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[bookmark: _Toc77002153]Executive Summary

Smart home technologies (SHTs) hold massive potential in the global effort to reduce carbon emissions. This potential however is not yet being realised, particularly amongst domestic consumers [1]. The Energy Systems Catapult (ESC) have been asked to support the Users TCP and 4E EDNA by conducting an evidence review that looks to understand the extent to which poor usability, at set up and operation, is contributing to this problem. 

In addition to seeking available evidence to explore the issue, the ESC engaged with a range of industry experts from a variety of roles, sectors and countries to collate their opinions on the matter. This helped to establish that whilst usability is considered important, it is not a priority for the energy sector at present, with several – addressable – reasons provided. The literature reviewed supported many of the points raised in the expert interviews, as well as contributing additional issues that were not discussed. Largely, but not exclusively, the evidence points to issues with the following. 

· The benefits of SHTs are being poorly or inaccurately communicated. This causes distrust and ultimately means users are reluctant to engage. 

· SHTs fail to cater to user’s complex, diverse and dynamic needs.

· The onboarding experience often fails to prepare users to operate their SHTs, with many feeling intimidated by the complexity of the systems. Errors made during installation further inhibit the ability to engage, or the accuracy (and therefore value) of the feedback provided. 

· Automation holds significant promise, but users don’t like to feel like they are not in control. When it is deployed poorly it undermines user trust and they intervene.  

The findings however suggest an absence of evidence in some instances. This is largely attributable to a lack of evidence available from private industry. Experts explained that businesses did not want to publish findings that would help their commercial rivals bring competing products to market. As such the review is largely reliant on academic sources, which means insights are limited in some respects. 

Most notably, the anticipated issue of interoperability is rarely reported. This was largely because trial participants had help installing SHTs into their homes. Despite this, this report is able to consolidate a number of recommendations of how the issues identified can be addressed. Where available evidence is lacking, the report has looked beyond the energy sector, seeking to learn from other experiences when deploying new innovations.  



[bookmark: _Toc77002154]Introduction

Smart technologies offer huge potential to support reduced carbon emissions. Their contribution can be recognised through promoting efficient operation, demand flexibility and status reporting. This potential however is not being recognised within the residential sector [1]. Whilst a number of contributing factors are known, one area where there is little understanding is the extent to which users are unwilling or unable to use devices intelligently due to poor design or lack of interoperability. 

The ESC has been commissioned by the Users TCP and 4E EDNA to conduct an evidence review seeking to understand the extent to which “usability issues at set up and operation prevent smart devices performing efficiently in the home”. This consisted of engaging with a range of industry experts as well as reviewing relevant and varied sources. Further to meeting this core objective, the study seeks to explore the following. 

· What usability issues restrict connected devices delivering benefits, and what is their relative importance?

· Do proprietary ecosystems cause these problems?

· What could solve these problems? 

· What are the lessons from examples of best or worst practice in other sectors?






[bookmark: _Toc77002155]Methodology 

[bookmark: _Toc73116147][bookmark: _Toc75259758][bookmark: _Toc75260581][bookmark: _Toc75268899][bookmark: _Toc75355836][bookmark: _Toc75355977][bookmark: _Toc75364911][bookmark: _Toc75448112][bookmark: _Toc75448317][bookmark: _Toc75449024][bookmark: _Toc76389596][bookmark: _Toc76466297][bookmark: _Toc76745734][bookmark: _Toc77002156]Initial Search Results

As the market is in an early stage, it was unclear whether there would be enough evidence available to justify a full evidence review. Prior to commencing the review, initial search efforts were conducted. These were based on search terms agreed with the Users TCP and 4E EDNA (Appendix A). The findings indicated that there was enough evidence available to justify a full review, albeit with a few important considerations with regards to the type of evidence that was available and how this will impact the eventual conclusions of the project.   

· Approximately 70 sources were identified. Around 60 of these were based on the agreed search criteria. The rest were identified from the EDNA library and the ESC’s own project archives. 22 of these papers were considered to be highly relevant to the aims of the project.

· Most of the available evidence focused on usability issues with smart heating, smart homes, or electric vehicles. The other agreed search terms yielded far fewer relevant results. These included energy (management) services, hot water tanks, smart appliances, smart plugs, smart lighting, smart energy tariffs, and home battery storage.
 	
· Many sources were speculative about the impact to the end user. User engagement tends to focus on how users think they would react in a particular circumstance, rather than providing evidence based on lived experience. Furthermore, speculation on potential issues were sometimes made with no user engagement whatsoever e.g. citing a physiology paper that suggests issues are expected (but not known).

· Usability is often an ‘after-thought’ within several of the studies identified. In several sources the “usability” aspect appears to receive little attention. Often reports appear to focus largely on whether something can be delivered from a technical perspective. Engagement with the end user is often only a minor part of the study e.g. an opening focus group, or a closing survey. 

· The term “usability” is sometimes inappropriately used. Many papers citing the term “usability” within the definition of their study tend to mean ‘suitability’ i.e. is the technology explored expected to be suitable for consumers in the context explored. The International Standards Organisation (ISO) however define usability as the extent to which a system, product or service can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use [2].

· There is little evidence focusing on issues arising from initial “set up”. The onboarding/installation experience of the consumer is rarely discussed in the evidence identified. Furthermore, many observations are based on perception or conceptual acceptance, with only a few studies looking at operation. 

· Evidence has been identified from several regions around the world. The UK, Central Europe, Southern Europe, Scandinavia, Africa, Central America, North America, Eastern Asia and Australia are all represented within the sources identified. Most evidence however is from North America and the UK.

· Most sources are peer reviewed academic papers or journals. Some policy reports summarising “lessons learned”, publicised case studies, related literature reviews, and conference papers from industry experts were also identified. 

[bookmark: _Toc73116148][bookmark: _Toc75259759][bookmark: _Toc75260582][bookmark: _Toc75268900][bookmark: _Toc75355837][bookmark: _Toc75355978][bookmark: _Toc75364912][bookmark: _Toc75448113][bookmark: _Toc75448318][bookmark: _Toc75449025][bookmark: _Toc76389597][bookmark: _Toc76466298][bookmark: _Toc76745735][bookmark: _Toc77002157]Agreed Next Steps

After meeting with the Users TCP and 4E EDNA to present the findings from early efforts to identify suitable evidence, the following steps were agreed. It is worth noting that these steps meant that several new sources had to be added to the evidence list as many of the sources initially identified were agreed to be unsuitable.  

· Limit the number of sources that explore the same theme. Once three or four high quality sources exploring similar subject matter have been identified and examined, discount any additional sources that cover the same subject matter. This will mean that the findings are more balanced with regards to the range of technologies explored.

· Only include studies that specifically look at usability issues at set up and operation. This means any study that discusses what users think they would do, with no actual evidence of use, are not suitable for further evaluation. 

· Focus solely on technologies that are used within the home. This means any sources exploring usability issues with relevant smart technologies but that occur outside the home are not included. For example, usability issues when attempting to charge vehicles at home are included, but those encountered when attempting to use public charging points are not.       

· Include evidence from as many countries as possible. Quality, relevance and recency remain the key criteria for inclusion. However, international sources that are of a reasonable quality and/or that are only slightly outside the optimal time period (previous 10 years) should be included wherever possible. To meet this criteria several of the new sources induced were taken from overseas studies (Appendix B). 

[bookmark: _Toc73116149][bookmark: _Toc75259760][bookmark: _Toc75260583][bookmark: _Toc75268901][bookmark: _Toc75355838][bookmark: _Toc75355979][bookmark: _Toc75364913][bookmark: _Toc75448114][bookmark: _Toc75448319][bookmark: _Toc75449026][bookmark: _Toc76389598][bookmark: _Toc76466299][bookmark: _Toc76745736][bookmark: _Toc77002158]Expert Interviews

As part of the evidence gathering approach the ESC sought to engage with several industry experts. This was to capture their informed opinion on the subject matter and enquire as to whether they could indicate any additional evidence sources.  The Catapult engaged 12 experts, from ten organisations within the UK, USA, Germany and Belgium. 

· The following types of organisation/expert opinion are represented

· Flexible energy platform providers
· Network aggregators 
· Infrastructure/distribution experts 
· Energy suppliers
· Installers (heat and cooling technologies)
· Product/business strategy professionals 
· Innovators and start ups
· Consumer/policy groups
· System engineers
· User interface and standards experts 
[bookmark: _Toc77002159]New Sources 

Very few new sources were identified following the expert interviews, particularly from those operating within a commercial environment. It was a commonly held notion amongst those working for these types of organisation that there was no value in promoting the mistakes made by your organisation. This was because it can enable business rivals to learn from the expensive lessons learned when attempting to bring competing products to market or can be reputationally damaging. Similarly, where success had been observed, it was considered ‘bad practice’ to let commercial rivals benefit from these learnings. 

As such, the additional evidence identified through interviews with industry experts was entirely academic or policy driven in nature. Additionally, several new sources were identified once the review was underway. This occurred through detailed evaluation of the references and citations of the sources already identified if proven to be particularly rich in relevant detail. These too are largely academic studies. 

[bookmark: _Toc77002160]Engaging with the experts

When engaging with industry experts on the topic, they were asked to reflect on their own experiences within the energy sector. Drawing on examples, they discussed how the issue of usability was generally considered within the organisations they were familiar with. They provided examples of times where usability issues had arisen, reflecting on why the issue had occurred, but also discussed times where they felt areas within the sector had managed to ‘get it right’. Finally, they were asked to discuss what they feel needs to occur for the sector to get to a place where the issue can be appropriately managed, highlighting what they perceived to be the key challenges to accomplish this. The following insights were identified. 

Usability is not a top priority for many in the energy sector at this time. The experts indicated that this was not because usability was considered unimportant, but broadly for reasons that fell into three main categories. 

· Business prioritisation “But most of us will say this, this device could be outside our working parameters, why would we validate it?”

Many markets in the energy sector are quite new, so often developing a functional product to enter the market is considered more important than investing in making it usable. Similarly, innovators and start-ups need to ensure they are financially secure to ensure the long-term status of their organisation. This means a lean approach is often favoured initially, with user experience seen as an expense that can be considered at a later stage. 

· Lack of certainty “If they’re easier to use because they’re more consistent, they [businesses] are not going to gain some special advantage.“

i) Rapid market change means some are cautious about investing more than the minimum, in technologies that may become defunct. Effectively improving usability is considered something that can wait until the success of the product seems likely.

ii) Products that rely on infrastructure in need of investment, but where the decision to invest is taken by 3rd parties e.g. the electricity grid, present a risk. This is because no matter how good the product may be, if the network can only support a finite number, then deployment of the product will be inhibited.  There is effectively no point investing in great heat pumps if you can’t install many due to network capacity limits.

· The business case for improving usability is often weak 
Improving usability can be difficult (and therefore expensive) due to the diverse needs and wants of users. Brand identity is important, conforming to an industry standard makes it harder to distinguish a business from its competitors. Offering interoperability offers risk (technical, reputational, commercial) but no tangible reward. Finally, the market rewards are not yet in place e.g. flexibility. This means adoption of interrelated technologies will be slow. This has caused some focus on the industrial sector rather than the domestic sector. 

Trust and good usability are crucial to the success of many an organisation within the sector. Several industries, particularly platform providers and network aggregators, indicate user adoption will be critical to the survival of their sub-sector. If the home technologies that connect to their infrastructure are improperly used or rejected altogether, the benefits that can be achieved will be severely limited. It was broadly agreed amongst interviewees that the user should be the one to decide what is best for the user. 

The benefits of SHTs are being poorly (or sometimes inaccurately) communicated. This often causes users to feel they have been deceived or feel let down by SHTs. This is because the product is unable to deliver the very outcome that motivated them to purchase it in the first place. When users realise the SHT is unable to deliver the value promised, they no longer engage with the system because they feel let down. This disengagement means they cannot act on the feedback provided by the SHT, resulting in inefficient operation. The following channels were cited by experts as being problematic.

· Between those who develop the product and those who market it. Products are being sold based on what the organisation feels users want, rather than what the product can feasibly deliver e.g. significant energy bill savings. 

· Between the installer and the user. Adequate end-user training is rarely provided. This means users don’t know how to operate the technology to achieve the outcome they desire. Furthermore, where (necessary) actions performed by the smart system are not understood, users can feel the system is behaving incorrectly or inefficiency, damaging trust.

· Between the engineers who develop the product and the end-user. Where product development only involves those with a high degree of technical proficiency, it is difficult to observe issues that may present to those less able. Set up and operation should require no technical expertise whatsoever, so users don’t feel overwhelmed when they attempt to engage. 

Awareness of how SHTs could help to reduce carbon emissions is generally considered to be poor. This is said to occur at both a consumer and industry level. At a consumer level it means that users are unaware of available schemes such as flexible energy delivery, but also that they do not see the value or feel motivated to participate in the schemes should they be presented with the opportunity. Lack of understanding at an industry level means business often do not see the potential value in participating. Failure for businesses to fully engage with the opportunity results in low investment. Experts repeatedly highlighted the need for market price signals to reward electricity demand reductions at peak times.   

A few experts think/hope the issue of poor usability will fix itself. Energy has historically been a passive experience for domestic consumers, so there has been no need for technologies to evolve better usability. The energy transition however will require a more engaged user. Those who offer their users a better experience naturally will gain more market share. [bookmark: _Hlk72178240][bookmark: _Hlk72178241][bookmark: _Hlk72178391][bookmark: _Hlk72178392]“I think it will come. And it'll come rapidly. And as soon as we see these user stories growing further across countries.”


But improving usability is complicated and could take several years to address. Experts indicated there are several highly complex areas to address that will prove to be particularly challenging if better usability is to be achieved. Response to poor usability however can be slow i.e. manufacturers will only act when customers complain or refuse to buy their products. This means it could be some time before the sector even begins to tackle the issue, by this time however the climate emergency will be in even greater need of support.  

· Systems are developed for average users, but this approach is exclusory. There is a vast array of complicated and diverse needs that need to be considered when seeking to support users using SHTs. Older or disabled residents for example, who often spend more time at home (meaning potential savings are greater), are said to be completely overlooked at present.

· It’s very difficult to know what the user actually wants. A user who increases the temperature rapidly on their heating controls for example, may simply desire a warm radiator to dry clothes, rather than a change in room temperature. In the context of flexible energy delivery, this means the scope to alter the conditions within the home are unknown i.e. how much flexibility is there to deviate from what the user has requested.  

· Users are increasingly mindful about how their data is being used. This means that even if different areas of the energy sector are willing to collaborate, they still need to find a way to convince the user that their intentions are honourable or crucial data may not be readily provided.

Automation is thought to hold the key to better usability and smart system optimisation, but it is not yet at the level required. The current demand on users to set up and operate their smart systems is too high. Automation can support users by reducing the burden of decision making whilst simultaneously seeking to optimise how the system operates. Experts felt that users should be able to simply connect their devices and start using them straight away, with no further demands made. This however is some way from being a reality. Furthermore, poor understanding of the role algorithms play mean users can feel like they are not in control and become frustrated. This means if automation is poorly deployed, it could further damage user acceptance.“I think that's the challenge, to try and automate that as far as possible. So, the consumer choice making is quite limited.”


And industry advancement can be inhibited by an inability to learn from the mistakes of similar organisations. As previously discussed, it was a commonly held notion amongst interviewees in the private sector, that enabling business rivals to learn from the expensive lessons learned when attempting to bring your own products and services to the market was ‘bad practice’. This was mostly because it would provide rivals with a competitive advantage. There was seen to be no value in promoting the mistakes made by your organisation. As such, opportunities to learn are often missed, meaning mistakes can easily be repeated. Given the urgency to tackle climate change, this misstep could prove particularly damaging. [bookmark: _Hlk72178923][bookmark: _Hlk72178924]“I don’t think working together at that stage would ever be possible. But, if we were to have a magical wand and say everybody should do X, that would mean a lot more focus on individual customers. “


System wide changes are believed to be needed. Experts suggested an overarching system/task force is required to steer the sector in the right direction. There were several different ways it was felt the industry should change but it was felt a unifying body would be required to promote collaboration and expedite the rate at which change was implemented.  
“A single manufacturer lacks the power to influence the whole market. You need the whole community to cooperate in order to reap the benefits of standardisation”

· A universal language/standardised iconography for smart technology controls should be developed to support ease of use

· There should only be one application per device. Different functionality should not require different applications. For example, an electric vehicle owner should not require one application to monitor charge and another to pay for public charging points. These should exist as separate functions within the one overarching application. 

· The benefits offered to the user need to be broader. There is a tendency for smart devices to focus on cost savings, which can be nominal, particularly if there is a high initial outlay. Similarly, promoting the environment benefits is not enough of a motivator for many users to engage. Smart devices need to augment and enrich the lives of users in a variety of ways to increase uptake to the extent required.  
“We need a paradigm shift in how we train people, but that will upset certain fractions. We’re teaching people to be qualified; we’re not teaching them to be competent”

· The market rewards those who can install quickly and cheaply. The heating sector for example favours those who can fit multiple heating systems in one day, over those who only install one per day, but take the time to set it up to work well and efficiently for the customer. Similarly, heating system manufacturers often sell oversized (and therefore more expensive) heating systems to consumers, where a less powerful system would suffice. 

[bookmark: _Toc77002161]Source Overview

As previously discussed, initial efforts to identify suitable sources to include within the review pointed to several important considerations with regards to the overall aims of the project. Many of these early assessments held true following further evaluation of the sources available. In particular, the following early assessments were supported and should be considered when reviewing the insights that follow. 

Most of the source’s focus on smart heating, smart homes, and electric vehicles. Most of the insights which follow are taken from these technologies. 

· The decision to focus solely on technologies used within the home mean the electric vehicles studies included only explore home charging. 
· There are a very small number of papers that look at smart lighting, smart appliances, smart cooling, and energy management services. 
· There are no other technologies included within the review.

There is little evidence that focuses on issues that arise during initial set up. Very few papers focus on initial set up at all. Those that do, tend to provide a brief overview with very few specifics shared. Installations referenced in the sources identified are almost entirely studies that explore thermostats and/or smart heating systems.  

The evidence identified are largely peer reviewed papers and journal articles. As indicated in the expert interviews, many commercial organisations see little value in publishing the mistakes or any best practices identified when seeking to bring a new product to market. This is largely because it can enable commercial rivals to benefit. This has several important implications for the evidence review.

· Users evaluated within academic trials sometimes use prototypes developed specifically for the project, rather than commercially available products. This means that the anticipated issue of “interoperability” often is not experienced as the technologies have been built to fit with the occupier’s existing technologies. 

· Studies are often short in duration. For example, they may consist of asking participants to live in a smart home for a couple of weeks to understand the experience. Furthermore, usability evaluations of an interface or product may take place within laboratory settings. The findings therefore are arguably less representative of how SHTs would be experienced at home.

· Some academic sources focus largely on whether something can be delivered from a technical perspective, with little focus on the user. Often this means samples are small and unrepresentative. Furthermore, engagement is often limited to a short survey or interview at the end of the trial rather than ongoing observation and engagement. Related studies indicate that a failure to represent a broad range of user types (those with limited access to technology or low digital literacy) in energy research mean opportunities to advance understanding within the sector are being missed [3]. 

· Academic sources from social science disciplines tend to focus on the social barriers preventing users from engaging with smart technologies in the first instance, rather than the socio-technical ones. This means the arising insights can weigh heavily on acceptance and engagement, with little focus on operation - although these areas are often related. 
[bookmark: _Toc77002162]Usability issues that prevent smart devices delivering benefits

After reviewing the available evidence, several of the points raised in the interviews with industry experts were found to be supported. In addition to supporting these points, the sources explored also introduced several new themes relating to usability issues with SHTs that should be considered. The findings in this chapter are presented in a chronological fashion, that mirrors the customer journey. It starts with issues that arise when initially engaging with users about SHTs, progresses to discuss issues observed at installation and setup, before concluding with observations of day to day problems that arise once the SHT is fully operational. 

[bookmark: _Toc77002163]Engaging with users about smart home technologies 

There are several issues with how smart technologies are presented to users in the first instance. As was indicated during the expert interviews, miscommunication of the benefits of smart technologies can cause users to feel frustrated and disengage. The evidence supports the points raised by experts, namely that the energy bill savings are often promoted as a reason to purchase SHTs, but the cost savings observed by users are often negligible [4, 5, 6, 7, 8, 9]. This issue is exacerbated due to increasing energy costs, poor energy bill understanding, and the high initial costs to purchase SHTs.  As uptake or renewable electricity rises, the value could increase, if markets are designed to allow this value to flow to end users. At this point, it is unclear how, or indeed whether this will happen [10, 11]. This failure to meet expectations directly impacts user engagement with the technologies but also their willingness to engage with flexible energy delivery programmes. Also supported is the argument that the rewards to motivate users to engage with certain energy schemes or products are not yet in place e.g. flexible energy markets and electric vehicles [9, 12, 13]. Furthermore, some smart technologies are promoted as novel and ground-breaking, which tends to only appeal to early adopters [13]. The rest of the market will need some more tangible user benefit to engage.  “The amount money they could earn or save was not enough to make them actually align consumption and production”


Cost savings are believed to be specific to certain user types, yet suitability is not established upfront. In addition to the points raised in the expert interviews, was the notion that significant cost savings are something which can be achieved, but these savings are only specific to users who meet certain criteria [4, 9, 13, 14, 15]. Where no initial effort is made to establish the suitability of a user prior to purchase, the potential for dissatisfaction and ultimately disengagement is high. Optimal user types are indicated as follows. “To support the availability of range in the EV, households had developed a set of charging routines. However, these routines also seemed to clash with household electricity production.”


· Those who are home most of the day and have rooms at the property which are frequently unoccupied

· Those with predictable routines/occupancy patterns, although those with unpredictable routines may still benefit from SHTs in other ways e.g. increased convenience [9]

· Those who are able (and willing) to consume most of their energy outside peak hours

· Those who drive a particular type of electric vehicle or are atypical in how they drive (and subsequently the frequency at which they have to charge) their vehicle. 


User needs are complicated and diverse. Smart systems need to take account of this to boost acceptance and engagement. The evidence available points to a vast array of variable user needs in the context of SHTs. User age, culture, attitude, climate, lifestyle, interest in technology, routine, gender, homeowner status, economic status, definition of comfort, typical driving range, trust in data sharing, and various psychological factors (e.g. perception, attention and retention) are all said to contribute [5, 7, 9, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24]. These factors influence how users engage with smart technologies, the support they require, the outcomes they seek to achieve and ultimately how the success of the smart technology is measured. SHTs however generally do not seek to cater to different user types by offering different user experiences. This means the needs of users are often not met and the product has therefore failed to meet their expectations. 

[bookmark: _Toc77002164]Issues that arise at installation 

Users require a lot of support during installation, but this is not always provided. There are several steps across the installation experience that the available evidence deems to be problematic. The early issues at this critical step mean users are often distrusting or unwilling to operate the SHT. This misstep damages engagement with SHTs right from the offset. 

· Some users are said to feel anxious prior to installation where the works are expected to be particularly invasive. This is due to concerns about available space, equipment aesthetics, increased reliance on industry experts, and how the new technology will interact with their existing ecosystem [9]

· Installations of SHTs are often (or at least appear) complicated. This can cause some users to feel intimidated, worrying that the system will be difficult to control, and therefore become reluctant to engage [6]. 

· New products can often fail, which damages trust, even if they are later repaired [9, 22]. Reliability being of key importance to most users.

Household conditions are variable, but this isn’t always considered during product development. Products are often developed and tested in (optimal) laboratory settings. If similar “perfect” conditions are assumed for the homes in which they are deployed, issues can arise. This is because homes are often inefficient and/or have different logistical constraints which need to be overcome during installation. In some instances, household preferences, or decisions taken by the installer when fitting the device may further impact how efficiently the device is able to operate. Inefficient installation can result in inaccurate readings or missed feedback by the user. Quick and accurate feedback from smart technologies is said to be crucial to provoking user action and engagement [7, 8, 16, 17, 22, 25]. Evidence of the following issues was identified. 

· Internet connectivity is critical for smart technologies, but the strength and reliability of connection is said to be out of scope for both the manufacturer and the installer [26]. This can cause functional and therefore user experience issues [14, 16, 26, 27]. It can also mean key components e.g. a control panel displaying important system information, are placed in suboptimal locations such as next to a WIFI router, rather than where it is most visible. 

· Aesthetical concerns can result in technologies being installed out of sight or in suboptimal locations, such as in cupboards or behind furniture [8, 9, 26]. In some instances, when users upgrade their technology, they may choose to install the new device in the same location as an older device to prevent having to repaint a wall e.g. a thermostat. This means installation errors made may be repeated multiple times. Furthermore, there is a difficult balance to strike with regards to the installation of smart home monitors. They should be unobtrusive enough to minimise objections on an aesthetical level, but noticeable enough to promote user interaction [22].

· Variability in how users furnish their home, or the layout of their property can also impact how well smart technologies perform or are experienced [8, 9, 15]. A room with a thick carpet and heavy curtains for example will retain heat better than a room without. Furthermore, some users are far more receptive to retrofitting their home with energy efficiency upgrades than others, which can improve the performance of SHTs [9, 28]. However, this is not investigated prior to purchase, nor is it explained to users how their home design choices could impact performance.  “In the household with several EVs we found that it was more difficult to schedule charging as the infrastructure of their house didn’t allow multiple EVs to be plugged in at the same time”


· Some technologies are simply installed poorly, impacting performance [8]. For example, installing thermostats at an angle, in poorly lit areas, or in hard to reach places. This makes it even more difficult for users to operate and engage with the SHTs.

[bookmark: _Toc77002165]Problems that present when starting to use smart home technologies 

Often, users are not adequately prepared (or able) to set up their new SHTs. It is a widely held notion that one of the major failings of SHTs is insufficient training and support for new users, to help teach them how to get the most from the technology [8, 9, 16, 26, 29]. In addition to the vastly different needs users can have, which has already been discussed, users pre-existing knowledge and behaviours are also said to be a major influence in how new smart technologies are set up and operated. This means the level of initial support required can vary significantly. The need for professional set up is itself a symptom of an industry that is not focused on delivering intuitive user experiences. The usability issues that can arise during initial set up are as follows. 

· Sometimes the household member who instigates the purchase of the smart technology (and may even have set it up) is not the “primary user” [5, 6]. This may be the occupant who is home most often. This can result in the system being operated by someone who does not understand or even want the system, which furthermore may not have been set up to meet their own individual needs and preferences. 

· The variable needs and preferences of different occupants within the same household can cause issues when choosing how to set up the device [7, 9, 26]. This is because a compromise will have to be reached when deciding how best to set up the technology. Ultimately, this compromise will mean some (or all) are not getting exactly what they want from the system. 

· Some are wary about sharing personal data, so chose not to [16, 22]. This can prevent the system optimising based on their needs. Furthermore, it may not always be obvious to the user why this personal data is required e.g. occupancy pattern to schedule lights to turn off

· Lack of an adequate explanation means users are less willing to opt into certain energy saving functionality e.g. flexible energy delivery [18]. This is because they do not understand why it is necessary or how it will impact their experience. 

· Criteria, which mean some households are better suited to flexible energy delivery than others, are not established upfront [24, 28]. This is different to the suitability point discussed earlier i.e. user suitability as an indication of how likely they are to see to see some degree of benefit from the SHT. This criteria effectively establishes how much flexibility the network has with regards to how the energy is delivered. These criteria include home energy performance, potential load shift, typical driving range and occupancy patterns. Failure to investigate suitability upfront, can mean the impact to users (and the benefits of their involvement) vary drastically.  

Once “set up” users can encounter a range of issues using their SHTs. Once smart technologies have been installed, and users have gone through the process of configuring the system, it can begin to operate. At this stage however poor usability has been seen to cause issue with how users engage with SHTs on a day-to-day basis.

· Poor user interfaces can mean that users feel overwhelmed, or struggle to find the options they want if the process doesn’t follow what they perceive to be a logical flow [4, 5, 8, 16, 19, 21, 26, 25, 30]. Variability in user need/desire for information makes it very difficult to get the balance right.

· As a consequence of feeling overwhelmed by the controls, many users elect to stick to the basic options given to them [9, 17, 26]. Further to this, they are wary of making changes if reasonably content, fearful they won’t be able to revert to these settings if they experiment.

· Some systems perform crucial tasks whilst in standby mode. Users sometimes do not understand this and elect to turn their device off completely, preventing SHTs from performing as intended [16].

· SHTs can cause annoyance when operating. This can result in users attempting to trick the system, disconnect or override it. In some cases they may reject the technology/feature altogether and seek removal [5, 16, 17, 18, 26]. Some of these user interventions prevent optimal operation which contribute to increased energy consumption. This consequently results in higher energy bills and even greater user dissatisfaction. Specific examples include

· Noise from radiators/radiator valves and the risk of overheating means some are resistant to letting their systems run overnight, meaning opportunities to exploit renewable electricity are lost [16, 26].

· Sensors can be overly sensitive. For example, a passing car may trigger a motion sensor and cause an indoor light to activate which causes annoyance, so they are disconnected [9]. Interestingly, one study suggests that the range covered by sensors at present is not far reaching enough to deliver maximum benefit [14]. Should the range be increased, issues with oversensitivity are likely to be greater. 

· Presenting users with cost information can cause anxiety, sometimes resulting in over-engagement. This is because it can cause users to fixate on how much they are spending [7]. This is particularly problematic for those who struggle financially [4]. Some studies however have suggested presenting fuel poor homes with feedback can help them to reduce energy costs [31]. Furthermore, some users have been shown to be distrusting of the cost information displayed, which can reduce engagement or even result in users purchasing and installing their own meters [15]. 

Furthermore, user needs are dynamic and change over time. In addition to the diversity of user wants and needs, is the added complexity that needs are not static. The evidence suggests that needs change over time or can vary under particular circumstances [6, 7, 9, 15, 19, 20]. Furthermore, smart home devices may be used by multiple household members. The needs of one household member are not necessarily consistent with what is needed by the other household occupants in a given moment, as was discussed earlier in this report. Evidence of variable needs include the following.

· A high degree of information is required when users first engage with smart technologies, but this declines as they become more familiar.

· If issues arise, such as a technical malfunction or having received a higher than usual bill, users can again require more information. 

· Software updates or some seasonal interactions (which are subject to memory decay), may cause users to require temporary access to additional support and information

· Contextual data is sometimes needed to understand the information presented by the smart device e.g. historic energy consumption. Too much data however can overwhelm users, particularly when it isn’t being used.


[bookmark: _Toc77002166]The automation paradox 

Users don’t like to feel they’re not in control, yet desire technologies to be less demanding of their time. During the expert interviews it was a commonly held opinion that increasing the level of automation would be key to both improving user experience and maximising the potential of SHTs. Generally, it was agreed however that the ability for smart systems to automate decisions has not yet evolved to a place where it can contribute to the level required and, if automation offers a poor experience, it can be damaging to user acceptance. Similarly, the evidence explored makes the point that automation will play a crucial role in enabling SHTs to run optimally [6, 12, 14, 16, 20]. Furthermore, the evidence supports the opinion that automation of SHTs is not yet able to contribute in the manner desired. Several factors where automation can contribute to poor usability were discussed.  

· User behaviour isn’t easily rationalised, automation can only do so much. Furthermore, users sometimes want SHTs to perform actions beyond their capability [5, 9]. 

· Perceived lack of control causes users to intervene [5, 16, 18, 20, 26]. If they don’t understand what the system is doing or why it is doing it, they can feel frustrated and attempt to trick the system or override it. This prevents the system running optimally. 

· If systems are highly automated, user engagement can decrease [15]. This may mean that benefits achieved through the provision of feedback to the user are not sustainable. 

· Some automated actions can be perceived as wasteful/suboptimal causing distrust or for users to override e.g. preheating [5, 16, 18, 29, 30]. Furthermore, some automation can be more wasteful e.g. automated lighting may switch off after a period of inactivity, a manual switch can be turned off the moment a room is vacated [14]. 

· User preference may vary based on the circumstances. Automation has no awareness of context [17]. For example, a house may wish to prioritise cost savings in most circumstances, but favour comfort (at greater expense) when guests are visiting.   

· Sometimes what’s best for/desired by the user is different to what is best for efficient operation or the needs of the wider network/energy system [17].

· Some users worry about their increased dependence on smart technologies that effectively make decisions for them. Furthermore, some are reluctant to engage with advanced technologies that they cannot maintain themselves and require specialist support [9].

Seemingly, what concerns users is not that the product is automated, but that automation could prevent them from achieving the outcome they desire. The user wants to feel in control and be in control. Automation can still decide how to deliver the outcome they have requested but the user wants the ability to override this action if they disagree. 

[bookmark: _Toc77002167]The issue of interoperability. 

The issue of interoperability was rarely encountered.  Interoperability is the ability of a system or component to function effectively with other systems or components. One of the ambitions of this review was to understand whether proprietary systems were a contributor to poor usability. A home that incorporates many different smart technologies for example may cause the user issues if the different technologies cannot work together seamlessly. As previously discussed, the academic nature of the evidence identified has meant usability issues arising from lack of interoperability are rarely discussed. Broadly, this is because experiments often take place in laboratory conditions or technologies were installed, and sometimes developed, by those conducting the research i.e. prototypes. This meant that users did not have to attempt to incorporate the technologies into their home ecosystems themselves as this had already been addressed on their behalf. Despite a lack of evidence in the sources evaluated, interoperability was commonly cited as being crucial to the success of SHTs [9, 14, 17, 18, 22].  

Although uncommon, a small number of usability issues arising from lack of interoperability did present in the evidence explored. 

· Some households had to be excluded from trials because their existing heating systems were incompatible with the smart controls [9]. “In short, the introduction of the SHTs caused other technologies to be re-domesticated in ways that made them seem old and in need of replacement.”


· New smart phones were purchased as the application used by smart technologies required a specific operating system [9]. 

· A desire (not a need) to upgrade other technologies in the house, which now appear outdated compared to the new SHTs was observed [6].

· On a non-technical level, some features of SHTs (flexible energy delivery) are deemed to have poor compatibility with certain property types i.e. those with low thermal efficiency [18].

But uptake of SHTs is relatively low at present. This is expected to change in the coming years. Uptake of SHTs is considered to be lower than initially anticipated, however growth is projected [1]. Global changes in energy policy mean that new markets are emerging quickly. Additionally, other anticipated technological advancements are likely to contribute to growth in this area. e.g. the Internet of Things. It is therefore logical to predict that SHTs will not only become more prevalent in the coming years, but the variety of technologies available is also likely to increase. 

As uptake of SHTs increases, it is likely issues owing to lack of interoperability will also grow. An increase in the variety of SHTs available, and the manufacturers who develop them, will likely mean a broader (and potentially more complex) range of functionality will be offered to users. If brands are reluctant to conform or offer interoperability (as has been suggested in the expert interviews), the issue of interoperability is likely to become a much greater issue. This however will not happen until later in the SHT adoption curve. 
[bookmark: _Toc77002168]How the energy sector can deliver better user experiences  

In the reviewed evidence, several lessons were learned in the deployment of SHTs. In some instances, these were practices that had been implemented during the experiments that had been seen to work well. Often however recommendations were speculative. This was where the approach deployed had encountered an issue, with the author then drawing on the lessons learned to recommend an alternative to their approach. These alternative approaches however remain untested, so may present issues that the author has not anticipated. This should be considered when reviewing the recommendations made.   

It’s worth noting that industry will likely learn many of the lessons raised in this section of the report. Manufacturers will simply have to develop good user experiences if they want to differentiate themselves from competitors. Poor usability however can slow markets from forming, meaning change will take time. To cut carbon emissions in the time available, steps will need to be taken to speed up the natural process.

[bookmark: _Toc77002169]Rethinking how to develop and promote smart home technologies

Be wary of promoting SHTs solely as a means to reduce energy bills. As was discussed previously, energy bill savings from SHTs are often said to be nominal, particularly when considered in conjunction with high initial outlay to purchase the equipment. Where significant cost savings are possible, these are said to be unique to certain types of user. To address this issue, manufactures should seek to communicate the range of benefits offered by SHTs. This can include cost, but should also incorporate benefits such as increased convenience, better comfort, reduced emissions and the provision of actionable insights with regards to energy use [12, 24]. Where these core benefits are not delivered, users are likely to reject the technology, even if they are able to save a small amount of money. 

Implement a more robust approach to identifying user suitability. Where users or their homes are not optimal for a particular smart technology, this should be identified and communicated prior to installation [4]. Further support should be offered to households who are not expected to make significant savings, to help them configure their system and maximise any opportunity to make some saving. Preferable criteria for participation in certain energy saving schemes i.e. flexible energy delivery, should also be established upfront [4]. This can enable the experience to be tailored e.g. shorter events.  

Industry wide change should be considered to develop products that better meet the needs of users. There are several ways in which the development and promotion of SHTs is perceived to be flawed. These issues promote a negative and often disjointed experience for the user. Several changes organisations could make was discussed within the evidence. 
"Industries have grown from product driven and consumer focused, to financially driven"

· Industry should return to being product driven and consumer focused, rather than financially driven. This could be achieved by broadening the focus from minimising cost, to maximising quality/value. There should be more focus on the quality of products available, rather than the quantity [5, 8]. Furthermore, user’s relationship with their utilities company is said to directly impact their acceptance of energy saving technologies and schemes. Efforts should be made to improve this relationship [4].

· Organisations need to be better integrated to ensure consistency and collaboration. Those marketing the product should align with those who have developed it, to ensure the benefits are being accurately communicated. Customer support, servicing and installation training should be integrated to ensure consistency in understanding [5]. 

· Industry needs to develop and test user interfaces with non-technical experts. The systems should be developed for convenience of their use above all else [6, 8, 17]. Furthermore, the development of new SHTs should be subject to iterative user testing. Stakeholders should be involved in the process, so they know where the product needs to improve. 

· “Perfect homes” are assumed in the development of SHTs. This shouldn’t be the case. Products developed in ideal laboratory settings can fail to transfer the benefits to normal, suboptimal, households [4, 16]. 

· Research should be conducted to understand contextual conditions of SHT operation, and user preference so needs can be better met [17, 22].

· The facilities to share data/knowledge with other organisations needs to be in place to expedite the learning process [17, 18]. Feedback data to enable organisations learn how their devices are being used are also crucial in this same respect [22]. “It can be difficult to make people change their consumption patterns by themselves without considerable motivation such as earning or saving money.”


· The rewards for participating in energy saving schemes should be better. This will promote user engagement [15]. 

[bookmark: _Toc77002170]Good practice when installing smart home technologies 

The “out of the box” experience is crucial to user acceptance and engagement. SHTs should be quick and easy to set up. This includes installation and maintenance, as well the onboarding experience [6, 9]. Furthermore, it is important to establish trust early in the user journey. Users should feel confident that the product is reliable and trust that their private data will be looked after [6]. Issues at this early stage may not only prevent devices being set up correctly but may cause users to be wary of engaging with smart devices once they are operational [9]. Optimising this early step in the customer journey is therefore likely to be highly impactful to promoting increased engagement. 

Develop and implement a thorough programme of support to help teach users how to operate their SHTs. The operation of SHTs should be intuitive wherever possible [25]. However significant support should be available to users to help them learn how to operate and optimise their system [4, 26, 29]. Where users have a better understanding of how to operate and optimise their SHTs, they are likely to have better experiences and may even operate them more efficiently. Furthermore, users with a better understanding of energy saving schemes are more willing to participate [4]. 

Learn from installation issues and embed the lessons learned into new processes. Several installation issues were cited in the evidence reviewed. Where errors have occurred, clearly the process would benefit from being amended, to prevent the issue from being repeated. Often however, there is a commercial trade off that businesses will have to make to afford to implement these measures. The challenge will be for policy makers to design a market that is able to deliver these things. The following recommendations were made. 

· Involve all household members in the discussion when installing SHTs [9, 27, 29]. This should cover where to house certain components, but also when choosing how the system is set up initially. Any difficult conversations should be had upfront. This includes limitations of the technology or any disruption the occupants are likely to experience. 

· The reliability and range of Wi-Fi should be within the scope of those developing and installing the SHT [14, 26, 27]. Connectivity is of such importance to the success of SHTs that it cannot be overlooked. 

· Thermostats should always be located on an internal wall and ideally in a central location regardless of aesthetical concerns [8]. If they are positioned in a suboptimal location to appease household members, they will fail to deliver the intended benefits, meaning dissatisfaction is still likely to occur. 

· Display monitors should be moveable [7]. This will enable them to be positioned where they are most visible to the occupants. Where feedback is visible to the occupant, action is far more likely. Movable components however should always be labelled so they can be returned to the correct location and readings remain accurate e.g. sensors [27]. 

· SHTs and their components should be easily “swappable” to minimise disruption if breakdown occurs and repairs are required. Remote diagnosis should also be a prerequisite for all SHTs [16].

· 24-hour support should be offered wherever possible [27]. It should also be made very clear to the user who to contact if they have an issue e.g. is it the utility company or the manufacturer? 

· Thermal modelling should be considered prior to installation to predict the homes response to certain actions e.g. flexible energy delivery [17]. 

· Some sectors of the population will always require a stand-alone, simple, non-networked device for operation, so these should be made available [8].

[bookmark: _Toc77002171]Promoting better operation of smart home technologies  

Implement standards into user interface design to help support better understanding and operation. Once installed and operational the biggest barrier to engagement with smart home systems is the user interface. This is because it can confuse or intimidate users. There are several lessons learned in this regard which could be addressed in design of future interfaces.

· SHT feedback has to be clear, complete, immediate and user specific if it is to translate into action [5, 7, 8, 12, 15, 19, 22, 25, 30]. Furthermore, logging in to access this information should be as simple as possible to encourage frequent use [22]. “We find that a system’s self-declaration should focus on being socially meaningful rather than technically complete, for instance by relating itself to people’s activities and the home routines.”


· Connect the user interface with a tangible outcome [5, 7, 16, 19, 20, 22]. Avoid all jargon and simply link the action with the outcome that the user will be experience. For example, don’t ask users to indicate a “set point” temperature, simply ask if they wish to be warmer or cooler

· SHTs should not overpower the user with too many options or hard to use controls [6, 16, 26, 32].  Furthermore, the user interface should ease the burden on the user wherever possible e.g. graphical representation of data [4, 5, 7, 8].

· User interface design should facilitate the adoption of convenient behaviours [6, 15, 16, 17, 25]. The advice provided should not be overly demanding of the user. Both cognitive and practical workload should be minimised. 

· Include command prompts, cues and the ability to undo actions to help users with navigation. This will also give users the confidence to experiment with changes [4, 8, 22, 25, 30]. Users should not have to rely on memory to operate SHTs.

· Iconography and terminology should also be standardised across the sector. Plain English (or whatever the native language may be) should always be used rather than abbreviations [8, 25, 32] 

· Use clear affordances for touchscreens, buttons should look like and act like buttons [8, 25]. 

· Consider implementing some constraints to prevent misbehaviour [25]. However, be wary of implementing too many rules as this can cause users to feel restricted [19]. 

· Historic data should be available to the user so they can learn about their energy use and take action. Baseline data can also help users understand “normal” use i.e. before installing SHTs. This can help contextualise the information being shared [15, 16, 22]. 

Seek to reap the benefits of offering a bespoke experience. The diverse and dynamic requirements of users mean creating a single user interface that meets all possible needs is an impossible task. Allowing users to tailor the display to suit their own individual needs and preferences means they can resolve the issue of what information to display themselves. Furthermore, tailoring specific experiences, like flexible energy delivery can also offer value to the user and subsequently the network. There are several recommendations in this respect. 

· Operating systems should support multiple user profiles – this will enable different household members to personalise the information/icons displayed [5, 15, 17, 19, 22]“SHTs should not merely ‘fit in’ with current household aesthetics and routines but need actively to support and augment households’ social goals and values.”


· SHTs should fit in with users current and changing lifestyles [6]. This could be addressed by allowing users to decide what icons they wish to display [5, 22]. Additionally, it should be possible to personalise the layout or flow of information on the interface [19]. This is because some users favour quicker processes, whilst others prefer a more “fun” experience, even if it requires more of their time to operate. 

· Features that are not used should be hidden to simplify experience, with the ability to reactivate them if needed [5, 8, 17, 22, 25]. Only the most important, and most frequently used should be displayed by default. 

· Some of the technical components provided should be bespoke to the needs of the household. For example, the number and type of sensors provided should be based on individual need, rather than seeking to supply all users with the same type/amount [30].“There is not a generic perfect mix of sensors: each case must be evaluated independently and designed for the specific needs”


· Experiences should be tailored to match suitability, for example homes that participate in flexible energy schemes but have poor thermal efficiency should be subject to shorter events than those with more efficient properties [16, 18, 28]. Utilities should further develop an understanding of overriding mechanisms. They can then develop strategies for avoiding or anticipating overrides and seek to address. 

· It should also be possible to tailor experience based on user willingness [15]. For example, some households may be far more willing to change their routines to consume more energy outside peak hours than others. 

[bookmark: _Toc77002172]Helping users to accept and embrace automation

Understanding what users want the system to control (and when) will be key to gaining acceptance of automation. Automation can offer real value to users by reducing the number of decisions they have to make, whilst seeking to optimise how the system operates [12, 16, 26]. Furthermore, users have been shown to be more willing to participate in complex processes like flexible energy delivery, where some of the actions are automated [15]. Users must be trusting of automated processes however, if they are to enable smart systems to act on their behalf.  

· Increased automation/more intelligent control should be deployed to maximise the energy saved; however, users should retain the option to take control [16, 18, 26, 28]. For example, studies show users strongly prefer to have override buttons but (with education) rarely use them.

· Smarter control algorithms should be developed that incorporate a variety of environmental conditions as well as user preferences [14] 
“Rather than demanding control and information from users, the system should unobtrusively support them in their lives”

· System behaviours should be made transparent to the user to build their trust in the technology [4, 5, 18, 22]."In summary, automation is not a substitute for awareness, and awareness boosts the impact of automation."


· Automation should seek to augment user engagement with SHTs, rather than taking full control [22]. 

· In some cases, there should be a balance between automation and user control [14, 21]. For example, a flashing light may prompt the user to turn a device off, but if this has not happened after a certain period the system can deactivate itself remotely. 

· Some technical parameters/changes can help e.g. more effective zoning, temperature caps when automated process are ongoing (max and min) [9, 14, 16].



[bookmark: _Toc77002173]Preparing for the challenge of interoperability 

Some speculative suggestions about overcoming the challenge of interoperability were raised. Whilst the issue of interoperability rarely presented in the evidence reviewed, several reviewed sources anticipate an issue if better interoperability isn’t achieved within the energy sector. From this speculation, some recommendations were made.   

· Integration of smart technologies into people’s homes will naturally happen in increments, rather than all at once. It is therefore important to respect existing technological arrangements at every stage of the process to preserve experience [6, 9].

· Some specific features/functionality offered by SHTs are expected to be better received as part of a broader application [14]. For example, controls to operate smart lighting may be better received as a sub-feature of a broader whole home application, rather than requiring its own application. Consolidation effectively lessens the demand on the user, as it means they only have to master one control system. 

[bookmark: _Toc77002174]Learning lessons from beyond the energy sector

Whilst there is a reasonable amount of evidence of common usability issues for technologies within this energy sector, there are clearly some limitations to consider. Specifically, the evidence available is (in some instances) minimal e.g. usability issues relating to interoperability. Findings are presented largely from an academic standpoint. Evidence provided by industry based on the experience of bringing products to market would surely be richer with details of poor usability. Several arising insights only have a small number of sources to support the point raised. Many of the studies have a minimal focus on the user, meaning findings relating to poor usability can be brief, overgeneralised and lacking in detail. If we consider these shortcomings along with the expert opinion, that seeking to understand and improve issues of poor usability is not a priority within the energy sector at present, it indicates that we may have to look to other sectors to learn valuable lessons.  

Looking beyond the energy sector, studies seeking to understand the process of successful diffusion of technology innovations have highlighted the importance of taking a whole system approach, including considering the non-technological (human) parts of the system. This is because changes in one part of the system (e.g. supply, network capacity, energy products or services) can impact other parts of the system (e.g. in how people consume energy) in complex and dynamic ways [33]. Integration of technology into existing systems requires both technical adjustments, as well as organisational and behavioural adjustments [33, 34]. If policymakers and regulators are able to design and manage a system which support these needs, then the energy sector could see a similar degree of success to other sectors where this approach has been taken e.g. telecoms. Failure to consider all aspects of the system can lead to unexpected consequences across the system and failure of the technology to be accepted and used. 

Several factors have been identified as influencing the likelihood of technology acceptance. These include cost, social influences, technology self-efficacy, system design features, perceived usefulness and perceived ease of use of the technology [35, 36, 37]. Perceived usefulness and perceived ease of use/usability however have been consistently shown across a variety of technologies (in particular, health technologies and applications, and e-learning technologies) to be important predictors of eventual technology acceptance and use. Ease of use, often incorporating usability, includes the extent to which the user experiences it as being efficient, effective and satisfying as well as a belief that using the system will be free from effort. Perceived usefulness is a measure of how much the user believes that using the system will help them or improve their outcomes. 

Whilst perceived usefulness is found to be the greatest predictor of eventual use, many things influence this perception, including ease of use and the extent to which it can be integrated into existing technologies and practices. For example, although people were enthusiastic about the possibilities of the first internet enabled smart-phones and camera phones, in reality their usability was limited as they were hard to navigate, it was difficult to carry out required activities and the handsets were considered ugly and cumbersome compared to existing mobile phone handsets [38, 39]. The lack of supporting infrastructure, in terms of the number of websites that were mobile-friendly and the limited number of supported email clients, made them both harder to use and reduced their usefulness. Finally, the lack of a critical mass of users, limiting the number of others to send emails or photos to, also reduced their initial usefulness. 

Widescale adoption of web-enabled phones only occurred when both usability and infrastructure issues were resolved. This process also revealed new and unexpected uses and practices as people appropriated the technology into their lives. For example, early studies of camera phones looked to understand why so few people were sending photos to each other and found usability issues preventing this. They also revealed new design directions when it was understood people didn't just want to send pictures to each other - they actually captured and shared photos in a variety of unexpected ways for a wide range of reasons [39]. This evidence demonstrates the importance of studying and involving users to enable faster innovation. In complex systems such as the smart energy system is impossible to understand all use implications before deployment since they emerge as a result of the process of innovation and use.  Early user research can help discover the emerging requirements and to uncover unanticipated value [40]. Identifying and promoting features that offer value to users could be key in increasing early adoption. 

As there is a need for the development and uptake of smart energy technologies and services, to make the energy system work more efficiently, ensuring end-user adoption will be critical. Uptake of these technologies and services however is unlikely, if people perceive very little benefit for the associated costs. Adoption will only happen if these technologies are perceived to be useful and usable. To achieve this not only requires technology innovation to provide solutions to infrastructure and technical problems, but also useful and usable solutions that can add real value to users lives. Technologies which are not well integrated into people's lives, current technologies, and the other benefits provided by different actors in the smart-energy system are unlikely to provide the usefulness and ease of use solutions needed to create acceptance and drive adoption.

[bookmark: _Toc77002175]Discussion

The issue of usability is complex and wide ranging within the energy sector. It seems paramount that a range of solutions will be required to address the issue at hand. 
In addition to addressing the usability issues identified within this review, there are several ways in which the energy sector could increase the likelihood that SHTs will be able to contribute to reducing global emissions in a meaningful way. This can be achieved by taking steps to uncover usability issues before the technologies become widespread, but also by laying the appropriate foundations to support increased collaboration within the sector. 

Encourage business to create usable, holistic solutions. For example, technology-neutral policies (e.g. petrol/diesel ban) can force business to find ways to combine components into simple solutions (e.g. thousands of components to design great EVs). 

Develop shared infrastructures to help speed up understanding of usability issues in the energy sector. Improving usability can be complicated and time consuming. Supporting innovation by providing access to tools to support better understanding of usability issues would help. This could include innovator test beds or living labs. Given the identified resistance for privately owned organisations to share their knowledge with commercial rivals, this should be publicly funded. This will enable the learnings to be more easily disseminated for the benefit of others within the sector. 

Governments should design markets that flow the value of increased flexibility to the right place in the system, including the demand side. How best to do this could come from the learning environments previously discussed, as has been suggested in other studies [10, 11].  This makes sure that business models stack up, so innovators can justify the cost of investing in good experiences.

Invest in innovation to improve user experience. Usability testing can be expensive, and clearly the sector isn’t willing to prioritise it at present. Innovation funding has historically helped to de-risk the development of technology components. This could be expanded to help fund improved user experiences. 

Help private industry work together for the betterment of the sector. In exchange for all this public support, demand that industry agrees interoperable standards. Encourage them to use living labs to define them and prove they can work. Embody in them lessons they learn about how to design and deliver smart products/services consumers will buy so they can deliver the flexibility the system needs.

Ultimately, taking these steps could help the sector reach a place where it is easy and enjoyable for all sorts of people to set up and operate smart home technologies to get what they want. Furthermore, the need for different products and services to work together, so people can seamlessly integrate them into their homes or upgrade and change products if desired, will also be achievable. 


[bookmark: _Toc77002176]Conclusion

In summary, there are many wide-ranging usability issues that mean users are unwilling or  unable to use devices as intended due to poor design. Whilst many of these occur at set up and operation, more damaging perhaps is the fact that market penetration of SHTs is relatively low at present. The consequence of this is not only that opportunities to benefit the energy system are lost, but also that opportunities for the sector to learn of (and therefore resolve) usability issues are limited.  This means we do not have a clear picture of how widespread or how damaging usability issues are.

SHT usability issues however will become a bigger problem over time. This is because more people will have SHTs in their homes. The problem may appear relatively minor today, but this is because SHTs are still somewhat uncommon. Additionally, many of those who own SHTs are likely to be early adopters, and therefore more tolerant of poor usability. Unfortunately, the urgent need to reduce global carbon emissions means that waiting for the sector to evolve better usability over time, in response to complaints from disappointed customers, could be highly damaging to these ambitions. 

There are likely many unknown usability issues that lie ahead. Rather than waiting for issues to emerge, action should be taken to uncover them sooner. In particular with regards to the issue of interoperability. There are certain steps that can be taken to enable the sector to prepare for, and subsequently minimise these issues, when they do arise. This includes the following. 

· Encourage business to create usable, holistic solutions

· Develop shared infrastructures to help speed up understanding of usability issues in the energy sector

· Governments should design markets that flow the value of increased flexibility to the right place in the system, including the demand side.

· Don’t wait for usability issues to emerge, actively seek to uncover them now. The development of shared learning infrastructures can help speed this up. 

· Invest in innovation to help the sector understand how to deliver positive and engaging user experiences. 
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When seeking to identify suitable evidence to include within the review, it was agreed that sources should meet at least one criteria from both column a, and column b. 

Note: Sources evaluating the usability of electric vehicles were later discounted when it was agreed the project would focus solely on technologies used within the home.

	Column A:  Source area of focus ​
	Column B: Research Activity/Context​

	Smart: Home/Heating Controls/Energy Services /Appliances/Plug/Lighting/Washing Machine/Hot water tank/Tariff/Storage​
​
Time of use tariff/Agile​
​
Demand side response/management/reduction/flexibility​
​
Batteries: Domestic/Home/Storage​
​
Heat pumps​
​
Electric vehicles/EV/Smart Charging/Managed Charging​
​
	Usability/User Evaluation 

Ergonomics, Human Factors

Human Centred Design/ Human Computer Interaction ​

Consumer Trial
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The graph below details the country of origin for the sources included within the evidence review. Note that the country of origin denotes the location of the end user and not the research body. For example, one study conducted by academics at a Danish university explores US citizens thermostat overriding behaviours. This has been deemed to offer insight from an American perspective so is cited as a US source. 


	The graph above details the number or sources included within the evidence review from each represented country




Evidence Source - Country of Origin

Austria	Canada	Denmark	France	Malaysia	Mexico	Norway	Republic of Ireland	Singapore	Italy	South Korea	Germany	USA	United Kingdom	1	1	1	1	1	1	1	1	1	2	2	3	3	7	
No. of included sources
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