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Abstract

Sustainability is to meet the needs of the present without impeding the ability of future generations to meet their
needs. Among the ways in which societies seek to meet sustainability goals is the improvement of building energy-
efficiency. Building energy codes mandate stringent energy-efficiency measures for new buildings, but progress is
slower for existing buildings, which make up most of the building stock. This chapter explores three ways in which
psychologists can contribute. First, by working together with engineers and architects we can add to the evidence
that with judicious choices of technology, building design, and operation, better buildings that save energy can
improve organizational productivity and individual well-being through reduced absenteeism, improved job
satisfaction, and other outcomes. Some argue that these benefits should improve the return-on-investment
enough to speed renovation choices. Psychologists know that decisions are not simple financial calculations. Thus,
second, we can develop and test advanced decision-making models to explain how organizations choose
sustainable technologies — and as importantly, what barriers prevent these choices. Third, we can use our
communication and behaviour change skills to transfer this knowledge, removing or overcoming barriers that
impede a sustainable future in which we too benefit from better buildings.

How Psychologists can Contribute to Individual Well-being,
Organizational Productivity, and Saving the Planet through Better Buildings

Unprecedented environmental challenges face us. No one is immune to the changes in climate,
resource availability, or environmental quality; and no part of human society or economy lies outside
the need to respond to these conditions. The global response to these challenges is framed in part by
the United Nations 17 Sustainable Development Goals (United Nations General Assembly [UNGA], 2015,
October 21). Each goal includes specific targets to be met by the countries of the world. This chapter
focuses on how psychology can contribute to one specific target among the 160 in total: “Affordable and
Clean Energy”, although some of the general concepts discussed here will apply more broadly.

The “Affordable and Clean Energy” goal includes the target: “By 2030, double the global rate of
improvement in energy efficiency.” In industrialized countries, where people spend 90% of their time
indoors (Klepeis et al., 2001; Leech, Nelson, Burnett, Aaron, & Raizenne, 2002), improving building
energy efficiency will be a critical part of reaching this target. Globally, buildings are responsible for one-
third of global CO, emissions (International Energy Agency [IEA], 2013). Improvement in building energy
efficiency is critical because the total energy consumption of buildings increases as more space is
constructed: For example, from 1990-2013, the total energy consumption of commercial and
institutional buildings in Canada increased by 23%, but because of the increase in built area during the
same period, this would have been a 55% increase without increases in the efficiency of the buildings
and the systems in them (Natural Resources Canada - Office of Energy Efficiency, 2016).

Citation: Veitch, J. A. (2021). How psychologists can contribute to individual well-being, organizational productivity, and saving
the planet through better buildings. In P. J. Graf & D. Dozois (Eds.), Handbook on the state of the art in applied psychology (pp.
51-79). New York: Wiley.

© 2019, Her Majesty the Queen in Right of Canada, National Research Council of Canada.


mailto:jennifer.veitch@nrc-cnrc.gc.ca

Psychology and better buildings 2

To address this problem, many countries, including Canada, now mandate limits on predicted
energy use in new buildings as part of their regulatory approvals (Canadian Commission on Building and
Fire Codes [CCBFC], 2015b; IEA & United Nations Development Program [UNDP], 2013). However, most
of the buildings that we will occupy for the foreseeable future exist today (IEA, 2013), which means that
to achieve the target Sustainable Development Goal we will need to improve the energy efficiency of
existing buildings through renovation and retrofitting, and we will need to do this very quickly.

This might sound like a purely engineering problem, but buildings are not machines that
consume energy: They are the places that that shelter us and support our activities, with energy use
being incidental to their purpose. The definition of sustainability is to meet the needs of the present
without impeding the ability of future generations to meet their needs (World Commission on
Environment and Development, 1987). As we renovate existing buildings to reduce energy use,
greenhouse gas emissions, and resource consumption to ensure that future generations are provided
for, we need to ensure that the buildings continue to be suitable places for people to inhabit today
(Janda, 2011). Public acceptance of these policy goals could be eroded if these changes result in the
need to “freeze in the dark”, and this would result in the scale of the transformation required in the
existing building stock will not being achieved.

There are three ways in which psychologists can contribute to ensuring that the effort succeeds.
First, they can establish the evidence base for the environmental conditions that are to be created in
buildings and can demonstrate the value — to individuals and to organizations — of delivering those
conditions with energy-efficient technologies. Second, they can improve our understanding of how
decision-makers choose to adopt, or not to adopt, new technologies. Third, they can become directly
involved in the process of knowledge mobilization to ensure that codes, standards, and guidance
documents correctly incorporate psychological knowledge and insights.

Sustainable Built Environments

Historically, energy use was a small consideration in the design, construction, operation and
occupation of buildings. Even after 40 years of efforts to reduce building energy consumption; there is
unquestionably much room to improve.

Innovative technologies exist that promise to reduce energy consumption for every building
system. These include building automation systems to control lighting, heating, cooling and ventilation
systems; building energy management systems that can monitor and integrate all energy-producing and
energy-consuming systems in the building and that can inform operators of the location of faults
needing repair; light-emitting diode (LED) lighting systems that consume a fraction of the electricity of
legacy fluorescent lighting systems (and that are becoming more energy-efficient by the day); smart
lighting controls to ensure that light is provided only when needed, and only in the amount required;
improved coatings for window systems that reduce heat loss through windows; dynamic glazing systems
that can adjust their transmittance in order to block glare but to admit enough daylight to reduce the
need for electric light; ways to integrate photovoltaic generation into building components so that
buildings produce electricity as well as consume it. On the extreme end, some engineers have proposed
that buildings should be windowless — to prevent heat loss in winter and heat gain in summer — with
views to outside being provided by interior display screens (artificial windows) linked to exterior
cameras. Low-technology tactics to reduce building energy use include reducing the supply rate of
outdoor (fresh) air (the ventilation rate); using openable windows for ventilation instead of mechanical
ventilation; or increasing the building occupancy (more people per m?).

Almost all of these technologies and tactics influence the physical conditions that people will
experience, and these conditions in turn will affect their behaviour, health, and well-being (Veitch, 2008,
2012). Everyone who has needed a sweater in the office on a summer afternoon, or who has found
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themselves searching in vain for a way to turn off a glaring light knows that it is possible either to create
good conditions, or poor ones, by the unthinking adoption of technology without consideration of the
needs of the individuals who will experience its results. Psychologists can —and sometimes do — play an
important role here, by contributing evidence that supports others to choose the right technologies and
to use them to create conditions that support our well-being (Kempton, Darley, & Stern, 1992).
Whether the new technologies are expensive, or a low-cost tactic is adopted, it remains the case
that none of these approaches is easily justified solely on the basis of cost savings, although the
economic analysis varies widely around the world. In much of North America, energy costs are
comparatively low. One analysis says that of the total lifetime cost of an office building, 5% is the capital
cost of the building and furnishings; 3% is the cost of operations and maintenance (including energy),
10% is the cost of information technology and related training, and 82% is the cost of the salaries and
benefits for the people who work there (Brill, Weidemann, & BOSTI Associates, 2001). Another rule of
thumb holds that companies spend $3 per square foot on energy, $30 on rent, and $300 on salaries and
benefits (Jones Lang Lasalle, 2014). Regardless of the price details, it is clear that any environmental
condition that adversely affects individuals will have a large adverse effect on their employers that far
outweighs any cost savings for energy or maintenance. It is possible to make technology or operational
choices that will achieve both goals, but to achieve this and to influence practice requires evidence.

Individual Lighting Controls

Typical lighting installations in office buildings have used evenly-spaced luminaires (light
fixtures) that provide an even distribution of light across entire floors, generally at a fixed level, and
often with few switches controlling large zones. By comparison, if one knows the interior layout in
detail, a lighting designer can provide a layout in which each workstation has its own dedicated
overhead luminaire, and these luminaires can be controlled from the computer in the workstation. If
this luminaire provides a direct-indirect light distribution, occupants will perceive the space as more
pleasing (Boyce et al., 2006a; Houser, Tiller, Bernecker, & Mistrick, 2002). The upward (indirect)
component can provide adequate light for the circulation areas, and the downward (direct) component
can light the working area. The design alone can reduce energy consumption by over 40% compared to
the original grid (Galasiu, Newsham, Suvagau, & Sander, 2007). Adding controls that detect occupancy,
to dim the lights in response to adequate daylight, and to permit individuals to control their direct
downlights, can save a further ~30%, for a total saving of ~70%. Estimates of the energy savings
attributable to individual control range from 10-30% (Galasiu, et al., 2007; Williams, Atkinson, Garbesi,
Page, & Rubinstein, 2012).

These savings alone would not justify the cost and complexity of installing individually-
controllable lighting systems. However, both laboratory and field investigations have shown that
individual control over workstation lighting has benefits for individuals that translate into improved
organizational effectiveness for their employers. There is a broad range of individual differences in light
level preferences, and any fixed level will satisfy at best 50% of the people (Newsham & Veitch, 2001).
However, when individuals worked under the light level that they personally prefer (regardless of
whether or not they chose it themselves), they rated the lighting as being of a higher quality and
experience more positive mood (Newsham & Veitch, 2001). Individually controllable lighting improved
rated comfort with lighting, and in one study provided a buffer against the post-lunch drop in motivation
to work on a difficult task (Boyce, et al., 2006a).

Three investigations from my group have supported a model in which having lighting that can be
individually controlled leads to higher appraisals of lighting quality, more positive judgements of room
appearance, and improved mood: Veitch, Newsham, Boyce and Jones (2008), in an office simulation
experiment, found that the improved mood predicted improved environmental satisfaction and greater
well-being at the end of a workday. Veitch, Newsham, Mancini, and Arsenault (2010) conducted a field
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investigation in which the model could be extended to show that the improved mood predicted better
health (fewer at-work health problems and less paid time off taken), and the improved environmental
satisfaction predicted higher job satisfaction, higher affective organizational commitment, and lower
intent to turnover. Finally, in a laboratory experiment, Veitch, Stokkermans and Newsham (2013) found
that the improved mood predicted greater engagement with cognitive work. Although none of these
effects were large, they have been now replicated in both laboratory and field settings, by our group
and others. For example, McCunn, Kim, and Feracor (2018) reported the results of a small field survey in
which perceived controllability of a new lighting installation positively correlated with affective
organizational commitment and self-reported productivity (number of hours of productive work per
week). The collective consequences of these results on the various outcome measures, for both
employees and their employers, are considerable. At least in the case of individual control over lighting,
the environmental, individual and organizational outcomes all converge to make this a sustainable
technology choice.

One of the concerns often raised about using technology to achieve sustainable conditions is the
potential for rebound, which occurs when individuals respond to having made savings by adopting
energy-consuming behaviours that erase the savings (Sorrell, 2009; Tsao & Waide, 2010). Psychology
can contribute to this debate also, by applying what we already know about sources of bias in
psychophysical judgements (Poulton, 1977). For example, the individual differences in light level
preference are not for absolute levels, but appear to be relative to the range of possibilities provided
(Logaddttir, Christoffersen, & Fotios, 2011; Uttley, Fotios, & Cheal, 2013). Those who prefer higher light
levels choose a value nearer the top of the range, whatever the range; but those whose preferences are
moderate choose values in the middle of the range. Thus, one way to limit the energy consumed while
providing the strength of individual control is to set the maximum value at a level high enough to
provide real choice, but not so high that overall energy consumption will be higher than the target value
(Boyce et al., 2006b). Another way to influence choices is to set the initial level at the low end of the
scale (Logaddttir et al., 2013).

Indoor Air Quality

Following the 1970s energy crisis, one energy-saving response was to reduce ventilation rates.
The subsequent rise in complaints of nonspecific health symptoms in buildings has multifactorial causes
including the psychosocial work environment, individual risk factors, and pollutant exposures (Hedge,
Erickson, & Rubin, 1992; Norback, 2009), but increasing ventilation rates shows a clear association with
lower symptom rates (Sundell et al., 2011). The evidence suggests that the effects of increased
ventilation relate both to reduced disease transmission and to lower pollutant concentrations (Sundell,
et al., 2011). Estimates of the economic cost of poor health resulting from low ventilation rates are in
the billions of dollars (Fisk, 2000; MacNaughton et al., 2015), but this evidence has not changed
engineering practice as expressed in common standards (American Society of Heating Refrigerating and
Air-Conditioning Engineers [ASHRAE], 2013).

The benefits of improved air quality associated with higher ventilation rates in the laboratory
include increased cognitive function (Allen et al., 2016; Maddalena et al., 2015). MacNaughton et al.
(2016) performed a conceptual replication of Allen et al. (2016) in a quasi-field setting by moving
participating employees to a temporary office for several days, during which time they exposed the
individuals to the same experimental conditions as had been used in the laboratory experiment. In the
quasi-field study, participants’ reported health symptoms did not always match the exposure conditions,
although higher CO; levels were associated with higher heart rate and an increase in reported
symptoms. (MacNaughton et al., 2016). Similarly, Newsham, Veitch, and Charles (2008) found that
dissatisfaction with ventilation was three times less likely if the CO, level was lower than 650 ppm (as
was the case for the high-ventilation-rate condition in the MacNaughton et al. investigation).
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Taking the health and cognitive performance evidence together with economic and
environmental analyses, MacNaughton et al. (2015) built a strong economic case for taking steps to
improve indoor air quality in buildings using a variety of carefully-chosen energy-saving measures
including energy-recovery ventilators (ERVs) and increased ventilation rates in combination. Adding an
ERV (which captures the heat and moisture in the exhaust air and transfers it to fresh outdoor air)
together with the increased ventilation rate results in roughly neutral overall energy consumption
compared to the current practice, and the model also showed (using average labour market values) that
the improved cognitive performance could have a value of $6500 annually per individual while also
reducing reported health symptoms. Modelling exercises have many assumptions and high uncertainty,
but analyses like this have the potential to influence building practice and codes. Psychologists should
involve themselves in this work so that the underlying data, both field and lab, are valid, reliable, and
reported appropriately.

Green Buildings

The movement for sustainable buildings is known internationally by the symbol of
environmentalism as the “Green Building” movement. Several building certification schemes compete
for architects’ and builders’ attention, such as the Leadership in Energy and Environmental Design
(LEED) first created by the U.S. Green Building Council (U.S. Green Building Council [USGBC], 2014) and
the Building Research Establishment Environmental Assessment Method (BREEAM; Building Research
Establishment [BRE], 2014). The schemes differ in their details, and each one has versions relevant to
different building types and projects (e.g., new construction, renovation, non-commercial buildings) but
each categorises elements in the building such as energy use, air quality, materials, and sets values that
must be met in order to pass the required number of criteria to merit certification under the scheme.
Some of these target values are drawn from other existing standards by reference, and others are
unique to the scheme. Although initially the certifications were based on the design intent of the
project, and based on extensive modelling of the planned project, recent years have seen a shift to
requirements for ongoing performance monitoring. There was, and is, a premium to be paid for
most green buildings as compared to the conventional strategies. In order to justify the additional
expense, the proponents of these schemes have sought to demonstrate that environmental
sustainability would also deliver better environments for occupants. Researchers have sought to provide
evidence for these effects. The evidence to date is, however, mixed, for reasons having to do both with
the schemes and with difficulties in the research designs used to test this hypothesis.

Even for energy use, not every green building lives up to expectations. Newsham, Mancini, and
Birt (2009) matched conventional and green buildings of similar size and geographic location in a
database of measured energy use, and found that although on average the green buildings used less
energy than their counterparts, ~30% used more; worse, there was no predictive value to the level of
certification (bronze, silver, gold, platinum — each requiring a higher number of credits to qualify). Note
that certification was based on design predictions, which had also formed the basis for design decisions
that some building owners might have found did not result in the expected building performance.
Findings such as this could throw a wrench into attempts to justify the higher construction cost of a
green building

What, then, of the effects of a green building on the occupants? Some teams have found
evidence that green buildings do outperform conventional buildings, whereas others fail to find such
evidence. Newsham, Birt et al. (2013) conducted a large field study of matched green and conventional
buildings in the same geographic locales, generally occupied by the same organizations. Site
measurements of the physical conditions took place, and building occupants completed an online survey
of environmental satisfaction, health, job satisfaction, organizational commitment, and intent to
turnover. At the building level, green buildings overall showed statistically significant differences for
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some but not all outcome measures, including overall environmental satisfaction, visual and physical
symptoms, and sleep quality. However, in paired non-parametric tests, not all green buildings
outperformed their conventional peers, and the physical measurements did not show clear differences
between conventional and green buildings. Leder et al. (2016) examined the individual-level data from
this study for cases in which the local physical measurements could be matched to individual survey
results, and found that specific physical parameters were not good predictors of satisfaction, but being
in a green building remained a good predictor.

Many organizations routinely survey their employees on a range of satisfaction and engagement
measures, which can be combined with building information to reveal differences between building
types using archival data (Veitch, 2018). Newsham, Veitch, and Hu (2017) performed such an analysis
using data from a large Canadian private company. They matched data from individuals in the
company’s green buildings to comparable conventional buildings in the same cities. Overall, employees
in certified green buildings reported higher job satisfaction, higher perceived value to clients and
stakeholders, higher evaluation of management, and higher corporate engagement; they also found
some evidence of greater manager-assessed job performance. However, not every green building
showed these benefits, and the data could not reveal sufficient specifics to identify which features might
characterise the better green buildings.

Other investigations have found null results. McCunn and Gifford (2012) surveyed occupants’
job satisfaction and perceived productivity in 15 buildings in British Columbia and separately rated the
green attributes of each building. There was no relationship between the buildings’ green attributes and
job satisfaction or perceived productivity. On a larger scale, data from 144 buildings in the Berkeley
Center for the Built Environment database found no difference in occupant satisfaction between LEED-
certified and conventional buildings (Altomonte & Schiavon, 2013). Although one might expect that the
specific credits received might relate to satisfaction with that feature (e.g., buildings that received credit
for improved ventilation should show higher satisfaction with indoor air quality), this does not appear to
be the case (Altomonte, Schiavon, Kent, & Brager, 2017). Altomonte has also studied satisfaction in
BREEAM-certified buildings, again finding no improvement in satisfaction for the certified buildings
(Altomonte, Saadouni, Kent, & Schiavon, 2017).

What do these competing results mean for green building schemes? Researchers have proposed
competing hypotheses for these null results. Perhaps individuals are sensitive to environmental
conditions in their totality, so that their survey responses are an integration of experiences and
sensations across environmental conditions and over time, whereas specific objective measures occur at
a point in time and are impossible to combine (Leder, et al., 2016; MacNaughton et al., 2017). Perhaps
knowledge that one is in a green building creates an expectancy that conditions ought to be good, so
that buildings showing benefits are demonstrating placebo effects (Holmgren, Kabanshi, & Sérqvist,
2017). Perhaps it is a combination of expectation and real objective differences (MacNaughton et al.,
2016). Another possibility is that differences in interior layout that are common in green buildings (e.g.,
increased occupant density, decreased privacy) contributed to a poorer environment (Altomonte,
Rutherford, & Wilson, 2015).

Finally, perhaps the problem is procedural: In these studies, the certified green buildings (both
LEED and BREEAM) were certified based on design, but surveyed based on real operation and
occupancy. Looking back at Newsham et al. (2009), it is evident that energy performance did not always
match expectations; perhaps it is not surprising that other outcomes have not shown consistently high
performance for green buildings, either.

Psychologists can help to resolve this conundrum. Few of the studies cited here have used
psychometrically validated survey instruments, and poor measurement could underlie some of the null
results, a fact that seems under-appreciated in the literature. Li, Froese, and Brager (2018)
comprehensively reviewed the history and practice of post-occupancy evaluation, including the many
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survey approaches, but did not mention psychometric quality at all. Psychologists have the skills to
design suitable tools and the expertise to design suitable samples to efficiently perform ongoing
performance assessments — just as they are currently involved in the development of regular employee
surveys for other workplace experiences, including job satisfaction and employee engagement. Indeed,
as noted above, these data could be efficiently used to track building performance, adding
environmentally-related entries to existing balanced scorecards (Kampschroer & Heerwagen, 2005;
Thompson, Veitch, & Newsham, 2014; Veitch, 2018).

Sustainable Buildings as Organizational Strategies

In this topic area it is particularly important to base interpretation on both statistical and
practical significance judgements. As noted above, when an environmental condition affects individuals’
performance or well-being, it can have a much bigger effect on organizational effectiveness than any
possible effects on building, energy, or maintenance costs. However, although the $3-$30-5$300 per
square foot rule for energy-rent-people is often cited in facilities management circles, it might not be so
familiar to corporate executives making decisions about strategic investments. They have choices to
make: spend funds to change the work environment, or invest to provide some other job feature for
staff. Which to choose?

A recent literature review of field investigations in North American and European white-collar
organizations compared the range of outcomes reported for a variety of broadly defined “better
buildings” investments against other corporate choices: private versus open-plan offices; workplace
health programs; performance bonuses, and flexible work options (Newsham et al., 2019). The review
covered a variety of key performance indicators (KPIs): absenteeism, job satisfaction, intent to turnover,
self-reported job performance, physical health symptoms, and overall well-being. The balance of
evidence showed that investments in better buildings were at least as beneficial as the other corporate
strategies, with the single exception that having private offices delivered better outcomes than working
in open-plan spaces (Notwithstanding the 60-year trend towards increasingly open workplace layouts
and furnishings). Notably, the better buildings strategies would also provide reduced energy costs,
reduced greenhouse gas emissions, and in many cases, reduced maintenance costs in addition to cost
savings or improved outputs associated with the KPls in the review. Arguably, building investments will
pay back faster than many corporate strategies with which industrial-organizational psychologists are
more familiar.

Furthermore, MacNaughton et al. (2018) performed an extensive analysis of the potential
benefits of sustainable buildings in various locations, analysing the atmospheric benefits of the reduced
energy use of green buildings and predicting the likely benefits to health of the reduction in pollutants.
They argued that not only are the benefits of green buildings experienced at the individual and
organizational level (for those who own, rent, and occupy those buildings), but by all of society. By
contributing to the evidence base that leads to good choices in sustainable building design, construction,
operation and occupancy, psychologists can indeed help to save the planet.

Understand Decisions

Organizational Decisions: More than Return on Investment

Environmental psychologists have long studied individual environmental behaviours with the
aim of influencing daily actions to promote responsible resource use through habits: turn off the lights
when not needed, lower the thermostat in winter, and use public transit (Geller, 1987; Stern & Oskamp,
1987). This is necessary, but not sufficient, to respond to environmental challenges. Even in the
residential setting, it is possible to have a bigger environmental effect by changing a single decision
concerning an energy-using device (e.g., a refrigerator purchase) than by attempting to change a
repetitive behaviour that has a small environmental consequence (e.g., turning off a single light for a
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few hours per day; Stern & Gardner, 1981). Psychologists’ attention has begun to turn also to
organizational decisions (DuBois & DuBois, 2010) and to influences on individual employees’ at-work
pro-environmental behaviours (Pelletier & Aitken, 2014; Robertson & Barling, 2017). This is to the good,
but more can be done with respect to changing the organizational decisions that change building-related
choices including location, design, construction, operation, and occupancy (Stern & Kasperson, 2010).
Neither industrial-organizational nor environmental psychologists appear to have focused their
attention on organizational decision-makers making big-consequence decisions.

Incentive programs and a long series of policy and persuasion tools have been implemented
since the energy crisis of the 1970s, but with less effect on building energy consumption than had been
hoped (Cooremans, 2012; Janda, 2014). Academics have long known that economic rationality is
insufficient to motivate energy-efficiency investments (Cebon, 1990; DeCanio, 1993), but a casual
perusal of the trade literature addressed to building professionals shows the persistence of the belief
that simple return-on-investment is the basis of decision-making. If rational decision-making were the
basis for building decisions, we would expect to see a faster uptake of building technologies and
practices that improve conditions for occupants than is the case — and, one would hope, more successful
implementation than appears to have occurred, given the results reported above. Psychologists know
that there are psychological barriers to climate inaction (Gifford, 2011), but more advanced, integrated
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Figure 1. The Theory of Planned Behaviour is a utility theory, in which the benefits
that are expected to follow the behaviour are an important contributor to the
attitudes and intentions that predict it (Ajzen, 1991). In this diagram, definitions of
attitudes, norms, and perceived behavioural control are shown on the left with
light dotted connectors. Perceived behavioural control can in certain
circumstances influence behaviour directly (dotted arrow) but primarily acts environmental
indirectly, through intentions. behaviour. Kaiser,
Hubner, and Bogner
(2005) compared the two and found that TPB accounted for 95% of the variance in university students’
conservation behaviours, and VBN 64%. No one has studied whether either of these models might apply
to the decisions that leaders in organizations take, although Cooremans (an economist) showed that
influences on organizations’ environmental decisions include the fit between the environmental choice
and the organization’s strategic goals (Cooremans, 2011), which might be considered (in Ajzen’s [1991]
terms), attitudes.
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at the individual level, to understand whether or not individual employees would resist a transition to a
new technology. Interesting features that could apply to organizational decisions about energy-
efficiency in buildings are expectancies for the effort involved in adopting the technology and the likely
performance effects. One could predict that organizations would be less likely to adopt a building
retrofit scheme that required them to vacate the premises while the work was being performed (high
effort expectancy), unless it were accompanied by the expectation of substantial performance benefits,
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arrows that connect to other relationships, to indicate that these
variables are moderators of direct relationships between other

constructs.

such as a substantial drop in
absenteeism and higher staff
retention rates.

Reliable evidence shows that
human values and goals around the
world fall into a 2-dimensonal
circumplex (Grouzet et al.,2005;
Schwartz, 1992), with one dimension
being intrinsic (e.g., affiliation), versus
extrinsic (e.g., financial success, fame)
and the other being self-transcendent
(e.g., spirituality) versus materialistic
(e.g., hedonism). Materialistic values
are negatively correlated with pro-
environmental attitudes and
behaviours (Hurst, Dittmar, Bond, &
Kasser, 2013). Priming a particular
value tends to activate those closer to
it on the circumplex, while
suppressing those opposite to it. At
the individual level, priming intrinsic
values such as affiliation and

community supports more ecological behaviour and reduces materialistic pressures (Sheldon, Nichols, &
Kasser, 2011). The feasibility of this approach for modifying decisions made in an organizational context

has not been tested.

Developing and testing models such as these represents a gap that psychologists can and should
fill if we are to succeed in doubling the rate of improvement in building energy-efficiency by 2030
(UNGA, 2015). Furthermore, although psychologists have long known about cognitive biases that
influence decision making, including information availability and loss aversion (Kahneman & Tversky,
1979), in order to develop effective applications of this knowledge we need to understand the biases in
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the specific context of building decisions (Stern, Sovacool, & Dietz, 2016).

Another aspect of understanding technology adoption and promoting sustainable choices is to
understand the specific expectancies associated with each choice. This requires assessment both of the
expectancies and the real consequences of the choice. For example, beliefs about possible adverse
health effects of compact fluorescent lamps reduced the likelihood of their being adopted (Beckstead &
Boyce, 1992), despite the fact that the fears were unfounded (Stone, 1992). [Awareness of this history
underlies much current effort to understand LED lighting and its adoption, because neither industry nor
policy-makers wish to repeat this pattern (Sandahl, Gilbride, Ledbetter, Steward, & Calwell, 2006).]

The Problem of Rebound

Unquestionably there is more energy used by buildings than need be, and further reductions are
possible as technology improves. This chapter has shown how psychology can contribute to choosing
which technologies ought to be implemented, identifying the conditions that ought to be created and
maintained, and to increasing the use of the most energy-efficient strategies for creating the identified
conditions. These are necessary steps towards the achievement of the UN Sustainable Development
Goal for energy; however, they are not sufficient to ensure that we sustain the achievement. There is a
further risk: rebound, or Jevons’ Paradox, in which for a fixed energy price, efficiency gains are more
than absorbed by increased consumption for other uses (Jevons, 1865).

The rational economic model underlies this concept. Increases in the technical efficiency of a
product reduces the marginal cost of the energy used, freeing capacity to spend on other things (Sorrell,
2009). Thus, one might purchase a hybrid vehicle and reduce carbon emissions, but then drive more.
Classical economics assumes that individuals will act to maximize utility in the form of consumption. If
the paradox holds, one might wonder whether there is any point at all in attempting to improve
technical efficiency of building systems. Perhaps all this effort will leave us running in place.

As concerns building technologies, the history of lighting provides an example that tends to
support Jevons’ paradox. Light-emitting-diode (LED) lighting is considerably more energy-efficient even
than the fluorescent or high-intensity discharge lamps developed in the mid-20%™ century and the system
performance is still improving (Navigant Consulting, 2016). The United States government, among
others, has invested heavily in developing this technology in the expectation of achieving large energy
savings for lighting. However, to achieve this goal does require that demand for lighting not increase,
which would counter historical trends. A historical analysis of lighting technologies observed that around
the world, and over 300 years, as light source efficacies increased the availability of light and reduced
the cost of ownership, demand increased linearly and showed no evidence of saturation prior to 2005
(the end of the data set; Tsao & Waide, 2010). Predictive models suggest that growth in lighting demand
could continue, with the result that the energy savings potential of new lighting technologies would be
limited, unless steps are taken to moderate demand, such as applying policy tools (Franceschini, Borup,
& Rosales-Carredn, 2018; Tsao, Saunders, Creighton, Coltrin, & Simmons, 2010).

Sorrell (2009) examined the evidence for the existence of rebound and concluded that the
potential for its occurrence is different for different energy uses and for different ways to introduce
energy efficiency. For instance, the purchase of an energy-saving washing machine seems unlikely to
lead one to wash more clothes. The ongoing energy savings are unlikely to be large enough in
themselves to lead to increased consumption of other products, although they might pay for the
increased cost of the appliance (this is, of course, the return-on-investment argument). Dedicated
energy-saving technologies including building technologies (e.g., improved insulation) appeared less
likely to lead to rebound in his analysis.

Dietz, Gardner, Gilligan, Stern, and Vandenbergh (2009) identified 17 household actions that
could collectively reduce carbon emissions in the USA by 10%, seven of which (the categories of
weatherization and equipment) might fit Sorrell’s (2009) concept of those not being as susceptible to
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rebound, or not to as great an extent. Dietz et al. went on to suggest policy and program approaches
that might be adopted to encourage the desired changes, which were directed at the household level.
As far as | am aware, there is no comparable analysis at the organizational level, where similar choices
applied to larger buildings or real-estate portfolios could have larger effects on energy savings and
reductions in greenhouse gases.

A challenge for psychology is to determine how to prevent demand for energy-using activities
and technologies from increasing such that energy conservation benefits of other actions are lost.
Jevons’ (1865) economic model has no room for individual influences that might mitigate rebound, but
psychologists are aware that personal values — particularly biospheric [positively] and hedonic
orientations [negatively] -- predict environmentally-relevant behaviours (de Groot & Steg, 2008; Steg,
Perlaviciute, van der Werff, & Lurvink, 2014). Otto, Kaiser, and Arnold (2014) characterized this problem
as one of needing to “promote individual irrationality” by foregoing personal benefits, ideally by
increasing the intrinsic motivation to preserve the environment. Because context does matter, there is a
further research gap where it would be valuable to know whether leaders in organizations can develop
autonomous or intrinsic motivation (Gagné & Deci, 2005; Pelletier & Aitken, 2014; Ryan & Deci, 2000)
for pro-environmental decisions about the built environment.

Influence Building Sustainability Decisions

Change Decision-Maker Behaviour

Having developed a body of knowledge about the effects of interior conditions on people that
can guide the choices of energy-using technology in building design, construction, and operation,
psychologists’ work is not done. The ongoing challenge is to change the behaviour of those who make
those choices. The model-building described above should contribute to the development of behaviour-
change efforts aimed specifically at this audience, using all of the tools that are already in the
environmental psychology toolbox (Ernst & Wenzel, 2014; Schultz, 2014). This will require making
connections to communities that most psychologists — even many environmental psychologists — might
find unfamiliar: building scientists, engineers, architects, interior designers, building technology
manufacturers, facilities managers, corporate real estate consultants, and corporate executives.

Among environmental psychologists and the broader interdisciplinary environment-behaviour
research community this work has been ongoing for decades. Academic publications such as
Environment and Behavior (https://us.sagepub.com/en-us/nam/journal/environment-and-
behavior#aims-and-scope) (now in its 50" volume), collegial associations such as the Environmental
Design Research Association (www.edra.org) (formed in 1968) and the existence of environmental
psychologists in some schools of architecture, all speak to the effort to bring a focus on the needs of the
people in the building to the attention of those involved in making and renovating buildings (as well as
to the importance of collaborative research and knowledge generation). This route to influence over
practice is indirect, starting with the education of budding professionals in the expectation that the tools
and techniques acquired as part of professional formation will provide the basis for future professional
activities.

In a more direct manner, interdisciplinary actors endeavour to make practitioners aware of the
human importance of the choices they make about the built environment. Robert Sommer, a pioneer of
the field, proposed this approach in some of his earliest books (Sommer, 1972, 1974): involve
prospective occupants in the design, identify needs; later, return to evaluate the outcomes based on
how the space is occupied and the opinions of those who occupy it. Zeisel (1981) outlined ways in which
architecture could generate knowledge about people in buildings. Substantial research efforts have
brought together business and psychology (Brill, Margulis, Konar, & BOSTI Associates, 1984; Brill, et al.,
2001). Post-occupancy evaluation has a long history (e.g., Preiser, 1999; Vischer, 1989); a few individual
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psychologists have built successful consultancies in the field. Shelves of books have and continue to be
written to make knowledge available (e.g., Aronoff & Kaplan, 1995; Clements-Croome, 2018).
Nonetheless, there remains a gap between those who understand people, and those who are
responsible for buildings (Altomonte, et al., 2015).

One of the missing pieces, as concerns decisions about commercial and institutional buildings
(as opposed to households), has been a systematic approach to analyzing building decisions as a
precursor to developing targeted behaviour change programs. Schultz (2014) has proposed a useful
framework, parsing actions in terms of environmental benefit (i.e., carbon reduction potential) together
with difficulty (number or types of barriers to adoption). Meaningful progress on the Sustainable
Development Goals will require a focus on the high-benefit actions. Schultz argued for the use of
community-based social marketing (McKenzie-Mohr, 2000) as a system for developing, implementing,
and evaluating programs targeted to specific behaviours in specific groups. For low-difficulty, high-
benefit actions, he argued that providing information, prompts, and feedback might be sufficient,
whereas for high-difficulty actions, there might be a direct need to remove barriers. Garling (2014),
commenting on Schultz, argued that even low-difficulty actions have barriers, and that to remove those
might be more cost-effective than the more complex high-difficulty actions.

Prospect theory, which shows that decision-making is not an unbiased, rational process
(Kahneman & Tversky, 1979), has possible applications here. As noted above, building certification
systems such as LEED and BREEAM are tools that promote sustainable decisions during the design and,
increasingly, operation of buildings. The framing of the decisions to be made in these schemes will
influence the quality of the outcome (Delgado & Shealy, 2018; Shealy & Klotz, 2017). Several studies
conducted with engineers using the Envision scheme for certifying sustainable infrastructure show the
potential application of changing the decision frame (Shealy, Klotz, Weber, Johnson, & Bell, 2016),
adding descriptive norms (Shealy et al. 2018). and their combination (Shealy, Klotz, Weber, Johnson, &
Bell, 2019) as ways to modify these points schemes to promote more sustainable choices.

In any case, in order to move beyond purely technical or rational approaches to changing
building practice, psychologists need to involve themselves in what has been called, variously,
knowledge translation, knowledge mobilization, and advocacy — direct work to attempt to put into
practice what one has learned in research. This work requires a degree of risk-taking and effort.
University systems do not universally reward this work; granting agencies do not, in general, fund it
directly. Where individuals are required to justify their time against specific project funds (as in some
universities and many research institutes around the world), it can be particularly difficult to justify what
looks to administrators as non-productive hours: hours spent writing trade magazine or blog articles,
preparing for and presenting to professional (non-academic) or trade audiences, engaging with the
public on social media, actively working on behaviour-change campaigns, or attempting to influence
public policy (see below). Cultural differences between academia and the target audiences will each
bring their own challenges, and the possibility of conflict can make these activities undesirable for some
psychologists (cf., Archer, Pettigrew, & Aronson, 1992; Kempton, et al., 1992).

Nonetheless, there are benefits for those who make the effort, not least of which is the
knowledge that one has contributed to addressing one of the fundamental challenges of our time
through advancing the UN Sustainable Development Goals. Moreover, linking science to practice
strengthens both reciprocally. Latham (2001) described links between his goal setting research and his
application of goal setting in organizations over his career, showing how sequential observations of one
from the other led to the development of what in hindsight looks like programmatic research into goal-
setting theory. The same could be true of cyclical model-development and application related to
building conditions and energy use, if more psychologists would take this path. Stern et al. (2016)
argued that better science of energy and climate choices will require change to both funding and R&D
strategies; but this change must start with the researchers themselves, because others will not see the
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need if we do not articulate it

Change Building Policies: Codes, Standards, and Recommendations

Most nations have some form of building regulation, which creates pathways for influence that
may be unfamiliar to many psychologists, and which are seldom mentioned in the literature concerning
putting environmental psychology into practice. These systems are a complex web of both mandatory
requirements and optional guidance, to which only a brief description is possible here (see also Veitch
[2008[). The common thread across these systems — with some local variations — is that almost all of the
entities that develop and maintain these documents have doors through which volunteers with
expertise may pass and where they will be welcomed for that expertise. One needs to spend time to
understand the needs of the particular policy-makers one wishes to influence (Kempton, et al., 1992;
Kuo, 2002), but as noted above, there are reciprocal rewards in the form of contributions to theory
development, as well as the development of networks that can help with access to potential participants
or to new research funding sources.

Energy and building regulations. Most countries that seek to achieve target reductions in

energy use or greenhouse gas emissions use regulatory
tools to limit energy consumption in buildings (IEA, 2013). In Canada, for instance, the CCBFC, together
with Natural Resources Canada, develops the National Energy Code of Canada for Buildings (CCBFC,
2015b). The NECB limits energy consumption for most building types except houses and small buildings,
which are addressed in Part 9 of the National Building Code of Canada (CCBFC, 2015a). These codes
become mandatory when referenced in laws or regulations of authorities having jurisdiction (usually,
provinces and territories; in some provinces, cities). The codes are written by volunteers who work on
committees and task groups working under the CCBFC structure (National Research Council of Canada,
2017). There is a system through which anyone may propose a code change, which is one route to
influence; another is to be known to these committees in order to support their information needs,
either with advice or by performing original research to address a question.

Building certification schemes. Building rating systems, also known as certification

schemes, are used to assess buildings and to determine
whether or not the building meets established criteria for environmental and energy performance. LEED
and BREEAM, cited above, are two of many examples (see http://www.worldgbc.org/rating-tools).
These tools are developed by various organizations collectively known as green building councils, many
of which are members of the World Green Building Council. Different rating systems exist for different
project types, and are in use in different geographic areas, so there are many roles for individuals to
influence their local practices.

Each rating system has its own development method, but many involve consensus bodies in
which volunteers develop the content through committees made up of a balanced group of members
chosen to represent the various interested parties (USGBC, 2009). Generally there is some form of
review process prior to new versions being published. Some form of continuous maintenance or revision
is common, in which subsequent versions reflect changes in knowledge, technology, and policy goals.
Even in the case of documents developed in-house by the host organization (e.g., BREAAM), there are
avenues through which experts can provide their feedback on what will work well for occupants.

The WELL Building certification (International WELL Building Institute, 2015, 2018) is new to the
scene, but particularly relevant to psychology because its focus is on the provision of elements intended
to promote the health and well-being of building occupants. Although much of its content is building-

1 One way to start to make these connections is to present at suitable conferences attended by a variety of actors in this
system, from academics to regulators. Examples include the Behavior, Environment, and Climate Change conferences organized
by the American Council for an Energy-Efficient Economy (ACEEE), or the ACEEE Summer Study on Energy Efficiency in Buildings
(both of which are held biennially in even-numbered years).
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related (e.g., air quality, lighting systems, accessible design), it also encompasses organizational
practices directed at mental and physical health, including family-friendly policies such as parental leave
or employer-supported child care. The original publication had limited public review, but in 2018 the
International WELL Building Institute created peer review panels with an open nomination process,
which provides a direct means for professionals to contribute to its development.

Standards and recommendations. Building regulations and ratings schemes both

reference specific standards and recommendations

related to individual components, such as lighting, ventilation, and ergonomics. These provide the
requisite performance basis for various building systems, so that efforts to reduce energy use do not
result in deficient interior conditions. In each area, subject-matter experts serve on committees that
write the documents, and also have opportunities to make public comments. There are opportunities
for involvement at the national level (e.g., in the UK, the Society for Light and Lighting writes guidance
for lighting installations), the regional level (e.g., in North America, ventilation and thermal comfort
standards are defined by ASHRAE), and internationally (e.g., in the International Organization for
Standardization). Most countries have an entity that serves as a National Standardization Body (NSB),
which coordinates the standards development process for that country, and this body would be the first
point of contact for anyone wishing to engage in the work. Canada’s NSB is the Standards Council of
Canada.

Conclusions

Reducing the energy used by buildings is undoubtedly critical to the achievement of a
sustainable future, but purely technical solutions are unlikely to provide the spaces we need and want;
that is the lesson to be learned from the earliest energy-efficiency efforts in the 1970s and from the
slow adoption of energy technologies in the decades since. Psychologists ought to be the lead
investigators who study the behavioural effects of conditions in buildings: We have the theoretical
foundations, the research methods, and the statistical tools to support investigations that deliver
externally valid strong inferences about how buildings affect the people in them. Together with our
colleagues from engineering, architecture, physics and related fields, we can provide guidance
concerning the right building conditions for today, delivered using energy systems that sustain Earth’s
future.

When based on good evidence, investments in the right building conditions can be expected to
return more than energy and greenhouse gas savings. When new technologies or designs deliver
suitable interior conditions fit for the occupants and their work, these better conditions for the
individuals lead to better outcomes for the organizations that employ them. If, in some instances, there
is an energy cost to providing somewhat better conditions using new technologies (e.g., by increasing
ventilation rates, while also using energy-recovery ventilators to reduce energy savings) than by using
the new technology alone, that might be said to be an instance of rebound (“spending” the ERV energy
savings on higher ventilation rates), but not a frivolous one if based on evidence of social value (e.g.,
that the improved ventilation improves health, well-being, and cognitive performance (MacNaughton,
et al., 2018)).

Behaviour change expertise from psychology can improve our understanding of decisions taken
in the building process, but this will require a different research focus than has typically been
attempted, centred on decision-makers in organizations rather than on individual householders.
Commercial and institutional buildings consume substantial energy, but the processes that create and
maintain them are not the same as for private homes. Left to its own devices, the buildings sector has
not generally integrated psychology into its attempts to improve building energy performance
(Altomonte, et al., 2015); it is time for psychology to make itself better known there.



Psychology and better buildings 15

Once developed and validated, new models could provide the starting point for an expanded
repertoire of engagement activities undertaken by psychologists in concert with the existing networks
and communities of professionals concerned with every level of the provision of the spaces we inhabit.
Moving from knowledge to application takes time and requires building trust through respectful two-
way communication; many psychologists know this in theory but have had little practical experience in
the process. Those who have engaged there know that the need for motivated volunteers is ever-
present and every committee, task force, and review panel would appreciate reliable, knowledgeable
contributors. The Sustainable Development Goals are unlikely to be met without adequately applying
psychological perspectives (Baum & Gross, 2017); the time to push ourselves forward is now.
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