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Impacts of Indoor Environments on Human Performance and Productivity
TEMPERATURE AND OFFICE WORK PERFORMANCE
The influence of indoor air temperatures on objective (measured) work performance in offices has
been assessed experimentally in numerous studies, primarily in call centers and laboratory settings
representative of real offices. In call center studies, the time required to interact with clients via the
telephone and perform related information processing via a computer was used as the performance
outcome. The laboratory studies had participants perform tasks representative of office work, such as
proof-reading, text typing, and simple arithmetic operations. Speed and accuracy in these simulated
work tasks was measured and used to indicate work performance. A few additional studies used
diagnostic psychological tests to measure ability to concentrate, reaction times as a measure of
performance, or number of characters typed per unit time to indicate performance. Most of the
studies experimentally manipulated temperatures while holding other factors constant to investigate
the influence of temperature on performance, although some field studies relied on natural changes
in air temperature.
In 2006, a formal statistical analysis of 24 of these studies was completed [1] to assess the average
relationship between temperature and performance of work. The authors primarily analyzed office
studies and laboratory studies that simulated office work, although three of 24 studies were
performed in classrooms. Their analyses are the source of Figure 1 illustrating a best estimate of how
office work performance varies with temperature. The graph in Figure 1 shows that performance is
maximized when the air temperature is approximately 71 °F. As the indoor air temperature rises
above or falls below 71 °F, work performance decreases. The equation for the curve in Figure 1,
resulting from the statistical analysis, is

where
P is performance relative to the maximum value
TF is room temperature, °F.
The equation should not be used for temperatures below 59 °F or above 89 °F.
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Figure 1. The relationship between office work performance and indoor temperature based on a statistical analysis
of reported data. The line from a modeled statistical fit to data from 24 studies. The shaded areas in the figure
represent the regions where there is a high level of statistical confidence about the performance decrements, i.e.,
where statistical analyses indicate that decrements in performance in these regions have less than a 10% probability
of being the result of chance.

Figure 1 and equations 1 and 2 are based on 24 studies. These studies involved only call center work
and work tasks for which speed and accuracy could be readily quantified. While the predicted
performance changes with temperature are statistically significant over much of the range shown,
there remains a high uncertainty about the magnitude of performance changes one should expect in
actual practice.
Eleven additional studies, performed after the analysis of 24 studies that resulted in the relationship
shown in Figure 1, have been identified. The study methods and results are summarized in Table 5 in
the Supporting Information section. In nine of these studies, the level of temperature or thermal
comfort was found to impact at least some measures of work performance, but in many studies
temperature affected performance on only a subset of performance tests. In several studies,
performance was not optimized with a temperature of 71 to 72 °F. An analysis of the data from three
studies [2] resulted in a relationship between office work performance and temperature (or thermal
comfort level) that is very similar to that shown in Figure 1, but with maximum performance at
approximately 72 °F and a slightly smaller rate of decrease in performance as temperatures increase
above 72 °F. Two studies [3, 4] using number of key strokes as a measure of performance, found
that performance increased as temperatures increased above 72 °F. In one of these studies [4] the
level of thermal comfort was also improved as the temperature increased due to high air speeds and
variable clothing levels. One additional study [5, 6] reported slight increases in two measures of
performance (increase in accuracy and decrease in response time) at temperatures of approximately
63 °F and 82 °F, relative to performance at 70 °F.
Two more new studies [7, 8] compared performance when temperatures drifted up or down by 8 to
11 °F, relative to performance when the temperature was steady at the midpoint value. In one of
these studies, occupants were allowed to adjust clothing to maintain comfort. In both studies, there
were no consistent and statistically significant impacts on performance of allowing temperatures to
drift. The study details are provided in Table 6 in the Supporting Information section.
When the results of these newer studies are considered together with the results of the 24 studies
http://energy.lbl.gov/ied/sfrb/performance-temp-office.html
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analyzed to produce Figure 1, the overall evidence continues to indicate that temperatures generally
impact work performance. There is evidence that the effects of temperature on work performance,
and the optimal temperature for performance, may vary substantially with type of work, climate, and
clothing level, and that level of thermal comfort may be a better predictor of work performance than
indoor air temperature. It is also clear that temperature has not significantly affected performance in
a numerous studies. The research literature presents various hypothesis as to why performance was
not affected by temperature. Many studies had a small number of subjects and, in such studies, small
changes in work performance will not be detectible. When subjects are highly motivated to perform
well, they can compensate for non-ideal temperatures by exerting more effort, at least for the fewhour duration of most of the studies. They may not be able to maintain the higher level of effort over
the longer periods encountered in real jobs. In some studies, as subjects perform simulated work
their performance increases because of learning, and studies have not always controlled for learning.
Finally, optimal temperatures for performance may vary among studies because of differences in
thermal acclimatization of the subjects.

TO PROVIDE A COMMENT ABOUT THE IAQ-SFRB: send an email message to the following
address SFRB-Comments@lbl.gov. While we appreciate your comments and all comments will be
read and considered, due to resource constraints we may not be able to reply to all comments.
©2013 LBNL Indoor Environment Group [http://energy.lbl.gov/ied/]
EPA Indoor Air Quality [http://www.epa.gov/iaq/]
EPA [http://www.epa.gov/]
DOE [http://www.energy.gov/]

http://energy.lbl.gov/ied/sfrb/performance-temp-office.html

Page 3 of 3

