului 2011; 13, 1: 5-14
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light up the lamp is charged. A lamp
operation cost depends on lamp price,
lamp type, lifetime and time of a lamp
change. For example, IL is changed after
1000 hours whereas CFL is changed after
10.000 hours [4]. This means that 10 ILs
are changed compared to one CFL per
year. In Soba Arradi area, purchase price
for IL and CFL is US $0.8 and US $5
respectively. Hence, 10 ILs cost US $8
compared to US $5 for one CFL per year.
Replacement of ILs with CFLs is
economically viable and benign energy
saving for Soba Arradi residents. LEDs
are energy saving and can provide cost
effective solution but they are not
currently in use in this area.

5.1 The cost analysis of PV system

For economics evaluation of a lighting
solution system, the cost analysis was
carried out for the PV system assuming
useful life for 15 years for solar panel and
two years life for battery bank. This cost
analysis includes initial and variable costs.

Initial costs are costs for the lighting
or PV-system design, lighting equipment,
wiring and control devices and the labour
for the installation of the system. Usually,
only the installation costs are taken into
account and people are not aware of the
variable costs.

PV modules can be purchased for
about US $5/W and flooded acid batteries
can be purchased for around US $1/Ah
[12]. Based on these purchase prices,
anything can be estimated, the only issue
is to what precision we do the estimation
[12]. To design PV system based on the
Table 3 parameter’s specifications, CFLs
are considered because they are currently

Ingineria lluminatului 2011; 13, 1: 5-14

in use in Soba Arradi area. The subtotal
cost of the PV system for CFLs is US
$4500 for a solar panel and US $2250 for
a battery (Table 3).

Battery

Charger Solar Panel

Hinusi: sp—

Figure 5 PV power system containing solar
panels, charge controller, battery bank and wiring.

Table 3 PV system estimation size and cost for 50
houses.

Light Parameter size Estimated initial
source cost
Solar Battery | Solar Battery
panel bank panel bank
w Ah Uss uss
IL 3000 7500 15.000 | 7500
CFL 900 2250 4500 2250
LED 400 1000 2000 1000

To account for mounting structure,
wire, fuses, and switches costs, the
subtotal cost was multiplied by 1.2 [12].
Therefore, the estimated cost of the PV
system is US $5400 for a solar panel and
US $2700 for a battery. Such a PV
system could be reliable and
environmentally friendly and has the
potential to contribute to the development
of sustainable electricity generation. In
long-term operation, a PV system can
perform and maintain the quality of

11
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electricity generated at a lower cost. The
system could be a cost-effective solution
in areas where there is no electrical grid,
such as Soba Arradi.

The energy costs of the lighting or PV-
system installation during the whole life
cycle are often the largest part of the
whole costs. The initial cost of the PV
system is given in Table 3 for both solar
panel and battery bank. The annual cost
for PV system can be hence calculated
from the Equation 3 [4] as follows:
i@+i)"

Ci=lx —>*—
@+i"-1

(3)

Ci = US $486/year for solar panel

Ci = US $1458/year for battery bank

Total annual cost = 486 +1458 = US $1944,
where C; is annual costs of the initial
investment; | - initial costs, US $4500 for
solar panel, US $2700 for battery;
I - interest rate (i=p/100, where p is
interest rate in percentage, 4%);
n - number of years (service life for a
solar panel is 15 years and for a battery it
Is two years).

The calculation of the costs showed
that the annual cost of the initial
investment (US $1944/year) for a PV
system is higher than the annual costs of
the initial investment in a diesel generator
(US $43.2). In other words, the initial
costs for a diesel generator (US $480) are
much lower than the initial costs for a PV
system (US $1944), but the variable costs
(operating costs) for a diesel generator
(US $1680) are much higher than the
variable costs of a PV system (US $60).
Therefore, the total costs for the PV
system are US $2004/year and for a

diesel generator they are US $1723.2/year.

12

If they use solar panels combined with
CFL, the 50 houses in Soba Arradi can
pay US $3000/year. For the Soba Arradi
area, the PV system proved to be the
higher-cost choice if the service life of a
solar panel is 15 years and the service life
of a battery life is only two years.
However, if the service life of a solar
panel is 30 years and the service life of a
battery is 10 years, the total cost of the
PV system is US $705/year. This is when
the battery discharges 20% of its full
capacity. Therefore, the choice between
the higher and lower cost of the PV
system depends on the service life of the
solar panel and battery. The longer the
service life, the lower the cost. The PV
system might be more suitable for
electricity generation than a diesel
generator in the Soba Arradi area when
used for a longer period.

Figure 6 Solar panels with manually adjustable
tilt angle.

Use of solar panels instead of diesel
generators would eliminate running costs
of diesel fuels each year in Soba Arradi
area. However, the initial cost of solar
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panels and batteries respectively are the
obstacles for Soba Arradi residents to use
PV system. They lack of funding for the
higher initial investment related to PV
system. Perhaps, also the lack of
experience of PV systems is an obstacle
for using them instead of diesel
generators in Soba Arradi area.

6 Conclusions

Energy savings can be achieved when
replacing ILs with CFLs in Soba Arradi
area. Furthermore, more energy savings
can be achieved by using LEDs, but they
are not currently in Sudan’s market, their
cost being still an obstacle. However,
CFLs purchase prices are higher than ILs.
Diesel generators are expensive choice
for electricity generation in Soba Arradi
area. PV systems can offer an effective
solution, however their initial costs are
the main obstacles for their use. The
initial costs for diesel generator are much
lower compared to initial cost for the PV
system, but its operation costs are higher.
In Soba Arradi, PV system is not yet use
for electricity generation. However, in the
future, PV system might be suitable for
electricity generation rather than diesel
generator in Soba Arradi area. Diesel
generators will still be in use while
residents gradually switch to PV system,
when their income increase and
government provide subsidies and
incentives to buy energy efficient
products.

In Sudan, public awareness of the
solar energy technology is very low, thus
it is first necessary to give information
about the benefits this technology can
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offer. In order for solar panels to become
widely used, they should be available at
affordable prices. Government may
subsidize solar energy technology
programmes.

Use of solar panels combined with
energy-efficient light sources in Sudan
may take decades to occur. Subsidy
policies might help to encourage
residences to switch into energy-efficient
light sources and solar panels. The
effective lighting and power solutions in
Soba Arradi and similar areas in Sudan
could be improved by replacing diesel
generators with solar panels combined
with energy-efficient light sources, such
as CFLs and LEDs.
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RATING SPATIAL BRIGHTNESS: DOES THE NUMBER OF
RESPONSE CATEGORIES MATTER?

Deniz ATLI, Steve FOTIOS
School of Architecture, The University of Sheffield, UK

Abstract. Category rating is a procedure for measuring population opinion or evaluation.
Many previous studies have used category rating to evaluate spatial brightness and other
aspects of the visual environment in order to compare the effectiveness of different lighting
conditions such as the spectral power distribution of the light source. There are
suggestions in the literature that the number of response categories in a semantic
differential rating scale can affect judgements. For example, Dawes’ study found that
mean ratings of price consciousness were different when recorded with response scales of
either 5, 7 or 10 categories. A key question is whether or not the response range should
include a neutral (or, middle) category, i.e. an odd or even number of response categories.
There is evidence that the presence of neutral categories can enhance response contraction
bias and this reduces ability to discriminate between stimuli. However, scale format has
not been extensively examined for appraisals of the visual environment. Evaluations were
carried out using response ranges of 5, 6, 7 or 8 categories. A range of graphical and
statistical methods of analysis were employed, with one approach being to ignore all
ratings given to the neutral category in odd scales. It was found that while the response
distribution may have changed, the number of response categories did not affect the
central tendency of opinion.

Keywords: semantic differential scaling, response range bias, spatial brightness

1 Introduction

Spatial brightness describes a visual
sensation to the magnitude of the ambient
lighting within an environment, such as a
room or lighted street. Generally the
ambient lighting creates atmosphere and
facilitates larger visual tasks such as safe
circulation and visual communication. This
brightness percept encompasses the overall
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sensation based on the response of a large
part of the visual field extending beyond the
fovea. Many studies have investigated how
spatial brightness is influenced by spectral
power distribution (SPD) of the light source
and illuminance e.g. [1]-[3].

Category rating is one of the procedures
by which subjective evaluations of spatial
brightness may be sought. In category rating,
subjects are presented with an environment
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lit by a single type of light source and use
rating scales to describe the appearance of
the space, e.g. a semantic differential scale
of brightness, along the bright-dim axis.
Different stimuli (e.g. lighting of different
SPD and illuminance) are typically
evaluated separately, in isolation of other
visual stimuli. A range of stimuli may be
evaluated in succession by a sample group
(repeated measures) or alternatively each test
participant may evaluate only a single
stimulus (independent samples).

Of 21 previous studies of SPD and spatial
brightness using category rating, 12 used 7-
point rating scales [4]-[15], for example a
scale ranging from 1=dim to 7=bright, and
the 7-point scale is commonly used to define
the semantic differential rating task [9], [11].
Other brightness studies have used different
response ranges; 2-point [16], 5-point [2],
[16]-[19], 8-point [20], 9-point [21] and 10-
point [11]. In two studies it is not clear what
rating scales were used [22], [23]. There is,
however, a growing awareness that rating
questions may be vulnerable to response
style behaviours causing non-random
response error [24] which lead Fotios and
Houser to suggest that response range is one
issue to be considered when screening
previous studies of spatial brightness [25].

A key question is whether there are an
optimal number of response categories,
from both cognitive and statistical
considerations: what is needed is a
sufficient number of response categories
that optimises reliability yet does not cause
unnecessary burden upon a respondent [24].
In their review of category rating Fotios and
Houser [25] suggested that a response scale
of around seven points is about right as
more than seven categories can lead to
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greater confusion for responden