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Learning Objectives 

• Discuss the variety and complexity of human 
outcome metrics in buildings. 

• Understand the value of advancing healthy 
building analytics and M&V in an applied way. 
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Background 

Programmatic Goal 

Quantify occupant benefits to improve confidence in indoor environmental 
quality (IEQ) investments. 

Topic Areas and Challenges 

Data Collection: It can be expensive and labor intensive to 
comprehensively evaluate IEQ in a building. 

Predicting Occupant Benefits: Limited and incongruent data from field 
studies mean less confidence in predictions of occupant benefits for a 
specific building. 

Measurement + Verification: Many human measurements are often 
expensive and not scalable or suitable for non-research applications. 



   
    

     
     

   

     
     

       
   

       
    

     
     

     Health and the Future of Work 
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Objectives of this Research: 
Leverage GSA’s large portfolio to 
gather significant data from field 
studies starting with Workplace 2030 
and Reimagine GSA 

Develop a standardized approach to 
evaluate human benefits in decision 
making that is replicable at scale and 
able to be validated 

Create a feedback loop to create and 
validate predictions, fine-tune healthy 
strategies, and build confidence in 
investments in occupant health and 
wellbeing 



      
  

    

 

   Healthy Buildings Toolkit Overview 
Healthy Buildings and Energy Data Collection Guide On-Demand Training 

Support Tool (H-BEST) 

Pilot Case Studies Equipment Lending Library 



       
       

    
      

      

    
       

     

 

 

  

    Making IEQ Evaluation More Accessible 

The purpose of the Healthy Buildings Toolkit 
is to provide decision support for energy 
managers, sustainability managers, building 
managers, operators, and owners to improve 
IEQ and energy efficiency in their building. 

How to comprehensively evaluate 
the IEQ performance of a building at 
a low-cost, effort, and required 
expertise? 

• Measurement duration 

• Sample size 

• Number of metrics 



 

 
  

 
 

 

 
  

 
 

 

 
  

  
 

 

 
  

 
 

 

  
  

 

 

 
  

 

 

 
  

 

        
    

 Pilot Tests 

Building A 

Vintage: 2017 
Size: 26,000 sq.ft. 
Location: Northwest 
Occupants: 92 

Building D 

Vintage: 1917 
Size: 764,000 sq.ft. 
Location: Mid-Atlantic 
Occupants: 2,200 

Building B 

Vintage: 1970 
Size: 29,000 sq.ft. 
Location: Northwest 
Occupants: 80 

Building E 

Location: South Central 
Size: ~96,000 sq.ft. 
Occupants: 478 

Building F 

Location: Mid-Atlantic 
Size: ~38,000 sq.ft. 
Occupants: 188 

Building C 

Vintage: 1940’s 
Size: 110,000 sq.ft. 
Location: South Central 
Occupants: 250 

Building G 

Location: Mid-Atlantic 
Size: ~115,000 sq.ft. 
Occupants: 575 

Note 

Seven samples is not enough to make sweeping 
conclusions but offers valuable observations 
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3 weeks 
optimum 

Look for data 
to converge in 
shape 

Identifying Optimal Sample Duration (CO2) 



 
    
         

   
         

    
       

    
    

       
    

Observations 

Measurement duration: 
• Recommend 2 weeks of CO2 collection 

• Recommend 2-3 weeks of temperature and humidity monitoring and
sampling in each season 

Number of optimum sensor locations depends on size of building: 
• Buildings less than 50,000 sq.ft. 

• Temperature and humidity one sensor per 8,000 sq.ft 
• CO2 one sensor per 20,000 sq.ft. 

• Buildings greater than 50,000 sq.ft. 
• Temperature and humidity one sensor per 40,000 sq.ft 
• CO2 one sensor per 70,000 sq.ft. 
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  Streamlining IEQ Analytics 

Example 

H-BEST streamlines an IEQ 
evaluation from raw data to help 
users quickly draw insights on 
their building’s performance and 
areas for improvement. 
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Carbon Dioxide 

Horizontal 
Illuminance 

Circadian 
Stimulus/Vertical 

Illuminance 

Humidity 

Productivity 

Sleep Quality 

Flu Virus 
Transmission 

Financial Gain from 
Absenteeism 

Reduction 

Temperature 

IEQ Measurement Predicted Outcome Financial Gain 

Financial Gain 
from Productivity 

Improvement 

Satisfaction 

IEQ Regression Models in H-BEST 



             
              

  

  H-BEST Regression Models 

Conducted literature review for thermal comfort, lighting, and air quality to create meta-analysis 
regression models to predict the improvement potential of human outcomes for any building based 
on IEQ parameters. 

13 



       
    

   
    

   
       

     

      
    

    

               
               

               

  Advancing Productivity Research 

One challenge with conducting a meta-analysis on productivity is the variety of metric types that 
can be used to define productivity. Used a pairwise t-test evaluation and summary statistics to 
compare the results of these metrics to see if they can be combined in a meta-analysis. 

All the p-values for call handling time, 
neurobehavioral response time, and 
self-reported productivity showed no 
significant differences when compared 
to neurobehavioral speed (suggesting 
that the effects are of the same 
magnitude and can be combined 
directly). 

Most of the p-values for accuracy and 
performance score showed significant 
difference compared to neurobehavioral 
speed. 
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Compare IEQ categories and get an idea of the magnitude of savings potential 

Empowering Project Business Cases 



       
                

      

   Providing Automated Decision Support 

Solutions development tab contains 63 possible improvement measures 

H-BEST will filter out the ones that are not applicable and the user can read the 
provided information to select the best options 



  

  

  

  

  

  

 

   

      
      

      
 

    
     

   
    
  

      Improving Regression Models in Partnership With GSA 

Objectives 

• Identify the human metrics that provide 
greatest value at lowest cost and 
difficulty 

• Improve predictions in H-BEST to build 
confidence 

• Collecting potential confounding factors 
to understand the complex relationship 
between environmental and 
organization attributes and human 
performance and comfort 

Indoor Environmental Quality 

• Space design features 

• Indoor environmental conditions 

Human Outcome Metrics 

• Organizational attributes 

• Survey responses 

• Physiological responses 

• Occupancy and location tracking 
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    IEQ Metrics in GSA Research 

Lighting: 
• Environmental conditions: Circadian stimulus, horizontal illuminance, vertical illuminance 
• Space features: window proximity, task lighting, glare prevention 
Biophilic design: 
• Space features: Access to biophilic elements (indoor plants, natural patterns, and views of the 

outdoors) 
Indoor air quality: 
• Environmental conditions: CO2, TVOC, particulate matter 
• Space features: ventilation rate, filtration, sources of contamination, HVAC maintenance, etc. 
Thermal comfort: 
• Environmental conditions: temperature, humidity, predicted mean vote (PMV) 
• Space features: thermal controls, insulation, etc. 
Acoustics: 
• Environmental conditions: sound level 
• Space features: acoustic privacy, sound absorption of materials 
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    Human Outcome Metrics Focus Group 

We interviewed researchers and professionals in the healthy buildings field to identify metrics that 
provide high value to decision makers while reducing cost and difficulty of collection. Consideration 
was given to avoid redundancy and maximize coverage of our research hypotheses. 

Metric Value Score Difficulty Score Cost Score Combined Score 
Satisfaction surveys 1.00 0.73 0.78 1.75 
SBS symptom surveys 0.95 0.63 0.88 1.70 
Turnover 0.60 0.80 0.95 1.48 
Absenteeism/sick time 0.70 0.60 0.90 1.45 
Reported illness 0.70 0.60 0.90 1.45 
Steps, actigraphy 0.69 0.75 0.65 1.39 
Number of calls made (job specific) 0.32 0.88 1.00 1.25 
Self-reported productivity 0.39 0.78 0.89 1.23 
Stress/mood surveys 0.55 0.61 0.72 1.22 
Other cognitive tests 0.80 0.40 0.33 1.17 
Sleep quality surveys 0.45 0.55 0.72 1.09 
Time online/on computer 0.28 0.61 0.84 1.00 
SMS 0.75 0.30 0.20 1.00 
Skin temperature 0.38 0.50 0.50 0.88 
Heart rate 0.50 0.32 0.27 0.79 
Sleep biofeedback (e.g., sleep time, latency, efficiency) 0.35 0.32 0.27 0.64 
Cortisol levels 0.50 0.00 0.00 0.50 
Eye flicker/pupil dilation 0.38 0.00 0.13 0.44 
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  Advanced Focus Areas 

The human outcome metrics vary by focus area based on our hypotheses from existing work 

Research Focus Survey 
Organizational 

Attributes 
Physiological/ 
Performance 

Circadian Lighting Sleep survey Actigraphy, number 
of steps, sleep 
duration 

Biophilic Design Satisfaction, stress survey 

Ventilation / Filtration SBS symptoms, self-
reported productivity 

Absenteeism Cognitive test 

Thermal Comfort Satisfaction with thermal, 
self-reported productivity 

Absenteeism, flu 
cases 

Cognitive test 

Acoustic Comfort Satisfaction with acoustic, 
self-reported productivity 

Cognitive test 
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 Next Steps 

• First project underway (postponed due to pandemic and limited 
occupancy) 

• Alcohol, Tobacco and Firearms (ATF) Headquarters 

• GSA Region 10 office to begin next calendar year, followed by other 
regions 

• Take lessons learned to create a concrete protocol for healthy 
buildings projects 
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QUESTIONS? 

Kevin Keene 

Kevin.Keene@pnnl.gov 
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