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Tel: (613) 993-9607; Fax: (613) 954-3733
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ABSTRACT

This paper reports on two experiments conducted in the same office laboratory. As part of a
larger experiment, 58 participants worked for a day under one of two lighting designs. The first
design used ceiling-recessed parabolic luminaires only; the second design employed the same
parabolic ambient lighting, with the addition of an angle-arm task light. Participants had no
control over the lighting until the afternoon, when they were offered dimming control over the
ambient parabolic lighting; participants with task lighting were also permitted to move the arm
location. During the day participants performed a variety of simulated office tasks, as well as
completing a number of questionnaires on mood, satisfaction, and discomfort. There was no
main effect of lighting design on questionnaire outcomes, however, task lighting was associated
with performance improvements on some tasks. Interestingly, provision of a task light did not
lower participants' preferred ambient light output.

The second experiment, with 31 participants, followed up on this final point. Again, ambient
lighting was provided by ceiling-recessed, parabolic luminaires, and participants were provided
with a task light. For two task light types (angle-arm and luminous shade) at three different levels
of output (0%, 50%, and 95%), participants used a dimmer to select their preferred level of
ambient lighting. Increasing task lighting did reduce chosen ambient light output, but the
reduction in lighting power was small, and only about the same as the power drawn by the task
light. Results suggested that participants did not dim ambient lighting further because they
preferred to maintain illumination on non-task surfaces, and to avoid extreme luminance ratios.

1. INTRODUCTION

Recommended practice documents for office lighting [e.g., New Buildings Institute 2001; Wolsey
& Miller 1994; IESNA 2000 (p.26-1); ANSI/IESNA 2004 (p.21)] commonly propose that a primary
route to energy savings in offices is to reduce ambient lighting levels and to compensate with
local task lighting of much lower wattage. This strategy is also featured in green building rating
systems. For example, in Australia the Green Star environmental rating system for office interiors
[GBCA 2004] offers a credit “... if a two component lighting system (base lighting plus
supplementary task lighting) is installed and the base lighting level is no more than 150 lux...”.
However, as described below, the scientific research is equivocal as to whether this approach is
appropriate, particularly in a modern computer-equipped office space.

Tiller et al. [1995] studied a field site that replaced all centrally-controlled ambient luminaires with
locally-switched furniture-mounted indirect luminaires plus task lights. They reported energy
savings of ~75%. A group from Lawrence Berkeley National Laboratory installed desk lights with
a luminous shade in a 14-person open-plan office. They recorded that ambient lighting that was
often switched on before the addition of desk lights remained off afterwards, energy savings were
~50%, and the new lighting system was evaluated positively [LBNL]. Veitch and Newsham
[1998] studied task-ambient lighting systems and ambient-only systems in an office laboratory.
The task-ambient systems drew 30-60% less power than the ambient-only systems, and, overall,
there was no negative effect on occupant mood, satisfaction and task performance. However,
Collins et al. [1989] produced contrary findings in a field study of lighting systems in 13 office
buildings. Lighting systems that included task lighting had substantially higher lighting power
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densities, and occupants with task lights were significantly less satisfied. However, three-
quarters of the task lighting was furniture-integrated, and approximately one-third of the task
lighting was in buildings with a furniture-mounted indirect ambient lighting system and dark room
surfaces, which seemed to contribute to the dissatisfaction levels.

In the above cases participants evaluated lighting systems as presented to them; they did not
have the ability to modify the systems to optimise their performance. As such, the studies could
be said to have examined acceptance rather than preference. Studies have been conducted that
allowed participants to modify task light output to match their preferences. Boyce, Veitch et al.
[2003] conducted two experiments in a simulated office environment. Of the six lighting
conditions they studied, two are of interest here. In one design all lighting was provided by a
direct/indirect ambient lighting system; this was compared to a design with an identical ambient
system plus a luminous-shade desk light. Participants were free to choose one of four output
levels for the desk light, with power draw of 0, 11, 19 or 35 W. Around 50% of participants chose
output at the 35 W level, and another 40% at the 19 W level. Participants with the desk light
sustained their motivation over time on a difficult task and took shorter rest breaks between typing
tasks. However, there was evidence that the design with task lighting was appraised more
negatively in terms of comfort, and in comparison to lighting in other similar buildings.

Yamakawa et al. [2000] conducted an experiment in a mock-up office in which participants chose
their preferred level of task lighting for a given, fixed, ambient lighting level. Participants were
exposed to ambient lighting from ceiling-recessed parabolic fixtures at 200, 300 or 400 Ix.
Participants then used a dimmer to select a preferred level of output from a task light. On
average, a 100 Ix reduction in ambient lighting was compensated by a 30 Ix increase in task
lighting. In Tabuchi et al. [1995] participants in a mock-up office laboratory used a dimmer to
adjust ambient lighting in response to different, fixed, task lighting levels in the range 300 — 1000
Ix. For a total task illuminance of 750 Ix, they derived a minimum acceptable ambient light level of
200 Ix, whereas the optimum level was 580 Ix. Therefore, for the optimum level, savings due to
task lighting were 20% at most. However, for task illuminances of 500 Ix or below (recommended
by IESNA [2000] for office tasks), participants preferred the ambient illuminance to be equal to or
higher than the task illuminance. This suggests that task lighting supplements rather than
supplants ambient lighting, resulting in no energy savings.

Bean and Hopkins [1980] drew conclusions similar to Tabuchi et al.’s. For relatively low levels of
task lighting (200 and 400 Ix), their qualitative data, from a mock-up office, indicated that task and
ambient lighting should be at the same level. The results of a study reported by Fischer [1980]
are also in line with these findings. This study was also conducted in a mock-up office space
where 1000 Ix was provided on the desktop with various combinations of ambient lighting from
ceiling-recessed parabolic luminaires, and task lighting from a desk-mounted fixture. Observers
judged the situation to be good if at least 500 Ix was provided by ambient lighting. McKennan &
Parry [1984] also conducted a study in a mock-up office where participants evaluated 10 different
task-ambient lighting designs with an ambient lighting level of only 200-250 Ix. The task lighting
systems evaluated most highly used luminaires suspended from the ceiling, rather than local
desk-mounted luminaires. These suspended luminaires substantially elevated illuminance
outside the immediate task area (up to 600 Ix) and created illuminance ratios closer to prevailing
recommendations, similar to those in the UK today [CIBSE 1993]. Boyce [1979], however,
reached a contrary conclusion: participants in a mock-up office were satisfied with a task
illuminance of ~800 Ix when the ambient illuminance in the location of the task was only 150 Ix.

Local task lighting often produces relatively high light levels on relatively small areas. This has
the potential to create high luminance non-uniformity, which may be viewed negatively, as
suggested by McKennan & Parry’s [1984] findings. The IESNA Handbook [IESNA 2000]
recommends that for office environments luminance ratios between tasks and adjacent surrounds
(or vice versa) should be no greater than 3:1. Veitch & Newsham [2000b] conducted a study in
an office laboratory with computer and paper-based tasks in which participants had control over
several lighting circuits. Participants’ lighting choices resulted in an average desktop to
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background luminance ratio of 1.7:1, and an average computer screen to background luminance
ratio of 0.8:1. Rea [1983] also cited numerous articles indicating that the luminous distribution
outside the task area influences the visibility of the task. Bernecker et al. [1993] examined five
different luminance distributions from a undershelf task light in an open-plan office setting. The
primary outcome variable was the visual comfort ratings of participants engaged in a paper-based
reading task. The most uniform luminance distributions received the highest ratings.

In consideration of recommendations for task-ambient lighting in offices as an energy saving
technique, and the fact that most work in the literature does not reflect modern North American
office conditions, tasks, or cultural expectations, we decided to investigate the benefits of task
lighting further via two experiments described below.

2 EXPERIMENT 1
2.1 Methods and Procedures
2.1.1 The Experimental Space

The experimental space was 7 m x 4.9 m x 2.75 m. Within this space were two workstations
approx. 2.7 m x 2.9 m, and a corridor area (Fig. 1). The workstations were formed using two of
the outside walls of the room and two 1.7 m height partition walls. Mirrors were installed across
the width of the full-height walls, extending from the ceiling down to a depth of 0.45 m. These
mirrors created a general feeling of a larger space, and an effectively infinite ceiling. Table 1a
describes the major surfaces in the space, and their reflectances.

2.1.2 The Lighting Designs

The task lighting aspect of this experiment was part of a larger experiment [Newsham et al. 2003
and Newsham et al., 2004]. In the larger experiment, four lighting designs were used, of which
two are of interest for the study of task lighting. Figure 2 shows a schematic layout for each of
these two lighting designs. Identical luminaires have the same letter code, and are described by
this letter code in Table 1b.

TABLE 1a. Description of the major surfaces in the experimental space, and their reflectances.

Surface Description Reflectance

Partitions Grey fabric 0.51
Walls Grey-painted gypsum 0.82

Desktop Grey plastic-coated steel 0.63
Carpet Grey carpet tile 0.15
Ceiling White gypsum tile 0.85

TABLE 1b. Description of the luminaires used.

Letter Description
Code
P 1’ x 4’ deep-cell parabolic louvre fixtures, recessed in the ceiling.
2 x 32 W T8 lamps (3500K, CRI=75); Electronic dimming ballast (5-
110%).
D Angle-arm task light; 1 x 18 W quad CFL (4100 K, CRI=82)
C Recessed downlight for corridor area.
1 x50 W PAR 20 Halogen floodlight.

In both lighting designs, the ambient lighting was set at one of four initial output conditions, with
the goal of producing a desktop illuminance (see Fig. 3) of 200, 400, 600, or 800 Ix.
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Fig. 1. Photograph of experimental space from entrance.
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Fig. 2. Schematic diagram (plan view) of the luminaire layout for each lighting design.
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2.1.3 Participants

Participants were recruited from a temporary employment agency, and were paid at their normal
rate. The agency pre-screened participants on these criteria: minimum 18 years of age; normal
or corrected-to-normal vision; normal hearing; no mobility impairments; experience with
Windows™ software; and a pass on the agency’s word fluency test. Participants were randomly
assigned, in gender-matched pairs, to lighting conditions. One-hundred-and-eighteen people
participated in the larger experiment. For the two lighting designs of interest here, for the
Ambient Only design there were 30 participants, 15 male and 15 female, mean age ~ 28; for the
Ambient+Task design there were 28 participants, 15 male and 13 female, mean age ~ 29.

2.1.4 Experimental Procedure

Before beginning the experiment, participants were able to adjust their office chair and keyboard
tray, but could not alter the computer screen luminance, tilt or position because of the effect of
these choices on important visibility-related outcomes. In the Ambient+Task design, participants
were not allowed, initially, to change the position of the task light.

For the remainder of the one-day session the participant was guided by instructions on the
computer screen. The morning coffee break was preceded by practice sessions for some
performance tasks, the first administration of the Vision Test, and the first administration of some
questionnaires. The rest of the day was divided into three parts (pre-lunch, pre-afternoon break,
post-afternoon break) with similar repetitions of tasks. When participants returned from an
afternoon coffee break, on-screen instructions informed them that they now had control over their
lighting, using an on-screen dimmer. In the Ambient Only design, this meant dimming control
over the recessed parabolics; in the Ambient+Task design this meant dimming control over the
recessed parabolics, and the ability to move the arm of the task light. More information on the
procedure is available in Newsham et al. [2003].

2.1.5 Simulated Office Tasks and Questionnaires

The tasks and questionnaires completed by the participants are described briefly below. More
information on these is available in Newsham et al. [2003].

Vision Test. We measured contrast sensitivity using custom software. A target grating was
presented on the computer screen at various contrasts, and the participant’s task was to indicate,
as fast as they could, whether they saw a target or not. For analysis we combined response
times and accuracy scores to form a composite visual performance score.

Visual and Physical Comfort. Participants indicated the intensity of eight symptoms of eye
discomfort, and nine symptoms related to general physical discomfort.

Simple Cognitive/Clerical Performance. This was assessed using a typing task scored for speed
and accuracy. Participants retyped three ~300-word passages from printed originals placed on a
document holder close to the computer screen. For analysis the single dependent variable was
correct characters typed per second.

Complex Cognitive Performance. There were three measures of this construct. All were based
on short articles (200-300 words) on topics broadcast in the popular media:

1. Article Categorisation. The participant saw the first few sentences of an article on screen.
Below the article was a list of four categories that might describe the article. Dependent
measures were the speed and accuracy of categorisation.

2. Summary Evaluations. After the categorisation question, participants rated their interest in
reading the whole article based on the summary. Then the entire article appeared, and
participants rated the summary for the facts it contained, its grammatical accuracy, and how well
written it was.
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3. Summary Extraction. Participants read an article on paper. A list of all the sentences
appearing in the article in sequential order then appeared on screen. Participants indicated the
four most important sentences, and the dependent measure was the time taken.

We analyzed outcomes from the first six trials in each session only, a number that everyone
completed. There were three measures of speed. The first (CATTIM) was the time taken to
make the category decision. The second (CATTR) was the time taken to complete the entire
categorization trial, including category decision. The third (SUMTIM) was the total time taken to
complete the extraction trial. The session scores were the mean times for the six trials within that
session.

Conflict Resolution. Participants read scenarios describing common workplace conflicts, then
indicated their preferred conflict resolution style for each scenario.

Vigilance/Alertness. There was an envelope icon on the computer screen. Participants were
instructed that when the icon changed colour and they heard a 'beep’, they should click on the
icon as quickly as possible.

Motivation/Persistence. Symbols entered the screen from the left, travelling along a black line
similar to a conveyor belt. Certain symbols were designated as targets, and participants were
instructed to remove them as quickly as possible by pressing the keyboard spacebar. The speed
that the symbols travelled increased and participants were instructed to stop when they could no
longer keep up. The measure of persistence was the speed at which they stopped responding.
We also measured the rate of target removal at a lower speed as a Vigilance/Alertness outcome,
this was the average hit rate at the third highest speed (~1.1 symbols/sec). We chose this speed
for analysis because the task was becoming more challenging, but the participants were still
responding normally.

Environmental Competence. This questionnaire assessed office workers' feelings of competence
to create desirable environmental conditions.

Mood. Mood was assessed using the Russell and Mehrabian 3-Factor Mood Scale [Russell &
Mehrabian 1977], for ratings of Pleasure, Arousal, and Dominance.

Room Appraisal. This was assessed using a set of 27 semantic differentials based on well-
known lighting research [Flynn et al. 1979; Loe et al. 1994].

Lighting Preferences. We used the lighting quality scale developed by Veitch & Newsham
[2000a], which includes scales for lighting satisfaction and glare dissatisfaction.

Workplace Satisfaction. Three sets of ratings scales to assess overall environmental satisfaction,
satisfaction with performance, and the effect of the environment on self-assessed productivity.

Workday Experiences. We asked questions about the difficulty of the tasks, and participant
beliefs concerning the nature of the study. We also asked participants how willing they would be
participate for a second day, and to complete additional questionnaires at home.

Lighting Control Evaluation. A five-item scale on the ease of use of the lighting controls, the
speed of response of the system, and the ability of the system to create preferred conditions.

2.1.6 Physical Measurements

We recorded illuminance at typical desktop and partition locations in each workstation using
Minolta T-10M illuminance meters (Fig. 3). Readings were taken automatically every time a
participant enacted a control action, and were also triggered manually by the experimenter at the
start of the day, and during breaks. In addition, all control signals were recorded, enabling us to
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recreate the various conditions after the session had been completed. This allowed us to do
more detailed post-hoc photometry, reported in Newsham et al [2004].

Fig. 3. Fixed photometric measurement points.
2.2 Results

This experiment had a 4 x 4 x 3 (lighting design x starting illuminance x time-of-day) design.
Lighting design and starting illuminance were varied between subjects, and time-of-day was a
within-subjects variable. In this paper we focus on the effect of lighting design, in particular, the
Ambient Only vs. Ambient+Task contrast.

2.2.1 Participants preferred luminous conditions

Table 3 gives descriptive statistics for chosen desktop and partition illuminances, and chosen
ambient dimmer settings, at the end of the day. The average preferred desktop illuminance
varied by lighting design, not surprising given the expected influence of the task light. Choices
also varied substantially between participants.

TABLE 3. Descriptive statistics for the illuminance measured at the end of the day, by lighting
design. More detail on illuminance uniformity across the desk is given in Newsham et al. [2004]

Desktop Partition Ambient Dimmer
Illuminance, Ix Illuminance, Ix Setting, %

Ambient |Ambient | Ambient | Ambient |Ambient | Ambient
Only +Task Only +Task Only +Task

N 30 28 30 26 30 28

Minimum 33 188 13 33 0 0

Maximum 944 1478 418 414 99 99
Median 413 544 169 224 41.5 48.5
Mean 452 582 201 211 46.7 47.0
Standard Dev 241 278 112 102 26.1 234

A t-test on ambient dimmer settings by lighting design showed no significant difference (tss=-0.05,
t.it=2.00). That is, the provision of a task light did not change the chosen level of ambient lighting
from ceiling-recessed parabolics.
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2.2.2 The effect of task lighting on mood, satisfaction, and performance

We conducted a series of analyses of variance. When there was only one outcome the tests
were univariate (ANOVAs), when there was more than one related outcome the tests were
multivariate (MANOVASs). In some cases simple transformations were applied to outcome
variables to improve the normality of data distribution. To avoid Type | statistical errors, we
examined univariate effects within MANOVAs only if the overall MANOVA was significant.

In this paper we focus on the effect of lighting design, and the Ambient Only vs. Ambient+Task
contrast, and the interactions with time-of-day. Detailed information on all the significant effects
outside the scope of this paper are available in Newsham et al. [2003] and Newsham et al [2004].
Some performance tasks included within-subject variables particular to the task; e.g. contrast on
the Vision Test, and print size for the Typing Task. These effects were tested and followed
expectations; details are available in Newsham et al [2004].

Most outcomes were measured at three general times of day: pre-lunch (T1), pre-afternoon break
(T2), and post-afternoon break after control was introduced (T3). In such cases, we conducted
tests on two single degree-of-freedom contrasts: T1 vs. T2 and T2 vs. T3. Note that the latter
comparison is not a simple time-of-day effect, it also includes the effect of introducing control.
These effects are confounded, but are difficult to counterbalance because providing control
earlier in the day and then removing it would have created a further problem of resentment.
When the main topic of interest was the effect of control, and not lighting design, we attempted to
tease apart the confound by comparison to other studies (see Newsham et al. [2004]). Itis true
that the type of control introduced differed between designs (ambient dimming only vs. ambient
dimming plus movement of the task light arm), but this difference was small, and the main
variable of interest, ambient dimmer setting, was manipulated in an identical manner.

There were no significant effects of lighting design on the mood, satisfaction, and discomfort
outcomes. (However, there were many positive effects associated with the introduction of control
[Newsham et al. 2003]). However, there were both significant main effects and interactions for
task performance outcomes, as shown in Table 4; data for significant effects only are shown.

On the Vision test, there was one significant interaction of lighting design x time-of-day, from T1
to T2. Although performance improved for both lighting designs from T1 to T2, the improvement
was higher for Ambient Only.

For Typing, there was a significant main effect of lighting design: typing speed for Ambient+Task
was higher than for Ambient Only. The mean difference was large, at 24%.

For speed and accuracy outcomes on the Cognitive performance tasks, there were two significant
lighting design x time-of-day interactions. For CATTR, from T2 to T3, Ambient+Task participants
improved at a greater rate than Ambient Only participants, though they still took longer at T3, on
average. For SUMTIM, from T2 to T3, Ambient+Task participants improved their performance at
a greater rate than Ambient Only participants, they were slower at T2, and about equal at T3.

For Vigilance/Alertness there was a significant main effect of lighting design: performance for
Ambient+Task was higher than for Ambient Only, the mean difference was large, at 42%.
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TABLE 4. Summary of the analyses of task performance outcomes. Data for statistically
significant tests only are shown. *p < 0.05, **p < 0.01; M = mean, SD = standard deviation.

VISION
(correct/sec)
Ambient Task ANOVA
Only +Ambient
0.783 0.820
m M (SD) (0.267) (0.340) F(;,1 14) = 5.45%;
1.101 1.014 N” partias = 0.046
T2 M (SD) (0.258) (0.290)
TYPING (char/sec)
Ambient Task
Only +Ambient
2.57 3.19
M(SD) (0.88) (1.38)
L |
F(1,101) = 5.30%;
ANOVA 0 partat = 0.050
COGNITIVE Lighting Design
Ambient Task univariate effects
Only +Ambient
CATTR(sec)
T2 M (SD) 76.6 92.9 F(3,1 14) = 5.20%;
(23.9) (84.6) N’ partiar = 0.044
T3 M (SD) (36.1) (31.0)
SUMTIM(sec)
113.7 126.6
T2 M(SD) (28 4) (49.7) j F(1,114) = 567"
104.5 104.8 N° partiat = 0.047
T3 M(SD) (35 4) (37.1)
Wilks’ A = 0.910;
MANOVA F2(4,1 11) = 2.75%;
N partial(ave) = 0.030
VIGILANCE
Ambient Task
Only +Ambient
HITS(symis) M (SD) 5 cey (138)
L |

F(1,93) = 7.55*;

univariate effect
nzpartial =0.075
L |

Wilks’ A = 0.902;
MANOVA F(2,92) = 4.99**;
’72 partial(ave) = 0.045
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2.3 Discussion: Experiment 1

Considering preferred luminous conditions, it is interesting to note that for the most conventional
design, Ambient Only, the average desktop illuminance resulting from control choices was 400 —
450 Ix, typical of other studies [e.g. Veitch & Newsham 2000a], and recommended practice
[IESNA 2000]. However, the average partition illuminance, around 200 Ix for both designs, is
considerably higher than the 50 Ix in IESNA recommended practice [IESNA 2000].

The effects of lighting design on task performance were few and mixed, but, on balance, tended
to favour the Ambient+Task design over the Ambient Only design. This was most marked for the
typing task, for which participants worked to transcribe a text on paper into the computer. This
task might be expected to benefit most from the presence of a task light to highlight the paper
text, even in the arm’s initial location.

The fact that the chosen ambient dimmer setting did not differ between the two lighting designs
was intriguing in that it contradicted commonly proposed office lighting design advice, which holds
that a primary route to energy savings is to reduce ambient lighting levels and to compensate with
local task lighting of lower wattage. If participants felt that task lighting fully compensated for
ambient lighting then they would have lowered their preferred ambient lighting level when task
lighting was introduced. We did not observe this, suggesting that task lighting was employed as a
supplement to ambient lighting, not a replacement for it. Given the potential impact on
recommended practice, we decided to follow up on this result with a second study (Experiment 2)
on office workers’ preferred ambient lighting choice in the presence of task lighting.

3 EXPERIMENT 2

3.1 Methods and Procedures

3.1.1 The Experimental Space

The experimental space was the same as in Experiment 1.

3.1.2 The Lighting Designs

The ambient lighting system, ceiling-recessed deep-cell parabolic luminaires, was the same as in
Experiment 1. Two different desk-mounted task lights were used: the same angle-arm task light

used in Experiment 1 in one workstation (though with a dimmable version of the quad CFL, 3500

K, CRI=82), and a luminous-shade table lamp in the other workstation (23W dimmable CFL, 2700
K, CRI=82). Figure 4 shows the two task lights.

Fig. 4. The task lights used.
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3.1.3 Participants

Participants were employees at our own institute from groups not involved in lighting research.
Detailed demographic data were not collected, but participants met the following criteria: at least
18 years of age; normal or corrected-to-normal vision; no disabilities interfering with office work.
The compensation for participation was a free drink and snack. Thirty-five people participated,
and data from 31 participants were retained for final analyses; 18 were male and 13 female, and
they were in the approximate age range 20-60. We tested neither sex or age effects in the
analyses.

3.1.4 Experimental Procedure

The experimenter took the participant to one of the two workstations (randomly assigned) where
they adjusted their chair and keyboard tray. They were not permitted to change the computer
screen luminance, tilt or position, nor were they permitted to change the position of the document
holder. All luminaires in both workstations were set to 50% of full light output before the
participant entered (providing 300 — 500 Ix on the desk area). The participant was then invited to
put the task light where they would prefer it to go; for the angle-arm light, the base of the light was
fixed, but the head had a large range of movement; for the luminous shade light, the base moved
anywhere on the desktop to the right of the computer screen. When making their choice,
participants considered tasks on the computer screen, the document holder next to the computer,
and on the desktop. Once they chose a preferred task light position they could not change it for
the rest of their time in that workstation.

The experiment consisted of seven trials. Each trial was a combination of ambient and task
lighting settings as a starting point for a judgement about the participant's preferred ambient light
level. The first trial was a practice trial for which the starting point was task light at 95% of full
output and ambient light at 35% of full output. Six sets of initial lighting conditions were the real
trials. For these trials, which were presented in random order, the task light output was fixed at
either 0%, 50% or 95% output, for each initial ambient lighting level of 35% or 70% output.

For each of the seven trials, an instruction on the computer screen prompted the participant to
look at the wall behind them. Then all lights in the room were raised to 100% light output for five
seconds before a new lighting condition was set; this was designed to prevent direct comparison
of lighting conditions from one ftrial to the next. The computer then prompted the participant to
turn to face the computer again. A new screen on the computer prompted the participant to read
an article on the computer screen, read the newspaper on the desk, look at the document on the
document holder, and look at other areas of the workstation. During this time the participant
became adapted to the new condition. After 60 seconds the computer prompted the participant
to use on-screen dimmer buttons to modify the ambient light output to their preferred level. The
buttons allowed for changes of £20% or +5% of full light output. After they finalized their
selection, the computer prompted the participants to face the rear wall again, and the process
was repeated for another lighting condition. After repeating this process for seven lighting
conditions in one workstation, the lights were returned to 50% and the experimenter escorted the
participant to the other workstation where they repeated the same process for the other task light.
Participants took around 30 minutes to complete the experimental session.

3.1.5 Physical Measurements
The physical measurements during the session were the same as those done in Experiment 1.
Readings were taken automatically every time a participant finalized their preferred ambient

lighting output for each condition.

3.2 Results
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This experiment had a 2 x 2 x 3 (task light type x task light output x initial ambient light output)
within-subjects design. In our statistical analysis we analyzed three outcome variables:
» ambient dimmer choice, this is the most important outcome for determining potential
energy savings due to task light provision.
» desktop illuminance and partition illuminance; these are the most important (and easily
collected) variables for providing information on preferred luminous environment.
We analyzed ambient dimmer choice using a repeated-measures ANOVA, and analyzed both
illuminances together using a repeated-measures MANOVA'. Results are shown in Tables 5-6.

TABLE 5. Summary of ANOVA on ambient dimmer choice. ‘type’ = effect of task light type
(angle-arm or luminous shade); ‘initial’: initial ambient dimmer setting (35% or 70%); ‘output’: task
light output dimmer setting (0%, 50%, or 95%). *: p<0.05; **: p<0.01; ***: p<0.001. =
percentage variance in outcome explained by effect. ‘n.s.’ = effect not significant.

Effect F (d.f.) r|2 Ambient Dimmer Choice, M (SD) %
type n.s
Cinital 68.5(1,30)™* 070 35%: 49(20) 70%: 61(23)
“output: 0% vs. 50% 232(1,30 044 0%  60(22) 50%: 52(23)
50% vs. 95% n.s.
type x initial n.s.
typexoutput ns.
Cinitial xoutput ns.
type x initial x output 3.6 (2, 60)* 0.1

Table 5 shows a significant main effect of initial ambient light output setting: the higher the initial
ambient light setting, the higher the chosen ambient light output setting. The explanation for this
effect depends on how context-dependent lighting preferences are. If preferences are stable
independent of context then this effect is an artifact of the experimental design, likely due to the
short exposure times. When the initial ambient level was high (70%) participants chose a lower
average level (61%), when the initial ambient level was low (35%) participants chose a higher
average level (50%). We can speculate that with longer exposure, preference for ambient light
level will converge independent of initial level, but this remains to be tested.

There was also a significant decrease in chosen ambient light output with increasing task light
output from 0 to 50%, but there was no further decrease when task light output was increased to
95%. Increasing task light setting from 0% to 50% required an extra 10-12 W. This produced an
average decrease in ambient light setting from 60% to 52%, equivalent to a decrease in power of
13 W. Therefore, the decrease in ambient lighting power due to the provision of a task light
barely compensated for the power required to supply the task light itself.?

Table 6 shows a significant effect of initial ambient light output setting on illuminance. There was
also a large increase in desktop illuminance with increasing task light output, not surprising given
the proximity of the task light to the desktop illuminance measurement location.

' The distribution of ambient dimmer choices was not ideally normal. Normal distribution is a
pre-condition for analysis of variance. However, the distributions were not very skewed, and
transformation would have produced a non-intuitive outcome variable. Distributions of the other
outcome variables, desktop and partition illuminance, were approximately normal.

% There was a significant three-way interaction between task light type, ambient lighting initial
setting, and task light output setting. This is a relatively small effect, difficult to interpret (like all
three-way interactions), and did not modify the conclusions based on the main effects, and so we
will not describe it in any further detail.
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More interesting are the effects on partition illuminance. There were significant main effects of
task light type and output, but also a significant interaction, which modifies the interpretation of
these main effects. Partition illuminance was higher at non-zero task light outputs for the
luminous shade task light. This was expected given the luminous distributions of the task lights.
The angle-arm task light delivers little light above the plane of the lamp and is unlikely to affect
the partition; the luminous shade task light is a more global emitter. The effect of task light output
from 0 to 50% is present only for the angle-arm task light. When task light output increases from
0 to 50% chosen ambient light output goes down, and therefore less ambient light is delivered to
the partition. For the luminous shade task light, with its more global light distribution, the increase
in task light output compensates for this.

TABLE 6. Summary of MANOVAS on illuminance. ‘type’ = effect of task light type; ‘initial’: initial
ambient dimmer setting; ‘output’: task light output dimmer setting. *:p <0.05; **: p<0.01; ***:
p<0.001. r? = percentage variance in outcome explained by effect. ‘n.s.” = effect not significant.

Univariate effects
Effect Outcome F (d.f.) n? MANOVA

type desktop n.s. — Wilks’ A=0.56,
F=11.5 (2,29)***,
partition ~ 19.6 (1, 30)***  0.40 arm: 211(78)  shade: 241 (87) —! n,,.%=0.21

initial desktop  62.7 (1, 30)*** 0.68 35%:611(274) 70%: 697 (287) — Wilks’ A=0.28,
F=37.4 (2,29)**,
partiton ~ 75.4 (1,30)***  0.72 35%:204 (76)  70%: 248 (86) — 1,,,?=0.70
output

0% vs.50%  desktop  27.1(1,30)**  0.48 0%: 501 (171) 50%: 640 (216) — Wilks’ A=0.33,
F=29.9 (2,29)***,
partition 11.4 (1, 30)** 0.28 See task x output interaction — Nave’=0.38

50% vs. 95% desktop 79.8 (1,30)**  0.73 50%: 640 (216) 95%: 822 (337) — Wilks’ A=0.27,
F=38.6 (2,29)***,

partition  n.s. — Nave’=0.38
type x initial n.s.
type x output
0% vs. 50%  desktop n.s.
Wilks’ A=0.81
o * Angle arm . .
partition 6.9 (1, 30) 0.19 0%: 231(78)  50%: 198 (75) F—3£ (2,29)*,
Lumin. shade Nave=0.12
0%: 244 (83)  50%: 238 (89)
50% vs. 95% n.s.
initial x output n.s

Ctype xinitialx
output®

Table 7 shows the illuminances at the fixed measurement points resulting from participants’
lighting choices, for each task light output setting.

® There was a significant three-way interaction between task light type, ambient lighting initial
setting, and task light output setting for partition illuminance, between 50% and 95% task light
output. This is a relatively small effect, difficult to interpret (like all three-way interactions), and
did not modify the conclusions based on the main effects, and so we will not describe it in any
further detail.
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TABLE 7. Descriptive statistics for chosen desktop illuminance and partition illuminance vs. task
light setting. Data are collapsed over initial ambient setting and task light type.

Desktop llluminance, Ix Partition llluminance, Ix
Task Light Output, %

0 50 95 i 0 50 95
N 31 31 31 | 31 31 31
Minimum 160 206 231 60 65 68
Maximum 797 1280 2016 391 400 420
Median 503 617 788 238 216 221
Mean 501 640 822 238 218 222
Standard Dev 171 216 337 80 84 87

Note, these measurement points were representative only. lllumination varied considerably
across surfaces.

3.3 Discussion: Experiment 2

To compare preferred luminous conditions to recommended practice for general office lighting,
consider the case with no light from the task lights and parabolic ambient lighting only: the
average illuminance on the desktop was 500 Ix, and the average illuminance on the partition was
240 Ix. This compares with the values recommended by the IESNA [2000] for general VDT work
in an open-plan office of 500 Ix for horizontal illumination and 50 Ix for vertical illumination. Note
that the latter recommendation for vertical surfaces is for ‘orientation and simple visual tasks’. If
there were papers tacked to vertical surfaces with small text, for example, higher illuminances
would be recommended, but in our study the furniture partitions were “clean”. While the average
desktop illuminance after dimming choice was in line with IESNA recommendations, the average
partition illuminance was substantially higher. Note also the wide variation in individual
preferences for illuminance, consistent with other observations in similar settings [Veitch &
Newsham 2000b]. These observations concur with Experiment 1 findings.

Also in agreement with Experiment 1, we found that the provision of task lighting did not lead to
large reductions in preferred ambient lighting. If participants were controlling ambient light output
primarily to maintain desktop illuminance on paper-based tasks they would have reduced ambient
light output substantially with increasing task light output. This was not the case as shown in
Table 7, in fact, it was the partition illuminance that, on average, remained reasonably constant,
suggesting a preference for a maintained vertical illuminance.

In the Introduction previous research had indicated the importance of luminance ratios in creating
a satisfactory lit environment. Figures 5 and 6 show luminance maps for two representative
lighting conditions, measured using a Radiant Imaging Prometric video photometer. Figure 5
illustrates a lighting design similar to that suggested by Green Star [GBCA 2004], where ambient
lighting provides 100-150 lux on the desktop, and is supplemented by task lighting. With our
lighting equipment, the ambient lighting is at 15% output, and the task light is at 95% output.
Considering luminance ratios, the IESNA [2000] recommends that the luminance ratio between a
task and adjacent surrounds should not exceed 3:1, and across a person’s field of view, the ratio
of maximum to minimum should not exceed 10:1. The situation in Fig. 5 violates these
recommendations: the luminance ratio between the desktop below the task light and the
document holder is ~ 6:1, and between the desktop below the task light and the computer screen
is ~4:1. Across a larger field of view, the luminance ratio between the desktop below the task
light and the partitions is approximately 15:1. Figure 6 depicts a situation similar to the average
preferred condition from this experiment, where both the ambient and task lighting are at 50%
output. Illuminance close to the task light is still high, and illuminances at more distant points on
the desktop are around 300-500 Ix. The luminance ratios in this case are closer to
recommendations. The ratio between the desktop below the task light and the document holder
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is ~ 2.5:1, and between the desktop below the task light and the computer screen is ~ 4:1.
Across a larger field of view, the luminance ratio between the desktop below the task light and the
partitions is approximately 6:1.

Fig. 5. False-colour luminance map for workstations with angle-arm task and luminous shade
task lights, ambient lighting at 15% of full output, task lighting at 95% of full output.
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Fig. 6. False-colour luminance map for workstations with angle-arm task and luminous shade
task lights, ambient lighting at 50% of full output, task lighting at 50% of full output.

4. DISCUSSION
Here we synthesize the results from both experiments, to answer various questions of interest.
4.1 What are preferred luminous conditions?

The results generally confirm the results of other similar studies of office worker lighting
preferences [Newsham et al. 2002; Veitch & Newsham 2000a; Newsham & Veitch 2001; Loe et
al. 1994; Berrutto et al. 1997]. With conventional lighting systems, average preferred desktop
illuminances were in the 400-500 Ix range, and average preferred partition illuminances were in
the 200-250 Ix range, resulting in luminances on the partitions of around 30-40 cd/m?. This
supports current recommended practices [for example, IESNA 2000; ANSI/IESNA 1993; CIBSE
1994; CIBSE 1993] for desktop illuminance, but suggests higher preferred vertical illuminance
than IESNA recommendations.

4.2 What is the effect of task lighting on mood, satisfaction, and performance?

In Experiment 1 we found that the addition of a task light to a ceiling-recessed, deep-cell
parabolic ambient lighting system had no significant effect on mood, satisfaction, or discomfort.
The results related to task performance were few and mixed, but, on balance, tended to favour
the Ambient+Task design over the Ambient Only design. The most obvious explanation for an
improvement in typing speed is the provision of more light on the paper-based target text, leading
to an improvement in visibility. The mechanism for improvements on other performance
measures, such as vigilance, is not obvious, and more research is warranted.
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4.3 Does adding a task light save energy?

The short answer, based on occupant preference for ambient lighting, is no. In Experiment 1, in a
between-subjects design, adding an angle-arm task light did not change the preference for
ambient light output. In Experiment 2, in a within-subjects design, adding an angle-arm or a
luminous shade task light at low output did reduce preference for ambient light output, but only by
a small amount. The small reduction in ambient lighting power was approximately equal to the
power required by the task light.

The rationale for energy savings with task/ambient lighting designs is that ambient lighting can be
reduced because the task light can maintain illumination, and therefore visibility, of the localised
task. This might be the chief concern when the primary task is paper-based and on the desktop,
but the primary task for most modern office workers involves looking at a self-luminous computer
screen in the vertical plane. In such a situation direct illumination of the task is of little relevance.
Indeed Rea [1983], writing at a time when most office work was paper-based, noted that: “... the
ultimate viability of task lighting does not rely so much upon its ability to provide high illumination
levels but, more correctly, upon its ability to deliver a suitable luminous environment for seeing
tasks.” (p. 174). This conclusion was reinforced by Bernecker et al. [1993] (p.24). When the
goal is to see a task on a computer screen, Experiment 2 suggests that occupants prefer to
maintain illumination on vertical surfaces and to experience moderate luminance ratios in the field
of view, something that the task lights used in these experiments could not do.

In summary, although office workers might be willing to accept lower ambient lighting levels when
a task light is provided, as suggested by earlier studies referenced in the Introduction, it is not
their preferred luminous environment. Task lighting should be considered as a useful supplement
to ambient lighting, with some evidence for performance improvements, rather than a
replacement for it. In a field setting, a small reduction in ambient lighting level is reasonable in
the presence of task lighting. In the office areas these savings will be cancelled out by the power
required by the task lights, however, modest savings will accrue in circulation spaces, and if
occupants switch task lights off when they leave the space.

5. CONCLUSIONS

As with all research, the conclusions must be considered in the context in which the research was
carried out. Our experiments were conducted in an office laboratory with a particular furniture
type, a single type of ambient luminaire and two types of desktop task lights. The primary tasks
were computer-based, and, particularly in Experiment 2, exposure to conditions was short. In this
context, our principal conclusions are:

» There was no evidence, based on occupant preferences for lighting, that provision of task
lighting as a replacement for ambient lighting leads to large energy savings in offices.
Following such a strategy for reasons of energy efficiency may backfire in the long-term
by creating sub-optimal lighting conditions.

* Provision of task lighting as a supplement to preferred levels of ambient lighting led to
improvements in performance on some tasks. Future research should examine the
mechanism for such improvements.

»  Current recommended practice for ambient lighting on the desktop of 400-500 Ix is
appropriate based on average occupant preferences. However, recommended practice
for illuminance on vertical surfaces such as partitions should be revised upward, to 200-
250 Ix.
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