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1. INTRODUCTION

In a rapidly changing world, design professionals rely more than ever on solid performance
measures to support their design decisions. The role of computerized building design tools is to provide
such information efficiently. Given the breadth of choices and concerns that a design team is confronted
with, various design aspects constantly compete for the team’s attention. To remain competitive, design
professionals must weigh the value of information gained through any one simulation tool against the
invested time and financial resources, as well as against the value of comparable information that
might be gained through the use of other or no tools. Because daylighting is a declared design feature of
virtually all “sustainable/green” buildings, and because it is difficult to evaluate its quality and quantity in
a space through simple rules of thumb, daylighting software should have a high rate of acceptance and
adoption within the market. This is the underlying notion for the development of daylight simulation tools.

The research described in this paper was motivated by the authors’ observation that despite
the availability of simplified and detailed daylight simulation methods, none of these tools has yet
penetrated the building design market to any great degree. The objective of this study therefore was to
identify weaknesses of existing daylighting design software packages, better understand design
practitioners’ needs, and accordingly provide guidance to software developers. The paper briefly
summarizes results from previous surveys on the use of building simulation software and presents
some key findings of an online survey that particularly concentrated on daylight simulation software.
This work was carried out within the context of the International Energy Agency’s (IEA) research project
‘Task 31: Daylighting Buildings in the 21* Century’. The project’s overall objective is to foster the use of
daylight in commercial buildings through a better understanding of occupant needs’, more integrated
lighting and shading controls, and improved daylighting design software. This study contributed to the

latter work package.
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2. PREVIOUS WORK

A number of surveys have been carried out in the past that were concerned with the use of
building simulation tools during building design. A detailed literature review of these surveys has been
described in an extended version of this paper (Reinhart C F and Fitz A, 2004).

Previous surveys were capable of identifying general trends and needs in the design
community. Some requirements such as better software documentation and training opportunities have
been high priorities for users since day one (Mason M D, 1985; Matsuo Y, 1985). This is not surprising
as self-learning remains the most single common training method for the users of tools today (Pilgrim M
et al., 2003). Initial concerns regarding software costs and accuracy seem to be fading (Robinson D,
1996), probably as a result of government agencies providing free programs and researchers
publishing real-world validation studies of building simulation engines. Improved interfaces featuring
better quality control of simulation input and more flexibility concerning the graphical presentation of
simulation output are still in need (Pilgrim M et al., 2003). The call for less complex models has led to
the development of simplified tools. These tools are finally being used at least by some architects in
addition to guidelines and handbooks (Robinson D, 1996; de Wilde P et al., 2001). On the other hand,
the observed trend that simplified, “early design” tools commonly end up being used at all design
stages(Lam K P et al., 1999) should prompt developers to clearly state the tools’ capabilities and
limitations. Detailed simulation tools remain the domain of engineers. Quality assurance and
consistency analysis of simulation input and output is becoming a growing concern for software users
(Pilgrim M et al., 2003).

Lighting simulation software is less frequently used by architects or engineers than other
building simulation software (Lam K P et al., 1999). Physically-based daylight simulations still have the
reputation of being somewhat exotic endeavors of the odd specialist. The latter finding confirms the
subjective observation on which this research was originally based. It further reveals a surprising
mismatch between an active daylight simulation research community (simulation engines such as
RADIANCE (Ward G and Rubinstein F, 1988) have been available for over 15 years) and the

professional building design community which largely ignores these efforts.

3. METHODOLOGY

Based on the low response rate of a previous survey on the use of daylight simulation tools
(Maamari F, 2004), the authors decided to collect information through an online survey. The
advantages of administering the survey online were:
e It could be effectively distributed to a large number of design professionals worldwide, allowing the
authors to build upon a network of national contacts from IEA Task 31 members.

e Paper, postage and printing costs, as well as survey administration time were reduced compared to
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mail surveys(Pilgrim M et al., 2003).

e One apparent difficulty of previous surveys on lighting simulation tools was that participants were
sometimes daunted by the questionnaires (Maamari F, 2004). An online survey could engage
respondents, provide follow-up questions depending on answers (branching) and check for
completeness of answers. Another benefit of branching was that it substantially reduced the length of
the survey and therefore increased the number of valid responses.

The questionnaire focused on design practitioners who integrate daylighting in their building
design. It aimed at understanding the barriers that prevent design professionals from using daylighting
simulation software and understanding the process for those who do. To ensure the clarity and
relevance of the questionnaire, the authors set up an online test version and requested comments and
suggestions from peer IEA and NRC researchers. Based on the feedback, the questionnaire was
revised and a final version was approved by the Ottawa Research Ethics Board of the National
Research Council Canada as Protocol 2003-31. Data collected during the development phase was
discarded before the main data collection phase.

The final questionnaire was created and administered using the Halogen eSurveyor software

(halogensoftware.com) in combination with an Oracle database. It included four question types:

multiple selections of specific categories, a single selection of a specific category, pull-down menus,

and free text. Multiple selection questions usually included a textbox in which participants could provide

information beyond pre-defined answers. The whole questionnaire was divided into three parts

(Figure 1):

e A welcome web page explained the objective of the survey, informed potential participants of their
rights to end their participation at any time and for any reason, and requested them to consent to the
survey conditions. Incentive for individuals to participate in the survey was their “opportunity to
influence future developments of daylight simulation tools”.

e Once individuals had consented to participate in the survey, the questionnaire began with some
general inquiries concerning participants’ profession, types of projects they work on, and the country
in which these projects are located. The first main branching separated those participants who
consider daylighting during their design from those who do not. For the latter, questions were geared
towards understanding the reasons for not considering daylighting. Those considering daylighting
were asked which tools they routinely used to implement daylighting, ranging from experience from
previous projects to guidelines, spreadsheets, computer simulations, and scale model measurements.
Follow up questions were provided that inquired which exact documents/methods were used by
participants. The second branching separated those who do use daylighting simulation tools from
those who do not. For the latter, a series of questions followed that aimed at understanding the

barriers against using these tools. The former group was asked which tools they use, how they were
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Figure 1: Overview of the survey.
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trained, what quantities they usually calculated, which design criteria they applied and which building
design aspects were directly affected by their daylighting analysis. Depending on the answers given,
the questionnaire varied in length from 6 to 22 questions.

e At the end of the survey participants who consider daylighting during design were invited to provide

their thoughts on what should be done to enhance the use of daylighting in buildings.

Participants were recruited through email invitations to selected mailing lists as well as to
contact architects and consultants known to IEA Task 31 members. Noteworthy mailing lists that
generated a high response rate were the BLDG-SIM (BLDG-SIM@gard.com); RADIANCE Online
(radiance-online.org), and e-bulletins to the Ontario Association of Architects and the Royal
Architectural Institute of Canada. Email invitations were further sent to registered users of a number of
software packages including ADELINE, DAYSIM, ECOTECT, and SKYVISION. IEA Task 31

researchers were discouraged to participate in the survey to avoid any further bias in the responses.

4. SURVEY RESULTS

Data collection lasted from Dec 2™ 2003 to Jan 19" 2004. A total of 193 individuals
participated in the survey. 185 individuals completed the survey whereas 8 individuals chose to end
their participation (close their web browser) somewhere along the way. The 185 valid responses were
considered during the following analysis. What information can be extracted from the collected data?
As in Pilgrim’s earlier study, “the questionnaire is based on an open sample, and as such the results
cannot be proven to be representative of any given population”. But with nearly 200 responses

collected, “patterns can be identified and cross-discipline analysis is possible”(Pilgrim M et al., 2003).

4.1 Participants’ Background

Table 1 shows the professions participants chose from eight available categories. For the

simulations (CS); Consider DL but do not
use CS; do not consider DL. The numbers
in the rectangular boxes correspond to the

number of participants that went through a
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What kind of daylight prediction tools do you use to estimate or calculate Figure 2: Participants’ responses
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following analysis, these eight categories were reorganized into three professional groups, designers,
engineers and researchers. This simplified division was introduced to detect any occupational
differences in the use of daylighting design tools. Architects, interior designers, and lighting designers
were binned into the designer group. Engineers corresponded to participants who chose “engineers” or
“energy consultants” as their profession. Finally, researchers consisted of scientists and academics.
Responses provided by the latter group could be interpreted as indicators where future design practice
might go. Selected individuals of the original “other” category could be binned under the three
professional groups so that the regrouping resulted in 31% designers, 38% engineers, and 23%
researchers (Table 1). Participants, that did not fall into any of the three professional groups, were
excluded whenever cross-discipline aspects were investigated. Respondent’'s projects were mostly
located in 27 countries across the globe. The majority of respondents worked in Canada (20%) the
United Stated (20%) and Germany (12%). Other countries with a relatively high number of participants
were the UK (6%), Sweden (6%), Brazil (4%), Switzerland (4%), and Japan (3%).

Table 1: Professions of participants.

Profession Professional Group
architect 33
lighting designer 19 designer 58 (31%)

interior designer 1 »

energy consultant 22 engineer 71 (38%)
engineer 39

researcher 39 researcher 43 (23%)
manufacturer 5 other 13 (8%)

other 27
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Participants mostly worked on small (17%) and large (15%) offices as well as schools (15%).

11% worked on multi-unit residential buildings.

Do you consider daylighting aspects during building design?
At the first main branching 169 participants (91%) responded that they do include daylighting
aspects in their design (Figure 1). This response is not surprising given that the survey specifically

invited participants to comment on the use daylight simulations during building design.

4.2 Participants that did not include daylight aspects in their building designs.

Those few participants (16) who did not include daylighting into their design were asked to
explain why not. Six respondents were simply not involved in lighting or daylighting design. Three
respondents carried out electric lighting computer simulations but stated that clients would not pay for

any daylighting analysis. Three others did not know where to get the required information.

4.3 What kind of daylight prediction tools do you use?
Those 91% of respondents that did consider daylighting during design were asked what prediction tools
they routinely used during schematic design and design development. Options ranged from experience
from previous work, design guidelines, rules of thumb, and formulas/spreadsheets, to computer
simulations and scale model measurements. Participants could choose more than one prediction tool.
Figure 2 shows participants’ choices ordered by professional group. For each professional group and
prediction tool two values are shown reflecting percentages of usage during schematic design and
design development. The figure reveals that experience from previous design and daylight simulation
tools were the overall prediction methods of choice. 135 individuals responded that they used computer
simulation tools corresponding to 79% of all respondents who consider daylighting during building
design. This strong sample bias towards the use of simulation tools reflects the participant recruitment
process. Occupational differences followed the trends one would expect. The strongest cross-discipline
differences existed for computer simulations. As in previous studies, engineers were more likely to use
these tools than designers. On the flipside, designers more heavily relied on experience from previous
work and rules of thumb than the other two groups (de Wilde P et al., 2001; Donn M, 1999). The overall
use of scale model measurements and spreadsheets was low, which again might be a consequence of
the sample’s bias towards computer simulations.

Some differences between schematic design and design development are noteworthy. A star
(*) in Figure 2 above a pair of columns for schematic design and design development indicates that the
Chi® test yielded that the two responses were significantly different (p<0.05). All three professional

groups were significantly more likely to use computer simulations during later design stages. Trust in
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Which method of training do you commonly use for daylight simulation Figure 3: RESPOHSGS given by 35 designers and 53
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rules of thumb significantly fell for designers during design development, indicating that this was the
time when they required additional input through computer simulations. Scale models —if used at all-
were significantly more likely to be used by designers during design development than during

schematic design.

4.4 Participants that considered daylighting but did not use computer simulations tools.

Only 35 individuals indicated that they considered daylight but did not use
computer simulation tools. Primary reasons given by 17 designers and 12 engineers for not using
computer simulations were that they did not know which tools to use. This might be an indication that
tool developers do still not sufficiently promote their tools within the design community. Other reasons
were lacking staff skills, unwillingness of clients to pay for the service, and long training times. Only one
individual expressed doubts as to whether current tools are reliable and meet practitioners’ needs. This
is a very encouraging result for the developers of daylight simulation tools. It shows that model
validation has matured to a point at which overall trust in the capability of tools to yield correct results is

high.

4.5 Participants that do use computer Simulations tools.

The 134 participants that used computer simulation tools for daylighting design were asked to specify
which exact tools they were using. A total of 42 different daylight simulation programs were listed. This
reveals how divided the daylight simulation developers community still is. On the other hand, out of the
342 selections that were given for 42 daylight simulation tools, 138 selections were made for programs
that exclusively use the RADIANCE backward raytracing simulation engine and 38 selections were
made for tools that offer the usage of the RADIANCE engine together with other engines. In other
words, over 50% of selections made were for RADIANCE-based tools. This reveals that despite the
widely lamented complexity of RADIANCE, it is the design tool of choice for the majority of design

professionals that use computer simulations.
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4.6 Methods of training

Users of computer simulation software were asked which method of training they commonly use.
Figure 3 shows the results for this survey together with findings from Pilgrim’s and Donn’s studies.
Direct comparison of study results is difficult as questions might have been phrased differently in
Donn’s study, and Pilgrim’s survey participants chose one training method only. Despite of these
caveats, Self-learning using program documentation was consistently rated as the most common
training methods for designers and engineers alike. This finding underlines the significance of program
documentation.

There was no clear pattern in the attendance rate of formal training courses: While over 50% of
designers had enjoyed some kind of formal training, the percentages for engineers were 3%, 22%, and
30% in Pilgrim’s, this, and Donn’s studies respectively. Donn found that less than 10% of New Zealand
design professionals had attended a course compared to 30% of US consultants. These numbers hint
that the rate of users receiving formal training depends on the existence of a local educational

infrastructure.

4.7 Simulation Output

Figure 4 shows what output the three professional groups produced using daylight
simulation programs. Interior illuminances under selected sky conditions and daylight factors were the
frontrunners. This finding is not surprising as (a) these quantities can be directly calculated by most
contemporary daylighting analysis tools, and (b) codes and guidelines tend to provide minimum
thresholds for these quantities. Therefore, performance evaluation becomes straightforward and design
decisions can be based on these performance indices. Photo realistic images, interior luminances
under selected sky conditions, and electric lighting use were also calculated by at least 49% of
participants in all groups. Over a third of participants calculated glare indices.

The largest professional discrepancy existed in the frequency of daylight autonomy
calculations (41% researcher compared to 17% engineers and 27% designers). The daylight autonomy
is defined as the percentage of the occupied times during the year when a minimum illuminance level is

maintained at a work place by daylight alone (Reinhart C F and Walkenhorst O, 2001).
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Figure 4: Responses given by 35 designers and
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In a follow-up question participants were asked how they were using the
simulation outputs from Figure 4. While 94% of participants carried out comparative studies between
different building design options only 33% used absolute values provided by the programs (Table 2).
74% included simulation results into client reports but only 39% used them to convince their clients of a
specific design solution.

Table 2: How do you use those simulation outputs?

| use simulation results for comparative studies between different building design variants. 94%
| use absolute values provided by the programs (e.g. to demonstrate code compliance). 33%
| present them to clients in reports/presentations. 74%
I use them to convince investors of a specific design solution. 39%
| use them to apply for incentive programs. 14%

The 92 participants that presented their simulation results to their clients were asked what they
think their clients did with the results. 83% indicated that their clients “try to understand the underlying
implications for the building”. This shows that instead of trying to convince clients of a particular design
solution, the majority of participants surveyed tended to present their finding to their clients and let them
choose a design option. This finding is in line with Donn’s study in which over 50% of US consultants
regularly carried out parameter studies to demonstrate the energy consequences of a design measure

to clients.

4.8 Design aspects that are influenced by daylighting analysis?

All 169 participants (Figure 1) that considered daylighting during building design were asked
what design aspects are influenced by their daylighting analysis (Figure 5). Shading type and control
were the number one design aspects that were influenced by the daylighting analysis for all three

professional groups followed by window size, glazing type and the choice of lighting controls. Building
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Which aspects of your design are affected by your daylight analysis? Figure 5: Responses given by 53 designers,
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orientation, interior surface properties, and room dimensions followed. It might seem odd that
fundamental design aspects such as building orientation and room dimensions were less frequently
influenced by a daylighting analysis than shading and glazing type. The reason for this response
pattern might be that decisions regarding orientation and building massing tend to be largely predefined
by existing site conditions and client expectations. Thus they tend to be decided during schematic
design when the designer still follows rules of thumb and experience from previous work (Figure 2). Itis
only later in the design process, when it comes to choosing shading controls, window size and glazing
types, that there is time for a dedicated daylighting analysis.

The 119 people who chose shading type and control as a design aspect for their daylight
analysis were offered a text box to enter specific shading design criteria they used. Responses ranged
from just “blinds” as the do-it-all solution, to detailed considerations of the interplay of thermal loads,
admitting daylight, avoiding glare, and the need of a view. “Appearance” was also regularly quoted as

an important shading design criteria.

5. DISCUSSION AND CONCLUSION

With 185 valid responses, this survey gathered a reasonably accurate snapshot of the current use of
simulation tools within the daylighting community. The high number of responses confirms that (a)
online surveys are an effective way to gather responses from a large number of design professionals,
and (b) that there exists a small but solid base of individuals that are using daylight simulation tools in
actual design practice. These individuals are the “practitioners” whose needs and opinions are
discussed in the following.

weaknesses of daylighting software: The good news from this survey are that —as for building energy

software— some designers have started using computerized daylight simulation tools. Initial concerns
regarding software accuracy seem to be fading which might be a result of recent software validation

studies(Mardaljevic J, 2000). On the other hand, survey participants still found existing simulation tools
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difficult to use, requesting better software documentation, examples and definitions of input and output
quantities.

The main barriers for not using daylight simulation tools were that participants did not know
which tools to use, and that training opportunities were missing.

practitioners’ needs: As for other building simulation software packages, self-learning is the most

common training method for daylight simulation users. This explains their need for better software
documentation. The rate of users that received any formal training depended on the existence of a local
educational infrastructure. The usage of simulation tools was significantly higher during design
development than during schematic design for all three professional groups. This finding confirms
results from earlier surveys on the use of design decision software. Most survey participants used
daylighting software for parameter studies and presented the results to their clients as a basis for
design decisions. To facilitate this process, daylight simulation packages should help users to
automatically carry out parameter studies and present the resulting relationships. Daylight factor and
interior illuminances under selected sky conditions were the two most widely used simulation outputs.
The advantage of these outputs for practitioners is that existing guidelines provide minimum thresholds
for these quantities, so that they can be easily used as daylight performance indicators. In contrast,
there are currently no comparable performance evaluation schemes for choosing a suitable shading
type and control even though they were consistently voted to be the most common design aspect
influenced by a daylighting analysis. The strong interest in shading devices is not surprising, given that
glare prevention is a recognized requirement for “good” daylighting. What is surprising is that existing
tools do generally not feature automated routines to help users pick a suitable shading device. This
suggests that the majority of surveyed users (who had a bias towards simulation programs) picked the
shading device (the daylighting design aspect with the highest relevance to them) without any direct
input from simulation programs. Over 40% of surveyed researchers were using daylight autonomy as a
simulation output. This high adoption rate might be both the consequence of the recent implementation
of algorithms to efficiently calculate the daylight autonomy into a number of daylight simulation
programs as well as an indication that the daylight autonomy will become more widely used in the
future.

guidance for software developers: This survey shows that daylight simulations have come a long way.

While in Aizlewood’s and Littlefair’'s 1994 survey trust in the reliability of tools was still an issue, this
concern has more or less vanished since. Most users now seem to believe that tools can yield accurate
results and that simulation errors stem from incorrect data input. This understanding might prompt
users to put more emphasis on quality assurance procedures than in the past. Another change since
Aizlewood’s survey is that the use of scale models among daylight specialists seems to have fallen

substantially. While in the former study 17 our of 22 specialists (77%) still used them, this number has
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fallen to 27% in this survey. The reasons for this decline might be that the advantages of scale models
over simulation that were quoted in Aizlewood’s study (visualize the quality of lighting, easy changing of
parameters) are less convincing today. 342 votes for 42 daylight simulation tools were given, revealing
that the daylight simulation developer community is still very fragmented. On the other hand, 50% of
the votes were based on RADIANCE compatible tools, revealing the program’s predominance within
the daylight simulation community.

Summing up, the use of daylight simulation programs largely resembles that of
other building simulation programs. Simulations seem to have gained a competitive advantage over
scale model approaches. A large number of different program interfaces is currently used, but the
underlying simulation algorithms are concentrating on just a few approaches. There is a need for more
holistic performance indicators and design selection procedures to judge the quality and quantity of
daylight in a building. Daylight autonomy is a first step towards characterizing the annual quantity of
daylight. A “daylighting quality index” will still require more conclusive research into phenomena such
as glare and health related impacts of (day)light on the human body (Veitch J, 2002). Future surveys
should concentrate on sampling a more random group of design professionals. Due to the sample bias
that was introduced through the recruitment process, the results from this survey cannot necessarily be

extrapolated to the whole design community.
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