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Executive Summary 

Guidehouse, Inc., ILLUME Advising, LLC., and Cadeo Group, LLC (together the “evaluation 
team”) conducted a 2-year study researching the energy efficiency savings attributable to Wi-Fi 
and programmable thermostats incented through Massachusetts Program Administrator (MA 
PA) retail channels. This study, RES 24, incorporated a large-scale survey of Wi-Fi thermostat 
adopters to derive demographic variables to help control for customer characteristics that are 
generally unknown in typical billing analysis. The approach offers an improvement over 
standard impact methodologies where relying solely on energy consumption-based control 
group development and excluding demographic variables in the analysis may lead to biased 
savings estimates. 

In addition to directly using survey-based variables in the analysis, the evaluation team relied on 
an early versus late adopter control strategy to mitigate potential selection bias. This is 
illustrated in Figure 1. Specifically, the study group (2018 adopters) is similar to the comparison 
group (2019 adopters) in terms of propensity to adopt Wi-Fi thermostats because comparison 
customers are later observed to adopt Wi-Fi thermostats like the study group. This approach 
offers an advantage in mitigating the potential for selection bias, which is often a concern with 
matched comparison group identification strategies. 

Figure 1. Study Timeline 

 

Source: Guidehouse analysis 

The estimation of programmable thermostat savings from the PA’s retail channel was originally 
scoped as a separate impact evaluation, but that study was terminated due to insufficient 
sample sizes. However, the data collection and analysis approach in RES24 – particularly the 
richness of the survey data – allowed us to extract programmable thermostat savings in addition 
to Wi-Fi savings, and this report presents impact findings for both Wi-Fi and programmable 
thermostats. Similarly, sample size limitations led to the elimination of electric cooling savings 
estimates here. 

Although this study directly focused on the gas savings associated with the retail channel, this 
report also provides guidance to the PAs on the savings values for delivered fuels as well as the 
savings values for Wi-Fi and programmable thermostats provided through direct install 
channels. Additionally, Wi-Fi savings are disaggregated based on the technology replaced (i.e., 
manual versus programmable thermostats). We present savings for Wi-Fi thermostats overall, 
as well as for Wi-Fi thermostats replacing manual versus programmable thermostats. 
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Key Findings and Recommendations 

Table 1 provides recommended savings values for Wi-Fi and programmable thermostats for gas 
and delivered fuels. We found gas savings of 2.79 MMBTU/device on average for Wi-Fi 
thermostats, with savings of 4.51 MMBTU/device for devices replacing manual thermostats and 
2.44 MMBTU/device for devices replacing programmable devices. These estimates are similar 
to the previous value established in the MA Technical Reference Manual (TRM)1 of 3.11 
MMBTU/device. For programmable thermostats, we find gas savings of 2.07 MMBTU/device, a 
bit lower than the TRM value of 3.50 MMBTU/device. These estimates are inclusive of in-
service rates (i.e., the billing analysis incorporates the fact that some customers do not install 
the new thermostats) and have been adjusted for higher thermostat optimization (TO) 
participation levels, which means they should not be further adjusted/reduced for these 
phenomena.    

Table 1. Recommended Savings Values (MMBTU per Device) 

Delivery 
Channel 

Rebated 
Thermostat 

Replaced 
Thermostat 

Gas Oil2 Other2 

2020 
TRM 

Savings 
Value 

Savings as 
Percent of 

Heating 
Load  

Retail1 Wi-Fi All 2.79 2.78 2.78 3.11 5.5% 

Direct Install Wi-Fi Manual 4.51 4.50 4.49 3.11 8.8% 

Direct Install Wi-Fi Programmable 2.44 2.44 2.43 3.11 5.0% 

Direct Install Wi-Fi Wi-Fi 0.00 0.00 0.00 3.11 0.0% 

All Programmable All 2.07 2.07 2.06 3.50 4.1% 

Source: Guidehouse analysis 
1) Savings for the retail channel are a weighted average of the savings from the direct install channel. Weights reflect 
the replaced thermostat self-reported by gas survey respondents: 31% manual, 55% programmable, and 13% Wi-Fi. 
2) Savings for delivered fuels reflect existing unit efficiencies and saturation values informed through the MA 
Residential Baseline Study.2  

The evaluation team identified the following data tracking and program enhancement 
considerations based on the results of this study:  

• Consider tracking the type of thermostat replaced. Collection of this field would allow 
PAs to differentiate claimed savings by replaced thermostat type and, even if this isn’t 
desired, provide the weightings necessary to keep average savings up to date. The 
baseline efficiency case referenced in the TRM is an HVAC system with either a manual 
or programmable thermostat. Tracking replaced thermostat type would allow future 
studies to exclude customers who replace Wi-Fi thermostats with another Wi-Fi 
thermostat, which accounted for 13% of the current study population. 

• Consider offering an additional or tiered rebate through the retail program to 
ensure customers actually install the purchased thermostats or entice customers with 

 
1 Massachusetts Department of Public Utilities eTRM, v1.4.4. 2020 Report TRM. Available at:  
https://etrm.anbetrack.com/#/workarea/home?token=6d6c45766e692f527044  
2 Guidehouse, Massachusetts Residential Baseline Study, prepared for the Massachusetts Program Administrators, 
2020. Available at:  
https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-
02.pdf 

https://etrm.anbetrack.com/#/workarea/home?token=6d6c45766e692f527044
https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-02.pdf
https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-02.pdf
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manual thermostats to participate. The customer would simply bring back the old 
thermostat to the retail outlet to qualify for the additional incentive. 

• Also consider tracking the installation rates for devices rebated through direct 
install or virtual audit program channels. The recommended savings estimates 
implicitly account for an unknown in-service rate (ISR), which may change over time as 
the program matures. This data could be used to adjust the recommended savings 
estimates if the ISR changes substantially.3 

• Future research could be undertaken to evaluate electric Wi-Fi and programmable 
thermostat savings once program participation levels are sufficient. Also, consider 
including winter electric savings associated with heat pump homes as a focus of this 
research. If ecobee and Honeywell participation levels increase, future research could 
re-examine the potential for different savings rates by manufacturer. In the absence of 
an updated electric savings value, the evaluation team recommends continued use of 
the TRM savings values of 64 kWh/device for Wi-Fi thermostats and 27 kWh/device for 
programmable thermostats. Both values reflect cooling savings only.  

• Future evaluations might consider the interactive effects between thermostat 
behavior and customers with residential solar PV or EVs. Having rooftop solar or EV 
charging at home can change customer energy usage, biasing thermostat savings 
estimates if not properly accounted for. As solar PV and EVs become increasingly 
common among residential customers, it will be important to account for these factors to 
estimate thermostat savings accurately. 

 
3 Device serial numbers, if made available in the tracking data, may be provided to the thermostat manufacturers to 
enable them to determine the proportion of devices installed, which can be a proxy for the ISR. If ISR information is 
available, the savings estimates may be adjusted via the following formula: 

𝑠𝑎𝑣𝑖𝑛𝑔𝑠𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 ∙
𝐼𝑆𝑅𝑐𝑢𝑟𝑟𝑒𝑛𝑡

𝐼𝑆𝑅𝑠𝑡𝑢𝑑𝑦 𝑝𝑒𝑟𝑖𝑜𝑑
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1. Background 

The Massachusetts Program Administrators (PAs) and the Energy Efficiency Advisory Council 
(EEAC) commissioned this study to better understand and update the savings attributable to Wi-
Fi communicating thermostats and programmable thermostats. Though these efforts were 
originally scoped as separate studies, this report presents impact findings for both types of 
thermostats. This section provides more information on the scoping and design of the studies as 
well as why they were eventually merged. 

1.1 Wi-Fi Thermostat Study Design 

The evaluation team began the research to quantify the electric and gas savings associated 
with Wi-Fi thermostats in 2019. Wi-Fi thermostats, for the purposes of this study, are defined as: 

Wi-Fi thermostats feature internet connectivity, thereby comprising “smart” or “learning” 
thermostats as well as more basic connected devices 

The study was designed to incorporate demographic variables in savings estimation alongside 
traditional methods (i.e., without demographic information) to help mitigate potential sources of 
bias. It also leveraged an early versus late adopter control strategy to further mitigate bias. The 
study was intended to estimate savings specifically for retail channels, excluding Home Energy 
Services (HES) audit program thermostats, to avoid modeling complexities associated with the 
multiple measure choice and savings problems presented by audit-based delivery channels. 

Thermostats are not typically rebated through an experimental design (i.e., randomized 
controlled trial, or RCT), so impact studies often use a matched comparison group strategy (i.e., 
“matching”) to create treatment and comparison groups across which to measure savings. 
Savings estimates generated by these studies have been criticized on the grounds that the 
control strategy may be subject to selection bias. In other words, because the comparison group 
is constructed via matching from the general population of non-adopters rather than through 
random assignment, there could be unobserved characteristics of thermostat adopters or non-
adopters that are also correlated with energy use, which could bias savings. As an example, a 
wealthier household that has a larger home but is more efficient could be matched (if just 
matching based on energy use) to a lower income household with a smaller home but more 
inefficient energy use. In this case, unobserved differences between the wealthier household 
and the lower income household could potentially bias the savings estimate. 

This methodology used in this research was developed in accordance with the Uniform Methods 
Protocol (UMP).4 According to chapter 8 of the UMP, while not as robust as an RCT or 
Randomized Encouragement Design (RED), “the use of the prior/future participants has the 
potential to address many of the concerns related to self-selection while delivering an estimate 
of gross savings.” The evaluation team used a regression model with a lagged dependent 

 
4 DNV GL, Uniform Methods Project Chapter 8: Whole-Building Retrofit with Consumption Data Analysis Evaluation 
Protocol, prepared for the National Renewable Energy Laboratory, 2017. Available at:  
https://www.nrel.gov/docs/fy17osti/68564.pdf  

 

https://www.nrel.gov/docs/fy17osti/68564.pdf
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variable to account for remaining systematic differences in energy use between participants 
(2018 adopters) and the comparison group. This method is included in chapter 17 of the UMP.5,6  

As depicted in Figure 2, the evaluation team designed the study to span more than 2 years to 
construct a treatment group of 2018 adopters and a comparison group of later (2019) adopters. 
We deployed a survey to collect demographic and behavioral information on both groups. To 
minimize recall bias,7 we surveyed customers in close proximity to when they participated in the 
program. 

Figure 2. Study & Survey Timeline 

 

Source: Guidehouse analysis 

1.2 Current Savings Values 

The PAs use electric and gas values established in the 2020 Report Technical Reference 
Manual (TRM) when claiming savings that accrue from incentives for Wi-Fi thermostats rebated 
through all program channels as shown in Table 2.  

 
5 The Cadmus Group & Lawrence Berkeley National Laboratory, Uniform Methods Project Chapter 17: Residential 
Behavior Protocol, prepared for the National Renewable Energy Laboratory, 2015. Available at: 
https://www.energy.gov/sites/prod/files/2015/02/f19/UMPChapter17-residential-behavior.pdf  
6 This strategy mitigates bias by relying on future thermostat adopters to serve as controls for current adopters, 
minimizing the issue of selection bias due to unobservables. This type of bias is illustrated by the possibility that 
customers who decide to install a thermostat through the retail program may have some unobserved characteristic 
such as “like technology” that differs from those that did not install a thermostat through the program. The early 
versus late adopter approach mitigates this form of bias because the treatment population are those that do, later, go 
on to be participants. Hence any unobserved characteristics influencing propensity to participate are the same 
between the treatment and control groups. By including matching, especially based on demographic covariates 
derived through surveys, this approach further lessens the potential for selection bias. Additionally, using matching as 
a data pre-processing step mitigates the potential for model mis-specification bias, making the exact functional form 
of the model less critical. 
7 Recall bias occurs when respondents are unable to accurately remember previous experiences.  

 

https://www.energy.gov/sites/prod/files/2015/02/f19/UMPChapter17-residential-behavior.pdf
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Table 2. TRM Savings Values 

Delivery 
Channel 

Rebated 
Thermostat 

2020 Report TRM  
Gas Savings Value 

2020 Report TRM  
Electric Savings Value 

(Cooling Savings) 

Retail Wi-Fi 31.1 Therms per device 64 kWh per device1 

Direct Install Wi-Fi 31.1 Therms per device 64 kWh per device1 

All Programmable 35.0 Therms per device 27 kWh per device2 

1) Electric savings were adjusted for homes with fossil fuel heat to reflect the percent of homes that have 
cooling. That proportion is 28 percent, based on the Residential Baseline study. 
2) The study cited in the TRM disaggregates the 278 kWh savings value as 27 kWh from cooling and 251 
kWh from electric heating. 
Source: 2020 MA TRM8 

These savings values were derived from a secondary literature study, the Wi-Fi Thermostat 
Impact Evaluation—Secondary Research Study,9 conducted by Guidehouse (then Navigant 
Consulting, Inc.) in 2018. One of the key findings of that study was the suggestion the PAs 
undertake primary research to quantify Wi-Fi thermostat savings once a sufficient number of 
thermostats had been incented through their programs to be likely to produce statistically 
significant findings through billing analysis. To this end, in January 2018, Guidehouse concluded 
a power analysis10 (the first phase of RES 24), which suggested Wi-Fi thermostat adoption to 
date might support statistically significant electric savings findings and would likely support 
estimation of statistically significant gas savings. The memo is available in Appendix A. Based 
on these findings, we began the impact evaluation study (RES 24) in 2019. 

1.3 Programmable Thermostat Savings Derivation 

The PAs and EEAC also wanted to improve the accuracy of the savings value used to claim 
savings for programmable thermostats rebated through retail program channels (as opposed to 
Wi-Fi thermostats). In 2019, the PAs and EEAC asked Guidehouse to begin an impact study of 
programmable thermostats (RES 25-B-PTstats). While it was not designed to incorporate a 
survey or use demographic information, it did use a symmetric early versus late adopter control 
strategy,11 which aligned with RES 24.  

The evaluation team performed a power analysis and found an impact analysis was likely to find 
statistically significant gas savings but unlikely to find statistically significant electric savings 
based on the available sample sizes and likely magnitude of impacts. The memo is available in 
Appendix B. Unfortunately, during cleaning and preparing gas data for billing analysis, 80% of 
participants were dropped due to an insufficient number of bills pre-and post-treatment, making 

 
8 Massachusetts Department of Public Utilities eTRM, v1.4.4. 2020 Report TRM. Available at:  
https://etrm.anbetrack.com/#/workarea/home?token=6d6c45766e692f527044 
9 Navigant Consulting, Inc., Wi-Fi Thermostat Impact Evaluation—Secondary Research Study, prepared for the 
Massachusetts Program Administrators and EEAC Consultants, 2018. Available at:  
https://ma-eeac.org/wp-content/uploads/Wi-Fi-Thermostat-Impact-Evaluation-Secondary-Literature-Study_FINAL.pdf 
10 Power analysis determines whether an analysis is likely to yield statistically significant savings estimates given 
program participation level, the expected effect size, and assumptions about variability in usage data. 
11 The billing analysis approach relied upon a treatment group consisting of customers who adopted programmable 
thermostats during 2018 and a comparison group comprised of customers who participated in 2019. 

 

https://ma-eeac.org/wp-content/uploads/Wi-Fi-Thermostat-Impact-Evaluation-Secondary-Literature-Study_FINAL.pdf
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it improbable the study would yield statistically significant gas savings results.12 However, the 
PAs, EEAC, and the evaluation team determined a viable alternative to directly estimating 
programmable thermostat impacts as shown in Figure 3 and described in more detail in Section 
3.3.  

Figure 3. Illustration of Programmable Thermostat Savings Calculation 

 
Source: Guidehouse analysis 

This process (1) estimates Wi-Fi thermostat savings relative to programmable thermostats (as 
the replacement category), (2) estimates savings from Wi-Fi thermostats replacing manual 
devices, and then (3) estimates programmable thermostat savings (replacing manual) as the 
difference between these two values. More specifically, a large population of Wi-Fi thermostat 
adopters and higher quality data allowed large enough sample sizes in the RES 24 study to 
estimate the following impacts: 

• Gas savings for Wi-Fi thermostats replacing programmable devices 

• Gas savings for Wi-Fi thermostats replacing manual devices 

• Gas savings for programmable thermostats replacing manual devices 

The remainder of this report describes the methodology and findings for these savings. 

 
12 This attrition rate is higher than typical. If customers purchase the programmable thermostat at the same time or 
soon after moving into a new residence, then they will not have sufficient historical billing data required for this type of 
analysis. 
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2. Methodology 

This section provides an overview of the study design, data preparation, and analytical 
methodology.  

2.1 Study Design 

This study involves customers who adopted a Wi-Fi thermostat in 2018 or 2019. The study 
group comprises 2018 adopters, while the comparison group comprises 2019 adopters. This 
approach enables use of an early versus late adopter control strategy, which mitigates (but does 
not eliminate) the potential for selection bias related to the decision because customers in both 
the study and comparison groups eventually adopt a Wi-Fi thermostat. The potential for timing-
based selection bias persists, however. Timing-based selection bias occurs if there are time-
dependent customer characteristics related to adopting a Wi-Fi thermostat. For example, 
customers may be more likely to adopt a Wi-Fi thermostat soon after having a baby. To mitigate 
timing-based selection bias, we leveraged customer characteristics gathered via surveys to 
account for changes in household occupants, purchases of energy-related equipment such as 
electric vehicles (EVs) or solar PV, and other changes in the home expected to impact energy 
use such as a home remodel or addition. The full list of customer characteristics variables we 
explored is provided in Table 3. 

Table 3. Survey Variables Considered for Inclusion in Impact Analysis 

Variable Description 

Reported HVAC equipment type 

Replaced thermostat type 

Changes in household occupancy 

Purchases of energy-related equipment, such as EVs or PV 

Home remodel or addition 

Presence of children under the age of 6 

Single or multi-family dwelling 

Rent or own status 

Source: Guidehouse analysis 

At a high level, the identification strategy leverages matching methods as a preprocessing step 
for the regression analysis of customer usage data. The early versus late adopter control 
strategy paired with survey data enables a thorough exploration of various matching 
approaches and regression model specifications. The evaluation team explored matching 
methods based only on usage patterns, methods including various combinations of customer 
characteristics in addition to usage patterns, and two matching regimes (Euclidian distance and 
propensity scores, described in Section 2.4) along with various regression model specifications. 
This exploratory analysis provides insight into the robustness of the results and the direction of 
potential bias.  
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In 2018, Guidehouse conducted a power analysis to assess the feasibility of achieving statistical 
significance for estimated savings given projected participation levels for RES 24.13 The memo 
containing the power analysis results is available in Appendix A. That power analysis indicated 
that a minimum of 100 customers were required for the gas analysis to achieve statistical 
significance, while a minimum of 550 customers were required for the electric analysis. This is 
illustrated in Figure 4, which shows how the confidence intervals (illustrated by the vertical black 
lines) become narrower as the sample size increases. Given a sample size of 500, the 
confidence interval crosses the zero axis, indicating the savings estimate is not statistically 
different from zero.  

The evaluation team encountered substantial data quality issues, as discussed in Section 2.2, 
which resulted in the removal of approximately half of all available participants (electric and gas) 
from the regression analysis. Approximately 400 participants had sufficient electric billing data 
for inclusion in the regression analysis, which was insufficient to generate statistically significant 
electric results. Approximately 8,500 participants had sufficient gas billing data for inclusion in 
the regression model. This sample size was sufficient to generate statistically significant gas 
results.  

Figure 4. RES 24 Power Analysis for Electric Savings 

 

Source: RES 24 Power Analysis 

As shown in Table 4, we used four primary datasets for this analysis. 

 
13 Navigant Consulting, Inc., Wi-Fi Thermostat Impact Evaluation—Power Analysis Findings, prepared for the 
Massachusetts Program Administrators and EEAC Consultants, 2018. 
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Table 4. Data Sources 

Data Set Description 

Program tracking data 

Included information on rebate application dates, the program 
channel through which the thermostat was rebated, quantity of Wi-
Fi thermostats, device manufacturer, and information about 
participation in additional energy efficiency program channels 
(cross-participation).  

This data was provided in two waves: the PAs directly provided 
program tracking data for 2018 adopters, while DNV GL provided 
anonymized program tracking data for 2019 adopters. 

Customer billing data 

Contained monthly gas and electric usage values for the 2018 and 
2019 adopters. This data spanned mid-2016 through 2020 to 
facilitate matching during the pre-program period. DNV GL 
provided anonymized customer billing data.  

Survey response data 

Guidehouse collected demographic and behavioral information and 
feedback via customer surveys fielded in 2019 and 2020. To 
quantify savings, we selected key questions from the survey that 
might be relevant to estimating program impacts. Customer survey 
responses were appended to the program tracking and usage 
datasets used in the analysis. 

Weather data 

The evaluation team used Local Climatological Data from National 
Oceanic and Atmospheric Administration’s National Centers for 
Environmental Information. In addition to gathering weather data 
for the study period (2016 through 2020), we gathered data back to 
2004 to calculate weather-normalized savings. 

Source: Guidehouse analysis 

2.2 Data Cleaning and Preparation 

Program tracking data determined which customers to include in the study group (2018 
adopters) and the comparison group (2019 adopters); it also provided key information including 
rebate date, device quantity, device manufacturer, and participation in additional energy 
efficiency programs. To isolate the effect of the Wi-Fi thermostat, customers who participated in 
additional energy efficiency programs – with the exception of upstream programs and the Home 
Energy Reports program – were excluded from the analysis. This step removed the majority of 
electric customers and approximately 25% of gas customers.  

After identifying the set of study and comparison group customers, the evaluation team 
prepared the usage data for these customers. Due to differences in ID formats across utilities 
and datasets, this step was complex and resulted in a substantial loss of data.14 Future studies 
that are planned to span several years should develop a data quality plan to ensure that 
analysis files are compatible. We also removed interpolated observations, exact duplicates, zero 
usage bills, abnormally long or short bills, duplicate bills during the same period, and bills that 
fall outside of the study period. Customers attached to multiple premises and customers with 

 
14 The 2018 tracking data were provided directly by the PAs (gas & electric), while the 2019 tracking data were 
anonymized and aggregated by the PA’s Data Aggregator before being provided to Guidehouse. This resulted in 
different types of customer IDs across the analysis data sets, and ultimately it was difficult to connect the data sets 
together for the analysis. In addition, the anonymization and aggregation process introduced errors and additional 
complications, contributing to the high level of attrition.  
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insufficient bills15 during the matching or post-periods were also removed, which resulted in a 
substantial loss of data. 

Once the program tracking data and customer billing data were merged, the team added in key 
fields from the survey response data and weather data. Customers were matched to the nearest 
weather station using the ZIP code provided in the program tracking data. We constructed 
cooling and heating degree day variables at the daily level using base temperatures of 65°F and 
60°F, respectively; degree days were aggregated to each customer’s billing cycle. Finally, we 
selected matched controls (discussed in more detail in Section 2.4) in preparation for the 
regression analysis.  

Table 5 summarizes the proportion of customers for each PA that have sufficient data for 
inclusion in the regression analysis. Appendix C contains detailed information about the data 
cleaning process. Customers with insufficient pre- or post-period data and those who 
participated in other EE programs were excluded from the analysis and contributed to the high 
attrition rate. However, we compared average usage patterns for the raw data and data for the 
regression model and found similar patterns, which indicates bias due to attrition is likely 
minimal. 

Table 5. Data Cleaning Attrition by PA 

PA  
Number of 

Customers in 
Tracking Data 

Number of 
Customers in 

Clean Gas Data 

Number of 
Customers in 
Clean Electric 

Data 

Proportion of 
Customers 

Remaining for 
Analysis 

Berkshire 335  20  N/A 6% 

Cape Light Compact 1,292  N/A 21  2% 

Columbia 4,850  548  N/A 11% 

Eversource 21,452  3,455  200  17% 

Liberty 456  164  N/A 36% 

National Grid 33,727  6,582  394  21% 

Unitil 376  43  7  13% 

Total 62,488  10,812  622  18% 

Note: Customer counts include both study participants and future participants (used as matched controls in the 
regression analysis). 
Source: Guidehouse analysis of program tracking and billing data 

2.3 Survey Approach 

Guidehouse conducted surveys with 2018 and 2019 Wi-Fi thermostat adopters in the PAs’ retail 
programs, consistent with the treatment and comparison groups defined for this study. These 
customers formed the sample frame of rebate recipients eligible for the survey. Our team 
surveyed the 2018 adopters (Wave 1) in 2019, and the 2019 adopters (Wave 2) in 2020. 

• Wave 1: 2018 rebate recipients; n=2,412 survey responses; fielded between August and 
September 2019 

 
15 Customers who purchase the Wi-Fi thermostat at the same time or soon after moving into a new residence will not 
have sufficient historical billing data required for this type of analysis. 
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• Wave 2: 2019 rebate recipients; n=2,978 survey responses; fielded between July and 
November 2020 

The evaluation team fielded the Wave 2 survey during the COVID-19 pandemic, though all 
surveyed customers purchased thermostats before the pandemic’s outbreak in Q1 2020. We 
designed the survey to capture the use of the old thermostat prior to purchasing the new Wi-Fi 
thermostat and use of the new thermostat before the pandemic began. Specifically, the team 
modified the survey questions fielded in Wave 2 to reference the period before the COVID-19 
pandemic (i.e., before March 2020). The survey explicitly asked customers to think about their 
homes, heating and cooling, and thermostat use before March 2020, to mitigate the potential for 
their answers to be skewed by sometimes markedly different experiences and behaviors during 
the pandemic relative to before.16,17 The Wave 2 survey instrument is available in Appendix D. 

Table 6 summarizes survey administration dates, the sample frame,18 and the final respondent 
group (completed surveys) for both waves. The response rate was considerably higher in Wave 
2, despite similar outreach efforts, materials, incentives, and follow-up. This difference may be 
due to COVID-19, as the evaluation team saw an increase in survey responses rates on 
numerous residential surveys in the spring, summer, and fall compared with prior years. The 
difference in response rates were unlikely to impact or bias savings estimation because the 
resulting demographic data suggest 2018 and 2019 adopters were similar (discussed below). 
Any remaining differences were accounted for through the matching and regression design. 

 
16 Wave 1 and Wave 2 were fielded as an online survey. We used a mixed-mode recruitment and reminder approach 
(mail and email) and provided a $30 incentive per completed response (Visa gift card). All sampled customers 
received an initial push-to-web postcard with PA logos through the US Postal Service, followed by an email invitation. 
The team sent reminder postcards 1 week after the initial mailing and email reminders approximately 3 weeks after 
initial contact. In each case, reminders were only sent to customers who had not yet responded.  
17 There is always some risk that survey mode introduces non-respondent bias, and the risk depends on the 
participant population. Participants are typically more engaged and respond at higher rates – in this case a 24-36% 
response rate. In selecting a web-based survey, the evaluation team knew that this particular participant population, 
by virtue of purchasing a Wi-Fi-based smart home product, was likely more technology and web savvy (since many 
are using their phones to manage their thermostat). Additionally, many participants applied for their rebate online 
(58%), indicating comfort with online forms. Still, to mitigate remaining potential non-respondent bias, we sent two 
rounds of postcards with drive-to-web instructions. The incentive level was also higher than many surveys to 
overcome the “friction” of going online for the survey. Finally, we monitored drop-off between starting and finish the 
survey to make sure we weren’t losing people in the web-based form. 
18 The sample frame is the eligible list of rebate recipients in the program tracking data, from which the evaluation 
team drew a stratified random sample to administer the survey. In Wave 1, each PA provided tracking data for their 
respective program. In Wave 2, DNV GL provided program tracking data for all programs. In Wave 1, the range of 
installation dates varied by PA, while the installation date ranges were similar across PAs in Wave 2. 
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Table 6. Survey Administration and Sample Summary for Wave 1 and Wave 2 

Category Wave 1 Wave 2 

Survey Dates August-September 2019 July-November 2020 

Thermostat Installation Dates* Q3-Q4 2018† Q2-Q4 2019‡ 

Sample Frame 22,590 20,668 

Contacted Sample§ 10,183 8,254 

Completed Surveys|| 2,412 2,978 

Response Rate 24% 36% 

* The thermostat installation dates were from the rebate databases. 
† The Wave 1 sample frame was retail rebate recipients with thermostat install dates from July 2018 through 
winter/spring 2019. The majority (83%) of rebate applications in the sample had installation dates in Q3 or Q4 2018, 
while 5% of installation dates were earlier in 2018 and 12% were from 2019.   
‡ The Wave 2 sample frame was retail rebate recipients with thermostat install dates from July 2019 through 
December 2019. 
§ The contacted sample received at least one postcard and email. 
|| Additional customers started but did not complete the survey. They are not included in the analysis. 

Source: MA RES 24 Retail Wi-Fi Rebate Customer Wave 1 and Wave 2 Survey (Aug.-Sept. 2019 and Jul.-Nov. 
2020) 

The evaluation team designed the sample frame to be representative of thermostat installers by 
PA fuel type combination based on the tracking data provided, though we performed 
oversampling of the smaller PA fuel type combinations to ensure sufficient responses by these 
smaller categories. Table 7 summarizes the sample frame and distribution of respondents by 
PA and fuel. Customers who submitted the rebate through National Grid and Eversource make 
up 43% and 40% of the sample, respectively. Of the sample, 64% submitted the rebate through 
their natural gas provider and 36% through their electric provider. 
 

Table 7. Sample Frame and Completed Surveys (Waves 1 and 2 Combined) 

Program 
Administrator 

Fuel 
Sample Frame* Completed Surveys 

n % n % 

National Grid 
Gas 17,932 41% 1,632 30% 

Electric 4,417 10% 690 13% 

Eversource 
Gas 7,536 17% 1,098 20% 

Electric 9,386 22% 1,057 20% 

Columbia Gas 2,316 5% 492 9% 

Cape Light 
Compact 

Electric 846 2% 137 3% 

Liberty Gas 387 1% 141 3% 

Unitil 
Electric 154 0% 51 1% 

Gas 98 0% 32 1% 

Berkshire Gas 177 0% 60 0% 

Unknown  9 0% 0 0% 

Total  43,258 100% 5,390 100% 

*The combined sample frame is retail rebate recipients with thermostat install dates from July 2018 through 
December 2019.  
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Source: MA RES 24 Retail Wi-Fi Rebate Customer Wave 1 and Wave 2 Survey (Aug.-Sept. 2019 and Jul.-Nov. 
2020) 

Our team analyzed responses from 2018 and 2019 adopters using a Chi-Square test to 
determine whether there were any systematic differences between the two groups because they 
serve as the treatment and comparison groups for the billing analysis approaches using survey-
based demographics. We also conducted symmetric statistical tests to identify differences 
between adopters who replaced manual versus programmable thermostats.19  

As Figure 5 illustrates, survey responses by the two groups are more alike than different. Each 
dot represents a unique survey question or follow-up question, with green dots indicating 
statistically indistinguishable responses and orange dots indicating statistically different 
responses. More than half (66%) of responses were not statistically different between 2018 and 
2019 adopters. The 2019 adopters showed similar thermostat usage behavior (e.g., use of away 
settings, manual temperature changes) relative to 2018 adopters during respective baseline 
periods, adding to our confidence in using 2019 adopters as the comparison group in the impact 
analysis. The proportion of manual versus programmable thermostat replacers is not statistically 
different between 2018 and 2019 adopters.  

 
19 Similarities and differences informed our approach to matching and impact analysis. Differences or similarities 
between the years clarified the extent to which there were any trends we should be aware of as additional context for 
our findings. Behavioral differences between participants who replaced manual versus programmable thermostats 
also helped clarify channels for savings and suggested whether Wi-Fi thermostat savings might reasonably be higher 
or lower for one group relative to another. 
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Figure 5. Statistical Significance of Survey Responses by 2018 and 2019 Adopters 

 
Source: Guidehouse analysis 

 

Some of the key similarities suggested by identical survey responses between the two groups 
include the following: 

• Thermostat installation status 

• Household size 

• Winter and summer adjustment method (i.e., automated or manual) with old thermostat  

• Winter and summer adjustment frequency with old thermostat 

• Temperature profiles with old thermostats 

• Technology adoption 
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Given the overall similarity of these groups in terms of demographics, behavior, and the type of 
thermostat replaced, the evaluation team determined that adopters from 2019 could serve as a 
suitable comparison group for 2018 adopters to estimate impacts. Most differences between 
these groups were in terms of demographics, motivations for participation, and recent summer 
usage behaviors. These differences were accounted for in our matching and impact estimation 
strategies to mitigate remaining sources of bias. 

2.3.1 Differences in the Type of Thermostats Replaced: Manual vs Programmable 

Although responses from 2018 and 2019 adopters were more similar than different, especially in 
areas expected to impact usage such as behaviors, those replacing manual versus 
programmable thermostats showed more compelling differences. We found consistent 
differences in thermostat usage behaviors between the adopters who replaced programmable 
or manual devices: 

• Temperature Setting Behavior. Homes that replaced manual thermostats were more 
likely to frequently adjust temperatures with their old thermostat, while adopters who 
previously had a programmable thermostat were more likely to use the away or 
automated setting with the old device. Because this difference in usage would likely 
affect energy consumption, we accounted for replacement device type in the matching 
process and in the estimation of impacts. 

• Demographics and Home Characteristics. Programmable thermostat replacers 
installed their Wi-Fi thermostats in homes that were more frequently occupied and were 
more likely to have someone in the home all the time during weekdays throughout the 
summer and winter. They had larger families and homes relative to manual thermostat 
replacers and were more likely to be homeowners.  

Table 8 provides additional details about questions where responses between programmable 
and manual thermostat replacers were statistically significantly different. A comprehensive 
memo on the customer survey findings is available online.20    

 

Table 8. Statistically Different Survey Responses by Thermostat Replacement Group 

Topic Programmable Replacers Relative to Manual 

Installation verification Homes are more frequently occupied 

Heating and cooling 
systems 

More likely for the new device to control heating and air conditioning 

More likely to have electric baseboard heat 

Household occupancy More likely to have children between 7 and 17 

Recent winter behaviors 

More likely to change temps throughout the day and night this winter 

Adjusted temperatures less frequently this winter 

More likely to be home all the time during winter weekdays 

Recent and previous  
summer and winter 
behaviors 

More likely to use away setting or automated setting on old and new 
thermostat during winter and summer 

Less likely to keep temperature the same during summer and winter days 
with the old thermostat 

 
20 Guidehouse. (2021). Wi-Fi Thermostat Process Evaluation: Customer Survey Findings. Prepared for the 
Massachusetts Program Administrators and EEAC Consultants. Available at:  
https://ma-eeac.org/wp-content/uploads/RES-24-Wi-Fi-Thermostat_Survey-Findings_FINAL_16Apr2021.pdf  

https://ma-eeac.org/wp-content/uploads/RES-24-Wi-Fi-Thermostat_Survey-Findings_FINAL_16Apr2021.pdf
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Topic Programmable Replacers Relative to Manual 

Recent summer behaviors 

More likely to use away setting or automated setting when home was 
unoccupied for heating 

More likely to be home during the day 

Previous summer and 
winter behaviors 

More likely to change temps with old thermostat 

Adjusted temps less frequently during winter and summer with the old 
thermostat 

Previous winter behaviors Less likely to change how household manages heat 

Home and demographics 

More likely to own their home 

More likely to live in a single-family home (as opposed to an apartment) 

More likely to have bigger families 

Source: Guidehouse analysis 

As detailed in Section 2.4, the evaluation team used traditional energy use-based matching, 
matching including demographic variables, and propensity score matching (PSM) to mitigate 
these remaining differences between early and later adopters. Additionally, we included 
demographic variables directly in certain regression specifications to further mitigate the 
potential for bias stemming from remaining differences between the treatment and comparison 
groups. 

2.4 Matching Approach 

Any non-RCT evaluation approach that uses matching or other methods can theoretically be 
biased. Although this issue commonly occurs in energy efficiency program evaluations, 
particularly with opt-in programs, it is especially important when savings are small (e.g., 1%-2% 
of whole home consumption). For example, home energy report (HER) programs, which 
typically generate small savings at the household level, adopted the RCT approach for delivery 
and evaluation many years ago. RCTs are more difficult to implement and are seen less 
frequently in programs rebating devices (i.e., thermostat rebate programs). As a result, use of 
quasi-experimental design (e.g., matched control groups) is more common for thermostat 
program evaluation. 

This methodology used in this research was developed in accordance with the Uniform Methods 
Protocol (UMP).21 According to chapter 8 of the UMP, while not as robust as an RCT or RED, 
“the use of the prior/future participants has the potential to address many of the concerns 
related to self-selection while delivering an estimate of gross savings.” The evaluation team 
used a regression model with a lagged dependent variable to account for remaining systematic 
differences in energy use between participants and the comparison group. This method is 
included in chapter 17 of the UMP.22  

In terms of bias, if the treatment and matched comparison group look identical in terms of 
energy use the year before installing a thermostat, they could have different characteristics and 

 
21 DNV GL, Uniform Methods Project Chapter 8: Whole-Building Retrofit with Consumption Data Analysis Evaluation 
Protocol, prepared for the National Renewable Energy Laboratory, 2017. Available at:  
https://www.nrel.gov/docs/fy17osti/68564.pdf  
22 The Cadmus Group & Lawrence Berkeley National Laboratory, Uniform Methods Project Chapter 17: Residential 
Behavior Protocol, prepared for the National Renewable Energy Laboratory, 2015. Available at: 
https://www.energy.gov/sites/prod/files/2015/02/f19/UMPChapter17-residential-behavior.pdf  

https://www.nrel.gov/docs/fy17osti/68564.pdf
https://www.energy.gov/sites/prod/files/2015/02/f19/UMPChapter17-residential-behavior.pdf
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life trajectories, which could affect consumption levels differently beyond participation in the 
program. This bias, termed selection bias, occurs when there are independent variables 
(covariates) that affect the dependent variable but are not captured by the model because that 
data is not available (i.e., the variables are unobservable). The effects of these unobserved 
variables remain in the error term. To the extent these unobserved, and hence omitted, 
variables are correlated with participation, the estimate of the average treatment effect will be 
biased. The result can be either upward-biased or downward-biased estimates of the treatment 
effect. 

Alternately, bias may exist if the model is incomplete or incorrectly specified in terms of the 
variables and their interactions. This bias is called model misspecification bias. It occurs when 
variables that affect the outcome variable are correlated with the decision to participate in a 
program, but due to model misspecification (e.g., leaving out needed variables or interaction 
terms from the model), this correlation causes some of the effect of these variables on the 
dependent variable to be mistakenly captured by the estimator of the average treatment effect. 
The result can be either upward-biased or downward-biased estimates of the treatment effect. 

Both types of biases can be mitigated by collecting and using survey data, using matching as a 
data preprocessing step, and using widely accepted quasi-experimental design approaches 
such as the lagged dependent variable (LDV) regression technique and using future adopters 
as the comparison group. There are tradeoffs between controlling for bias due to selection on 
observables (e.g., model misspecification bias) and selection on unobservables (e.g., selection 
bias). Matching as a data preprocessing step can help to reduce model misspecification bias by 
ensuring covariates are balanced between treatment and control groups, making the exact 
functional form of the model less critical (reducing the potential for model misspecification bias); 
however, it does not eliminate the potential for self-selection bias.  

The addition of survey data can help with both forms of bias. By conducting large-scale survey 
analysis of treatment and control customers, the survey-based covariate data can be used in 
PSM or covariate matching to mitigate selection bias (if we believe our survey has captured the 
most important formerly unobserved covariates), and the matching itself serves to mitigate 
model mis-specification bias. 

For this study, the evaluation team tested both distance matching (Euclidian distance) with 
replacement and PSM. Both matching techniques leverage past energy usage and customer 
demographic characteristics. We conducted matching separately by fuel type (electricity, gas).  

The remainder of this section describes the matching methodologies in detail and illustrates the 
quality of the matches used to estimate program impacts. 

2.4.1 Euclidian Distance Matching 

Guidehouse employed a two-stage approach for Euclidian distance matching. We augmented 
our traditional Euclidian distance matching by leveraging customer characteristics collected 
during the customer survey. 

1. Exact matching on a set of customer characteristics: This limits the set of potential 
matches to customers with the same characteristics among the specified set. Our 
primary match set enforced an exact match for PA and cross-participation status.  
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2. Traditional Euclidian distance matching on up to 12 months of pre-period usage:23 

Euclidian distance matching identifies the potential match with a usage pattern most 
similar to each participant’s usage pattern.  

Table 9 lists all combinations of exact matching variables investigated in this study. 

Table 9. Euclidian Distance Match Set Definitions 

Match Set Exact Matching Variables 

1 PA, cross-participation group 

2 PA, cross-participation group, HER wave groupings 

3 Cross-participation group 

4 
Cross-participation group, replaced thermostat type 
(survey) 

5 Cross-participation group, major changes (survey) 

Source: Guidehouse analysis 

Replaced thermostat type was self-reported by survey respondents and could take one of three 
values: manual, programmable, or Wi-Fi. Major changes were also self-reported by survey 
respondents. Customers were asked about major changes that could influence their energy 
usage, including the following:  

• Installed a new primary heating or cooling system 

• Completed an addition of conditioned space 

• Completed a home remodel 

• Added more attic, wall, or basement insulation 

• Installed a solar PV system 

• Purchased a plug-in EV 

2.4.2 Propensity Score Matching 

PSM involves a logistic regression, which estimates the probability of each customer being a 
participant based on the model’s variables. Each participant’s matched comparison is the 
customer whose predicted probability is closest to the participant’s predicted probability. PSM 
allows for customer characteristics and usage patterns to be included in a single step and 
inherently determines which variables are the best predictors for determining a customer’s 
group (study or comparison group). Similar to the Euclidian distance matching, the evaluation 
team explored multiple customer characteristic combinations (as Table 10 shows) and used up 
to 12 months of pre-period usage data in the PSM model. 

 
23 To increase the sample size available for analysis, we included customers with at least 9 months of pre-period 
usage.  
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Table 10. PSM Set Definitions 

Match Set 
Customer Characteristics Included in PSM 
Model 

PSM 1 
PA, cross-participation group, HER wave 
groupings 

PSM 2 

PA, cross-participation group, HER wave 
groupings, reported HVAC equipment type 
(survey), replaced thermostat type (survey), 
and major changes (survey) 

Source: Guidehouse analysis 

In addition to the survey variables used in the Euclidian Distance matching, the PSM 
incorporated self-reported HVAC equipment type. Responses were categorized into customers 
with or without AC and customers with electric, gas, other, or no heat.  

2.4.3 Match Quality and Match Selection 

After forming the seven sets of matched controls (five sets for Euclidian distance, two sets for 
PSM), Guidehouse screened out matched pairs that were poor quality. Match quality was 
determined by the distance between each participant and their selected match. Distances 
represent the difference in monthly usage patterns between a participant and their matched 
control. Matched pairs with a distance above a specified threshold (a caliper) were removed. 
Approximately 4% of the customers for match set 1, as defined in Table 9, had distances 
exceeding the threshold and were removed from the analysis.  

Selection of the match sets used for the analysis involved a tradeoff between match quality (as 
quantified by the average distance between participants and their matches) and the number of 
customers preserved for the analysis. We selected Euclidian distance match set 1 (all 
participants) and Euclidian distance match set 4 (survey respondents), as defined in Table 9 
and Table 10, as the primary match sets for the analysis, with the remaining match sets serving 
as a robustness check. The primary match set selection process is described as follows.  

Figure 6 shows 2017 pre-period usage for all participants (in gray) and all potential controls (in 
green); it also shows the participants included in the analysis (in blue) and the match set 1 
comparison group (in red). All four lines are relatively close to each other, with the largest 
difference occurring in January-March. This indicates that the data cleaning did not introduce 
bias, and the subset of participants and matches included in the regression analysis have 
similar pre-period usage to the full set of participants prior to data cleaning. Additionally, the red 
and blue lines are closer together than the gray and green lines. This indicates that matching 
was effective at aligning the usage patterns for participants and the comparison group. This 
preprocessing step mitigates against model misspecification bias. 
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Figure 6. 2017 Pre-Period Usage Comparison 

 
Source: Guidehouse analysis 

Figure 7 shows the percent difference in 2017 pre-period usage for participants and the 
matched comparison group for Euclidian distance match sets 1, 2, and 3 (in green, gray, and 
black, respectively) and the full set of future participants (no matching, shown in red). The red 
line shows a negative percent difference, indicating participants had lower usage than all 
potential controls in the pre-period. In absolute terms, Euclidian distance match sets 1 and 3 
have lower percent differences in usage for participants and matched controls compared to the 
full set of future participants (no matching), except for August and November. Note that August 
(and all summer months) are excluded from the gas regression model.  
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Figure 7. Percent Difference in Pre-Period Usage for Participants and Matches 

 
Source: Guidehouse analysis  

As the matches are further constrained with additional exact match variables, we expect the 
difference in usage between participants and their matches to increase because there are fewer 
potential matches to select from. As seen in Figure 7 and described in Table 11, match set 2 
has the largest percent difference in usage between participants and their matches among the 
three Euclidian distance match sets. This match set has the most constraints. Match sets 1 and 
3 are similar in quality, with match set 3 having the smallest percent difference in usage 
between participants and their matches. Match set 3 has the least constraints.  

Table 11. Euclidian Distance Match Quality, Full Sample 

Match Set Exact Matching Variables 
Quantity of 

Matching 
Constraints 

Percent 
Difference 

in Usage 

No matching N/A 0 -3.9% 

1 PA, cross-participation group 2 1.9% 

2 
PA, cross-participation group, HER wave 
groupings 

3 2.8% 

3 Cross-participation group 1 1.3% 

Source: Guidehouse analysis 

Ultimately, we selected match set 1 as the primary match set because it employs both PA and 
cross-participation category as exact match variables. Exact matching on PA helps control for 
geographic differences, which may be a proxy for housing stock quality and customer 
characteristics. This additional constraint comes with a tradeoff: an increased difference in 
usage between participants and their matches. Our team investigated sensitivity to match set, 
with results presented in Section 3.2.2.  

Summer months 
excluded from 

model 
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Figure 8 shows match quality for the survey-based model, broken out by replaced thermostat 
type. Given the small sample sizes, we expect poorer match quality. However, match quality is 
good for customers replacing manual and programmable thermostats despite the small sample 
sizes. Match quality deteriorates for customers replacing Wi-Fi thermostats, with large 
differences in pre-period usage apparent in the core winter months.  

Figure 8. Match Quality Plot by Replaced Thermostat Type 

 
Source: Guidehouse analysis  

2.5 Regression Modeling 

The econometric approach Guidehouse used to estimate savings was an LDV regression model 
in which customers’ usage in the pre-program period is an explanatory variable for usage in the 
post-program period. This approach controls for remaining differences in pre-period usage 
between the participant group and comparison group; when preceded by matching, it offers a 
double robustness for estimating an accurate counterfactual.   

Equation 1 shows the formal model specification: 
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Equation 1. Regression Model Specification 

 
 
Where the variables are defined as follows: 
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We estimated several variations of this model. The full sample-based model leveraged the full 
sample base and followed a traditional approach, controlling for historical customer usage and 
basic customer characteristics in the model. The survey-based model leveraged the sample of 
survey respondents. The tradeoff to the smaller sample size is the ability to control for additional 
customer characteristics and behaviors gathered via the survey.  

The survey-based variables (Children, Rent, HomeType) were not available and were therefore 
removed from the full sample-based model that used data from all customers, excluding cross-
participants and customers who exhibited large changes between their pre- and post-period 
energy usage.24 The survey-based model excluded cross-participants and customers who 
reported major changes. We estimated the survey-based model with all respondents and by 
replaced thermostat type. The gas models excluded the summer months (bills ending in the 
months of July, August, and September), so the CDD terms were removed from the model.  

Average savings per customer were calculated from the terms involving the Treatment variable 
and were allowed to vary with weather, as specified in Equation 2. The gas savings calculation 
excluded the CDD terms. The treatment and weather interaction terms were each multiplied by 
the average value of degree days per day and number of days in each season. The seasons 
were defined as follows: 

• Winter: 151 days, bills ending December-April  

• Summer: 92 days, bills ending July-September  

• Shoulder: 122 days, bills ending May-June and October-November  

Equation 2. Savings Calculation 

 
Where the terms are defined as follows: 

 

 
24 Guidehouse defined large changes as usage increasing by at least 100% or decreasing by at least 50% in the 
post-period compared to pre-period usage. This exclusion removed 72 participants (0.3%) from the model. 
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Additional adjustments were applied to the savings calculations after the regression model, 
including weather normalization and adjustment for thermostat optimization (TO) savings. These 
adjustments are discussed in the following sections.  

2.6 Weather Normalization 

As is generally the case when developing ex ante savings estimates, the evaluation team 
weather-normalized the regression impacts to reflect typical weather conditions rather than the 
weather conditions observed during the study period. We aligned the weather normalization 
process with the Massachusetts Residential Baseline Study,25 which used data from 2004 
through 2018 and identified the weather year for each month that resulted in the median 
consumption across all end uses. After adding weather data from the appropriate years, 
displayed in Table 12, the evaluation team recalculated savings using weather-normalized 
degree days, as shown in Equation 2. 

Table 12. Weather Years Used For Normalization 

Month Year Selected 

January 2010 

February 2004 

March 2011 

April 2016 

May 2004 

June 2014 

July 2008 

August 2015 

September 2016 

October 2013 

November 2010 

December 2004 

Source: Massachusetts Residential Baseline Study 

2.7 Thermostat Optimization Adjustment 

Thermostat Optimization (TO) software adjusts thermostat setpoint schedules to optimize HVAC 
equipment use and delivery energy and demand reductions. Nest’s TO program is Seasonal 
Savings; ecobee’s TO program is eco+. TO was made available to all customers with a Nest or 
ecobee smart thermostat starting in summer 2020 and is now considered a base feature of the 
thermostat. This change occurred after our study period. As a result, the TO savings embedded 
in the savings estimates reflect a lower enrollment rate than what is expected going forward.  

 
25 Guidehouse, Massachusetts Residential Baseline Study, prepared for the Massachusetts Program Administrators, 
2020. Available at:  
https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-
02.pdf  

https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-02.pdf
https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-02.pdf
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We adjusted for the higher expected enrollment using a two-step process, as Figure 9 
illustrates: 

1. Remove embedded TO savings using historical enrollment rate 

2. Add TO savings back in using current enrollment rate 

Figure 9. Illustration of TO Adjustment 

 
Source: Guidehouse analysis  

Savings excluding TO are calculated via Equation 3. Table 13 lists the assumed values used for 
the calculation.  

Equation 3. TO Adjustment Formula 

 

Regression Savings
Estimate

Step 1. Savings
excluding TO

Step 2. Savings with
TO adjustment

Base EE TO Incremental
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Table 13. TO Adjustment Assumptions 

Description Value Source 

Proportion of study population with Nest 
devices 

61% Program tracking data 

Proportion of study population with ecobee 
devices 

16% Program tracking data 

Assumed opt-in rate during study period, 
Nest 

29.2% 
Google Nest; Winter 2018-2019 gas/other 
heating fuel 

Assumed opt-in rate during study period, 
ecobee 

0% 
eco+ program launched after the study 
period 

Assumed future opt-in rate, Nest 43.6% 
Google Nest; Winter 2020-2021 gas/other 
heating fuel 

Assumed future opt-in rate, ecobee 43.6% Set equal to Nest 

Heating season savings estimate, Nest 
(therms per treated device) 

15.5 
Natural gas heat; Winter 2018-2019 
Massachusetts Temperature Optimization 
Evaluation, Guidehouse, 2020 

Heating season savings estimate, ecobee 
(Therms per treated device) 

15.5 Set equal to Nest 

Source: Guidehouse analysis 
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3. Findings 

This section presents impact findings for Wi-Fi and programmable retail channel thermostats.  

• Section 3.1 reviews the limitations for studying electric savings.  

• Section 3.2.1 provides impact findings derived through the regression analysis, including 
key context and framing for overall impacts and results by replaced thermostat type.  

• Section 3.2.2 discusses exploratory analyses and robustness checks conducted for 
added rigor and validation of findings.  

• Sections 3.2.3 through 3.4 discuss post-modeling adjustments and the final 
recommended savings values to be used by the MA PAs broken down by delivery 
channel, thermostat type (programmable vs. Wi-Fi), and replaced thermostat type 
(manual vs. programmable).  

3.1 Electric Savings 

As noted previously, data were insufficient to support the evaluation of electric savings. After 
preparing and cleaning the data for analysis, only 400 participants had sufficient data for 
inclusion in the regression analysis. This sample size was insufficient to generate accurate 
results.  

The evaluation team recommends continued use of the TRM savings value of 64 kWh/device.  

3.2 Gas Savings: Wi-Fi Thermostats 

As discussed in Section 2.5, we estimated models using the full sample base as well as models 
that included survey responses and were limited to survey respondents. Results from these 
models are described as follows.  

3.2.1 Regression Model Results 

Table 14 provides the results from the regression models estimated using the primary match 
sets and customer exclusions described in Section 2.5. The regression analysis used whole 
home advanced metering infrastructure (AMI) data and produced savings at the customer level. 
Device-level savings were calculated by dividing the customer-level savings by 1.55, the 
average number of devices per customer.26  

 
26 Guidehouse used the average self-reported device quantity from the customer survey of 1.55. The tracking 
database indicated an average device quantity of 1.9. However, data quality concerns and discussions with the PAs 
led us to conclude the tracking data quantity was overstating the average device quantity.  
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Table 14. Regression Model Results 

Description 
Savings Estimate  

(Therms per 
customer) 

Standard 
Error 

Number of 
Participants 

Number of 
Unique 

Matches 

Full sample-based model, match set 1 14.4 2.99 8,535 2,277 

Survey-based model, match set 4 23.4 15.03 419 130 

Replacing manual 105.1 49.62 119 43 

Replacing programmable 53.5 21.78 255 68 

Replacing Wi-Fi -140.8 68.97 45 19 

Source: Guidehouse analysis 

The regression model results reveal several key points: 

• Accuracy versus bias mitigation tradeoff: The survey-based model, which controls 
for additional customer characteristics, yielded a higher estimate of savings than the full 
sample-based model (23.4 vs. 14.4 Therms). Controlling for customer characteristics 
likely mitigates some inherent selection bias. However, the survey-based model had a 
small sample size (419 participants compared to 8,535 for the full sample), and the 
savings estimate was not statistically significantly different from zero. 

• Additional bias mitigation via subgroup analysis: The weighted average of the 
survey-based model results by replaced thermostat type is 47.3 Therms per customer, 
which exceeded the estimated savings from the pooled survey-based model (23.4 
Therms). Replaced thermostat type likely captures additional unobservable customer 
characteristics. Estimating separate regressions for each replaced thermostat type likely 
mitigates some inherent selection bias.  

• Savings vary by replaced thermostat type: Replaced thermostat type is correlated 
with the magnitude of estimated savings. In particular, the highest savings resulted when 
a Wi-Fi thermostat replaced a manual thermostat, while a Wi-Fi thermostat replacing 
another Wi-Fi thermostat generated no savings.  

• Wi-Fi to Wi-Fi replacements: Customers who replaced a Wi-Fi thermostat with another 
Wi-Fi thermostat had a negative and statistically significant estimate of savings. This 
result is unintuitive due to the small sample size included in the regression model (45 
participants) and the lack of explanation as to why a Wi-Fi to Wi-Fi thermostat 
replacement would increase customers’ energy usage. Given the small sample size, the 
regression model is likely picking up some other driver of energy usage and incorrectly 
attributing it to the smart thermostat (selection bias). Importantly, the full sample-based 
model included customers who replaced a Wi-Fi thermostat with another Wi-Fi 
thermostat, but we were unable to identify these customers in the full sample. Despite 
this being a relatively small proportion of program customers (13%), they are likely 
biasing downward the full sample-based savings estimate.  

Given these findings, Guidehouse made several adjustments to the regression model savings 
estimates, as discussed in Section 3.2.3. 
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3.2.2 Robustness Checks 

Guidehouse also estimated savings using a variety of match sets, customer subgroups, and 
model specifications meant to check the robustness of the results and explore potential savings 
drivers. This section provides the results of these robustness checks. In general, the results are 
robust to the selection of match set and customer subgroup.  

The first set of robustness checks examined the sensitivity of the results to the match set, 
defined in Table 9 and Table 10. Figure 10 presents the savings estimates from the full sample-
based model estimated on various match sets. The dark green bar enclosed in the gray 
rectangle corresponds to the model used to calculate final savings (presented in Table 14), 
which used match set 1 and excluded cross-participants and outliers (customers with large 
changes in energy usage from the pre- to post-period). The second, third, and fourth bars 
correspond to Euclidian distance match sets 1, 2, and 3, which excluded cross-participants and 
included outliers. The fifth bar corresponds to propensity score match set 1, which included 
cross-participants and outliers. The sixth and final bar corresponds to Euclidian distance match 
set 1, which included cross-participants and outliers. Notably, none of the results were 
statistically significantly different from each other. 

Figure 10. Savings Estimates by Match Set 

 
Source: Guidehouse analysis 

The evaluation team also conducted robustness checks to investigate differences in savings for 
those participating in HER programs.  We examined the robustness of results by HER 
participation status by splitting the full sample into two subgroups: HER participants and HER 
nonparticipants (comprising HER controls and nonparticipants). This robustness check 
leveraged Euclidian distance match set 2, which used HER wave groupings as an exact match 
variable. Figure 11 shows the results. Notably, results were not statistically significantly different 
for the two groups. 
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Figure 11. Savings Estimates by HER Status 

 
Source: Guidehouse analysis 

Thermostats vary considerably in functionality and design by maker, which could lead to 
differences in savings. Guidehouse investigated the robustness of the results by thermostat 
manufacturer. Figure 12 shows savings estimates for the three most prevalent manufacturers: 
Nest, ecobee, and Honeywell. Nest represented more than half of the customers in the analysis 
data, resulting in a savings estimate statistically significantly different from zero. Results were 
not statistically significantly different from each other, except for ecobee. Savings for ecobee 
devices were statistically significantly different from Nest and the pooled results. ecobee and 
Honeywell had smaller sample sizes, resulting in wide error bounds and savings estimates not 
statistically significantly different from zero. If participation increases for ecobee and Honeywell, 
future research could investigate savings by manufacturer. 
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Figure 12. Savings Estimates by Thermostat Manufacturer 

 
Source: Guidehouse analysis  

The evaluation team also conducted robustness checks on the survey-based results. First, we 
looked at sensitivity to match set, subgroup, and inclusion of survey variables in the regression 
model. Subgroups represented in Figure 13 consist of inclusion of cross-participants, exclusion 
of customers who reported major changes, and exclusion of customers who reported that their 
thermostat did not replace an existing device. Although the point estimates exhibit substantial 
variation, none of the results were statistically different from each other and all but one result 
was not statistically significantly different from zero. The dark brown bar  enclosed in the gray 
rectangle corresponds to the model used to calculate final savings (presented in Table 14), 
which used match set 4, excluded cross-participants and customers who reported major 
changes, and included survey variables in the regression model.  

Figure 13. Savings Estimates by Match Set and Subgroup 

 
Source: Guidehouse analysis  
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Guidehouse conducted similar robustness checks on the results by replaced thermostat type. 
For each replaced thermostat type, we estimated four models to test sensitivity to inclusion of 
survey variables and exclusion of customers who reported major changes. Figure 14 shows 
these results. Within each replaced thermostat type, results were not statistically significantly 
different from each other. The dark brown bars enclosed in the gray rectangles correspond to 
the model used to calculate final savings (presented in Table 14), which used match set 4, 
excluded cross-participants and customers who reported major changes, and included survey 
variables in the regression model.  

Figure 14. Savings Estimates by Replaced Thermostat Type and Model 

 

 

Source: Guidehouse analysis 

3.2.3 Adjusted Savings  

The evaluation team estimated regression models using the full sample of approximately 8,500 
participants and survey-based models using approximately 400 participants while controlling for 
customer characteristics in the matching process and model specification. We combined the 
results of the full sample-based model and the survey-based model; this approach leverages 
both the large sample size and the additional customer characteristics that mitigate against 
potential selection bias.  

We followed a three-step approach to combine model results: 

1. Calculate the ratio of savings for each replaced thermostat subgroup to the savings from 
the survey-based model. This ratio indicates the magnitude of the subgroup savings in 
relation to the pooled survey-based model. 

2. Multiply the ratio for each replaced thermostat subgroup by the savings from the full 
sample-based model. This is the adjusted savings value for each subgroup.  

3. Calculate an overall program savings value using a weighted average of the adjusted 
savings values for each subgroup. The weights are informed by survey responses 
indicating the replaced thermostat type: 31% replacing manual, 55% replacing 
programmable, and 13% replacing Wi-Fi.  
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Table 15 shows the effect of each adjustment, including the previously discussed weather 
normalization and TO adjustments. Calculations are provided in the attached workbook. 

Table 15. Savings Adjustments Summary 

  Savings Estimates 

Description 
Model 

Results 

Adjust 
1:  

Per 
Device 

Adjust 2: 
Weather 

Normalized 

Adjust 3:  
Combined 

Model 
Results 

Adjust 
4:  

TO 

Savings unit 
Therms per 

customer 
Therms per device 

Full sample-based model (n = 8,535) 14.4 9.3 9.6 
25.5 27.9 

Survey-based model (n = 419) 23.4 15.1 15.2 

Replacing manual (n = 119) 105.1 67.8 67.5 42.7 45.1 

Replacing programmable (n = 255) 53.5 34.5 34.7 21.9 24.4 

Replacing Wi-Fi (n = 45) -140.8 -90.9 -91.1 0.0 0.0 

Source: Guidehouse analysis 

3.3 Gas Savings: Programmable Thermostats 

Per the decision made in collaboration with the PAs to leverage the Wi-Fi evaluation results to 
estimate gas savings for programmable thermostats, Figure 15 illustrates the calculation. In 
particular, savings from replacing a manual thermostat with a programmable device were 
estimated by the difference between the savings from a manual to Wi-Fi thermostat 
replacement (45.1 Therms, light green bar) and a programmable to Wi-Fi thermostat 
replacement (24.4 Therms, dark green bar). We estimated savings to be 20.7 Therms, as 
indicated in the orange bar.  

Figure 15. Illustration of Programmable Thermostat Savings Calculation 

 
Source: Guidehouse analysis 

45.1

24.4

20.7

Manual to Wi-Fi Programmable to Wi-Fi Manual to Programmable

A
n
n
u
a
l 
G

a
s
 S

a
v
in

g
s
  

(t
h
e
rm

s
/t
h
e
rm

o
s
ta

t)



 
Wi-Fi and Programmable Thermostat Impacts 

 

  

 Page 36 
 

3.4 Preferred Savings Values 

Guidehouse recommends the MA PAs use the fully adjusted savings values to claim savings for 
Wi-Fi thermostats. The fully adjusted values are weather-normalized, account for increased 
savings due to TO features, and incorporate the results of the full sample-based model and the 
survey-based model. As described in Section 3.2.3, the survey-based approach has large 
uncertainty due to small sample sizes, while the full sample-based approach may be biased due 
to the inability to control for key customer demographics and behaviors. We leveraged the 
results of both models to create an adjusted value, which we recommend the MA PAs use for 
claiming savings. 

For programmable thermostats, we recommend using the value derived through the process 
described in Section 3.3.  

To calculate the base heating load used to estimate percent savings, the evaluation team 
followed this process: 

1. Calculate the average monthly gas usage for participants in the post-period  

2. Calculate the non-heating baseload using the average of summer month consumption  

3. Subtract the non-heating baseload from the non-summer months to get monthly heating 
load 

4. Sum the monthly heating load to get annual heating load 

5. Multiply the annual heating load by the ratio of typical year heating degree days to the 
heating degree days in the post-period 

6. Divide heating load by the average number of devices per customer 

7. Add in average weather-normalized savings per device 

Table 16 provides the evaluation team’s preferred gas savings values for Wi-Fi and 
programmable thermostats. Although this analysis evaluated savings for thermostats incented 
through retail channels, we recommend claiming Wi-Fi thermostat savings separately for the 
retail and direct install program channels, assuming the PAs are able to collect the replaced 
thermostat type for the direct install channel. Our team found that the replaced thermostat type 
is correlated with the magnitude of estimated savings. Collection of this field would allow PAs to 
differentiate claimed savings by replaced thermostat type. Where this information is not 
available, the retail savings value should be used. The retail savings value is a weighted 
average of savings by replaced thermostat type. Table 17 provides the savings values for gas 
and delivered fuels in MMBTU. Calculations are provided in the attached workbook. 
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Table 16. Preferred Gas Savings Values 

Delivery 
Channel 

Rebated 
Thermostat 

Replaced 
Thermostat 

Savings Savings Unit 
Savings as 
Percent of 

Heating Load 

Retail Wi-Fi All 27.9 Therms per device 5.5% 

Direct Install Wi-Fi Manual 45.1 Therms per device 8.8% 

Direct Install Wi-Fi Programmable 24.4 Therms per device 5.0% 

Direct Install Wi-Fi Wi-Fi 0 Therms per device 0.0% 

All Programmable All 20.7 Therms per device 4.1% 

Source: Guidehouse analysis 

Table 17. Preferred Savings Values, All Fuel Types 

Delivery 
Channel 

Rebated 
Thermostat 

Replaced 
Thermostat 

Gas Oil2 Other2 Savings Unit 

Retail1 Wi-Fi All 2.79 2.78 2.78 MMBTU per device 

Direct Install Wi-Fi Manual 4.51 4.50 4.49 MMBTU per device 

Direct Install Wi-Fi Programmable 2.44 2.44 2.43 MMBTU per device 

Direct Install Wi-Fi Wi-Fi 0.00 0.00 0.00 MMBTU per device 

All Programmable All 2.07 2.07 2.06 MMBTU per device 

Source: Guidehouse analysis 
1) Savings for the retail channel are a weighted average of the savings from the direct install channel. Weights reflect 
the replaced thermostat self-reported by gas survey respondents: 31% manual, 55% programmable, and 13% Wi-Fi. 
2) Savings for delivered fuels reflect existing unit efficiencies and saturation values informed through the MA 
Residential Baseline Study.27  

This study involved customers who received a rebated thermostat through a retail program 
channel. We did not observe whether a thermostat was installed. Therefore, the savings 
estimates provided in Table 16 implicitly account for an unknown in-service rate (ISR). Applying 
an additional downstream ISR adjustment would incorrectly duplicate the adjustment. The 
implicit ISR from the retail channel may differ from the ISR appropriate for the direct install 
channel, but with the increasing use and acceptance of virtual audits and customer self-installs 
in what used to be direct install programs, significant differences are unlikely. 

 

 
27 Guidehouse, Massachusetts Residential Baseline Study, prepared for the Massachusetts Program Administrators, 
2020. Available at:  
https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-
02.pdf 

https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-02.pdf
https://ma-eeac.org/wp-content/uploads/RES-1-Residential-Baseline-Study-Ph4-Comprehensive-Report-2020-04-02.pdf
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4. Future Research 

Data permitting, Guidehouse recommends the PAs consider additional research to study 
electric and delivered fuel savings and savings by manufacturer. If pursued, this research 
should assess data availability to ensure the sample size remaining after data cleaning and 
customer exclusions is sufficient to support a statistically valid analysis. We recommend using a 
survey approach to include demographic variables similar to the effort made in this study. 
Additionally, the PAs should start collecting data on replaced thermostat type in the interim to 
enhance the findings of any future studies. 

Future evaluations might consider the interactive effects between thermostat behavior and 
customers with residential solar PV or EVs. Having rooftop solar or EV charging at home can 
change customer energy usage, biasing thermostat savings estimates if not properly accounted 
for. As solar PV and EVs become increasingly common among residential customers, it will be 
important to account for these factors to estimate thermostat savings accurately. 
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Appendix A. RES 24 Power Analysis 

To: Massachusetts Program Administrators and EEAC Consultants 

  
From: Molly Podolefsky, Kathleen Ward, Jack Lines and Ken Seiden, Navigant 

Laura Schauer, Illume Advising 

  
Date: January 3, 2018 

  
Re: Wi-Fi Thermostat Impact Evaluation--Power Analysis Findings 

 
Background and Overview 

 
The Navigant evaluation team is conducting a statewide Massachusetts Wi-Fi thermostat impact 
evaluation study for the Massachusetts Program Administrators (PAs) and the Energy Efficiency Advisory 
Council (EEAC) consultants. This study was designed to be conducted in two stages. Stage 1 comprises 
a power analysis and evaluability assessment to inform whether Stage 2 of the study (the impact 
evaluation) should be undertaken, and if so, whether modifications are needed. The power analysis 
combines recent participation tracking data-based estimates of Wi-Fi thermostat participation with 
standard errors and other parameters from recent thermostat impact studies conducted by the evaluation 
team and determines whether study components are likely to yield statistically significant savings 
estimates given the expected effect size. 
 
This memo outlines the Stage 1 evaluability assessment findings. Table 1 summarizes the evaluability of 
thermostats by fuel and program channel: 
 
Table 1. Evaluability Assessment Summary 

Segment Likely Possible Unlikely 

Retail Gas X     

Retail Electric X     

HES Gas    X  

HES Electric     X 
 
 
Power analysis reveals that while retail channel aggregate gas and electric regressions are likely to yield 
statistically significant findings, HES audit program channel regressions are unlikely to. Neither aggregate 
HES electric and gas regressions, nor HES subgroup regressions are expected to produce statistically 
significant savings estimates. These results are addressed in detail in the Methodology and Findings 
sections. 
 
Therefore—and as anticipated in our Stage 3 plan—the evaluation team is revising the second phase of 
the plan to limit the Wi-Fi Thermostat Impact Evaluation study to the retail channel.  

 
Methodology 

 
The ability of this study to estimate statistically significant impact estimates depends on sufficient 2018 
participants, and 2019 participants to act as controls, within the programs and sub-groups of interest. The 
power analysis relies on the counts of participants spanning Q4 2017 through Q3 2018, the most recent 
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year of program participation available from National Grid and Eversource. This information is provided in 
Table 2.28, 29 

 
Table 2. Power Analysis Participant Sample Sizes by Channel, Fuel and Vendor 

Regression Segment 

Retail Channel--
Final Treatment 

Group Sample Size 

HES Channel--Final 
Treatment Group 

Sample Size 

Electric Overall 2,951 4 

Electric without Nest 1,453 4 

Gas Overall 2,824 38 

Gas without Nest 1,241 32 

Electric Nest Only 1,220 - 

Electric ecobee Only 512 - 

Electric Honeywell Only 272 - 

Gas Nest Only 1,627 - 

Gas ecobee Only 683 - 

Gas Honeywell Only 362 - 
 
 
The evaluation team’s impact analysis study defines the following regressions to estimate impacts overall 
and for each subgroup, for the retail and HES audit program channels, separately: 
 

• Overall gas savings regression 

• Overall electric savings regression 

• Gas savings regression excluding Nest 

• Electric savings regression excluding Nest 

• Gas and electric savings regressions for Nest only 

• Gas and electric savings regressions for ecobee only 

• Gas and electric savings regressions for Honeywell only 
 
To approximate the number of participants available for each treatment group, we make several 
assumptions that affect sample size. First, based on the proportion of customers in the 2018 
Massachusetts Baseline study found to have both gas heating and a central air conditioning system, and 
those with sufficiently high incomes, we estimate that 75% of gas participants have central air 
conditioning and will be included in electric regressions.30 Second, we assume that 10% of retail channel 
participants and 95% of HES audit program participants will need to be excluded due to cross-

 
28 The original Stage 3 plan called for these 2018 and 2019 periods, However, the evaluation team recommends using the Q4 2017 
participants within the treatment population to create an additional buffer. 
29 Because overall with and without Nest HES channel regressions are unlikely yield statistically significant results, single vendor 
sample sizes are even less likely to yield meaningful results, and these values are not calculated in Table 2. 
30 The RES 1 Baseline Study found that 81% of customer with W-Fi thermostats also had central AC. The study found additionally 
that approximately 60% of customers with incomes above $150,000 had central AC and gas heating, while approximately half of 
those with incomes between $100,000 and $150,000 did. Navigant also considered the large increase in the percent of study 
respondents at higher income levels reporting having a Wi-Fi thermostat. Combined, Navigant used these figures to estimate 
conservatively that 75% of retail gas channel Wi-Fi thermostat participants would have central AC systems and be included in an 
electric savings regression model. The Baseline Study (Navigant 2018) can be accessed at: http://ma-eeac.org/wordpress/wp-
content/uploads/RES-1-FINAL-Comprehensive-Report-2018-07-27.pdf.. 

 

http://ma-eeac.org/wordpress/wp-content/uploads/RES-1-FINAL-Comprehensive-Report-2018-07-27.pdf
http://ma-eeac.org/wordpress/wp-content/uploads/RES-1-FINAL-Comprehensive-Report-2018-07-27.pdf
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participation in other measures and programs during the study year.31 The audit share is very high due to 
the nature of free measures installed in the audit program.32 Lastly, based on survey fielding experience 
by Navigant and Illume we assume a 20% survey response rate based on postcard and email recruitment 
into a brief online survey with a $30 incentive.33  
 
The final sample size estimates in Table 2 are conservative, as they do not yet include data from the 
other Program Administrators. Moreover, as thermostat installations are increasing overall, we expect 
participation in Q4 of 2018 to be higher than the Q4 2017 participation numbers included in this power 
analysis. As such, we can consider the findings of the power analysis to be conservative. 
 
Power analysis utilizes the best information available on the likely amount of variation in a dataset and 
anticipated effect sizes to determine how large a sample size is needed to estimate statistically significant 
results. For this power analysis, we utilize electric and gas standard errors (our measure of variation in 
the data) from recent Navigant thermostat impact studies in Illinois and Michigan, respectively.34 We also 
assume impacts to be 2% and 4.5% of annual whole-home electric and gas usage, respectively, based 
on the findings presented in the evaluation team’s 2018 Wi-Fi Thermostat Impact Evaluation Secondary 
Literature Review.35 Lastly we apply a Z-statistic critical value of 1.645, coinciding with the 90% 
confidence level for statistical significance. 
 
Table 3. Power Analyses--Key Inputs and Sources 

Power Analysis 

Assumed 
Standard Error 

(SE) 

SE Study Source 
State 

Effect Size         
(% of Whole 
Home Use) 

90% Confidence 
Z-Score 

Electric Regressions 0.28% Illinois  2.0% 1.645 

Gas Regressions 0.33% Michigan 4.5% 1.645 
 
Findings 

Key assumptions and parameters differ between the electric and gas power analyses, so we discuss 
each in a separate section. While the following sections provide our main analysis results, sensitivity 
analyses follow. 
 

 
31 A recent Michigan thermostat impact evaluation found that 100% of Audit & Weatherization program customers had to be 
removed from regression analysis due to simultaneous participation in other measures. For Home Energy Consultation program 
participants, 94% of gas and 99% of electric participants simultaneously participated in other measures. For Massachusetts Home 
Energy Services (HES) program specifically, fewer than 5% of participants with gas heat, and fewer than 1% of participants without 
gas heat had no simultaneous participation in other measures. This high rate of measure cross-participation is expected in audit and 
consultation-based programs, because most customers receive recommendations to adopt multiple measures to improve home 
energy efficiency. 
32 It is now obvious that the large majority of Wi-Fi thermostats are installed via the retail channel. Earlier this year the evaluation 
team, and perhaps some of our PA/EEAC colleagues, thought that the majority were installed through HES. Perhaps the HES 
option should never have been considered, but through this power analysis process the evaluation team thinks we ended up in the 
right place, and it provides documentation as to why the HES channel will not be pursued in this evaluation. 
33 To maximize the response rate, the evaluation team increased the incentive from $15 to $30 for each completed survey.   The 
survey will be administered online; however, if needed, the evaluation team will contact a sample of non-responders to achieve the 
necessary responses. While the evaluation team cannot guarantee a 20% responses rate, the team successfully used these 
approaches maximize response to participant surveys in other studies.  
34 Residential Smart Thermostats, Impact Analysis - Gas Preliminary Findings. Navigant Consulting Inc. December 2015; available 
at: 
http://ilsagfiles.org/SAG_files/Meeting_Materials/2015/December_2015_Meetings/Presentations/Smart_Tstat_Preliminary_Gas_Imp
act_Findings_2015-12-08_to_IL_SAG.pdf; Michigan Tier 3 Thermostat Calibration Study, Navigant Consulting Inc., 2018; available 
at https://www.michigan.gov/documents/mpsc/Tier_3_Tstat_Calibration_Study_EWR_Presentation_623038_7.pdf 
35 Wi-Fi Thermostat Impact Evaluation--Secondary Research Study, September 2018, prepared for the Massachusetts PAs and 
EEAC Consultants 

http://ilsagfiles.org/SAG_files/Meeting_Materials/2015/December_2015_Meetings/Presentations/Smart_Tstat_Preliminary_Gas_Impact_Findings_2015-12-08_to_IL_SAG.pdf
http://ilsagfiles.org/SAG_files/Meeting_Materials/2015/December_2015_Meetings/Presentations/Smart_Tstat_Preliminary_Gas_Impact_Findings_2015-12-08_to_IL_SAG.pdf
https://www.michigan.gov/documents/mpsc/Tier_3_Tstat_Calibration_Study_EWR_Presentation_623038_7.pdf
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Gas Regression Feasibility--Main Results 
 
Holding the gas regression assumptions and parameters discussed in the Methodology constant, the 
power analysis varies the sample size to illustrate the likelihood of finding statistically significant impacts 
given successively larger treatment groups. Figure 1 reveals that regressions estimating gas savings for 
Tier 3 thermostats in Massachusetts are likely to result in statistically significant impacts (impacts 
statistically significantly different from zero at the 90% confidence level) given treatment groups 
comprising 100 or more customers.36  
 
Figure 1. Gas Regression Power Analysis--Main Results 

 
 
By comparing the final treatment group sample sizes available for each electric sub-group in Table 2 with 
100, we can determine which are likely to yield statistically significant results. Table 4Error! Reference s
ource not found. shows how likely each electric subset regression is to yield statistically significant 
results. Sample size values that exceed the critical sample size threshold by 100 or more are considered 
“likely” to produce statistically significant results, values within 100 (plus or minus) of the critical value are 
categorized as “possible” and values falling more than 100 below are “unlikely.”37 

 

 
36 Power analysis estimates may become unreliable for very small sample sizes below 100, and so for the purposes of this 
memorandum, even though the lower bound may be slightly below 100, we assume 100 as a lower bound critical gas treatment 
group sample size. 
37 Due to the nature of 100 as an absolute lower bound for accurately predicting power analysis outcomes, we categorize any values 
below 100 as “unlikely” but values up to 200 “possible.” 
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Table 4. Gas Regression Feasibility by Channel and Vendor 

Segment Likely Possible Unlikely 

Retail Gas Overall X     

Retail Gas without Nest X     

Retail Gas Nest Only X     

Retail Gas ecobee Only X     

Retail Gas Honeywell Only X     

HES Gas Overall    X 

HES Gas without Nest    X   

HES Gas Nest Only    X 

HES Gas ecobee Only     X 

HES Gas Honeywell Only     X 
 
These findings suggest estimating gas savings for Tier 3 thermostats rebated through the retail channel is 
likely to yield significant results, whereas attempting to estimate gas savings from thermostats installed 
through the HES channel is not justified, as results are unlikely to be statistically significant either in 
aggregate or within the subcategories of interest to the PA/EEAC evaluation team. Retail channel overall 
gas savings and savings for most subgroups are likely to be statistically significant based on the 
treatment group sample sizes available for this study. 
 
Electric Regression Feasibility--Main Results 

 
Symmetric to the gas regression power analyses, while holding the electric regression assumptions and 
parameters discussed in the Methodology constant, the power analysis varies sample sizes to illustrate 
the likelihood of finding statistically significant impacts given successively larger treatment groups. As 
shown in Figure 2, regressions estimating electric savings for Tier 3 thermostats in Massachusetts are 
likely to result in statistically significant impacts (impacts statistically significantly different from zero at the 
90% confidence level) given treatment groups comprising over 550 customers. 
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Figure 2. Electric Regression Power Analysis--Main Results 

 
 
By comparing the final treatment group sample sizes available for each electric sub-group in Figure 2 with 

550, we can determine which are likely to yield statistically significant results. Table 5 shows how likely 

each electric subset regression is to yield statistically significant results. 
 

Table 5. Electric Regression Feasibility by Channel and Vendor 

Segment Likely Possible Unlikely 

Retail Electric Overall X     

Retail Electric without Nest X     

Retail Electric Nest Only X     

Retail Electric ecobee Only   X   

Retail Electric Honeywell Only     X 

HES Electric Overall     X 

HES Electric without Nest     X 

HES Electric Nest Only     X 

HES Electric ecobee Only     X 

HES Electric Honeywell Only     X 
 

These findings suggest estimating electric savings for Tier 3 thermostats rebated through the retail 

channel is likely to yield significant results in most cases, whereas attempting to estimate savings from 

thermostats installed through the HES channel is not justified. 
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Sensitivity Analyses 

 

We conduct sensitivity analyses in this section to provide context for how feasibility changes if key 

assumptions around the effect size or survey response rate change. Because our main results show 

estimation is not feasible for the HES channel, the sensitivity analysis focuses only on retail channel 

findings. 

 

Different Response Rates 

 

Our main results assume an online survey response rate of 20% using advanced and reminder 

notifications (mailed and emailed) and a $30 incentive. The response rate could be higher with additional 

intervention. Specifically, by utilizing a survey house that will follow up by phone with any customers that 

are unresponsive to postcard or email invitations to the online survey, we can increase the response rate. 

In this section we assume 30% of customers complete the survey with the addition of a phone follow-up 

component. Adjusting this assumption does not require re-running the power analysis, but merely 

reducing the assumed treatment sample size available for the analysis. In other words, the critical 

treatment sample size for the electric regressions remains approximately 550, and for gas 100, but the 

treatment group sample sizes available are increased. We also consider the case where we do not lose 

any customers due to survey non-response (i.e. we retain 100% of the sample to work with), because 

within the study we will be conducting additional matching and regression analysis without survey-based 

covariates, so survey response rates will have no effect on these sample sizes. 

 
Table 6. Gas Regression Feasibility--Increased Survey Response Rate to 30% 

Segment Likely Possible Unlikely 

Retail Gas Overall X     

Retail Gas without Nest X     

Retail Gas Nest Only X     

Retail Gas ecobee Only X     

Retail Gas Honeywell Only X     

 
Table 7. Electric Regression Feasibility--Increased Survey Response Rate to 30% 

Segment Likely Possible Unlikely 

Retail Electric Overall X     

Retail Electric without Nest X     

Retail Electric Nest Only X     

Retail Electric ecobee Only X     

Retail Electric Honeywell Only    X  

 

As shown in Table 6 and Table 7, with the increased survey response rate, all gas regressions are likely 

to yield statistically significant findings. There is no difference between this outcome and the base case 

gas result, however, the increased survey response rate improves outcomes for single vendor electric 

regressions. Given increased survey response rates, ecobee alone is now likely to yield statistically 

significant electric results. Honeywell alone is still unlikely to yield statistically significant results. 

 

Under the scenario where survey responses are not used in the matching analysis, 100% of the sample 

can be used without losing any percentage to survey non-response. In this case sample sizes are greatly 
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increased and all retail channel gas and electric regressions, with and without Nest, and by individual 

vendor are predicted to yield statistically significant findings. 

 

 

Reduced Effect Size 

 

Our main analysis uses the effect sizes of 2% and 4.5% savings for annual electric and gas whole home 

usage, respectively, as reported in the evaluation team’s Wi-Fi Thermostat Impact Evaluation Secondary 

Literature Review.38 Alternately in this section we assume electric and gas savings rates of 1% and 2% 

respectively, representing approximately one-half of the secondary review findings, while the survey 

response rate remains identical to the base case (20%). 

 
Figure 3. Gas Regression Power Analysis--Effect Size Sensitivity Analysis Results 

 
 

On the gas side, as shown in Figure 3, the critical treatment sample size needed to estimate statistically 

significant savings assuming a reduced effect size of 2%, is 250 customers. Correspondingly, as shown 

in Table 8, all regression results remain likely to be statistically significant. 

 
Table 8. Gas Regression Feasibility--Reduced Effect Size 

Segment Likely Possible Unlikely 

Retail Gas Overall X     

Retail Gas without Nest X     

Retail Gas Nest Only X     

Retail Gas ecobee Only X     

 
38 Wi-Fi Thermostat Impact Evaluation--Secondary Research Study, September 2018, prepared for the Massachusetts PAs and 
EEAC Consultants 
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Retail Gas Honeywell Only X     

 

For electric, as shown in Figure 4, the critical treatment group sample size, if electric savings are 

assumed to be only 1%, is 2,000. Under this scenario, as shown in Table 7, while overall electric savings 

are still likely to be estimated with statistical confidence, all other electric regressions are unlikely to yield 

statistically significant findings. 

 
Figure 4. Electric Regression Power Analysis--Effect Size Sensitivity Analysis Results 

 
 
Table 9. Electric Regression Feasibility--Reduced Effect Size 

Segment Likely Possible Unlikely 

Retail Electric Overall X     

Retail Electric without Nest     X 

Retail Electric Nest Only     X 

Retail Electric ecobee Only     X 

Retail Electric Honeywell Only     X 
 
Decreased Effect Size and Increased Response Rate Combined 
 
We also consider how evaluability changes if the effect size is lower than expected and the survey 
response rate increases over the base case. We assume a survey response rate of 30% due to 
incorporating phone follow-up into the fielding process, and that electric and gas savings are half the base 
case, or 1% and 2% respectively. 
 
In this case the critical treatment group values are identical to the reduced effect size scenario (2,000 for 
electric and 250 for gas), and the available treatment group sample sizes are increased as in the 
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increased survey response rate scenario. The resulting evaluability findings are summarized in Table 10 
and Table 11. 
 
Table 10. Gas Regression Feasibility--Reduced Effect Size and Increased Survey Response Rate 

Segment Likely Possible Unlikely 

Retail Gas Overall X     

Retail Gas without Nest X     

Retail Gas Nest Only X     

Retail Gas ecobee Only X     

Retail Gas Honeywell Only X     
 
Table 11. Electric Regression Feasibility--Reduced Effect Size and Increased Survey Response Rate 

Segment Likely Possible Unlikely 

Retail Electric Overall X     

Retail Electric without Nest  X     

Retail Electric Nest Only    X 

Retail Electric ecobee Only     X 

Retail Electric Honeywell Only     X 
 
 
As shown in Table 10 and Table 11, while the increased survey response rate does not affect the 
evaluability of gas savings, it improves the evaluability of electric savings under this lower-than-expected 
savings scenario. In this case a survey response rate of 30% compared with 20% makes estimating 
overall electric savings without Nest likely. Compared with Table 6, where only the highest level 
aggregate electric savings are statistically significant, with an increased survey response rate statistically 
significant savings will likely be measured in the case where Nest is excluded. Measuring statistically 
significant savings by individual vendor remains unlikely. 
 
 
Conclusions and Next Steps 

The evaluation team’s power analysis and feasibility assessment demonstrate that the study should 
proceed only considering thermostats installed through the retail channel, as most overall and vendor-
specific regressions are likely to yield statistically significant electric and gas savings. HES audit program 
channel thermostats are unlikely to yield statistically significant savings in most cases due to small 
sample sizes. 
 
An important caveat to the feasibility assessment findings is the assumption of a 20% survey response 
rate. To best meet this minimum threshold, the evaluation team recommends increasing the incentives 
from $15 to $30 per completed survey and sending advanced notifications to all samples and reminder 
notifications to non-responders. Eliminating and reallocating the HES channel portion of the study 
provides sufficient funds and increases the likelihood of reaching (or exceeding) the 20% response rate.  
 
The current plan does not include telephone surveys; however, a robust survey response rate will help 
mitigate potential shifts in other parameters as shown in the sensitivity analysis. As such we suggest 
retaining the option to pursue a phone follow-up survey strategy only if response rates are lower than 
expected and the additional investment is warranted. 
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After re-scoping the budget for retail channel surveys and reaching agreement on these costs with the 
PAs and EEAC consultants, the evaluation team will proceed with survey design and implementation to 
capture survey responses from thermostat participants from the beginning of Q4 2017 through the end of 
Q4 2018 in a timely manner. 
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Appendix B. RES 25 Power Analysis 

To: Massachusetts Program Administrators and Energy Efficiency Advisory Council 

Consultants 

  

From: Molly Podolefsky, Will Sierzchula and Ken Seiden, Guidehouse 

  

Date: May 5, 2021 

  

Re: MA Programmable Thermostat (MA20R25-B-PTSTATS) Power Analysis  

 

Introduction 

This memorandum describes the research objectives and key findings of the MA20R25-B-PTSTATS 

power analysis. Guidehouse conducted a power analysis to determine the likelihood of estimating 

statistically significant savings for electric and gas customers who installed programmable thermostats 

through retail program channels. The results also inform which matching methodology and level of cross-

participation in other EE programs are most likely to yield unbiased, statistically significant estimates of 

savings.  

The PAs currently claim deemed annual electric and gas savings values of 251 kWh and 35 Therms, 

respectively, for all programmable thermostats whether installed through Home Energy Services (HES) 

programs or retail channels. These values are based on a secondary literature-based savings factor of 

3.6%, reported in Guidehouse’s 2018 Home Energy Services Impact Evaluation (RES 34).39 This impact 

evaluation from this study, pending satisfactory findings in the power analysis, will provide primary 

research-based savings estimates to improve the accuracy of claimed savings for programmable 

thermostats in MA. 

We conducted a power analysis to determine whether the study is likely to yield statistically significant 

savings estimates. The combination of a relatively small savings factor (3.6% of baseload), and 

constraints on sample sizes (total sample size of approximately 5,000 thermostats to be split between 

separate gas and electric models) could render it difficult to estimate statistically significant savings where 

true savings exist. The results of this power analysis will allow the PAs to make an informed choice about 

whether/how to proceed with billing analysis. 

 

Methodology 

The power analysis included gas and electric customers who purchased programmable thermostats in 

2018 and 2019 and determined the likelihood of finding statistically significant results under different sets 

of assumptions. Scenario testing included removing different groups of program participants to minimize 

bias from cross-participation in other energy efficiency (EE) programs, and using two different comparison 

groups (i.e., later adopters or the general population). Each of these scenarios implies a different sample 

size to use for the treatment and control groups, which in turn affects the likelihood of detecting 

statistically significant savings. 

The key unknown parameter we test in the power analysis is the amount of variability in the data—all else 

equal, the higher the variability, the larger sample size needed to detect statistically significant results. 

 
39 See Table 3-1 in Home Energy Services Impact Evaluation (RES 34), August 2018. Previous to this 2018 study, 
savings were based on an identical 3.6% savings factor assumption as reported in Cadmus’s Home Energy Services 
Impact Evaluation from 2012. 
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The analysis used average and high values for the coefficient of variation (CV)40 based on other 

thermostat studies to estimate “likely”41 and “worst-case” scenarios.42    

The evaluation team reviewed 2018 and 2019 tracking data from MA utilities, identifying 5,080 gas and 

1,995 electric customers who installed a programmable thermostat through retail channels,43 and whether 

they received additional PA-sponsored measures via retail channels or other EE programs. The power 

analysis explored filtering our sample to include: 

• Customers who participated in other EE programs, but not the HES program, or  

• Customers who neither participated in the HES program nor any other EE program(s). 

With respect to cross-participation, we would prefer to remove all programmable thermostat participants 

who also participated in other EE programs to avoid confounding savings which may be attributed to 

other programs or measures. We explored exclusion of different categories of cross-participants, in 

addition to all cross-participants, recognizing removing all cross-participation while maintaining a 

minimum viable sample size might not be achievable. 

Comparison groups included either: 

• Matching programmable thermostat participants with non-participants drawn from the general 

population, or 

• Matching customers who purchased an incented programmable thermostat in 2018 with those 

who did so in 2019. 

Our preferred strategy for creating a treatment and comparison group is matching based on early versus 

late adopters, as these groups represent customers with a similar underlying propensity to purchase 

programmable thermostats. Matching early and late adopters, as opposed to matching to participants 

from the general customer population, helps reduce potential bias arising from different usage patterns or 

other potential unobserved differences between the two populations.  

 

Key Findings 

Power analysis results suggest that an impact evaluation is likely to yield statistically significant gas 

savings results under a reasonable range of scenarios, including removing all cross-participation in 

other programs and allowing for expected variability in the data.  

Our findings suggest, however, that on the electric side an impact evaluation is unlikely to detect 

statistically significant savings under most reasonable scenarios. This is primarily due to the small 

number of electric customers who participated in programmable thermostats during this period, combined 

with a large degree of cross-participation in other EE programs and measures by these programmable 

thermostat adopters. 

Based on the power analysis findings, Guidehouse recommends continuing with an impact evaluation for 

gas customers using our preferred sample (i.e., 2019 adopters as a comparison group for 2018 adopters 

and removing accounts that participated in other energy-efficiency programs), but not pursuing an 

evaluation of electric savings. These conclusions are summarized in Table 1. 

 
40 See the appendix for additional detail about the CVs, specifically those used in this analysis. 
41 The likely scenario is the middle CV from studies in the literature review. It identifies the value we think the 
programmable thermostat impact analysis is likely to find.  
42 The worst-case scenario uses the largest CV from studies in the literature review. This value drives a scenario with 
the greatest uncertainty regarding treatment impact and the highest likelihood of not finding statistically significant 
results.  
43 Accounts could be both gas and electric customers. 
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Table 1. Power Analysis Key Findings Summary 

Fuel Sample 
Comparison 
Group 

CV* Threshold for Statistical Significance** 

Gas 
No cross-
participation 

Late 
Adopters  

Likely Savings point estimate >= 2.5% 

Worst-Case Savings point estimate >= 6% 

Electric 
No cross-
participation 

Late 
Adopters 

Likely 
Unlikely to find statistically significant 
results 

Worst-Case 
Unlikely to find statistically significant 
results 

Source: Guidehouse analysis  *As described in the methodology, the “Likely” CV is the value most likely to occur based on the 
secondary literature, while the “worst-case” scenario is the highest (i.e. worst) CV the literature review suggests likely. ** Percent 
savings is relative to whole home gas usage. 

 

Detailed Gas Findings 

This section provides detailed results from our power analysis of gas customers using the preferred 

scenario which excludes cross-participation and assumes an early/late adopter control strategy. It also 

provides detailed findings from alternate scenarios using different sample size and data variability 

assumptions for sensitivity analysis. 

 

Main Scenario Results 

Figure 1 shows the results of the power analysis for gas customers using our preferred scenario. In this 

scenario the sample size determined by including early (2018) adopters as the treatment group and late 

(2019) adopters as a comparison group, while removing all customers who participated in other EE 

programs, and assuming a likely CV. 

Figure 1. Gas Power Analysis – Main Scenario and Likely CV 
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The confidence intervals in Figure 1 remain strictly positive (e.g. above 0% savings) for most of the 

modeled savings values (2.5% - 8% of annual usage), indicating an evaluation is likely to find statistically 

significant results using an early/late adopter matching approach for gas customers, after removing all 

cross-participation.   

 

Sensitivity Analysis 

In addition to the main gas scenario, we conducted several sensitivity tests to determine how different 

sample sizes, coefficients of variation, and comparison groups affected the likelihood of finding 

statistically significant results. Table 2 shows that across all scenarios tested, statistically significant 

findings are likely given savings values under 6% of annual usage. 

 

Table 2. Programmable Thermostat Sensitivity Analyses – Gas Customers 

Sample 
Comparison 
Group 

CV Threshold for Statistical Significance* 

No Cross-
participants  

General 
Population 

 

Likely Savings point estimate >= 2.0% 

Worst-Case Savings point estimate >= 4.5% 

Some Cross-
participants, 
No HES 
Participants  

Late 
Adopters 

 

Likely Savings point estimate >= 2.5% 

Worst-Case Savings point estimate >= 5.5% 

General 
Population 

 

Likely Savings point estimate >= 2.0% 

Worst-Case Savings point estimate >= 4.0% 

Source: Guidehouse review of program tracking data. *Percent savings is relative to whole home gas usage. 
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Detailed Electric Findings 

This section provides detailed results from our power analysis of electric customers using the preferred 

scenario which excludes cross-participation and assumes an early/late adopter control strategy.  

Figure 2. Electric Power Analysis – Main Scenario and Likely CV 

 
 

Figure 2 shows the results of the power analysis for electric customers using our preferred scenario. In 

this scenario the sample size determined by including early (2018) adopters as the treatment group and 

late (2019) adopters as a comparison group, while removing all customers who participated in other EE 

programs, and assuming a likely CV. 

The wide confidence bounds in Figure 2 are due to the small number of participants and controls after 

removing cross-participants from the population of electric customers who purchased a programmable 

thermostat. Since the confidence bounds cross zero (i.e., include values below 0% savings) among all 

modeled savings values, it is unlikely our analysis would result in statistically significant savings estimates 

for electric customers. An analysis of the electric customers using the worst-case CV also indicated we 

are unlikely to find statistically significant results in an impact evaluation. Based on these results, we do 

not recommend pursuing an impact evaluation for electric savings from programmable thermostats.  
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Appendix - Coefficient of Variation 

The coefficient of variation or “CV” is a statistic that describes the variability of a set of data. All else 

equal, the larger the CV, the larger the sample size needed to detect statistically significant findings. In a 

power analysis, the CV helps to determine the likelihood of whether a specific treatment and control 

sample size will identify statistically significant results.  

For this analysis, treatment effect CVs (along with sample sizes) helped determine statistical significance 

bounds for expected programmable thermostats energy impacts. To identify the CV values used in this 

analysis, Guidehouse conducted a literature review of values found in other thermostat impact 

evaluations. The literature review included five programmable thermostat studies and three smart 

thermostat studies. Five of these studies evaluated electric savings while seven analyzed gas impacts 

(some studies included both). Publicly available studies are identified below: 

• Guidehouse, 2020. ComEd Advanced Thermostat Evaluation.  

• Cadmus, 2015. Evaluation of the 2013-2014 Programmable and Smart Thermostat Program, 

prepared for Vectren Corporation.  

• RLW Analytics, Inc, 2007. Validating the Impact of Programmable Thermostats. 

• Navigant, 2018. Michigan Tier 3 Thermostat Calibration Study. 

• 2021 Illinois Statewide Technical Reference Manual for Energy Efficiency Version 9.0 

• Navigant, 2018. Washington Gas Maryland: 2017 Energy Efficiency Impact Evaluation Report 

• DNV GL, 2016. Impact Evaluation of 2014 EnergyWise Single Family Program. 
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Appendix C. Data Cleaning Process 

Table C-1 and Table C-2 show the number of customers remaining throughout data cleaning.  

Table C-1. Electric Data Cleaning Summary 

Step 
No. 

Data Cleaning Step 
Number of 
Customers 
Remaining 

Number of 
Observations 

Remaining 

0.1 Raw tracking data 15,653 N/A 

0.2 Raw billing data 20,221 824,629 

1 Remove interpolated bills 20,196 821,435 

2 Remove/adjust multiple premises per customer ID 20,149 819,019 

3 Subset data to September 2016-2020 20,148 693,621 

4 Remove exact duplicate bills 20,148 693,580 

5 Remove duplicate zero usage bills 20,148 659,688 

6 
Remove duplicate bills with different Home Energy Report 
(HER) wave designations 

20,148 658,061 

7 Remove non-exact duplicate bills 20,148 658,055 

8 Remove bill corrections 20,148 657,831 

9 Remove multiple bills for same period 20,148 654,370 

10 Remove bills longer than 40 days or shorter than 20 days 20,132 646,548 

11 Fix incorrect fuel type assignment 18,638 635,946 

12 Remove bills with long gaps between bills 17,584 604,916 

13 Flatten to one bill per month per customer 17,584 589,234 

14 Remove multiple bills in one bill period 17,584 589,224 

15 Remove zero usage bills after aggregation 17,578 581,726 

16 Drop outlier usage values 17,577 581,574 

17 Merge tracking and billing data 17,577 581,574 

18 Remove customers with mismatch in PA name 17,551 580,593 

19 Remove customers with missing fuel type 17,551 580,593 

20 Remove customers who are not in the program tracking data 15,088 494,292 

21 Remove customers with zero or negative device quantity 14,989 491,160 

22 Remove customers in multiple HER waves 14,989 491,160 

23 
Remove customers who got their thermostat through the 
HES or Residential Weatherization channels 

11,997 385,894 

24 
Remove participants with insufficient pre-/post-data; select 
matches 

5,280 183,028 

25 Remove matched pairs with poor match quality 5,053 350,654 

26 
Remove pre-period observations (create lagged dependent 
variable, or LDV) 

5,053 99,640 

27 
Remove customers who participated in other energy 
efficiency programs 

622 8,436 

Source: Guidehouse analysis of program tracking and billing data 
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Table C-2. Gas Data Cleaning Summary 

Step 
No. 

Data Cleaning Step 
Number of 
Customers 
Remaining 

Number of 
Observations 

Remaining 

0.1 Raw tracking data 37,470 N/A 

0.2 Raw billing data 41,335 1,685,774 

1 Remove interpolated bills 41,332 1,684,856 

2 Remove/adjust multiple premises per customer ID 41,332 1,684,843 

3 Remove Columbia Gas customers with multiple meters 39,859 1,602,571 

4 Subset data to September 2016-2020 39,830 1,347,240 

5 Remove exact duplicates 39,830 1,344,097 

6 Remove duplicate zero usage bills 39,830 1,343,813 

7 
Remove duplicate bills with different Home Energy Report 
(HER) wave designations 

39,830 1,343,813 

8 Remove non-exact duplicate bills 39,830 1,335,125 

9 Remove bill corrections 39,830 1,335,097 

10 Remove multiple bills for same period 39,830 1,334,646 

11 Remove bills longer than 40 days or shorter than 20 days 39,774 1,314,755 

12 Fix incorrect fuel type assignment 39,773 1,322,359 

13 Remove bills with long gaps between bills 37,126 1,248,302 

14 Flatten to one bill per month per customer 37,126 1,221,831 

15 Remove multiple bills in one bill period 37,126 1,221,483 

16 Remove zero usage bills after aggregation 37,036 1,205,137 

17 Drop outlier usage values 37,035 1,203,460 

18 Merge tracking and billing data 37,035 1,203,460 

19 Remove customers with mismatch in PA name 36,997 1,202,881 

20 Remove customers with missing fuel type 36,997 1,202,881 

21 Remove customers who are not in the program tracking data 29,671 988,983 

22 Remove customers with zero or negative device quantity 29,603 986,675 

23 Remove customers in multiple HER waves 29,603 986,675 

24 
Remove customers who got their thermostat through the 
HES or Residential Weatherization channels 

29,222 972,683 

25 
Remove participants with insufficient pre-/post-data; select 
matches 

15,281 466,652 

26 Remove matched pairs with poor match quality 14,697 903,283 

27 Remove pre-period observations (create LDV) 14,697 253,839 

28 
Remove customers who participated in other energy 
efficiency programs 

10,951 189,065 

29 
Remove customers with large changes in usage from the 
pre- to post-period 

10,812 186,470 

Source: Guidehouse analysis of program tracking and billing data 
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Appendix D. Survey Instrument for Wave 2 

 

MASSACHUSETTS RES 24 WI-FI THERMOSTAT SURVEY: WAVE 2 INSTRUMENT  

DATE: JUNE 17, 2020 

TO: MASSACHUSETTS ENERGY EFFICIENCY PROGRAM ADMINISTRATORS  

FROM: NAVIGANT EVALUATION TEAM 

 

• ROLE OF SECOND SURVEY WAVE 

The evaluation team is preparing the second wave of the Retail Wi-Fi Thermostat survey for the RES 24 
impact evaluation. The first wave of the survey was fielded in summer 2019, and surveyed participants in 
the Retail WiFi Thermostat rebate program from Q3 2018 through Q1 2019.44 The first survey yielded 2,412 
complete responses. These early participants will comprise the treatment group in a regression analysis to 
estimate energy savings. Later participants – from Q3 2019 through Q1 2020 – will comprise a matched 
comparison group for regression analysis.  

 

Both waves of the Retail WiFi Thermostat Survey gather home, household and behavioral characteristics of 
participants. The information we gather from earlier participants (Wave 1) and later participants (Wave 2) 
may be used as variables to improve matching, or as covariates in regression models. Survey data on 
whether the thermostat was installed, and whether it was installed in the address on record, will also allow 
us to estimate the model with and without customers who did not install their new thermostat. 

 

Information on installation, thermostat behaviors and home occupancy will also be used for process 
evaluation. The attached memo contains findings from the first survey wave.  

RES 24 Wi-Fi 

Thermostat_Q3 2019 Survey Interim Findings_2019NOV15.pdf 

 
44 The range of installation dates varied by PA. The majority (83%) of rebate applications in the sample had 
installation dates in Q3 or Q4 of 2018, while 5% of installation dates were earlier in 2018 and 12% were from 2019. 
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• CONSIDERATIONS FOR COVID-19 

In light of COVID-19 which changed employment, school and occupancy patterns for many Massachusetts 
residents starting in March 2020, the evaluation team has adapted the survey as follows: 

• Include language about COVID-19 in the postcard invitation, email invitation and survey landing 
page to acknowledge the unique and unusual challenges of COVID-19, explain the value of this 
survey and the Massachusetts Program Administrators’ appreciation for customers’ response. 

• Modify the timeframe for all household occupancy and thermostat use/behavior questions to 
before COVID-19 – before March 2020 – so that respondents answer for the time before COVID-
19.45  

• Add a new survey section to understand (a) reported changes in occupancy and HVAC use/behavior 
during COVID-19 to date (March/April/May) and (b) prospective/expected changes in use during 
the summer of 2020. This section is voluntary, and respondents are reassured that should they opt 
not to answer these questions, it will not affect the gift certificate compensation they receive. 

• Removed question H1 about changes in employment and occupancy in last two years which may 
be sensitive and influenced by COVID-19. This question was designed for process evaluation, and 
the 2,481 responses to the first wave of the survey provided significant information. 

 

• SAMPLE DESIGN  

The sample frame for Wave 2 will comprise retail Wi-Fi thermostat purchasers who submitted a rebate 
between Q3 2019 and January 31, 2020 (the start-date will vary by PA and the end-date of the sample they 
provided for the Wave 1 survey). Sampling will either take a census approach or be stratified by PA and 
fuel, depending on the size of the participant pool for each PA. Customers from Lawrence, Andover and 
North Andover will be excluded from the sample. Target completes for Wave 2, along with target and actual 
completes for Wave 1, are shown in Table 1.  

TABLE 1. SURVEY SAMPLE SIZES 

 TREATMENT  
CONTROL 

 TREATMENT  
CONTROL 

WAVE 1 SURVEY 

COMPLETES 

WAVE 2 SURVEY TARGET 

COMPLETES 

Electric 
Customers 

Treatment 862  - 

Control - 750 

Natural Gas 
Customers 

Treatment 1,550  - 

Control - 1,500 

 

 
45 The Navigant evaluation team has discussed the broader impact of COVID-19 on the regression analysis (impact 
evaluation) and agrees the validity of our impact estimates will not be affected. Because the treatment period is 2018, 
and the control period is 2019, both of which occurred before COVID-19, the billing data used to estimate savings will 
not be affected. 
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Similar to the Wave 1 survey, the Wave 2 survey will be hosted online. Customers may enter the survey 
through two paths:  

• Retail Wi-Fi thermostat rebate participants who provided a valid email address on their rebate 
application form will be emailed a direct link to the survey.  

• Customers who did not provide an email addresses will receive postcard with a personalized PIN 
number to complete the survey.  

Depending on response rates from the email invitations and postcards, the evaluation team will send 
reminder communications (postcards or emails).  

All participants will be offered a $30 gift card (fulfilled through Tango Rewards) for completing the 
survey.46 Participants can choose gift cards from multiple retailers or donate to a charitable organization. 
For the catalog of options see https://www.tangocard.com/reward-catalog/.  

 
46 The $30 incentive amount for Wave 2 is the same as Wave 1. In Wave 1 all gift cards were Amazon.com, and for 
Wave 2 we recommend offering a range of gift card options given the potential for polarized opinions of Amazon.com.  

https://www.tangocard.com/reward-catalog/
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RECRU ITMENT  

•  E M A I L  I N V I TAT I O N   

 

Sender: [DISPLAY NAME] 

Email: [DISPLAY EMAIL] 

Subject: Help Massachusetts improve energy-saving solutions 

 

Hi valued [PA] customer,  

 

The Massachusetts electric and natural gas utilities and energy efficiency service providers, the Sponsors 
of Mass Save®, are conducting research on home heating and cooling in Massachusetts. It looks like you 
purchased a thermostat using an energy-saving rebate. As a thank you for completing a survey about your 
thermostat, heating and cooling, you will receive a $30 e-gift card.   

 

Please know that responding to this survey, while appreciated, is completely voluntary. Your feedback will 
help The Massachusetts Program Administrators understand the needs of Massachusetts customers and 
provide customers with enhanced energy and money-saving solutions.  

 

You can choose a $30 e-gift card from a retailer or restaurant (including Amazon.com, CVS, Dunkin’ Donuts, 
and more), a charitable organization (like the American Cancer Society), or a $30 online debit card (Visa® 
or MasterCard®).  

 

To complete the survey please click this link below or copy it into your browser.  

Survey link: [SURVEY LINK]  

You’ll need this personalized PIN to complete the survey: 

PIN: [NUMBER] 

 

If you have any questions or concerns about this research, please contact [CONTACT NAME & NUMBER].  

 

Thank you for your time! We truly appreciate your feedback. 

 

The Sponsors of Mass Save® 
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•  P O S TC A R D  ( D R I V E - TO - W E B )   

 

[Illume/Navigant will send a postcard to households without an email address or who don’t respond to the 

email survey within one week. SEE POSTCARD POWERPOINT DRAFT FOR DESIGN AND TEXT] 

SURVEY  INSTRUMENT   

•  S A M P L E  VA R I A B L E S  

Purchaser first and last name [FIRSTNAME] and [LASTNAME] 

Address (Street number & city from the installation form) [ADDRESS]  

Thermostat Make [MAKE] 

Installation month & year [INST_MO_YR] 

Quantity of rebated thermostats [TSTAT_QTY] 

Email Sample (1 if we have an email address for them, otherwise 0) [EMAIL_SAMPLE]  

Program Administrator [PA]  

Participant phone number [PHONE_NUMBER] 

Participant email address [Email] 
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• ONLINE INTRODUCTION AND PIN VERIFICATION 

 

Thank you for taking the time to complete this survey sponsored by The Massachusetts Program 
Administrators about your thermostat. Please know responding to this survey, while appreciated, is 
completely voluntary. Your feedback will help The Program Administrators understand the needs of 
Massachusetts customers and deliver enhanced solutions that save customers energy and money.  

We expect it will take approximately 15 to 20 minutes to complete the survey. To thank you for your time, 
you can select a $30 e-gift card from a retailer or restaurant (including Amazon.com, CVS or Dunkin’ Donuts 
and more) or an online debit card (Visa® or MasterCard®) after you complete the survey. You can also 
choose to donate your $30 to a charitable organization.  

We appreciate your feedback. Please remember that there are no right or wrong answers. 

[SHOW IF PIN IS PIPED IN] 

Please use the arrow at the bottom right of the screen to advance the survey.  

Do NOT use your browser’s BACK button for this survey. After you have entered a response and have 
chosen to move forward to the next question, you will not be able to return to the previous page of the 
survey. Please review each question and your responses carefully before proceeding.  

If you need to leave the survey, you may reopen the survey at the same place you left by clicking on the 
link from the original device used (phone, tablet, computer, etc.).   

All of your responses are confidential and will not affect the Mass Save® rebate you received. 

Let’s get started…  

 

[SHOW SUBSEQUENT QUESTIONS IF/WHEN THE PIN IS NOT PIPED IN FROM THE EMAIL – INCLUDING 
POSTCARD ENTRY]  

 To help us personalize this survey for you, please enter your PIN. This is the 7-character number (5 digits 
and 2 letters) [IF EMAIL_SAMPLE=1: in your email invitation] [IF EMAIL_SAMPLE=0: on the postcard you 
received or provided by a Customer Service representative.] If you don’t have your PIN, please call [PHONE 
NUMBER] or email [EMAIL] and we can help you find the right number. 

[SHOW IMAGE OF POSTCARD OR EMAIL WITH PIN CIRCLED IN RED ON EACH] 

 Record PIN: [7 CHARACTER FIELD]  
 [VALIDATE THAT CARD NUMBER IS ON FILE AND HAS NOT BEEN USED BY ANOTHER RESPONDENT YET.]   

[IF CARD NUMBER IS ON FILE AND NOT YET USED, SKIP TO 0]   

[ASK IF CARD PIN IS NOT ON FILE] Sorry, but the PIN that you entered cannot be found.  Please reenter the 
PIN from the card that you received in the mail, or from a customer service representative.  

  Record card number [7 CHARACTER FIELD] 

[IF CARD NUMBER NOT ON FILE, THANK AND TERMINATE WITH THIS MESSAGE:] Unfortunately, we are 
unable to locate the PIN that you entered. If you would like assistance finding your PIN number, please call 
[PHONE NUMBER] or email [EMAIL] and we can help you find the right PIN number. We appreciate your 
time and apologize for any inconvenience this has caused. [CODE AS “TERMINATE”]   

[IF CARD NUMBER IS ON FILE BUT HAS ALREADY BEEN USED] Our records show that a survey has already 
been completed for the customer PIN you entered.  Please enter a valid customer PIN number.   
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 Record PIN: [7 CHARACTER FIELD] 

[IF RE-ENTERED CARD NUMBER ALREADY USED, THANK AND TERMINATE WITH THIS MESSAGE:]  
Unfortunately, we are unable to proceed with the customer PIN number that you entered.  We appreciate 
your time and apologize for any inconvenience this has caused.  [CODE AS “TERMINATE”]   

[IF/WHEN VALID PIN FOUND] Great, your record has been found.     

Please use the arrow at the bottom right of the screen to advance the survey.  

Do NOT use your browser’s BACK button for this survey. After you have entered a response and have 
chosen to move forward to the next question, you will not be able to return to the previous page of the 
survey. Please review each question and your responses carefully before proceeding.  

If you need to leave the survey, you may reopen the survey at the same place you left by clicking on the 
link from the original device used (phone, tablet, computer, etc.).   

All of your responses are confidential and will not affect the Mass Save® rebate you received. 

Let’s get started…  

• PURCHASE AND INSTALLATION VERIFICATIONINSTALLATION VERIFICATION 

[ASK EVERYONE] 

[SKIP IF MAKE IS BLANK] According to our records, you purchased a [MAKE] thermostat. Is this correct?  

 Yes  
 No 

[ASK if 0=2] What is incorrect? 

I/we did not purchase a thermostat [0: TERMINATE] 
Purchased a different brand 

97. Other (please specify): [0: TERMINATE] 

[ASK IF MAKE IS BLANK OR 0=2] What was the make of the thermostat you purchased? [ROTATE] 

ecobee  
 Honeywell  
 Nest  
 Bryant  
Carrier 
Lux or LuxPro 
Sensi (Emerson) 
97. Other: [SPECIFY]  

Is the new thermostat currently installed? [IF TSTAT_QTY>1: (We understand that you may have purchased 
more than one thermostat. For this survey, please think about the thermostat you purchased that controls 
the most heated or cooled space in your house)]. 

Yes 
No 

98. Don’t know [THANK AND 0: TERMINATE]  

 [ASK IF 0=2] What best describes the current status of the thermostat?  
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Not yet installed 
Installed but later removed 

97. Other (please specify): [THANK AND 0: TERMINATE] 

98. Don’t know [THANK AND 0: TERMINATE]  

[IF 0=1: At what address is the thermostat installed?] [IF 0=2: What address was the thermostat purchased 
for]?  

[READ IN ADDRESS FROM REBATE FORM] (please select this option if the address is 
generally correct, even if you would write it differently) 
Another address (please select this option if the thermostat [IF 0=1: was installed] [IF 0=2: 
was purchased for] a completely different address) 

98. Don’t know [THANK AND 0: TERMINATE] 

What best describes the address where the thermostat [IF 0=1: is installed] [IF 0=2: was purchased for]? 

My primary residence 
A friend or family member’s house 
A vacation or second home 
A rental property that I own or manage 
A business property 

97. Other (please specify): 
98. Don’t know [THANK AND 0: TERMINATE] 

In the two years before the COVID-19 pandemic (before March 2020) was the [home; if 0=5: business 
property] with the new thermostat occupied most of the time, part-time or vacant? 

Occupied most of the time 
Occupied part-time (including vacation/seasonal homes) 
Vacant (not occupied) 

98. Don’t know 

 [SKIP IF 0 = 3 VACANT] [ASK IF 0=3OR5OR97] Thinking about the year before the COVID-19 pandemic 
(before March 2020), did you or your family use or occupy the [IF 0=3: vacation or second home] [IF 
0=5OR97: property] at least part of the year? 

Yes 
No 

98. Don’t know  

[ASK IF 0=2] Why isn’t the thermostat installed? [OPEN END] 

 

Household Classification (for assignment of remaining survey sections): 

This table assigns logic for subsequent sections. We will ask a more limited number of questions/sections to 
respondents who: 

• Purchased the thermostat for another address, 

• Have not yet installed the thermostat, or  

• Do not occupy the address where the thermostat is installed (or purchased for). 
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These respondents are part of the retail rebate participation population, and their responses to questions 
like purchase reasons, installation timing, reasons for not installing, previous thermostat behaviors, 
demographics and housing characteristics will help us understand drivers of (or barriers to) savings.  

PROGRAMMERS: Please assign the following Respondent Categories (RESP_CAT) for logic for subsequent 
sections.  

Thermostat 
Installed? 

Installed or 
Intended for 
Address on 

Record? 

Does the 
respondent occupy 

the address? 

RESP_CAT 

Yes Yes Yes INST_ADDR_OCC 

No Yes Yes NOINST_ADDR_OCC 

Yes No Yes INST_NOADDR_OCC 

Yes Yes No INST_ADDR_NOOCC 

No No Yes NOINST_NOADDR_OCC 

No Yes No NOINST_ADDR_NOOCC 

Yes No No INST_NOADDR_NOOCC 

YES: 0=1 

NO: 0=2 

YES: 0=1 

NO: 0<>1 

YES: (0=1) OR 
(0=3OR5OR97 AND 
0=1) 

NO: All other 
combinations of 
0/0 

 

 

• INSTALLATION TIMING 

[ASK SECTION IF 0=1: THE THERMOSTAT IS INSTALLED] 

 [ASK IF INST_MO_YR IS FILLED IN] According to your responses on the thermostat rebate form, the 
thermostat was installed in [INST_MO_YR]. Is that correct?  

 Yes  
 No  

[ASK IF B1=2 OR INST_MO_YR IS BLANK] Approximately when was the thermostat installed? [Program as 
dropdown] 

 [MONTH] [YEAR] 
 
[PROGRAMMING: CREATE REVISED INSTALL_MO_YR FOR ASSIGNING SUMMER/WINTER SECTIONS] 

• HEATING AND COOLING SYSTEMS CONTROLLED BY NEW THERMOSTAT 

[ASK IF: 

• THERMOSTAT IS INSTALLED AT THE ADDRESS ON RECORD AND THEY OCCUPY THE HOME:  
IF RESP_TYPE = INST_ADDR_OCC  
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• THERMOSTAT IS INSTALLED AT ADDRESS THEY DON’T OCCUPY BUT THE RESPONDENT CAN BE 
EXPECTED TO KNOW ABOUT THE HOME:  
IF (RESP_TYPE = INST_ADDR_NOOCC AND 0=1OR3OR4OR5)  

• THERMOSTAT IS INSTALLED AT ANOTHER ADDRESS, BUT THEY OCCUPY IT (to aid with logic for the 
Summer/Winter Behaviors Section): IF RESP_TYPE = INST_NOADDR_OCC 

Does the new thermostat control heating, air conditioning, or both?  

 Heating only  
 Air conditioning only  
 Heating and air conditioning  

Approximately what percentage of the home’s living space is controlled by the new thermostat? (By “living 
space” think about the enclosed area of the home that is suitable for year-round use) [IF TSTAT_QTY>1: 
Remember, if you purchased multiple thermostats, please answer for the thermostat that controls the 
most heated or cooled space in your house.]  

100% 
75%-99%  
 50-74%  
 25-49%  
 1-24%  

 [ASK IF (0 = 1 OR 3)] What heating equipment is controlled by the new thermostat?  

Furnace 
Boiler or steam heat 
Electric baseboard heat  
Central heat pump (ducted) (This includes systems with integrated backup heat, such as a 
gas furnace or electric resistance heat)  
Ductless heat pump (mini-splits)  
Ground source or geothermal heat pump  

97. Other (please specify) 

98. Don’t know  

 

[E3_READIN: 

IF 0=1: furnace 

IF 0=2: boiler or steam system 

IF 0=4: central heat pump 

IF 0=6: ground source or geothermal heat pump 

IF 0=97 OR E3=98: heating system connected with the new thermostat] 

 

[ASK IF 0=1 OR 2 OR 4 OR 6 OR 97 OR 98] What is the fuel source for the [E3_READIN]? [ROTATE; MULTIPLE 
RESPONSE]  

 Natural gas  
 Electricity  
 Oil  
 Propane/LPG (bottled gas)  
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97. Other (please specify) 

98. Don’t Know  

[ASK IF 0=1OR2OR97OR98] For the [E3_READIN] controlled by your thermostat, how is the heat distributed 
in your home? [ROTATE; MULTIPLE RESPONSE] 

Ducts or vents (forced air) 
Radiators 
Baseboards 
Radiant floors 

97. Other (please specify) 

98. Don’t know 

 [ASK IF 0=1OR2OR4] What type of backup heat does your central heat pump have?  

None  
Natural gas  
Electric resistance/strip heat  
98. Don’t know 

[ASK IF 0 = 2 OR 3] What cooling equipment is controlled by the new thermostat? [ROTATE]  

 Central air conditioning  
 Heat pump(s) 
97. Other (please specify) 

 

[PROGRAMMING NOTE: IF THERMOSTAT IS USED FOR HEATING AND COOLING (0=3) RANDOMLY ASSIGN 

TO EITHER WINTER OR SUMMER BEHAVIORS SECTIONS (50% to each season)] 

• HOUSEHOLD OCCUPANCY 

 
[ASK THIS SECTION ONLY IF IT IS INSTALLED OR INTENDED FOR THE ADDRESS ON RECORD AND THE 
RESPONDENT OCCUPIES THIS ADDRESS: IF RESP_CAT=INST_ADDR_OCC OR 
RESP_CAT=NOINST_ADDR_OCC] 
 
[SKIP IF 0 = 5: BUSINESS LOCATION] 
 
The next few questions will help us understand any unique considerations regarding your home. Please 
think about the year before the COVID-19 pandemic. This information will remain confidential. 
 

Including yourself, how many people in each of the age categories below occupied the home with the new 
thermostat in the year before the COVID-19 pandemic? [IF 0=3: (For vacation or second homes, think about 
the people who used the home most often.)] Please remember to include yourself in the count.  

_____ Number of children under 6 years old  
_____ Number of children 7 to 17  
 _____ Number of adults 18 to 64  
 _____ Number of adults 65 to 84  
 _____ Number of adults 85 or older  



 
Wi-Fi and Programmable Thermostat Impacts 

 

  

 Page D-12 
 

 _____ Total household members including yourself [PROGRAMMING: PLEASE CHECK 
THAT THE NUMBERS ADD TO THE TOTAL]  

 
PROGRAMMING NOTE: 0 6 SHOULD EQUAL THE SUM OF 0 1 - 5, OTHERWISE SHOW MESSAGE: “THE 
TOTAL NUMBER OF HOUSEHOLD MEMBERS IS NOT CORRECT BASED ON THE INFORMATION PROVIDED. 
PLEASE CORRECT TOTAL HOUSEHOLD MEMBERS OR NUMBER OF MEMBERS WITHIN THE AGE GROUP 
QUESTIONS.”  
 
[PROGRAMMING: CALCULATE HH_SIZE FOR INCOME QUESTIONS]  
 

Thinking about the year before the COVID-19 pandemic, which of the following categories describe the 
employment status of the adults that occupied your household?  

Please include yourself and select all that applied to adults in your household prior to the COVID-19 
pandemic. [MULTIPLE SELECT; DO NOT ROTATE]   

Working or attending school out of the home 
Working or attending school from home 
Retired 
Unemployed 
On medical, disability or maternity leave 
Stay-at-home parent or care provider  
None of these [exclusive answer] 

• CONCURRENT HOUSEHOLD CHANGES 

[ASK THIS SECTION ONLY IF IT IS INSTALLED OR INTENDED FOR THE ADDRESS ON RECORD AND THE 
RESPONDENT OCCUPIES THIS ADDRESS: IF RESP_CAT=INST_ADDR_OCC OR 
RESP_CAT=NOINST_ADDR_OCC] 

 Thinking about the two years before the COVID-2019 pandemic, please indicate whether you made any of 
the following changes to your home in those two years. [MULTIPLE SELECT; ROTATE] 

 Installed a new heating or cooling system  
 Completed an addition of conditioned space (heated or cooled) 
Remodeled your home  
Added new/more insulation in your attic, walls or basement  
Installed a solar PV system  
Purchased a plug-in electric vehicle  

97. Other (please specify) 

11. None of the above [EXCLUSIVE ANSWER] 

98. Don’t remember [EXCLUSIVE ANSWER] 

[A3_READIN: 

G3=1: install a new primary heating or cooling system  
G3=2: complete an addition of conditioned space (heated or cooled) 
G3=3: complete the remodel of your home 
G3=4: add new/more attic, wall or basement insulation 
G3=5: install a solar PV system 
G3=6: purchase a plug-in electric vehicle 
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G3=97: [read in verbatim] 

[FOR EACH ITEM SELECTED IN B3] To the best of your knowledge, approximately when did your household 
[READ IN B3 RESPONSE]? 

[MONTH] [YEAR] 

98. Don’t know  

• PURCHASE DRIVERS  

[ASK SECTION OF ALL REMAINING RESPONDENTS] 

Please think back to the time when you were deciding to buy a new thermostat.  
 

Did you purchase the new thermostat to replace an existing thermostat or was it purchased for an area of 
the home that did not have a thermostat?  

 Purchased to replace existing thermostat  
 Purchased for an area without an existing thermostat 

98. Don’t know 

[ASK IF 0=1] What type of thermostat did the new thermostat replace? 

Wi-Fi or learning thermostat (that learns your patterns and/or is Wi-Fi connected so you 
can control it from anywhere; Nest, ecobee, and Honeywell Lyric are examples) 
Programmable thermostat (that can be scheduled or set to automatically adjust the 
temperature at different times of the day) 
Manual thermostat (set to one temperature that doesn’t change unless you adjust it; often 
using a dial or up/down buttons) 

97. Other (please specify) 

98. Don’t know 

 

[RANDOMIZE TO 50%] What motivated you to purchase a new thermostat? Please select up to three 
reasons. [ROTATE; MULTIPLE RESPONSE]  

To lower my energy use or bills  
Purchased it as a gift for someone else  
Wanted new/better features 
Old thermostat was broken or working poorly  
Recommendation from someone else  
Sale or discount from a store or manufacturer  
Installed a new heating or cooling system 
The Mass Save® rebate  

97. Other (please specify) 

• MOST RECENT WINTER BEHAVIORS – WINTER 2019-2020 

(NEW OR OLD THERMOSTAT, DEPENDING ON INSTALL DATE) 
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[ASK SECTION ONLY IF RESPONDENT OCCUPIES THE ADDRESS WHERE THE NEW THERMOSTAT WAS 
INSTALLED OR PURCHASED FOR: ASK IF (0=1) OR (0=3OR5OR97 AND C8=1)]. Within this group: 

[IF 0=1: ASK EVERYONE] 

[IF 0=2: SKIP TO SECTION K] 

[IF 0=3: RANDOMIZE ASSIGNMENT OF WINTER ( + ) OR SUMMER (K+L) SECTIONS] 

[IF 0=BLANK: 

(ASK SECTION IF 0=BLANK & 0=1) 

(SKIP SECTION IF 0=BLANK & 0=2 (THERMOSTAT PURCHASED FOR NEW SPACE))]  

[ASK IF 0=1] Did you use the new thermostat this winter? (The winter of 2019-2020 before March 2020?) 

 Yes  
 No  

[ASK IF 0=2 OR 0<>1] [SKIP IF NO PREVIOUS THERMOSTAT (0=2)] Did you use [IF 0 NON-MISSING: the old] 
[IF 0 IS MISSING: an existing] thermostat this winter (before March 2020) [IF 0 IS MISSING: to control the 
heat]? 

 Yes  
 No  

PROGRAMMING: ASSIGN NEW VS OLD THERMOSTAT TO SECTION_ : 

SECTION_ = NEW if 0=1 
SECTION_  = OLD if (0<>1 & 0=1)  
SECTION_  = NONE for all other response patterns (SKIP TO SECTION K) 

 [READ IF SECTION_I = NEW: The next set of questions are about how you used your NEW thermostat this 
winter (before March 2020). Please answer for your NEW thermostat. [READ IF SECTION_I = OLD: The next 
set of questions is about how you used your OLD thermostat this winter (before March 2020). Please 
answer for your OLD thermostat. [READ IF TSTAT_QTY>1: Please answer for the new thermostat that 
controls the most space in the house]. [READ IF 0=3: For vacation or second homes, think about the times 
when your family occupies the home.] 

This winter (before March 2020), how did you typically set the temperature in your home with the 
[NEW/OLD] thermostat? [ROTATE; MULTIPLE RESPONSE]  

 Schedule: Used the schedule feature to program or set a custom schedule  
 [SHOW IF SECTION_ =NEW OR 0=1] Automated: Allowed the thermostat to automatically 
adjust the temperature (for example, by sensing or learning when people were home or 
away)  
 Manual: Set the temperature as needed  
On/Off: Turned the thermostat on or off as needed 

97. Other (please specify) 

Some people keep their temperature the same throughout the day and night, and some change the 
temperature at different times of day. What best describes the temperature settings in your home this 
winter (before March 2020)?  

 Temperature was the SAME all the time 
 Temperature was DIFFERENT at different times of day/night 
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97. Other (please specify) 

 [ASK IF 0=1] What temperature was the [NEW/OLD] thermostat typically set for during the winter (before 
March 2020)? [NUMERIC OPEN ENDED; BUTTON FOR DON’T KNOW (-98)]  

 [ASK IF 0=2OR97] What temperature was the [NEW/OLD] thermostat typically set for at each time of day 
during the winter (before March 2020)? [NUMERIC OPEN END WITH BUTTONS FOR “Don’t Know” (-98), 
“Turn heat off” (-96) for EACH ROW] 

_____ During the day/evening when people are home/awake 
_____ During the day/evening when no one is home 
_____ At night when people are sleeping 
_____ During vacations or times when the home is unoccupied for a day or more  
 

This winter (before 2020), how often did you or someone in your household change or adjust the 
temperature (including changing or holding the program or temperature)?  

 Multiple times daily  
 Once daily  
 4-6 times a week  
 2-3 times a week  
 Once a week  
 Once a month  
 Never  

97. Other (please specify) 

 

Which best describes how often someone was in your home [IF (0 = 5 “business”)] on a on a typical weekday 
(Monday – Friday) this winter (before March 2020)? [SINGLE RESPONSE] 

Someone was home all or nearly all of the time 
Someone was home most of the time (unoccupied about 2-4 hours per day) 
Someone was home some of the time (unoccupied about 6-12 hours per day) 
No one was home for most of the day (unoccupied 13-23 hours per day) 
No one was home for all of the day (unoccupied 24 hours per day) 

97. Other (please specify) 

 Which best describes how often someone was in your home [IF (0 = 5 “business”)] on a on a typical 
weekend day (Saturday and Sunday) this winter (before March 2020)? [SINGLE RESPONSE] 

Someone was home all or nearly all of the time 
Someone was home most of the time (unoccupied about 2-4 hours per day) 
Someone was home some of the time (unoccupied about 6-12 hours per day) 
No one was home for most of the day (unoccupied 13-23 hours per day) 
No one was home for all of the day (unoccupied 24 hours per day) 

97. Other (please specify) 

 [ASK IF SECTION_I = NEW] Some thermostats use motion or occupancy sensors, or phone location data, to 
tell if you are away and turn down the heat (“Away” mode). This winter (before March 2020), was your 
thermostat set up for “Away” mode (to automatically detect when you were away, and adjust the heat)? 
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Yes 
No 
98. Don’t know 

 This winter (before March 2020), what did you do with your heating settings when the home was 
unoccupied for a day or longer? 

Nothing – I/we did not adjust the thermostat 
Turned heat completely off 
Set at a lower temperature 
Set it to “Away” mode or setting 
[SHOW IF SECTION_ =NEW OR 0=1] Allow the thermostat to sense and automate the 
setting 

97. Other (please specify) 

Not applicable – someone is home nearly all of the time 

• PREVIOUS THERMOSTAT BEHAVIORS: WINTER  

[ASK IF SECTION_I = NEW: THEY ANSWERED THE PREVIOUS SECTION FOR THEIR NEW THERMOSTAT] 

Within this group: SKIP IF 0=2 (IF THERMOSTAT PURCHASED FOR NEW SPACE) 

Now I have some questions about how you and your household used the old thermostat in the winter. 
[READ IF 0=1 AND 0=1: Since you used both thermostats this winter (2019-2020), you can think about the 
portion of the winter with your old thermostat.] 

Thinking about the last winter when you used the old thermostat, how did you typically set the temperature 
in your home? [ROTATE; MULTIPLE RESPONSE] 

 Schedule: Used the schedule feature to program a schedule  
 [SHOW IF 0=1] Automated: Allowed the thermostat to automatically adjust the 
temperature (for example, by sensing or learning when people were home or away)  
Manual: Manually set the temperature as needed  
 On/off: Turned the thermostat on or off as needed 
Not applicable - Did not use old thermostat for heating [SKIP TO NEXT SECTION ]  

What best describes the temperature settings in your home in the winter with the old thermostat?  

 Temperature was the SAME all the time 
 Temperature was DIFFERENT at different times of day/night 

97. Other (please specify) 

[ASK IF 0=1] What temperature was the old thermostat typically set for during the winter?  

[NUMERIC OPEN ENDED] 

98. Don’t remember 

 

[ASK IF 0=2 OR 97] What temperature was the old thermostat typically set for at each time of day during 
the winter? [NUMERIC OPEN END WITH BUTTONS FOR “Don’t Know” (-98), “Turn heat off” (-96) for EACH 
ROW] 

_____ During the day/evening when people were home/awake  
_____ During the day/evening when no one is home  
_____ At night when people were sleeping  
_____ During vacations or times when the home was unoccupied for a day or more  
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[ASK IF 0=98 “Don’t know” OR [ANY (0_1 OR 0_2 OR 0_3)=-98]] Was the temperature generally set higher 
(hotter), lower (cooler) or about the same in the winter with the old thermostat (compared with the new 
one)? 

Temperature was generally higher (hotter) with the old thermostat 
Temperature is generally lower (cooler) with the old thermostat 
About the same (no difference in temperature) 
97. Other (please specify) 

Thinking about the most recent winter with the old thermostat, how often did you or someone in your 
household change or adjust the temperature (including changing or holding the program or temperature)?  

 Multiple times daily  
 Once daily  
 4-6 times a week  
 2-3 times a week  
 Once a week  
 Once a month  
 Never  

97. Other (please specify) 

98. Don’t remember 

[RANDOMIZE TO 50%] 

Are there any differences in how your household manages or uses the heat with the new thermostat 
compared with the old thermostat?  

Yes 
No 

 [ASK IF 0=1] How do you manage or use the heat differently with the new thermostat? [OPEN RESPONSE] 

• MOST RECENT SUMMER BEHAVIORS – SUMMER 2019  

(NEW OR OLD THERMOSTAT DEPENDING ON INSTALLATION TIMING) 

[ASK SECTION ONLY IF RESPONDENT OCCUPIES THE ADDRESS WHERE THE NEW THERMOSTAT WAS 
INSTALLED OR PURCHASED FOR: ASK IF (0=1) OR (0=3OR5OR97 AND C8=1)]. Within this group: 

[IF 0=1: SKIP TO SECTION M] 

[IF 0=2: ASK EVERYONE] 

[IF 0=3: RANDOMIZE ASSIGNMENT OF WINTER ( + ) OR SUMMER ( +L) SECTIONS] 

[IF 0=BLANK: 

(ASK SECTION IF 0=BLANK & 0=1) 

(SKIP SECTION IF 0=BLANK & 0=2 (THERMOSTAT PURCHASED FOR NEW SPACE))]  

 

[ASK IF 0=1] Did you use the new thermostat last summer (2019)? 

 Yes  
 No  
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[ASK IF (0<>1 OR 0= 2)] [SKIP IF NO PREVIOUS THERMOSTAT (0=2)] Did you use [IF 0 NON-MISSING: the 
old] [IF 0 IS MISSING: an existing] thermostat last summer (2019) [IF 0 IS MISSING: to control the air 
conditioning]? 

 Yes  
 No  
96. [SHOW IF 0 IS MISSING] Not applicable – my home does not use air conditioning [SKIP 
TO NEXT SECTION] 

 
PROGRAMMING: ASSIGN NEW VS OLD THERMOSTAT TO SECTION K 

SECTION_K = NEW if 0=1 
SECTION_K = OLD if (0<>1 & 0=1)  
SECTION_K = NONE for all other response patterns (including K2=96) (SKIP TO SECTION M) 

 

[READ IF SECTION_K = NEW: The next set of questions are about how you used your NEW thermostat last 
summer (2019). Please answer for your NEW thermostat. [READ IF SECTION_K = OLD: The next set of 
questions are about how you used your OLD thermostat last summer (2019). Please answer for your OLD 
thermostat. [READ IF TSTAT_QTY>1: Please answer for the new thermostat that controls the most space in 
the house]. [READ IF 0=3: For vacation or second homes, think about the time when your family occupied 
the home.] 

Thinking about last summer (2019) what best describes how you used your cooling system? 

Always set to cooling mode (it turns itself on and off depending on the temperature) 
Turned the system on and off as needed  

97. Other (please specify) 

 

Last summer (2019) how did you typically set the temperature in your home with the [NEW/OLD] 
thermostat? [ROTATE; MULTIPLE RESPONSE]  

 Schedule: Used the schedule feature to program or set a custom schedule  
[SHOW IF SECTION_K=NEW OR 0=1] Automated: Allowed the thermostat to automatically 
adjust the temperature (for example, by sensing or learning when people were home or 
away)  
 Manual: Set the temperature as needed  
On/Off: Turned the thermostat on or off as needed 

97. Other (please specify) 

Some people keep their temperature the same throughout the day and night, and some change the 
temperature at different times of day. What best describes the temperature settings in your home last 
summer? 

 Temperature was the SAME all the time 
 Temperature was DIFFERENT at different times of day/night 

97. Other (please specify) 

 [ASK IF 0=1] What temperature was the [NEW/OLD] thermostat typically set for during the summer 
(summer 2019)? [NUMERIC OPEN ENDED; BUTTON FOR DON’T KNOW (-98)]  
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 [ASK IF 0=2OR97] What temperature was the [NEW/OLD] thermostat typically set for at each time of day 
during the summer (summer 2019)? [NUMERIC OPEN END WITH BUTTONS FOR “Don’t Know” (-98), “Turn 
cooling off”(-96) for EACH ROW] 

_____ During the day/evening when people are home/awake 
_____ During the day/evening when no one is home 
_____ At night when people are sleeping 
_____ During vacations or times when the home is unoccupied for a day or more  
 

Last summer (2019), how often did you or someone in your household change or adjust the temperature 
(including changing or holding the program or temperature)?  

 Multiple times daily  
 Once daily  
 4-6 times a week  
 2-3 times a week  
 Once a week  
 Once a month  
 Never  

97. Other (please specify) 

 

Which best describes how often someone was in your home [IF (0 = 5 “business”)] on a on a typical weekday 
(Monday – Friday) last summer (2019)? [SINGLE RESPONSE] 

Someone was home all or nearly all of the time 
Someone was home most of the time (unoccupied about 2-4 hours per day) 
Someone was home some of the time (unoccupied about 6-12 hours per day) 
No one was home for most of the day (unoccupied 13-23 hours per day) 
No one was home for all of the day (unoccupied 24 hours per day) 

97. Other (please specify) 

Which best describes how often someone was in your home [IF (0 = 5 “business”)] on a on a typical weekend 
day (Saturday and Sunday) last summer (2019)? [SINGLE RESPONSE] 

Someone was home all or nearly all of the time 
Someone was home most of the time (unoccupied about 2-4 hours per day) 
Someone was home some of the time (unoccupied about 6-12 hours per day) 
No one was home for most of the day (unoccupied 13-23 hours per day) 
No one was home for all of the day (unoccupied 24 hours per day) 

97. Other (please specify) 

 [ASK IF SECTION_K = NEW] Some thermostats use motion or occupancy sensors, or phone location data, to 
tell if you are away and turn the air conditioning down (“Away” mode). Last summer (2019), was your 
thermostat set up for “Away” mode (to automatically detect when you were away, and adjust the air 
conditioning)? 
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Yes 
No 
98. Don’t know 

 What did you do with your air conditioning setting when the home was unoccupied for a day or longer last 
summer (2019)? 

Nothing – I/we did not adjust the thermostat 
Turned air conditioning completely off 
Set at a higher temperature 
Set it to “away” mode or setting 
[SHOW IF SECTION_K=NEW OR 0=1] Allow the thermostat to sense and automate the 
setting 

97. Other (please specify) 

Not applicable – someone is home nearly all of the time 

• PREVIOUS THERMOSTAT BEHAVIORS: SUMMER  

 
[ASK IF SECTION_K = NEW: THEY ANSWERED THE PREVIOUS SECTION FOR THEIR NEW THERMOSTAT] 

Within this group: SKIP IF 0=2 (IF THERMOSTAT PURCHASED FOR NEW SPACE) 
 

Now I have some questions about how you and your household used the old thermostat in the summer. 
[READ IF 0=1 AND 0=1: Since you used both thermostats in the summer of 2019, you can think about the 
portion of the summer with your old thermostat.] 

Thinking about the last summer when you used the old thermostat, how did you typically set the 
temperature in your home? [ROTATE; MULTIPLE RESPONSE] 

 Schedule: Used the schedule feature to program a schedule  
[SHOW IF 0=1] Automated: Allowed the thermostat to automatically adjust the 
temperature (for example, by sensing or learning when people were home or away)  
Manual: Manually set the temperature as needed  
 On/off: Turned the thermostat on or off as needed 
Not applicable - Did not use old thermostat for cooling [SKIP TO T: NEXT SECTION]  

What best describes the temperature settings in your home in the summer with the old thermostat?  

 Temperature was the SAME all the time 
 Temperature was DIFFERENT at different times of day/night 

97. Other (please specify) 

[ASK IF 0=1] What temperature was the old thermostat typically set for during the summer?  

[NUMERIC OPEN ENDED] 

98. Don’t remember 

 

[ASK IF 0=2 OR 97] What temperature was the old thermostat typically set for at each time of day during 
the summer? [NUMERIC OPEN END WITH BUTTONS FOR “Don’t Know” (-98), “Turn cooling off” (-96) for 
EACH ROW] 

_____ During the day/evening when people were home/awake  
_____ During the day/evening when no one is home  
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_____ At night when people were sleeping  
_____ During vacations or times when the home was unoccupied for a day or more  

98. Don’t know   

[ASK IF 0=98 OR [ANY (0_1 OR 0_2 OR 0_3)=-98]] Was the temperature generally set lower (cooler), higher 
(warmer) or about the same in the summer with the old thermostat (compared with the new one)? 

Temperature is generally lower (cooler) with the old thermostat 
Temperature was generally higher (warmer) with the old thermostat 
About the same (no difference in temperature) 
97. Other (please specify) 

Thinking about the most recent summer with the old thermostat, how often did you or someone in your 
household change or adjust the temperature (including changing or holding the program or temperature)?  

 Multiple times daily  
 Once daily  
 4-6 times a week  
 2-3 times a week  
 Once a week  
 Once a month  
 Never  

97. Other (please specify) 

98. Don’t know [Don’t Remember]  

 [RANDOMIZE TO 50%] 

Are there any differences in how your household manages or uses the air conditioning with the new 
thermostat compared with the old thermostat?  

Yes 
No 

 [ASK IF 0=1] How do you manage or use the air conditioning differently with the new thermostat? [OPEN 
RESPONSE] 

 COVID-19 QUESTIONS 

[ASK EVERYONE] 

[Programming: NO FORCED RESPONSES in this section] 

The next few questions are about how the impacts of the COVID-19 pandemic may have changed energy 
use in your home. We are asking these questions to improve the programs and services that The Sponsors 
of Mass Save can offer to help customers in Massachusetts. 

If you do not want to answer these questions, feel free to skip ahead. You will still be eligible for the $30 
gift card if you skip these questions.  

 Continue 

Please think about who was living in your home this March, April and May (during the COVID-19 pandemic).  

How did the impacts of the COVID-19 pandemic affect the number of people living in your home this 
March/April/May, compared to normal circumstances?  

More people lived in my home this March/April/May  
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Fewer people lived in my home this March/April/May  
No change 
Other (specify) 

Please think about the hours per day that your home was occupied this March/April/May compared with 
normal circumstances. 

How did the COVID-19 pandemic affect the hours per day that people were home compared with normal 
circumstances?  

People were home for more hours per day  
People were home for fewer hours per day  
No major changes 
Other (specify) 

[ASK IF MORE/FEWER PEOPLE WERE HOME] During what time of day were <more/fewer> people home 
because of the COVID-19 pandemic? [SELECT ALL THAT APPLY] 

Morning (6am-9am) 
Daytime (9am-5pm) 
Evening (5pm-10pm) 
Night (10pm-6am) 
Other (specify) 

Did you use the heat any differently this March/April/May due to the COVID-19 pandemic than you 
otherwise would have? 

Please pick the statement that best describes how you used heat differently this March/April/May because 
of the COVID-19 pandemic. Think about the hours per day and temperature settings you used. 

I/we used the heat more this March/April/May  
I/we used the heat less this March/April/May  
No major changes 
Other (specify) 

[ASK IF THEY USED THE HEAT MORE (0=1) / LESS (0=1) / DIFFERENTLY (0=4)] What statement best describes 
how you used the heat <MORE/LESS/DIFFERENTLY> this March/April/May because of the COVID-19 
pandemic? [ROTATE; SELECT ALL THE APPLY] 

I/we ran the heating system for <more/fewer/different> hours per day 
Temperature settings were <higher/lower/different> than normal 
Used supplemental or back-up heat <more/less/differently> than normal 
Other (specify) 

[ASK IF 0 IS MISSING] This winter, before the COVID-19 pandemic (before March 2020), did you lower or 
set back your thermostat during the day (either manually or using a programmed or automated schedule)? 

Yes 
No 
98. Don’t know 

[ASK IF 0=2OR97 OR 0=1OR98]  [READ IF 0=2OR97: You mentioned earlier that the temperature in your 
home in the winter before the COVID-19 pandemic varied by time-of-day.] Did you change the daytime 
temperature settings or set back schedule this March/April/May?  

Yes 
No 
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97. Other (specify) 

[ASK IF I12 IS MISSING] Some thermostats use motion or occupancy sensors, or phone location data, to tell 
if you are away and turn down the heat (“Away” mode). This winter before the COVID-19 pandemic (before 
March 2020), was your thermostat set up for “Away” mode (to automatically detect when you were away, 
and adjust the heat)? 

Yes 
No 
98. Don’t know 

[ASK IF I12=1 OR 0=1]  [READ IF I12=1: You mentioned earlier that you used the “Away” mode in the winter 
before the COVID-19 pandemic.] Did you leave “Away” mode set up during the COVID-19 pandemic?  

Yes 
No 
97. Other (specify) 

Now please think about how you might use your home differently this summer compared with a typical 
summer.  

How might the COVID-19 pandemic affect the number of people living in your home this summer, 
compared with a typical summer? 

More people may live in my home this summer  
Fewer people may live in my home this summer  
No change 
Other (specify) 

Please think about the hours per day that your home may be occupied this summer because of the COVID-
19 pandemic (compared with a typical summer). 

How might the COVID-19 pandemic affect the hours per day that people may be home this summer 
compared with a typical summer?  

People may be home for more hours per day this summer  
People may be home for fewer hours per day this summer  
No major changes 
Other (specify) 

[ASK IF MORE/FEWER PEOPLE MAY BE HOME] During what time of day do you think <more/fewer> people 
may be home because of the COVID-19 pandemic? [SELECT ALL THAT APPLY] 

Morning (6am-9am) 
Daytime (9am-5pm) 
Evening (5pm-10pm) 
Night (10pm-6am) 
Other (specify) 

Do you think you may use the air conditioning differently this summer, compared to a typical summer, due 
to the COVID-19 pandemic? 

Please pick the statement that best describes how you may use air conditioning differently this summer 
compared with a typical summer. Think about the hours per day and temperature settings you may use. 

I/we may use air conditioning more this summer compared with a typical summer 
I/we may use air conditioning less this summer compared with a typical summer  
No major changes 
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Other (specify) 

[ASK IF THEY EXPECT TO USE IT MORE/LESS] What statement best describes how you may use air 
conditioning <MORE/LESS> this summer compared with a typical summer? 

I/we may run air conditioning for <more/fewer> hours per day 
Temperature settings may be <higher/lower> than normal 
I/we may use supplemental cooling (like window AC or fans) <more/less> than normal 
Other (specify) 

 TECHNOLOGY ADOPTION QUESTION 

When it comes to technology, what best describes you?  

 I am skeptical of new technologies and use them only when I have to  
 I am usually one of the last people I know to use new technologies  
 I usually use new technologies when most people I know do  
 I like new technologies and use them before most people I know  
 I love new technologies and am among the first to experiment with and use them  
 

• HOME AND DEMOGRAPHIC CHARACTERISTICS  

[SKIP SECTION if the thermostat is at, or intended for, an address the respondent doesn’t occupy: SKIP IF 
RESP_CAT = INST_ADDR_NOOCC OR NOINST_ADDR_NOOCC OR INST_NOADDR_NOOCC] 

Do you own or rent the home [IF 0=1: is installed] [IF 0=2: was purchased for]?  

 Own  
 Rent  

What type of home is it?  

 Single family  
 Duplex  
 Triple decker (e.g., three story house with each floor being a separate unit)  
 Apartment/condo in a 2-4 unit building  
 Apartment/condo in a 5+ unit building  
 Townhouse or row house (adjacent walls to another house)  
 Mobile home or trailer, or other 

What is the approximate square footage of your home? If unsure, your best guess is fine.  

 Less than 1,000 square feet 
1,000 – 1,499 square feet 
2,000 –2,499 square feet 
2,500 – 3,499 square feet 
3,500 – 4,999 square feet 
5,000 or more square feet 

98. Don’t Know 

[ASK IF 0=98] How many bedrooms are there in your home? 

 _____ (RECORD NUMBER)  
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[ASK IF 0=BLANK] Which best describes how often someone was in your home [IF (0 = 5 “business”)] on a 
on a typical weekday (Monday – Friday) this winter (before March 2020)? [SINGLE RESPONSESINGLE 
RESPONSE] 

Someone was home all or nearly all of the time 
Someone was home most of the time (unoccupied about 2-4 hours per day) 
Someone was home some of the time (unoccupied about 6-12 hours per day) 
No one was home for most of the day (unoccupied 13-23 hours per day) 
No one was home for all of the day (unoccupied 24 hours per day) 

97. Other (please specify) 

[ASK IF 0=BLANK] Which best describes how often someone was in your home [IF (0 = 5 “business”)]  on a 
on a typical weekend day (Saturday and Sunday) this winter (before March 2020)? [SINGLE RESPONSE] 

Someone was home all or nearly all of the time 
Someone was home most of the time (unoccupied about 2-4 hours per day) 
Someone was home some of the time (unoccupied about 6-12 hours per day) 
No one was home for most of the day (unoccupied 13-23 hours per day) 
No one was home for all of the day (unoccupied 24 hours per day) 

97. Other (please specify) 

 [ASK IF 0=BLANK] Which best describes how often someone was in your home [IF (0 = 5 “business”)] on a 
on a typical weekday (Monday – Friday) last summer (2019)? [SINGLE RESPONSE] 

Someone was home all or nearly all of the time 
Someone was home most of the time (unoccupied about 2-4 hours per day) 
Someone was home some of the time (unoccupied about 6-12 hours per day) 
No one was home for most of the day (unoccupied 13-23 hours per day) 
No one was home for all of the day (unoccupied 24 hours per day) 

97. Other (please specify) 

[ASK IF 0=BLANK] Which best describes how often someone was in your home [IF (0 = 5 “business”)]on a 
on a typical weekend day (Saturday and Sunday) last summer (before 2019)? [SINGLE RESPONSE] 

Someone was home all or nearly all of the time 
Someone was home most of the time (unoccupied about 2-4 hours per day) 
Someone was home some of the time (unoccupied about 6-12 hours per day) 
No one was home for most of the day (unoccupied 13-23 hours per day) 
No one was home for all of the day (unoccupied 24 hours per day) 

97. Other (please specify) 

What is your highest level of education?  

 Elementary  
 Some high school  
 High school graduate  
 Some college  
 College graduate  
 Postgraduate degree  
 Prefer not to answer  
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What languages are spoken in your home? [ANCHOR ENGLISH AND ROTATE THE REST; MULTIPLE 
RESPONSE]  

English  
Arabic  
 Chinese (Cantonese, Mandarin, etc.)  
 French  
 French Creole or Haitian Creole  
 German  
 Greek  
 Italian  
 Portuguese  
 Russian  
 Spanish  
 Tagalog  
 Vietnamese  

97. Other (please specify) 

What was your total annual reported household income in 2018 before any taxes? (Yes, in 2018. If you can’t 
remember 2018 please make a guess.) 

PROGRAMMING NOTE: USE TABLES PROVIDED IN EXCEL FILE TO PROVIDE RANGES BASED ON HH_SIZE from 
F1, ROUNDING UP TO THE NEAREST HUNDREDS FOR READABILITY. AS AN EXAMPLE, IF HH_SIZE=1 (SINGLE 
HOUSEHOLD MEMBER), SHOW THE FOLLOWING AND THEN CATGORIZE AS NOTED: 

  

Maximum SMI (DO NOT 
SHOW, REFERENCE ONLY) 

Categorization (DO NOT SHOW, 
CODE FOR SURVEY SKIPS AND 
ANALYSIS) 

1. Less than $34,800 <= 60% LI 

2. $34,801 -$40,600 61%-70% MI1 

3. $40,601 -$46,400 71%-80% MI1 

4. $46,401 -$52,200 81%-90% MI2 

5. $52,201 -$58,100 91%-100% MI2 

6. $58,101 -$63,900 101%-110% MI3 

7. $63,901 -$69,700 111%-120% MI3 

8. Greater than $69,700 >120% HES 

9. Don’t know 
 

 

MA 2018 SMI 

categories for survey.xlsx
  

• CONCLUSION  
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Thank you for your time today! As a thank you for completing this survey, we will send you a $30 e-gift card 
through TangoCard Rewards Genius. You can choose a card from a retailer or restaurant (including 
Amazon.com, CVS, Dunkin’ Donuts and more), or redeem for an online debit card (Visa® or MasterCard®). 
You can also choose to donate your $30 to charity.  

You’ll receive an email within 2-4 weeks from TangoCard Rewards Genius with a link to choose your gift 
card. Can you please verify your name and email address for us to send the $30 e-gift card? 

 Name:  
 Email address:  

This concludes the survey. If you have any questions about this survey or how your responses will be used, 
please contact Guidehouse Research at masurveyinfo@guidehouse.com. If you provided an email address 
to receive the e-gift card, please look for an email from TangoCard Rewards Genius within the next 2-4 
weeks.  

•  NON-QUALIFIED  

Unfortunately, it seems you do not fit the criteria for this survey; therefore you cannot continue with this 
survey. On behalf of the Massachusetts Program Administrators, we appreciate your time and apologize 
for any inconvenience this has caused.  

 

mailto:masurveyinfo@guidehouse.com

