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ABSTRACT
Rental properties make up approximately 37% of the U.S. residential building stock and
are responsible for 23% of the total energy consumption in this sector. Although this market has
great potential for energy efficiency, implementing energy savings measures in this market face
numerous challenges. In particular, one of the main challenges cited is the split incentive,
limiting the potential motivation of rental property owners and tenants to invest in energy
efficient technologies. Smart thermostats have gained substantial interest and adoption in the past
decade, and have been the subject of numerous studies in recent years. However, their adoption
and use in the context of the rental housing market has not been considered. In this study,
reviews posted on an online retailer's website (Amazon.com) were used as an unstructured
source of information to evaluate the perspectives of landlords and tenants towards smart
thermostats. In total, 31,790 reviews were collected for 14 commercially-available smart
thermostats, and from these, 173 reviews were identified to be directly associated with rental
units. These selected reviews were then analyzed and categorized based on the unique
opportunities and challenges that were expressed. The majority of reviewers focused on usability
aspects and expressed an interest in the advanced remote control functions of their purchased
devices. Furthermore, our findings indicated that occupancy pattern learning capabilities were
not of particular interest among this user group as compared to the non-rental property related
reviews. These findings can inform product manufacturers and policymakers in their future
interactions with stakeholders in the rental housing market and potentially increase adoption and
hence, adoption rate of energy efficiency measures.

1
CHAPTER 1.

INTRODUCTION

Residential energy consumption for space heating and cooling, lighting, appliances, and
other energy services is a key driver of energy demand and a major contributor to carbon dioxide
emissions worldwide. According to the U.S. Energy Information Administration (EIA), 21% and
37% of the U.S. total energy and electricity consumption in 2019 were attributed to the
residential sector, which includes homes that may be owner-occupied or rented by tenants[1]. In
the residential rental sector, which makes up approximately 37% of housing units in the U.S., the
per unit area energy consumption and expenditures were 134.7 kWh/m2-yr and 11.9 USD/m2-yr,
respectively. These are considerably higher than the average energy consumption and
expenditures in the U.S. residential sector overall (121.1 kWh/m2-yr and 9.9 USD/m2-yr
respectively) [2]. These higher rates per unit area of living space suggest that the residential
sector, in general and the rental sector in particular, present a strong opportunity for accelerating
the energy transition to a low-carbon future. However, the rental property market has also proven
to be among the most challenging sectors in which to successfully implement energy savings
measures [3–5].
Accordingly, the gap between potential and realized energy saving, commonly referred to
as the energy efficiency gap, is particularly significant with residential rental properties [3]. A
commonly discussed cause contributing to this gap is a principal-agent problem best known as
the “split incentive” [3,6,7]. Split incentives are defined as when the flow of investments and
benefits are not rationed well among stakeholders, impairing investment decisions [8]. In the
context of the rental housing market specifically, the split incentive phenomena occurs when
neither the homeowner nor the tenant, alone, have the motivation to improve building energy
performance [3]. According to [9], split incentive issues can be categorized into two broad types.
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First, (1) split incentive problems are most well-known as a split between landlord and tenant. In
this situation, a landlord (agent) purchases and supplies all of the components to support an
energy-efficient retrofit to a rental property. Their incentive is to supply these at the lowest
possible cost (i.e. not the highest efficiency) because they do not pay the energy utility bills.
These bills are paid for by the tenant (or principal), who thus has a strong incentive to increase
efficiency, but no control over the means to do so since they do not own the property. The
second (2) type of split incentive is a temporal split incentive. In this situation, the agent does not
know how long they will reside in their current location, thus if they move relatively soon, a high
upfront capital cost investment in efficiency is risky. This can occur in rental housing or owneroccupied housing scenarios.
Asymmetric information may also lead to sub-optimal energy efficiency standards in the
rental housing market [5,10,11]. In the case of unobservable (i.e. hidden from view) energyrelated technologies, such as wall and attic insulation, the market value of a property will not
accurately reflect the value of the investment for prospective tenants [5,12]. Even with seemingly
observable technologies, such as efficient windows and appliances, the specific thermal and
energy consumption information required to form energy and cost expectations may only be
available to landlords [5]. Without this information, tenants are unable to make informed
decisions when deciding which housing unit to rent. The rental market will, therefore, not
provide an economic return on efficiency investments [12]. As [5] discussed, this asymmetric
information introduces a 'lemons' problem which refers to the market and pricing effects of
information asymmetries between buyers and sellers [13,14]. This can negatively impact the
rental market in a region, as prospective tenants searching for a property will assume an average
efficiency level across the available properties, and as a result will not choose more energy
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efficient properties. Similarly, landlords will not have incentive to invest in energy efficient
technologies as this does not result in increased rents.
While previous research projects (e.g. [4,15]) have investigated the opportunities and
barriers for higher energy efficiency investments in the rental housing market, emerging Home
Energy Management Systems (HEMS) have the potential to unlock new opportunities to increase
energy efficiency, as HEMS can provide an unprecedented level of energy use information and
insights to inform efficiency investments. These and other emerging smart home technologies
may present both opportunities and obstacles for adoption in the rental property market. As these
technologies emerge, further research is needed to better understand such obstacles and
opportunities.
The focus of this study is on the adoption of smart thermostats, also referred to as
intelligent thermostats, self-programming thermostats, neurothermostats, communicating
thermostats, or autonomous thermostats, in various literature. Broadly speaking, the definition of
a smart thermostat depends on the proposed model and the targeted functionality [16]. Some
literature which uses “communicating thermostats”, require the device to be internet-connected
and have the ability to be remote-controlled. Others include the ability of the thermostat’s
operation to be adjusted in real-time based on input sensor information (occupant presence
sensors, meteorological weather station, GPS system, etc.). Others include features that, through
learning algorithms, learn the living habits of building occupants to optimize the heating,
ventilation, and air conditioning (HVAC) schedule for energy savings and occupant comfort. In
essence, unlike the programmable thermostat that adjusts the temperature according to a predefined program, a smart thermostat adapts its operation depending on the user [16–18].
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Smart thermostats have been commercially available for nearly a decade, with an
estimated adoption rate of 13% among the roughly three-quarters of U.S. households who are
believed to have broadband service in their home in 2020 [19,20]. Among the various smart
technologies on the market today, these are among the most commonly adopted in the residential
market. Considering that, depending on the climate zone, approximately 80-100% of U.S.
residential buildings are equipped with HVAC systems with thermostats, the proportional share
of smart thermostats is relatively low, but is expected to continue to grow [2,21]. While the
majority of previous studies (e.g. [22–24]) on smart thermostats have focused on the
performance of these devices, the main challenge with translating smart thermostats' energy
saving potential to actual savings lies in this relatively low penetration rate of these devices
[18,25]. Moreover, even when opportunities and barriers related to further adoption of smart
thermostats are studied, the majority of previous research is focused on the owner-occupied
units. Such research does not consider the rental housing market which, as previously stated,
makes up a large portion of the housing stock (and its associated energy consumption).
Accordingly, a study of the adoption of smart thermostats in this rental market can help identify
the opportunities and barriers to further adoption in this sector which, to the best of our
knowledge, has not been investigated previously.
Accordingly, the objective of this study is to assess the motivation and sentiment of
current buyers and users of smart thermostats in rental properties by analyzing reviews of smart
thermostats on the online retail website Amazon.com. Fourteen different popular smart
thermostats available through this site were selected and the associated reviews for these devices
were compiled. The online reviews dataset (N = 31,790) were then divided based on the housing
tenure status. Reviews related to the rental units were then both qualitatively and quantitatively
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evaluated, including reviewers' sentiments (positive or negative) associated with each of eight
pre-defined topics. The use of an online review dataset had a number of advantages over more
conventional survey methods used in previous studies. These include the following: (1) online
reviews were free and publicly accessible; (2) the sample size was larger than what most
laboratory or field test populations are able to achieve; and finally (3) since there was no
questionnaire involved in collecting online reviews, the reviewers discussed what they found
relevant to share about a device, limiting bias in responses. Accordingly, an online review
dataset may help to capture the reality of user perceptions towards smart thermostats without
impacting users' responses by asking pre-defined questions. Such advantages have led to the
publication of a number of recent related studies which utilize this method of data collection,
including indoor environmental quality in short-term rentals, Airbnb market analysis, and user
attitudes and perceptions towards smart thermostats [18,26–28].
The results of this study provide insight into the relative interests and cited benefits, both
energy and non-energy related, of smart thermostats in the rental housing market. These results
also work toward determining the motivational factors for the purchase of these devices by
stakeholders in this market. The latter can be used to inform targeted efforts to further encourage
adoption of more energy-efficient technologies in rental housing units, and hence increase the
overall efficiency of the residential building stock.
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CHAPTER 2.

METHODOLOGY AND DATA

This section provides details of the different datasets used in the analysis, the data
collection and refinement procedures, and the characteristics of each dataset. Online reviews
were obtained from the online retailer's website (Amazon.com) and analyzed to measure current
users' perceptions of the benefits, risks, and design attributes of smart thermostats, as well as
general issues of consumer confidence in smart thermostats among landlords and tenants.
Overall, the data collection, refinement, and analysis procedure included the following four
general steps: (1) product selection, (2) scraping of online reviews posted for the selected
products from the online retailer's website, (3) refinement of the acquired review dataset based
on its relevance to the rental housing market, and finally (4) qualitative and quantitative analysis
of the reviewers’ sentiments towards smart thermostats. In the next sections, each of these steps
is described in further detail.
Product Selection
The smart thermostats used for analysis in this study were selected based on the
'Amazon's Top Selected Products and Reviews List' [29]. These products (Table 1) include
devices from manufacturers that are identified as dominant market players based on information
from the U.S. Department of Energy [30].
Table 1. List of Selected Smart Thermostats Utilized for Online Review Data Collection
#

Brand

Product Name

Item Model Number

1

Google

Nest Learning Thermostat (3rd gen)

T3007ES

2

Honeywell Home

Honeywell Wi-Fi Smart Color Thermostat

RTH9585WF1004/W

3

Ecobee

Ecobee4

EB-STATE4-01

4

Ecobee

Ecobee3 lite Smart Thermostat (4th gen)

EB-STATE3LT-02
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Table 1 Continued
#

Brand

Product Name

Item Model Number

5

Emerson

Sensi Wi-Fi Smart Thermostat (2nd gen)

ST55

6

Honeywell

Lyric T5 Thermostat

RCHT8610WF2006/W

7

Emerson

Sensi Touch Wi-Fi Smart Thermostat

ST75

8

Honeywell Home

Honeywell Wi-Fi Smart Touchscreen Thermostat

RTH9580WF1005/W1

9

theSimple

theSimple thermostat

-

10

Honeywell Home

Honeywell Wi-Fi Touch Screen Programmable Thermostat

TH9320WF5003

11

Emerson

Sensi Wi-Fi Smart Thermostat

1F87U-42WF

12

Mysa

Mysa Smart Thermostat for Electric Baseboard Heaters

-

13

Honeywell Home

14

Johnson Controls

Honeywell Wi-Fi Color Touch Screen Programmable
Thermostat
GLAS Smart Thermostat

TH9320WF5003
SIO2-10000

All selected thermostats have similar features, including Wi-Fi connectivity,
programmable 7-day flexible scheduling, a digital display, and a smart phone application to
support remote control, checking of system operations, and facilitating thermostat programming
capabilities [30]. In addition, they are generally designed to be used for control of a single zone
residential style HVAC system, including a heat pump or air conditioner/furnace combination.
These two main systems are the most commonly used type of HVAC system in residential
buildings in the U.S. [2]. Some of the selected smart thermostats included additional features,
such as occupancy sensing and learning algorithms, geofencing (which provides a signal to a
learning algorithm, when a mobile device is within a defined radius of dwelling [31]), alerts for
extreme indoor temperatures, touch screens, and the ability to connect to remote temperature
sensors placed in different locations within a home. These variations in features and capabilities
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were unavoidable given the current smart thermostat market. Generally however, regardless of
these variations, all of the selected thermostats can be classified as smart thermostats and have an
average rating of at least 3 out of a 5-point scale on the online retailer's website (Table 2).
Review Scraping
In order to analyze users' interests and opinions of smart thermostats, review text and
ratings were extracted from Amazon.com using the web scraping R package rvest in September
2017, February 2018, and August 2019 [32,33]. In total, 31,790 product reviews were collected
for the 14 smart thermostat products. Table 2 represents a summary of the collected dataset for
the selected smart thermostats, including their list prices, the number of reviews acquired for
each, their average overall ratings, and the associated standard deviation at the time of data
collection.
Table 2. Summary of the Smart Thermostats Included in the Compiled Online Review Dataset
Product ID

List Price (2019 USD)

Number of Reviews

Average Rating
(out of 5)

Standard
Deviation

Smart Thermostat A

$249.00

18,585

4.59

1.07

Smart Thermostat B

$135.00*

870

4.13

1.42

Smart Thermostat C

$249.00

1,836

3.94

1.47

Smart Thermostat D

$169.00

1,233

4.16

1.40

Smart Thermostat E

$129.99

2,107

4.35

1.28

Smart Thermostat F

$149.99

1,098

3.41

1.70

Smart Thermostat G

$144.39*

1,147

4.41

1.22

Smart Thermostat H

$99.00*

3,160

4.06

1.44

Smart Thermostat I

$134.00*

20

4.15

1.42

Smart Thermostat J

$136.99*

676

4.19

1.38

Smart Thermostat K

$137.01*

62

4.06

1.48
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Table 2 Continued
Product ID

List Price (2019 USD)

Number of Reviews

Average Rating
(out of 5)

Standard
Deviation

Smart Thermostat L

$139.00*

296

4.53

1.02

Smart Thermostat M

$144.17*

594

4.23

1.35

Smart Thermostat N

$249.00

106

3.78

1.44

Total

-

31,790

4.39

1.25

* List Price was not available at the time of data collection, sale price on Amazon.com was recorded instead.

Dataset Cleaning and Refinement
The dataset (n = 31,790) was first cleaned and refined to improve the analysis. The
cleaning procedure included the following three steps:
1. Removal of reviews written in non-English languages;
2. Removal of stop words, which often refers to non-meaningful common words
such as “the”, “a”, and “my”, and non-meaningful punctuation marks;
3. Removal of irrelevant punctuation marks. This includes punctuation marks such
as “!”, and “?” used multiple times in a consecutive manner (as a form of
exaggeration), punctuation marks used to construct a pictorial representation of an
image (also known as emoticons), and apostrophes used as a form of
abbreviation;
The first step was deemed necessary since some users provided reviews in languages
other than English. Non-English words cannot be interpreted using the same methodologies
followed for English-based text analysis and translating from other languages to English might
change the sense and emotions expressed in them [34]. Therefore, non-English reviews were
removed from the original dataset of reviews. In the second step, stop words were also removed
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from the remaining reviews, since their inclusion in textual analysis provides unnecessary
information and clutter in the dataset. This was completed using the tm package in R, as also
used by [35], and developed by [36]. For the irrelevant punctuation marks (Step 3), while these
punctuation marks are a possible means to express a sentiment, they are not used in the text
analysis technique used in this work and could be studied further in future efforts. In addition,
words with an apostrophe to indicate possession, omission, and pluralization were converted to
words without an apostrophe. For example, “didn't” was changed to “did not”.
This cleaned review dataset included reviews written by all users and does not
differentiate based on their status of housing tenure (owner-occupied or renter). Therefore, as a
final step and in order to exclude any reviews that are not associated with rental housing units, a
refinement process was defined and applied to this review dataset (Figure 1).
First, an initial keyword (“rent”) was used in the search process and a limited number of
reviews (n = 152) that included this keyword or any of its related forms (Table 3) were selected
as the training dataset. Then, a list of all the unique root words in this training dataset was
prepared and a complementary set of related keywords (Table 3) was selected from the list to be
used in another round of refinement within the complete review dataset. This second round of
refinement resulted in the selection of 1,266 additional reviews for analysis. Finally, the two
refined datasets were combined (n = 1,418) and reviewed manually to determine if their reviews'
contents are related to the topic of study. This step resulted in the exclusion of 1,245 reviews
from the refined dataset and generated the “rental-related dataset”, which included 173 reviews
in total. While this is a limited number of reviews relative to the larger dataset, such a large
number of detailed reviews specifically for rental properties’ use of smart thermostats has not
been compiled elsewhere and is thus worthy of investigation.
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Figure 1. The Refinement Procedure Followed for Identifying the Rental-Related Reviews from the Cleaned Online Reviews Dataset
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Table 3. Keywords and Related Word Forms within the Compiled Online Reviews Dataset
PIE Lemma*

Related Word Forms Available in the Review Dataset

rente

rent, rental, rentals, rented, renter, renters, renting, rents

aer-

airbnb

com-

condo, condos

ghos-ti-

guest, guests

aik-

homeowner, homeowners, owner, owners

lendh-

landlord, landlords

pro-

property, properties

sed-

resident, residents

sta-

stay, stayed

ten-

tenant, tenants

vac-

vacation

* The related root words were identified with the help of the Online Etymology Dictionary [37].

Sentiment Analysis and Tagging
The review content was first analyzed to determine if the review was specifically related
to short-term rental units, which most commonly refers to a rental of fewer than thirty
consecutive days [38]. Unlike a lease, which can be classified as a long-term rental, a short-term
rental does not involve the grant of an estate in the land being rented [39]. Rather, a short-term
rental is a license, which is an agreement which entitles the renter to use the property where the
management and control is retained by the owner [40]. While short-term rental of residential
property is not a new practice, never before has it been so ubiquitous throughout the U.S. and the
world [38,41]. Previous studies (e.g. [38,41]) suggest that the availability of online peer-to-peer
home-sharing platforms, such as Airbnb and Vrbo, has helped increase the frequency of this type
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of rental. It was important to distinguish if a review was concerned with a short-term rental stay,
as the stakeholders in that sector might have had differing motivations and concerns when
compared to those dealing with long-term rental agreements.
Next, the reviewers were categorized based on their role, either as a landlord or a tenant
(also referred to as renter or guest for short-term rentals). This distinction supported better
identification of each stakeholder's sentiment towards smart thermostats and the ability to link
their opinions with known characteristics and motivations of their representative group. Lastly,
the dataset content was reviewed and eight topic categories were established based on themes of
specific features or elements of the thermostats in the dataset. These topic categories included:
Aesthetics (X1), Thermal Comfort (X2), Controls & Privacy (X3), Energy & Utility Bill Savings
(X4), Hardware Installation & Compatibility (X5), Learning Capabilities (X6), Software Setup &
Usability (X7), and Upfront Cost (X8). Following the establishment of these topic (aspect)
categories, each review was divided into one or more independent clauses. Then each clause was
fitted into one of the previously mentioned eight topic categories using MAXQDA v. 2018 [42].
Finally, the sentiment of the review clauses towards the topic it was tagged with was determined
to be either positive (P) or negative (N).
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CHAPTER 3.

RESULTS

This section presents the results by applying sentiment analysis to the dataset of 173
online reviews for smart thermostats. Examples from the data are added to the text for improved
clarity. Each referenced review is designated using a smart thermostat device identifier (STa to
STn) corresponding to the device designations in Table 2, a review number, a “STR” or “LTR”
tag referring to “short-term rental” and “long-term rental” respectively, and an “L” or “T”
identifier which determines if the review is written by the “landlord” or “tenant”. For example,
STe-007006-STR-L is the 7006th online review posted for Smart Thermostat E and is written by
a short-term rental housing unit landlord. No edits were made to the reviewers' comments, even
when typos were present. First, the quantitative overview of the review dataset is discussed,
followed by a qualitative analysis of the content, with the goal of better understanding the
motivational factors and sentiments of smart thermostat users in the rental housing market.
Overview of the Review Dataset
In this section, the general characteristics of the dataset that contains those reviews which
are identified to be related to the rental units are first compared to the overall dataset of reviews.
The former dataset, referred to as the “rental-related reviews” dataset, contains 173 reviews
posted by landlords or tenants of either short-term or long-term rental housing units. The latter
overall dataset contains a total of 31,790 reviews posted for the 14 selected smart thermostats
and does not differentiate based on the housing tenure status of the reviewer. Hereafter, this
second dataset is referred to as “all reviews”.
Of the reviews available (Figure 2), the two datasets generally have the same distribution
of reviews for each of the 14 selected devices. The small differences between the two datasets in
this comparison appeared to be slightly correlated with the price of these devices. As shown in
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Figure 3, in the rental-related reviews dataset, there is a slightly larger proportion of reviews of
devices that fell into the mid-price range ($100-$200), while the devices that fell into the high(more than $200) and low- (less than $100) price range were comparatively more common with
reviewers in the all reviews dataset. Previous studies (e.g. [43,44]) suggested that stakeholders in
this market, when compared to their counterparts in the owner-occupied group, generally tend to
under-invest in energy efficiency technologies. Moreover, even when an investment is made by a
stakeholder in this market, it is common for the relative purchase price to be important factor of
consideration, which might result in investment inefficiencies in terms of performance [45].
Therefore, this observation aligns with the findings of previous studies and confirms that for the
stakeholders in the rental market, the purchase price point is of interest. Another consideration is
that the devices that fell into the high-price range have a number of added capabilities that might
not be as desirable for users in this group. As discussed in upcoming sections, the rental-related
reviews appear to be more interested in the remote control and connectivity functions of the
thermostats and showed minimal interest in the more advanced features such as geofencing or
learning capabilities, given the little number of reviewers that discussed these features.
Therefore, investing in high-priced devices might have been less appealing to this group, as their
needs were met with the mid-price devices.
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Figure 2. Percentage of Reviews in the Overall and Rental-Related Review Datasets for Each of the Studied Smart
Thermostats (Note: STx = Smart Thermostat x, where x is identifier of the specific thermostat)
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Further comparison of the two datasets found that the reviewer ratings generally showed
similar characteristics (Figure 4). The numerical star ratings for online customer reviews range
from one to five stars. In this rating system, a low rating (one star) indicates an extremely
negative view of the product, a high rating (five stars) reflects an extremely positive view, and a
three-star rating reflects a moderate view [46]. The star ratings are also a reflection of attitude
extremity, that is, the deviation from the midpoint of an attitude scale [47]. Past research has
identified two explanations for a midpoint rating, such as three stars out of five [48,49]. A threestar review could (1) reflect a truly moderate review (indifference), or (2) a series of positive and
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negative comments that cancel each other out (ambivalence). In either case, a midpoint rating has
been shown to be a legitimate measure of a middle-ground attitude [46]. As shown in Figure 4,
the majority of the reviews in both datasets (75.3% and 72.3% for the all reviews and rentalrelated reviews datasets, respectively) belonged to the 5-star category. This suggests that the
majority of the reviewers in both datasets have extreme positive views of the purchased devices.
This observation is not surprising, given that the 14 selected products for this study all belong to
the 'Amazon's Top Selected Products and Reviews List' and nearly all of them had an average
star rating of 4 out of 5 with a relatively low standard deviation between the ratings for each
device (Table 2).
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Figure 4. Percentage of Reviews in the Overall and Rental-Related Review Datasets Based on Their Associated Star
Ratings

The accumulation of reviews in both datasets also shows a similar trend over time (Figure
5). In the all reviews dataset, the first registered reviews were posted in early 2014. Similarly, the
first review associated with the rental units (rental-related reviews) is also posted in July 2014.
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This suggests that the use of these devices in the rental market occurred at a similar time to their
adoption in the owner-occupied housing market. The timeline of online news and media material
covering the adoption of smart thermostats in rental units further agrees with this assumption
[50–52]. For instance, in September of 2014, Nest, one of the major players in the smart
thermostats market, partnered with Airbnb to provide selected hosts with free thermostats to
install in their apartments and/or homes [52–54]. Media outlets suggested that this partnership
was a way for the thermostat provider to reach more customers [52]. This suggests that the major
players in the smart thermostats market may already have been aware of the potential of their
devices for the rental housing market and interested in expanding their services to the users in
this group as early as 2014.
For the first two years of review accumulation past this date, the number of thermostat
reviews slowly increased in both owner-occupied and rental user groups (Figure 5). Assuming
the number of reviews is a proxy for popularity and thus level of adoption of the devices, their
adoption rapidly increased in the third year, and all years thereafter. Since the popularity trend
seems to generally follow the same pattern for both user groups, one can generalize the
predictions of increased smart thermostat adoption to the rental housing market and expect that
the adoption rates will continue to increase in this sector in the future [55].
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Figure 5. Accumulation of the Cumulative Number of Reviews in the Overall Dataset and the
Rental-Related Review Datasets from 2014 to 2019
Content Review
In order to further investigate the opinions and perceptions of stakeholders in the rental
market, the 173 reviews in the rental-related reviews dataset were next qualitatively analyzed.
First the reviewers were categorized based on their role in the rental market. This role was either
the “landlord” (or housing unit “owner”) or “tenant” (also referred to as “renter” or “guest” in the
case of short-term rentals). This distinction helped to analyze each stakeholder's sentiment
towards smart thermostats and link their opinions with known characteristics and motivations of
their representative user group. Next, the review content was also analyzed to determine if a
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review was specifically related to short-term rental units. All remaining reviews were tagged as
related to long-term rentals. This step was crucial as the stakeholders might have differing
motivations and concerns according to the type of rental agreement they are involved in.
It is important to note that the role of reviewers identified was solely in relation to their
experience with rental units. For example, if a reviewer decided to purchase a smart thermostat
device for their own housing unit after a short-term stay as a guest in a rental housing unit, in this
analysis they were labeled as a tenant in a short-term rental arrangement. While it can be argued
that the current role of the reviewer is an owner in an owner-occupied housing unit, the objective
of this study is to investigate the opinions and perceptions of reviewers with regards to the use of
smart thermostats in the rental housing market. As such, their other roles are not of interest in
this study.
This analysis showed that the review dataset was generally split between the types of
rental agreements (short-term or long-term stay). 90 reviews were identified to be related to
short-term rental stays (52%), while the other 83 were written about the use of smart thermostats
in long-term rental units (48%). However, only 17% of the reviews in the dataset were posted by
reviewers who self-identified as tenants. The majority of the reviewers (83%) were considered
landlords (Table 4). Since the majority of reviews on Amazon.com are non-incentivized and
posted by those who have purchased their devices from this online retailer’s platform (i.e.
“Verified Purchase” reviews), this sample imbalance in terms of the reviewers’ role in the
market suggests that the large majority of smart thermostats in the rental housing market are
provided by landlords [56,57]. While it is sometimes the case where a tenant reviews a smart
thermostat device on Amazon.com, only those who have entered long-term rental agreements
might be able to purchase and install a new device in their rental housing unit and in the case of
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short-term rental agreements, the tenant is only a temporary user of the space and is thus not
generally able to make such upgrades. Therefore, the small number of reviews in the short-term
rental tenant subcategory (6% of the number of reviews in the rental-related reviews dataset, or
11% of reviews in the short-term rental subcategory) were written by reviewers who wanted to
share their experience as a guest in a short-term rental with a smart thermostat device. For
instance, STa-004949-STR-T shared their experience as a short-term guest in a rental unit as “I
resisted buying these for our two units for a long time. I swore I would not spend this kind of
money on a thermostat. I then stayed in an Airbnb that had one of these and I was sold. I bought
two and love them.”
Table 4. Distribution of Reviewers in the Rental-Related Review Dataset Based on the Reviewers’ Roles and Rental
Agreement Type
Reviewer’s Role
Landlord (L)

Tenant (T)

Rental Agreement Type

% of the Reviews in the Dataset

Short-Term Rental (STR)

48%

Long-Term Rental (LTR)

37%

Short-Term Rental (STR)

6%

Long-Term Rental (LTR)

11%

The reviews were then each divided into one or more independent clauses. Each clause
was then fitted into one or more of the following eight topic categories: Aesthetics (X1), Thermal
Comfort (X2), Controls & Privacy (X3), Energy & Utility Bill Savings (X4), Hardware
Installation & Compatibility (X5), Learning Capabilities (X6), Software Setup & Usability (X7),
and Upfront Cost (X8). These topic categories are described further within this section. We note
that some clauses were tagged with more than one topic category, as they included information
that was related to multiple categories. Next, the sentiment polarity of the clauses towards the
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topic category they were matched with was determined to be either positive (P) or negative (N).
Figure 6 shows the frequency and sentiment polarity of these clause tags in the smart thermostat
reviews by topic category.
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Figure 6. Sentiment Tag Frequency per Topic Category for Smart Thermostat Reviews Related to Rental Units,
Including Those Considered to Be Positive (Black) and Negative (Red)

Software Setup & Usability
Overall, the Software Setup & Usability topic category was one of the most common
topics, amounting to 24.5% of total categorized clauses. This suggests that users in the rental
market typically found this aspect of their devices note-worthy and that the related capabilities
might have been a determining factor for their purchase decision. Previous research has also
repeatedly highlighted the importance of usability for the adoption of smart home technologies
[58–60]. Earlier studies (e.g. [58,59]) had identified this aspect as a major challenge for
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widespread adoption. However, building on the idea that human-building interaction (HBI)
interfaces are critical to smart housing and could greatly affect the perception of the users, more
recent studies (e.g. [18,61]) found that a combination of higher technological literacy and better
interface design may have contributed to reduced concerns and negative commentary on the
usability issues that early users had expressed [62–65].
Similarly, in this topic category, the majority of the clauses in the dataset were tagged as
positive (73.3%), indicating an overall positive experience with the user interfaces of the selected
devices. For instance, STa-014064-LTR-L expressed their positive experience with the
thermostat’s usability: “I installed this in a rental property. [X Brand] account and interface is
well thought and allows me to access and give my tenants access to observe and control online
but not access to my other [X Brand] devices in my home. This is a mature IoT device.”
However, it is important to note that the majority of these positive views were expressed by
primary users (device owners), and some concerns about the ease of use were expressed in the
comments with regards to the secondary users. A good example of this issue can be seen in the
frustration that a short-term guest (STa-005032-STR-T) had expressed in the following review:
“I have been staying at an Airbnb for 3 weeks and the house has one of these awful devices. I
hate this thermostat with a passion and would love nothing more than to rip it out of the wall and
hit it with a sledgehammer. It is always doing something and is very hard to fiddle with all the
settings to get it to do what I want. I'm in Georgia and for the past three weeks, every time I have
come home, it has been over 80 degrees inside. Why? Because this piece of junk has an Eco
setting that detects motion and if it thinks nobody is here it allows the temperature to rise. I
never come home to a comfortable house and I'm really tired of trying to fiddle with settings to
make that happen. What an annoying piece of junk.”
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Another set of criticisms in this topic category were related to the shared access of the
data and control via the related online platforms. Such privacy concerns and data sharing
agreements have been an ongoing area of research in the field of the Internet of Things (IoT)
[60,66–68]. These concerns are further heightened in instances where shared use of a device is
practiced. For instance, STa-016459-STR-L stated that “… I wish the [X Brand] app would allow
you to give a guest access to a specific thermostat without giving them access to all thermostats.
Or authorizing a guest to use the app for only a specific period of time.” This set of noted issues
seem to be mostly related to the user interface design and accessibility. Accordingly, previous
studies have suggested that a secondary-user dashboard might be a good response to this
challenge [67,68]. However, further investigation is needed to determine what relevant
information and permissions should be shared with such users.
Controls & Privacy
Another closely related and highly discussed topic category in the obtained reviews was
Controls & Privacy (23.6%). Based on the percent of reviews discussing this topic area, the
landlord group was specifically highly interested in the controls related capabilities of smart
thermostats. They commonly expressed having more and better control as their main purchase
motivation. A good example of this is the review posted by a short-term rental unit owner (STh001267-STR-L) that stated, “My main reason for purchase was to be able to remotely monitor
and control the temp. It works perfectly in this regard. Now I know if the rental guests leave the
temp on high after they leave and I can also tell if someone is in my place when I don’t expect
them to be. …” The remote-control functions were particularly identified to be crucial for owners
who managed either distant properties or multiple properties at the same time. For short-term
rentals specifically, the challenge of making sure the house rules are followed and doing routine
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remote checks when the property was unoccupied were also frequently brought up in the review
comments.
While owners were generally pleased with having more control over their properties and
“locking out” the tenants either completely or partially, the guests had some complaints related
to the limited control access they were given during their stay. A secondary-user platform and
advanced control sharing options could resolve this issue. One thing to consider in designing
such a software and hardware platform is that users’ control and/or automation preferences are
diverse. Therefore, it may be beneficial for the devices' control mechanisms to reflect this
diversity in users' desires and provide a range of options for users to choose from.
Hardware Installation & Compatibility
Hardware Installation & Compatibility related clauses made up for nearly 20% of the
tagged clauses in the rental-related reviews dataset. Similar to the first two topic categories, the
majority of the associated clauses in this topic category were also tagged as positive (81%),
which indicates a generally positive experience with the installation process. The smaller number
of negative reviews in this category (19%) were related to either defective or incompatible
devices. For instance, STf-000953-LTR-T stated that “Product looks great, however nowhere in
the description does this say it requires a specific number of conductors on the page. Bought this
product to find out that a 4 conductor thermostat wire isnt sufficient. …” Accordingly, a possible
resolution is for manufacturers and retailers to offer a thorough system-compatibility check to
potential buyers to avoid such issues and also provide a reasonable return period for defected or
incompatible devices.
The compatibility of the device with the existing wiring and HVAC system without the
need for substantial alternations was found to be critical for the tenant group, which typically
have limited flexibility in making such changes as compared to landlords. Some tenant
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purchasers expressed that they plan to take the device with them when they relocate after their
lease term is over and would like to put the old thermostat back in place. This means that any
changes to the existing wiring or system need to be minimal. For example, STe-001260-LTR-T
stated that “this product was my first step into the smart home space. As a renter, I was looking
for a smart thermostat that I could install and uninstall it easily without having to worry about
damaging the property. I'm decent with electronics but have never put in this type of equipment,
and with the instructions that were included it took me about 10 minutes to have thermostat
installed and functional. …”
While some Amazon.com reviewers expressed that they sought professional help for
device installation, it appeared that most purchased and installed their device themselves. The
reviewers often mentioned their overall limited technical skills and were pleasantly surprised that
they were able to install their devices on their own successfully. Frequently mentioned resources
that were useful for the installation included real-time technical support from the manufacturers
in the form of customer service phone calls and online chats, the installation documentation that
was included in the device package, and online videos both on the manufacturers’ websites and
in other video-sharing platform.
Energy & Utility Bill Savings
Approximately 10% of the comments focused on Energy & Utility Bill Savings. The
reviewers often associated their smart devices with energy savings and, in some cases,
mentioned such savings as an important motive for their purchase. Their view on this topic
category, however, seemed to be highly affected by their personal belief system towards the
environment and energy-related issues. STa-007629-LTR-T mentioned that “Great way to cut
costs and be environmentally conscious about energy consumption. As a young adult who rents a
place with electric heat, this is a great way to save money and do right when it comes to cutting
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down on fossil fuels.” Such observations are consistent with the findings of previous studies,
which suggested that a strong link exists between the purchasing decisions of energy-efficient
products and measures of environmental consciousness [69,70].
Overall, the energy savings were usually discussed parallel to monetary issues. These
included utility expenditures or the up-front investment needed for purchasing a device. The
discussed energy savings generally seemed to be achieved as a consequence of modifying the
non-responsible choices of short-term and/or long-term renters. These choices included setting
the heating or cooling set points too high and too low, respectively, or leaving the property for
extended periods of time and keeping it at comfortable levels for the period of absence. These
issues seemed to be more critical in short-term rentals and harsher climates, as the possibility of
such neglects happening or potential savings was deemed higher in those specific settings. For
instance, STa-000894-STR-L expresses their expectations of utility bill savings as a result of
more control over his short-term rental property as “… Too early to tell if I'm saving on my
energy bill. I had too many guests jacking up the thermostat to 80 in the middle of winter so it's
nice to be able to lock it down.”
However, it should be noted that almost all of the reviews in this category were related to
the rental agreements where the reviewer was directly paying for the utilities. Literature
associated with split incentives has shown that when a building occupant is not responsible for
paying for utilities directly (commonly referred to as “utilities-included” rental agreements), their
energy-related behavior tends to be less efficient when compared to those who are responsible to
do so [71,72]. STe-002043-STR-L explains this phenomenon as “… We expressly wanted this to
use in a second home used as a seasonal rental. Condos are rented as hotel rooms through a
third party on-site management company. The rent is charged by the day and includes water,
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heat, electric, etc, . If you own a “Cond-Hotel,” or really any rental property that includes
utilities, you already know that some renters behave differently than they would if they owned the
place. Theyre the ones that turn on every light when they enter and pretty much leave them on
the entire time. At their own homes, they keep the thermostat at a frugal setting. In the CondoHotel room, they have no qualms cranking it to the coldest or hottest possible, depending on the
season. With a wi-fi thermostat, we could turn the temp down to a reasonable 75F degrees if we
determined the occupants were [running] the heater 24-7 at the max even while gone. …”
Aesthetics
The topic of Aesthetics (7.8% of categorized clauses) was also discussed in some
reviews. Both owners and tenants expressed an interest in the “modern” look of the smart
devices, especially when compared to other non-smart thermostats. Some reviewers also
mentioned that the size of smart thermostats might be different than the thermostat that is being
replaced, and some additional paintwork may be required upon installation. STh-001267-STR-L
explains that “… It is a bit smaller than expected and smaller than most programmable
thermostats, so you may have a little touch-up painting to do once you remove the old
thermostat, but it is really beautiful on the wall and I like the continuous display of the ambient
temp. …” This may specifically be an issue for long-term renters as they explicitly expressed a
need to avoid any permanent alteration to their housing units.
Also of interest was that while most short-time tenants seemed to be locked out of the
remote functionalities of the devices, as discussed, their mostly physical and non-smart
interaction with the device during their stay persuaded them to purchase one for their own
homes. For instance, STa-003204-STR-T states that “We used one of these in a vacation house
we rented and I immediately ordered one for my home. I love the modern look and the
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functionality. Easy installation, too!” This may suggest that the purchase motivation of potential
buyers is strongly related to the physical design of the device and its interface.
Upfront Cost
The Upfront Cost category was among the least-discussed topics (6.4%). While most
reviewers admitted that they considered their selected devices somewhat expensive, most did not
see this as a negative issue. This may be impacted by the origin of the data being from only those
that had already purchased a thermostat, and did not include those who considered it but did not.
Many justified this up-front investment by referring to the rebate programs they had qualified for
and used as well as the savings they had achieved (or were at least expecting to achieve) by the
devices. STa-005814-LTR-L stated that “We put this in our rental unit to monitor/control HVAC
usage in a nice way... The stylish & very readable function lights up when approached so it
makes users aware/conscientious, and when better to use optional Evaporative Cooler instead of
AC. Being able to check/control from mobile device when necessary & away is a real cost-saver.
While onset it is spendy, the electric co rebate & readability functions made us take the leap. So
glad... just got our first bill and despite crazy record heat our usage was so much less than we
expected. Exceeded our expectations, learning more ways to conserve energy that well put one in
our own house!” However, most utility rebate programs target owner-occupied units and have a
limitation on the number of devices one customer can purchase. Such a limit would be
problematic for rental property managers with multiple units. Thus, further research is needed to
ensure that rebate policies are in line with the needs of this specific user group.
Lastly, some landlords appeared to see the purchase of a smart thermostat as a marketing
opportunity for the younger and/or more tech-savvy renters. STa-011753-LTR-L explains this
interest as “… This would be my 5th purchase... Ive installed [X Brand] for my rental properties
and tenants love it! Yes, youre paying a few extra dollars, but residents dig high tech gadgets

40
these days! …” Product manufacturers appear to be informed about this motivational factor for
purchase and have used it in their marketing materials to attract potential buyers in this market
[73].
Thermal Comfort
Another less-discussed topic was Thermal Comfort (6.2%). Most reviewers who
discussed comfort-related issues expressed a generally positive view towards comfort associated
with the use of the thermostats. For those operating short-term vacation rental units specifically,
the remote control feature enabled the ability to adjust the indoor temperature just prior to their
guests’ arrival and then return to a more energy-saving mode after their departure. STl-000092STR-L explains this matter as “We are using the [X Brand] for our vacation home in the
mountains. By using the app, we can turn the heat on before our guests arrive so the house is
warm and make sure the heat is turned off when they leave to save energy.” However, for some
guests, the automation of the devices kept them from experiencing their most desired comfort
levels. They expressed frustration while trying to manage the systems by interacting with the
device on the wall as it kept overriding their commands based on the settings set up by the device
owner in the online platform. This following from STa-000866-STR-L’s review explains an
experience of such: “A mind of its own. I was 1300 miles away and had someone staying at the
house and he was not able to adjust the temperature to a comfortable level as the [X Brand] kept
setting the temperature back up picking up that I was away. Obviously, this becomes a real pain
in the butt if you ever want to allow others to be in your house when you are away. My guest
tried to unlock the system but even with my password he was unable. He had to physically take
off the [X Brand] and reinstall my old manual thermostat to get the place comfortable again. …”
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Learning Capabilities
Finally, the least discussed topic among the reviewers was determined to be Learning
Capabilities, with 2.6% of tagged clauses. While learning capabilities are a defining feature of
several of the smart thermostats considered, this feature was not often mentioned by reviewers.
Some reviewers also indicated that this feature was unnecessary for use in rental units. STh001267-STR-L’s following review is a good example of such views: “… I debated between this
and the [X Brand], but since this is a vacation home with periodic rentals, I really didnt need to
focus on the pattern ““learning”” capabilities that the [X Brand] seems to offer. … My main
reason for purchase was to be able to remotely monitor and control the temp. It works perfectly
in this regard. …”
Another closely-related subject discussed by reviewers is the ease of overriding or
modifying the devices’ auto-generated schedules. Reviewers suggested that users need to be able
to make schedule and control changes easily and quickly. One example of such comments is
STa-009608-LTR-T’s review, which states, “Sometimes you have to tweak the automatically
generated schedule to match your taste, but at least its easily done in the app…” The previously
known issue of exception flagging was also discussed by some reviewers, which is the flagging
of situations in which the occupant behavior and associated thermostat settings should not be
used as a part of the training data for the thermostat’s control algorithm learning capacities [24].
Such concerns, also studied by [24,74], can be addressed with flagging techniques that allow
user input to be collected and used for learning, but also allow users to identify, or flag,
exceptional inputs (i.e., inputs that should not be used for learning). Using such flags, the
learning algorithm would ignore such inputs.
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Topic Correlation
It is also important to note that the majority of the reviews discussed more than one topic
(Table 5), which might suggest that individual users’ perceptions are shaped by more than one
set of product features. This is consistent with the findings of previous studies on the mental
models of smart home devices. These studies have suggested that such mental models are highly
complicated and shaped by a variety of different factors [75–77].
Table 5. Number of Topic Categories Discussed in Individual Reviews in the Rental-Related Review Dataset
Number of Topics Discussed*

% of the Reviews in the Dataset

1

16.1%

2

25.6%

3

28.0%

4

16.7%

5

7.7%

6

4.8%

7

1.2%

*The number of topics discussed here do not account for sentiment polarity towards the topic.

Figure 7 is a map of how different product features and sentiments were correlated in the
obtained dataset of reviews for rental housing units. In this map, all sentiment tags that coappeared in the dataset of reviews more than 4 times are shown and correlated. The numbers on
the correlation lines shown reflect the number of instances when such co-appearances occurred,
taking the sentiment polarity (positive or negative) of the topic tags into consideration. It can be
seen that positive sentiment towards the control & privacy features of the devices was often
closely linked to positive impressions of Software Setup & Usability (N = 20) and Thermal
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Comfort (N = 13). This is not surprising, given that a common goal of the smart thermostats
controls is to provide thermal comfort for occupant(s). Software Setup & Usability tags were also
frequently mentioned with Hardware Installation & Compatibility (N = 11). This is likely
because most reviewers discussed the ease of the installation process in a comprehensive
manner, including comments about both hardware installation and software setup
simultaneously. Another closely linked topic was the positive comments regarding Aesthetics (N
= 6). Reviewers suggested they were impressed with the design of the user interface and
commented on it frequently. As for the positive comments on Energy & Utility Bill Savings, such
comments were often discussed in parallel with Upfront Cost (N = 6) and advanced control &
privacy-related features (N = 11) that supported the discussed savings. Lastly, when reviewers
were not pleased with the Controls & Privacy and/or software setup &usability of their devices
(N = 7), they tended to express their negative sentiment towards both subjects in parallel.

Figure 7. Map of the Co-Appearance of Sentiment Tags in the Dataset of Reviews Related to Rental Units
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CHAPTER 4.

DISCUSSION

Based on the discussed results, there are several themes that emerge, which are discussed
as follows.
Improved Intuitive Usability for Secondary Users Is Needed
Research suggests that the usability of thermostats, in general, has been a long-standing
issue for realizing the possible levels of energy efficiency [78]. Earlier studies on smart
thermostats (e.g. [59,79,80]) expressed concerns regarding the usability of the devices for the
“average” user. More recent studies (e.g. [18]) have suggested that such concerns are no longer
as significant due to improvements in interface designs and higher technological literacy among
users. The findings in this work, however, suggest that the same cannot be said for secondary
users of these devices. The reviews in this study frequently expressed concerns with non-primary
users’ interactions with the devices and suggested they were not satisfied with the interface for
such users. As such, while more widespread adoption of such devices across the residential
building stock might provide greater technological literacy for the average user in the future, it is
recommended that the user interface should be improved to be more intuitive and user-friendly
keeping in mind the variety of possible primary and secondary user types. This would help gain
potential users’ confidence in the usability of the devices for their intended use and hence,
increase adoption in this market.
The Rental Market Is Interested in a Platform Dedicated to Secondary Users
Another set of frequently mentioned concerns discussed shared access of the data and
controls of the smart thermostats. Nearly all reviewers suggested the need for a better way to
share control for rental property scenarios. Some, however, expressed concerns with regard to
the privacy implications of shared access. Such comments suggest the need for a secondary
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platform with limited access to controls and data that could be used by non-primary users of a
space [67,68]. This platform would give the primary users the flexibility to choose the specific
controls their tenants have access to and the extent to which they allow changes to their predefined settings. Another important consideration is the duration of shared access by secondary
users. This would likely depend on the length of the rental agreement as well as the preferences
of the space owner. However, further research is needed to determine the needs and preferences
of all users and establish the extent to which data and controls could be shared and the flexibility
of such settings.
Learning Capabilities Are Not of Highly Discussed Among Rental Housing Reviewers
The vast majority of the reviewers expressed little to no interest in the learning
capabilities of their smart thermostats. This lack of interest is closely linked to the limited ability
of currently utilized learning algorithms in smart thermostats to consider exceptional flagging
[81]. Variation in occupants and occupant behavior, including one-time or short-term
occurrences of behaviors and/or settings, are common in rental settings. Such concerns could be
addressed with techniques that allow implicit user input to be collected and used for learning,
while also allowing users to identify, or flag, exceptional inputs (i.e., inputs that should not be
learned), triggering the system to ignore such inputs when building models and making
predictions [24,82]. However, the inclusion of such techniques in the thermostats’ learning
algorithms would require the user to regularly review and identify such occurrences. This might
be too demanding if required to be done manually. However, if linked to a calendar or other
application with rental schedules, this could help to distinguish between user types and
associated data. A possible resolution could be to have specialized versions and/or add on
features of smart thermostats specifically for this user group. Such features could focus on the
remote control and shared access of the devices, as these appear to be most valued by the studied
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rental property stakeholders. Such features do not necessarily need to incorporate learning
capabilities, unless more extensive considerations can be made to distinguish between user
(occupant) types.
Connection Reliability Is Important for Remote Control of Properties
A common requirement for smart home technologies, like other types of IoT devices, is a
reliable internet connection [60,83]. In the case of landlords who intend to use smart thermostats
in either distant vacation properties or multiple properties simultaneously, connection reliability
is of heightened importance. Some reviewers discussed concerns with regards to the sudden loss
of connection due to either a power outage, loss of the internet connection, or other loss of
functionality of their thermostats. Such connection losses risk monetary damages to the
properties (e.g. frozen pipes), complaints from the tenants who may experience thermally
uncomfortable conditions, and/or loss of trust in the devices by the device owners and/or renters.
Such relative importance of connectivity suggests a need for enhanced reliability, in terms of
connection and also privacy. A possible solution might be to add a backup cellular networks’
device to the coordinator while keeping the proper security and cost precautions in mind [84,85].
Moreover, the landlords expressed a need to be notified of any lost connections immediately to
prevent negative consequences. Therefore, it is recommended that the devices should always be
accompanied by a comprehensive alert/notification system in the case of any possible failures.
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CHAPTER 5.

CONCLUSIONS

In this study, online reviews were used to evaluate users' perceptions and attitudes
towards the use of smart thermostats in rental housing units. For this purpose, 31,790 reviews
posted on an online retailer's website (Amazon.com) were collected for 14 commercially
available smart thermostats. These reviews were then refined based on their context and from
these, 173 reviews were identified to be directly associated with rental units. The selected
reviews were first analyzed to understand the characteristics of this market compared to that of
the owner-occupied group. The findings indicated that the adoption of smart thermostats in the
rental market has occurred in parallel with the owner-occupied housing market and that the
popularity trends seem to generally follow the same pattern for both groups. The reviewers in the
rental group seemed to be slightly more interested in the devices that fell into the mid-price range
while the devices that fell into the high- and low-price range were relatively more popular with
the owner-occupied group.
The reviews were also analyzed based on their content, where each review was divided
into one or more independent clauses then fitted into one of the eight previously-defined topic
categories. The sentiment of the review clauses towards the topics it was tagged with was also
determined to be either positive (P) or negative (N). This analysis showed that the majority of
reviewers in the rental group were focused on usability aspects and expressed an interest in the
advanced remote control functions of their purchased devices. Nearly all of the users asked for
more flexible mechanisms of sharing control between the landlords and tenants and some
expressed concerns with regards to the privacy implications of this shared access. This suggests
the need for a secondary platform with limited access to controls and data that could be used by
non-primary users of the space. However, further research is needed to determine the needs and
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preferences of all stakeholders in this market and establish the extent to which data and controls
should be made possible to share between different parties involved. Our findings also indicated
that learning capabilities were not of particular interest among this user group as compared to the
non-rental property related reviews. It is thus recommended that tailored devices for this user
group should focus mostly on the remote control and shared access of the devices.
Overall, by evaluating rental users' perceptions and attitudes towards smart thermostats,
the findings of this study may be beneficial to manufacturers of smart thermostats who may be
interested in better understanding a subset of their customer and user base and their associated
sentiments and opinions about thermostat products. This may also be of interest to those that
design and execute energy efficiency rebate programs, including those with smart thermostats, to
understand what features are of interest and associated with positive sentiment to potential
customers interested in participating in such programs. Generally, energy efficiency rebate
programs are not designed for this user group, as they usually only apply to owner-occupied
units. Thus, further research is needed to ensure that rebate policies are in line with the needs of
this specific user group.
Limitations of this work are related to the exclusion of input data from potential buyers
from the dataset used for analysis. Given that those that do not purchase thermostats do not write
online reviews which could be used in this dataset, it is unlikely that a parallel dataset of
potential users' reviews of thermostats exists. Future work would benefit from a comparative
side-by-side analysis of both current and potential users in the rental market.
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