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Abstract:

Domesticbuildings are increasingly complex; saturated with services that needmot@neol

if design and inhabitants’ goals are to be achieved. The evidenced inappropriate use of controls
linked with performance gap suggests that effective methods for assessing thitaribha
relationship with control interfaces for services are needed within builderéprmance
evaluation and practice studies. The development of a bespoke domestic usabilitertdwbov
iterations is presented, demonstrating new insights into the relationshipebetiesign and
inhabitant engagement with controls. Deep contextual development came from tiedltoglt

in four UK domestic case studies. Understanding the purpose of a contréhcatemnd
inhabitant role was found to be a fundamental diagnostic for inhabitant engagememolThe t
became a prompt for immediate action or further information seeking for a rquadirte
households involved in its application. However affordances and physical issuededentif
could not be addressed without major physical changes, which should have been picked up at
the design and construction stage. Organisational learning based on the tool findings was
triggered in one of four developers involved. The challenges for developing usabilies sited
discussed with recommendations provided for different actors in the housingpasiruction
industry on how to progress these.

Keywords: building controls, building evaluationbuilding performance building
services ergonomics, feedback, housing; inhabitants, usability



I ntroduction

Background

In 2016 the domestic building sector accounted for 29% of final total energy
consumption in the UK. This represented the second highest out of five sectors analysed
(DBEIS, 2017, p.9). However in order to meet the targets set out in the Climate Change
Act 2008, the UK Government highlights housing as the sector expected to achieve the
greatest energy and carbon savings as a result of its policies (NEEAP, 2017; Climate
Change Act 2008). The UK building regulations are setting increasingly ambitious
energy targets for new and retrofit housing and are seen a driver for the biggest
predicted energy savings (NEEAP, 2017, p.4). However, as the UK Committee on
Climate Change points out in its assessment of the UK government’s Clean Growth
Strategy: ‘It is vital that the performance gap between design and actual performance is
addressed in order to realise energy savings and deliverqimgjby homes’ (CCC,
2018, p. 20).

Numerous field studies have demonstrated that the gap between the modelled
(i.e. predicted) and the measured energy use observed in housing can be as high as ten
fold in energy use per frper annum, which is clearly linked to user control of the
internal environment (Palmer et al., 2016). Typically, low energy and technically more
complex homes consume more energy than predicted, whereas the less complex and
supposedly less energy efficient homes actually use less (Majcen et al., 2013). This is
important because the two key areas of household energy consumption in the UK are
space heating which accounts for (on average) 69% and 80% when combined with hot
water (DECC, 2017, DBEIS, 2017; p22).

A clear link exists between the underperformance of technically advanced
homes and the unforeseen use of services controls (Pritoni et al., 2015). A review of a
UK national building performance evaluation (BPE) programme covering over 100
projects noted:There is a tendency to make controls for mechanical and electrical
services too complicated. This alienates occupants and can mean the building defaults to
high energy use.” (Palmer et al., 2016, p.4). This suggests a normalised problem in the
UK with the usability of these controls (Combe et al., 2011). The ISO 9241-11 standard
(ISO, 2017) defines usability as: ‘the extent to which a product can be used by specified
users to achieve specified goals, with effectiveness, efficiency and satisfaction in a
Specified context of use.” BPE studies have repeatedly found that effective use of
services control interfaces by the user is key to better building performance and
improved user satisfaction (Raja et al., 2001; Bordass et al., 2007). Service controls as
defined here include all the mechanical and electric systems interfaces in a home as
installed by the house builder as well as other features such as taps or window handles
designed for inhabitant interactidio control their home environment. It does not
include additional control items introduced by the inhabitant, such as free-standing
electric fans or personal de-humidifiers.

Usability studies do not always account for the lack of use or inappropriate use
of controls by inhabitants. Inhabitants may be unaware, or lack the knowledge or
confidence to interact with new controls presented to them in their hdme. real
world’ trial of programmable heating system thermostats carried out by Sachs et al.

(2012) the authors found that while the introduction of usable thermostatic controls on
heating systems increased the ability of inhabitants to interact, educational interventions
or other incentives were needed to release the potential for a successful interaction. In
this trial, the high usability of a control itself was not enough to trigger interaction in the



real world domestic situation. This finding fits with Stern’s (2000) questioning of

efforts to understand change in environmentally significant behaviour (such as home
heating) within a single variable, such as new programmable thermostats. Stern (2000)
highlights four casual variables that affect environmentally significant behaviour:
attitudinal factors, contextual forces, personal capabilities, and breaking habits and
routines. Equally, poor control design can also be an issue for inhabitants (Stevenson et
al., 2013).

As a contextual force, a well-designed and well-located home control may
diminish the physical difficulty of using it, minimise constraints and maximise
capabilities of inhabitant interaction. However it may not break a well-established habit
or routine, and cannot necessarily engender new capabilities, if thesprareequisite.
Equally, a particular attitude can pre-determine whether or not an inhabitant engages
with a control in the first place. In some cases, working with inhabitants to re-orientate
them towards energy efficient practices can unlock the energy savings expected in the
models but is often unrealised in reality (Oliveira et al., 20Without these changes in
practices and routines there has only beelmited degree of success in energy
efficiency real world trials, which tend to bring smaller savings then expected (Tsang et
al., 2012; Buchanan et al., 2018). In terms of safety and security, the available evidence
also indicates performance issues caused by lack of interaction (NFPA, 2015). Attempts
to tackle this issue tend to involve consultants fixing any problems identified with the
targeted controls as well as providing guidance to inhabitants (Tannous et al., 2017).
The present authors are not aware of any projects, however, that have attempted to
systematically diagnose the actual quality of inhabitant interaction with all the service
control interfaces installed in a home related to systems regulating the internal
environment e.g. windows, ventilation, heating, lightiegergy but also security, water
or emergency control systems. Addressing this usability gap is urgent due to
interdependencies between these technologies that all need some degree of maintenance
and engagement, which also affects energy performance (Fazli et al., 2015).

Theresearch gap

BPE studies aim to close the overall performance gap through evidence-based diagnosis
and feedback (Preiser & Vischer, 2005). Nevertheless, a systematic assessment of
inhabitants’ actual use of service controls, as defined above, in a home is not part of UK
domestic BPE programmes to date despite the increased capacity of these controls to
help improve housing performance and evidence for this capacity being underexploited
(TSB, 2012; Derbez et al., 2014). Usability studies within BPE tend to be subsumed
within the study of commissioning processes, informal walkthroughs, short general
questionnaires or interviews (Parkinson et al., 2018; Gupta & Gregg, 2016). Addressing
the evidence for long term negative impacts of poor usability on key building
performance indices (Peffer et al., 2011) is a particular challenge due to the
disconnection between practice, research and housing industry actors (Samuel, 2017).
The key question arising from the above is: How can the evaluation of usability and use
of service controls be incorporated more effectively within BPE studies?

This paper addresses the need to understand how inhabitants interact with
service controls and how BPE can systematically capture that. It describes the evolution
of a new domestic usability tool aiming to:

e provide a revised framework for understanding usability
e incorporate usability evaluations as a routine part of BPE



e ascertain inhabitant understanding, skills and satisfaction with the controls
interfaces provided

e help develop the inhabitant education process, and

e improve the design and installation of products in buildings.

The paper is structured as follows. The next section describes the theoretical positioning
which has informed the development of the tool. Then, the methods section introduces
the first version of the tool as it was developed and tested in two housing case Btudies.
then describes the revisions made to the tool, following feedback from the first trial, and
a second application trialled on two further housing case studies. The impact of the tool
on an individual and organisational level is identified for each version of the tool. The
subsequent section discusses the questionnaire format of the tool and the key barriers
and opportunities for its application within BPE studies. The need to build the audience
for usability studies is also explored with a focus on controls, the future of usability
studies and inhabitant-control interaction with the increasingly automated services. The
conclusion sets out recommendations for different audiences regarding the application
and development of the tool.

Usability: sometheoretical perspectives

Technology acceptance and ergonomics

One prominent theory guiding research supporting the implementation of new
technologies is the Technology Acceptance Model (TAM) (Davis, 1989). This suggests
that the intention to accept a technology is determined by its perceived usefulness and
perceived ease of use which both determine the extent of actual use. The perceived
usefulness depends upon recognition of the benefits that arise from engaging with the
new technology. Ease of use is related to physical and mental effort involved in the
interaction as well as the perceived effort of learning to use the technology. However
‘...perceived ease of use may be an antecedent to perceived usefulness...” (Davis, 1989;

p.334). Thus, ease of use is particularly important during the initial inhabitant
interaction with a product:

‘Usability is likely to be a key driver for enhanced use of central heating controls
for domestic consumers. Where consumers have problems using programmable
timers, they may use thedevices as simple on/off switches.’

(Munton et al., 2014, p.56).

Ergonomics, also known as human factors (HF), is focused on sustaining
interaction between people and technologies, optimising it towards wellbeing and
system performance. HF is concerned with understanding the interaction happening in a
specific physical and organisational context taking into account the ‘needs, abilities and
limitations of people’ including ease of use (Karwowski, 2012). Ergonomics contributes
to product design guidance, as well as the development of the learning supporting the
use of technology. HR’s inherent positivistic assumption is that any specified
interaction examined is needed and beneficial, and all that is needed is for products to
be designed and installed according to user physical and mental capabilities in order to
encourage ‘appropriate user behaviour’ (Revell & Stanton, 2018; Caird & Roy, 2008;

Meier et al., 2011). However, this does not explain the inappropriate use of a specific
control in a domestic context due to other factors e.g. inhabitant habits (Marechal, 2010)



preferences (Brown & Gorgolewski, 2015) and the assumptions made by professionals
when evaluating people’s use of buildings and their controls (Janda, 2011; Tweed,
2013; Tweed & Zapata-Lancaster, 2017; Wade et al., 2018). Practice theory as
developed by Schatzki (2001) is useful to explore these and other related factors.

The Practice Turn

There are a variety of definitions for the theoretical term ‘practice’ (Schatzki, 2001;
Reckwitz, 2002; Shove et al., 2012). The definition developed by Gram-Hanssen (2010)
and adopted here is thatpractice’ consists of: a technology, human know-how and
habits, institutional knowledge and explicit rules, and human engagement. Practice
theory helpfully embodies learning, as the development of competencies through
enacting a practice (Nicolini, 201@pd the individually different ways of ‘knowing-in-
practice’ that can manifest through the enactment of a practice (Ingold, 2000). Recent
practice-based research also considers the context surrounding specific inhabitant
perspectives on environmental controls (Gram-Hanssen, 2010; Vaslova & Gram-
Hanssen, 2014) and domestication (Hargreaves, 2017). Practice is understood here
within a rich dataontext of ‘real world’ research methods (Robson, 2011) related to the
performance of buildings and technologies as artifacts which already have a physical
relationship to human cognitive and sensory perception prior to any developed practice.
A broader BPE approach combining quantitative and qualitative methods (Leaman et
al., 2010) provides the opportunity to ‘ground’ practice analysis within the detailed
analysis of a physical context and offers a base-line physical context against which to
evaluate the outcome of inhabitant practices (Foulds et al., 2013).

Without a more detailed understanding and evaluation of whether or not
designed technologies are interacting effectively with inhabitants at the level of basic
ergonomic requirements (sensory and cognitive alignmamt)in accordance with
design intentions, it is hard for designers to practically re-evaluate and physically
change their actual designs in response to any practices identified. This is where the
theories of affordance and cognitive fit are worth revisiting - in order to unpack the
practices associated with services control interfaces.

Affordances and cognitive fit

‘Affordances’ are latent physical properties of the real environment which provide
potential action possibilities (Gibson, 1979; You & Chen, 2007). These are only realised
when a person has the intuitive capacity to enact them, which depends on their past
experience, knowledge and the manner in which this possibility is conveyed to them
(Norman, 1998). Affordances are in this way, ‘...properties of the real environment as
directly perceived by an agent in the context of practical action’ (Ingold, 1992: 46),

which aligns affordance within practice theory. The theory of affordance is helpful in
relating human perception and actions to technologies, but does not set out any
guidance. The physical aspect of ergonomics can be helpful here in terms of setting out
clear anthropometric criteria and parameters against which to evaluate the affordances
offered by service controls.

Providing there are appropriate affordances and a good ergonomic fit, early
interaction with control interfaces can utilise trial and error techniques to develop
inhabitant understanding and engagement (Baborska-Narozny et al., 2016b). At this
problem-solving stage the Cognitive Fit theory (Vessey, 1991) states that good design
facilitates understanding the functionality of a control. The identification of a clear



purpose and user role as part of the control interface can help to verify whether the
inhabitant’s mental model for each control is the same or differs from the designer’s
understanding of what this control does (Norman, 1998; Karjalainen, 2007). Inhabitants
can also interact with a control despite misconceptions about what it does exactly
(Kempton, 1987), but having a basic understanding about what a control interface does
is a prerequisite of intentional repeated engagement, according to the TAM model. This
functional purpose also needs to be grasped by the inhabitant before he or she can
express an opinion about theefulness’ or ‘utility’ such an interface. For this reason,

TAM alone is not particularly useful for understanding how well domestic control
interfaces are working, as inhabitants may not know the purpose of a control interface in
the first place. Thus the tool developed here aims to explore the material aspects of
practice in relation to control interfaces in the home without any presumption about the
extent to which a person believes they are useful, or the degree of their basic
knowledge.

M ethods

Development of the tool

The first version of the tool was developed in 2011 in the UK as part of a BPE case
study (Stevenson et al, 2013). The criteria for evaluating domestic mechanical and
electrical control interfaces were based on previous usability guidance for the design of
controls for end users (Bordass et al., 2007). The six criteria were:

e clarity of purpose (cognition)

¢ intuitive switching (affordance)

¢ labelling and annotation (cognition)

e ease of use (physical ergonomics),

¢ indication of system response (cognition)

e degree of fine control (physical ergonomics).

A comprehensive digital questionnaire captured all the interface controls used in one
home, with the aim to eventually capture quantitative data across case studies
nationally.

A digital list of all the controls in the home was created from the design
specifications. The controls were then grouped under seven categories typically used in
the construction industry: heating and water, mechanical ventilation, electric equipment,
kitchen appliances, fabric, water services and miscellaneous. A matrix table was then
developed to rate each control against each of the above-mentioned criteria, within an
overall Excel spreadsheet. A five point rating scale was set out in a colour coded ‘traffic
light’ bar chart, ranging from green (‘excellent’) to red (‘poor’), to aid visual
understandingHigure ). The matrix table for each control had a photo of the control
for ease of reference, and a comment box to record any on-site observations and
recommendations related to the criteria. A further text box enabled comments relating to
the overall usability of controls as a system (e.g. Mechanical Ventilation controls).



Thermostatic Radiator Valve Description and location

‘ Myson 2Way TRV in all radiators except 1 in living room

Usability criteria Poor
Clarity of purpose

Intuitive switching -

Labelling and annotation

Ease of use

Indication of system response

Degree of fine control

St | O [ *= | 1+ [ w [ m [ m | @] G ts _ _ i
I % off Need to explain to users link with main thermostat setting - TRVs subservient to thermostat. lcons used
TempC | 2 [ » 16 0 | 2 | s |

5 use the BS12098 standard (on/off) but it uses the on icon for the maximum temperature. Need to explain
Scale from TRV manufacturer website relationships to users how the different icons mean in terms of temperatures - why not use numbers?
Position of TRV in this development is at higher level for ease of use - uncertain whether that affects the
setting. System response indication by radiator getting hotter.

Figure 1. Version 1 of the toelcontrol interface matrix

The questionnaire was designed to be completed in two to four hours on-site with a
detailed examination of the selected controls in a home by a single consultant/researcher
with design and socio-technical research skills. It was preceded by a typical BPE
drawing and specification audit, to identify any gaps between design intentions and the
as built context for the controls, which might inform the results of the usability
guestionnaire. The BPE study also included semi-structured interviews with the
inhabitants of the 40 homes studied in detail, the developer and design team, as well as
a review of the installation and commissioning of services and systems, a general
Building Use Studies questionndirfor all the inhabitants in the development, and a
review of handover procedures and guidance for the inhabitants (Stevenson et al.,
2013. The usability questionnaire assessments were designed to be cross-related to the
relevant findings which emerged from these other BPE methods (Leaman et gl., 2010

Case study criteria

The case study method provides an excellent means for interrogating problems in depth
(Yin, 2009) and is particularly suitable in relation to evaluating the complexity of
building performance (Lowe et al., 2017). In order to trial the tool, two different case
studies were selected’dble 1), representing two ‘extreme’ scenarios according to
recommendations for obtaining maximum variance to create a ‘paradigmatic’ case study
(Flyvbjerg, 2006). Due to the predicted difference in capabilities between small and
large house builders the aim was to see how well the tool would work for small house
builders (i.e. those building up to 100 homes a year), who make up 12% of new housing
development in the UK (House of Commons CLGC, 30ddmpared to large house
builders (2000+homes a year) who make up 59% of the market 6bie when both

are engaged with new technologies for the first time. It was also to ascertain how the
tool would be received by inhabitants in very different sizes of developments, in terms
of discussion with them during the BPE process or in response to receiving the BPE
findings. A ‘typical’ terraced home was selected within each case study for testing the

tool to enable comparison across the two cases. Both case studies were situated in the
South of England, to provide similar climate conditions.

! https://www.busmethodology.org.uk/



Case study Large Home Small Home Co-housing C Medium Home
Characteristics | Builder A Builder B Builder D
Location Kent, Somerset, Yorkshire Yorkshire
SE England SW England N England N England
No. of dwellings
in development 150 5 20 over 200
No. of dwellings 42 (1 end terrace
in BPE case house for usability 3 (1 Jg;r;ﬁ?dsTSéjs;e for 20 20
study study) y y
Typologies Detached, semi- detached, terraced semi-detached, terraced | apartments
considered in detached, terraced houses. houses, apartments
case study houses, apartments.
Date of
completion 2010 2009 2013 2011
Contractual Design and Build. Joint development Design and Build. Joint Contracts
arrangement 60K house between landowner Architects only Tribunal.
competition winner. and developer. Project | employed until end of Architects

Developer has own
subcontractors.
Architects only
employed until end
of detailed drawings

Manager. Architects
employed until end of
contract.

detailed drawings stage. | employed until

end of contract

stage.
Key services Mechanical Photovoltaic panels, Photovoltaic panels, Mechanical extract
evaluated per ventilation with heat | solar thermal panels, mechanical ventilation ventilation system,
dwelling recovery, mechanical extract with heat recovery, high electrical panel
condensing boiler, ventilation, rainwater performance doors and heaters, unvented
water taps, harvesting system, windows gas combi- domestic hot water
electricity and wood pellet boiler, boiler (apartments only), | cylinder with
lighting high unvented hot water gas combi-boiler, solar immersion heater,

performance doors
and windows, solar
roof lantern.

cylinder with
immersion heater,
high performance

thermal panels +
unvented hot water
cylinder with immersion

access and safety
controls, high
performance doors

doors and windows. heater, (houses only) and windows.
Tool version 1 5
applied
No. of controls
evaluated 29 31 33 23
Eco-standards Eco Homes Code for Sustainable Code for Sustainable Eco Homes ‘Very
achieved ‘Excellent’ Homes Level 5 Homes Level 4 good’

Table 1. Key case study characteristics.

Application of tool and feedback

Comprehensive findings of this usability study have been previously published
(Stevenson et al., 2013)). These suggested that the tool needed to continue to cover the
wide spectrum of service controls in its future iterations. It was also quickly apparent
that while the tool had effectively assessed the basic usability of the controls, the six
criteria used were insufficient to diagnose why the controls were performing poorly for
the inhabitants, beyond the presenting affordance, ergonomic and cognitive issues. This
is where the cross-evaluation of the usability findings with the findings of all the other
BPE methods of investigation proved invaluable in terms of generating deeper insights
related to the complex practices surrounding the use of these controls (ibid.). The
researchers found the tool easy enough to use in the time allocated for carrying out the
initial survey (about half a day per home).

Both the small and large house builder in the case study were impressed by the
detailed findings. They found the usability reports generated by the tool easy to digest
and clear to understand (ibidThe large house builder (A) immediately targeted a



forthcoming development, with similar control specifications, for a review of all control
specifications and committed to providing feedback from the findings to its key
suppliers. This house builder also pro-actively considered ways in which they could
improve inhabitant understanding of the mechanical ventilation system in particular, as
the least usable set of control interfaces evaluated. The study spurred them on to
interrogate the usability of environmental controls in more depth in a far larger £6.4m
research and development project (Cartwright & Gaze, 2013). It was not possible to
ascertain how much impact the usability findings had on the inhabitants, if any, as the
developer did not present these findings to them, and there was no control study.

The small house builder (B) was unable to take advantage of the usability
findings, having gone bankrupt shortly afterwards, and did not have the personnel
capacity to respond to the findings. Nevertheless, the inhabitants in this small
development were able to discuss the nature of the findings with other inhabitants, as
they all knew each other. The tool also created learning on site between the inhabitants
and researchers concerning how various control systems were operating. This first
version of the tool provided a relatively in depth analysis of the usability of the controls,
but was nevertheless based on the researchers experience and understanding rather than
the inhabitants.

Revisionsto the tool

In the next tool version developed in 2014, the technique was revised to provide a much
swifter paper and pencil questionnaiFéglure 2and questionnaire in the supplementary
online data) to be handed to an inhabitant about a year into their occupancy and
completed by them in about 20 minutes. The aim was to explore whether the inhabitants
had moved beyond the uncertainties of the early occupancy stage toward @aining
sense of clarity of purpose of each control interface and their interaction role. The first
page of the questionnaire now asked for background information about the respondent,
his/lher occupancy profile and dwelling typology. Four new questions sought
evaluations of the home handover and home user manual and their role in facilitating
home operation and maintenance on a seven point Likert scale (very poor-very good)
(Fowler, 2014) to capture the long term inhabitant perceived impact of the induction
process which has not been included in BPE methods to date. The aim was to identify
any patterns in relation to inhahit&’ cognitive understanding of control interfaces and
their own role in engaging with them. A seven point scale was now deployed to
evaluate perceived skills in using technical devices (very low-very high) in order to
better interpret the ratings for different control interfaces. An open comment box was
provided for an inhabitant to indicate any circumstances that influenced their ability to
use these interfaces in general. This enabled an exploration of perceived capability
compared to ratings for each control as a diagnostic for developing individual user
learning needs. Each system category was now contained within a single page for ease
of use and clarity, covering all the services installed. For each system an overall
‘satisfaction with controls’ question was included using a seven point scale (very poor-
very good) to compare the general system and detailed control evaluations, as
previously. General questions about awareness of the maintenance procedures for each
system were added, given that usability issues concerning maintenance were found
important in version 1 findings (Stevenson et al., 2013).

For each system, the survey was organised into a repetitive matrix with the
revised criteria as rows and particular controls as a colufigaré 2. Based on the
analysis of the first trial two further criteria were added. The first focused on location.



‘Location’ issues had previously been subsumed within the ‘ease of use’ criterion but

were constantly named in the comment box by the researchers during the first tool
deployment, suggesting that location should be a separate criterion to understand
whether poor ‘ease of use’ reflected poor ergonomics of the control interface or a
problem with its positioning. Similarly, the original ‘intuitive switching’ criterion was

now split to cover affordance (‘Is it easy to see how to use this control?”) and cognition

(‘Is it obvious if you should interact with it?”). This requirement emerged after the
mechanical and electrical systems handover demonstration in one @vibed tool

case study developmentfailed to clarify to the inhabitants their role in controlling
ventilation despite explicit questions raised by them (Babdxskezny et al., 2016b).

MVHR controls

« Overall, how would you  Veroor Very/good I
rate controls for MVHR GDDDDDD F
« Are you aware of the .
maintenance procedure? I:]YES D 1anEknow. [:] e -
Very poor Very good o §
* How would you rate ease  MVHR filters DDDDDDD E E
of maintenance for: Cooker hood filter  (J(J(J)OOO0) t,.; :n;
n -
MVHR unit MVHR MVHR Diffusers
control manual cooking
panel boost mode
1
Is it clear what this control does? DDD DDD %
Does its location help usenge\zzzg DDD DDD
i how h
Is it easy to see Ovihi:v:c;:t?oslg DDD DDD t]
Is it easy to operate this control? DDD GOD D
Is it sufficiently labelled? 000 [:] 000 [:D
Does it show responseatct:izﬁ:?r DDD D DDD D
mestdmamtent 00 000 OO0 (00
Is it obvious if you should |\r’1’t|a:alfvt DDD Ii‘][j DDD [jé

* Comments on MVHR:

Figure 2. Usability tool version-2sample page of user feedback questionnaire.

The revised questionnaire provided three response options for each question (‘Yes’,

‘No’, or ‘I don’t know’) instead of the original five point scale to save space and make

the questionnaire easier to fill in, given that the survey now had eight questions for each
control. Importantly, the ‘I don’t know’ response is usually not plausible in survey
design (Fowler, 1985, p.164), however it can be a valid indicator of lack of confidence
to suggest a limited interaction with a control interface. Ifeva cases the ‘I don’t

know’ answer also allowed the respondent to indicate whether or not they were able to

rate the control at all in relation to a specific criterion. The revised response option
addresed the issue of ‘I don’t know’ in version 1 findings which also emerged in
relation to single instances at pilot stage of the revised tool. The revised questionnaire
had no photos of the control interfaces, just the technical names, to keep it succinct.

Case study criteria

The second iterated version of the tool was applied in two contrasting housing
developments from the first two case studies, in order to provide maximum

1C



differentiation across all four case studies, as recommended by Flyvjeberg (2006) and
Yin (2009) (Table 1). A medium size new build collective housing development (C)
was selected alongside a large and deep retrofit development (D), providing two
additional housing development types. The tool was again part of an in-depth BPE
evaluation in each case (Baborskarozny et al., 2016a Both developments were this

time situated in the north of England.

Application of tool

The tool was applied in 40 homes a year into occupancy, to ascertain the learning and
established habits related to the service control interfaces over four seasons. The
researcher already knew the targeted 40 households as part of the broader BPE project
(BaborskaNarozny et al., 2016b, Stevenson et al., 2016, Baborékazny et al.,

2017). This good relationship between the research team and the inhabitants might help
explain the 100% return rate of the completed survey. The vast majority of respondents
invited the researcher into their homes to shadow their completion of the questionnaire.
The researcher intervened only to clarify the questions if needed, and took notes of the
process and what was unclear to the respondent, to avoid influencing the results.
Interestingly, during the process of filling in the questionnaire a quarter of the
respondents visited the control interfaces they were hesitating to rate in order to remind
themselves how operate them and answer the survey questions. A total of 80% of the
respondents also developed a learning dialogue with the researcher immediately after
the survey as a result of their confusion about the control interfaces. A short time was
deliberately left for this as part of the revised technique and provided excellent insight
into inhabitant understanding of systems and control interfaces, highlighting their major
misconceptions (BaborsRéarozny et al., 2017). In three cases the immediate issues
raised were followed up by an email exchange between the inhabitant and researcher,
providing further clarification. The survey itself thus unexpectedly served as action
research (Stringer, 2014) triggering inhabitant learning focused on control interfaces.

Analysis and findings related to tool revision

The overall findings mirrored much of what had been discovered in the first trial in
terms of affordance and physical ergonomics. The key added value came from revising
the questionnaire to gain inhabitants understanding of the control interfaces rather than
the researcher’s understanding. The revised survey questions also prevented
respondents guessing answers to the affordance and ergonomics questions because to
answer ‘Yes’ or ‘No’ they needed to have had some experience of interacting with the
control interfaces. The survey results now revealed the control interfaces that were least
used or even unknown to respondents, helping to indicate their learning iéguaie (
3, Figure 4. The verbal dialogue between the researcher and respondent helped both of
them to elicit and highlight the lack of use of very simple and usable controls resulting
from a typical vicious circle: the inhabitant’s lack of understanding of their purpose due
to poor service performance (e.g. broken fan components meaning that the purpose of
an unlabelled fan switch was unknovaaused by lack of service maintenance.

Adding the question ‘Is it obvious if you should interact’ in the revised tool
proved invaluable. Even when the inhabitants were aware of a system and had some
understanding of how it worked, they were confused about their role in controlling it
and whether they should interact with the related interfaces.

Sometimes it was hard to understand whether the respondent was actually
responsible for controlling and maintaining the systems identified, or whether this was

11



voluntarily assigned to other member of the household or an external organisation, e.g.
changing mechanical ventilation with heat recovery filters. This suggests the importance
of identifying organisational roles and responsibilities in relation to the use of control
interfaces either prior to carrying out the survey or through follow up dialogue in order
to avoid this confusion.

Meaningful
interaction impeded
by physical
discomfort (e.g.
inaccessible location

or poor design) ~ 9

Affordances

latent functionally location &
interactive proper- superficial
ties of a control features of a
within its control enabling
location (comfortable)

Counterintuitive
interaction - thus
limited to most
inquisitive
inhabitants (e.g.
~~ inaccessible location
or poor design)

Cognition

understanding the purpose
and scope of interaction of a control

Usability
user—control
meaningful inter
-action if needed

Physical
ergonomics

Lack of understanding of the
opportunity a control provides -
failed learning and adoption
process (e.g. lack of feedback,

Figure 3. Usability of controls in buildings against theoretical background.
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I mpact

In Case C, the presentation of findings to all the inhabitants prompted the co-housing
task team responsible for maintenance and repairs to develop and isietenance
handbook’, identifying responsibilities in relation to specific systems control interfaces,
e.g. MVHR filter changing was now prompted by the maintenance team but delegated
to inhabitants. Unfortunately the overall findings were never presented to the architect,
contractor, or relevant sub-contractors who did not engage with the BPE project, despite
efforts to involve them. In Case D the findings were presented to a senior director in the
house builder organisation which entered into a serious financial crisis during the BPE
project and sold all its assets in the development. This diminished their engagement,
with no recommendations followed up. F&so failed to recognise an opportunity to
feedforward key lessons to other projects as the company was more focussed on
delivering bespoke solutions which seemingly prevented them from taking on board
BPE lessons from project to project.

The tool and findings were perceived as a valuable individual learning
experience by the respondents with the questionnaire becoming a prompt for immediate
action or information seeking and triggered eleven households to take positive action,
such as correcting faulty labelling or conducting necessary maintenance. However the
ergonomics and affordance issues identified could not be addressed without major
physical changes, which should have been picked up at the design stage.

The long term impact of the tool application was also significant. One year after
the completion of the survey, four of the participating households (D) disseminated their
knowledge obtained from participating in the survey to of the rest of the inhabitants via
a closed residents’ Facebook group (removed for reviewing stage).
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Discussion

Questionnaire: qualitative or quantitative?

Typically a questionnaire elicits quantitative data for statistical analysis, with the
studied sample reflecting patterns occurring in wider populations (Fowler, 2014). Our
guestionnaire was applied in relatively small samples and it quickly became clear that
the key strength proved to be its embedding within an in-depth BPE case study
approach, which allowed the usability findings to be cross-related to other practice
aspects. Version 2 thus became an inhabitant centred diagnostic tool, to reveal
‘unknown unknowns’ and exposed inhabitant misconceptions about their environmental
control systems/misuse of control interfaces which proved to be a major cause of their
lack of engagement. The findings demonstrate the limited applicability of asking the
inhabitants about the usefulness of specific control interfaces (as the positivistic TAM
model suggests) if inhabitants do not know whether they should interact with the control
interfaces. The tool, when applied with other BPE methodsetiétpexpose barriers
which prevent earlier engagement in learning, and more importantly, why this was
happening. Simply presenting standardised information to inhabitants generally has
disappointingly low impact (Stern, 2000; Powel, 2009; Burchel et al., 2016). Engaging
people with the tool can trigger a process of co-constructing design (Pink et al, 2017)
following mutual learning and feedback between inhabitants, researchers, design teams
and house builders.

Relationship with BPE studies

Both versions of the tool were deliberately situated within in-depth BPE socio-technical
case studies involving both inhabitants and housing industry organisations. Such BPE
studies are limited in number due to the expertise, time and cost involved (Buswell et
al., 2017). Despite this, their role in explaining the complex drivers underpinning the
performance gap in the domestic sector is unique and telling (Lowe et al., 2017).
Situating the revised tool within BPE adds a systematic and detailed assessment of
service control interfaces from the inhabitants’ perspective. Creating a case study,
recruiting participants, conducting initial design and energy audits, undertaking photo
surveys, and walkthroughs, must inform the tool preparation stage. The tool builds on
the findings from these initial BPE methods and provides insights which can then shape
the subsequent methods e.g. inhabitant interviews, broader inhabitant questionnaire
prompts, and monitoring diagnostics. A BPE study feedback meeting to present and
discuss the findings from the specific usability study to the inhabitaatsital part of

any planned collective co-learning. However in version 2 it was thé¢ocemee home

visits that proved to be the key learning experience for individual inhabitants.
Designers, developers, contractors and manufacturers could ideally feed the emerging
recommendations from such a study into their practice and development. This becomes
an opportunity for ‘fast-track’ organisational learning in relation to usability issues,
through the incorporation of the tool into architectural practice-based research during
the occupancy stage of projects with the findings fed back into subsequent design
practice (RIBA, 2013; Samuel, 2017). This type of learning, however, needs support
from built environment professional bodies in the UK who recognise the importance of
BPE (RIBA et al., 2016).
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Building an audience for usability studies

The above learning opportunity will only materialise if the focus of the tool (i.e.
affordances, ergonomics and inhabitants’ cognition of controls) is of interest to the

actors in the housing industry. The experience of using the tool in the four case studies
presented is mixed, revealing both positive opportunities and significant barriers for
successful learning at an organisational level. Only the large house builder (A) acted on
the feedback provided by the tool, leading to significant changes in their other on-going
projects and processes. In the three other cases the usability study results did not trigger
any action because:

o feedback was never delivered to the relevant parties

e financial difficulties resulted in a lack of organisational capacity to act and
limited engagement,

o feeding the lessons forwardas not considered applicable to ‘unique solution’
projects

This lack of feedback was partially due to lack of interest from the professional actors
and the fragmented process of specifying controls specifications undertaken by different
subcontractors for separate systems, leading to a resultant lack of responsibility on
behalf of the designers and housing developer.

A key financial barrier preventing an audience for usability is that these issues
do not necessarily have an immediate commercial impact upon the many building
delivery stages stakeholders. This is due to the disconnection that exists hatseen
groups who are responsible for product development and deployment (manufacturers,
clients, designers and contractors) and those who are responsible for and interested in
maintaining building performance (facility managers, inhabitants, building owners)
(Leaman et al., 2010; Zimmerman & Martin, 2001). Without the provision of feedback,
industry actors are unable to recognise common patterns of problems and poor
performance related to control interfaces. As a result, the pressure to improve the
usability and inhabitant understanding of control interfaces tends to be research rather
than market driven, as revealed in the aims of AIMC4, a major housing industry-led
research programme involving three of the largest housing developers in the UK
(Cartwright & Gaze, 2013). A fundamental step toward creating an audience for
usability would be the introduction of usability issues into professional education and
continuing professional development (CPD) related to the design, construction,
maintenance and inhabitation of housing. A rethink of manufacturing policies and
protocols to focus on the usability of specific products for whole home environments
and their inhabitants could also help reorient the perception of the wider construction
industry.

Another key challenge relates to individual inhabitant interest in how the
provided control interfaces might help them achieve their energy and comfort goals.
The revised tool provoked inhabitants to reflect on their interaction with control
interfaces. Eight months into occupancy many still did not know what purpose specific
controls actually served, suggesting they had probably never located or used them. The
tool established a positive engagement through actual testing of the ergonomics and the
affordance of the controls. Well-evidenced inappropriate or lack of use of service
controls in the domestic environment has also prompted the industry to seek alternative
technical solutions. These alternatives exclude the need for inhabitant interaction with
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controls altogether where possible by relying on intelligent automation (Strengers,
2016).

Even in this scenario, however, future home technologies will still need
maintenance and calibration. Therefore the need remains for inhabitants to understand
the purpose of the technologies in order to engage with their maintenance and
calibration either in terms of doing it themselves or paying someone to do it. Designing
home technologies which communicate maintenance requirements (including signalling
when the system is faulty, performing non-optimally or simply broken altogether) and
alert inhabitants to this need through feedback is essential and goes in close
collaboration with designing control interfaces which keep the inhabitant aware of
them, understanding their purpose and convincing them about the benefits of
controlling, maintaining, repairing or even replacing the technology. Future
development of the usability tool could assist with evaluating and designing this new
area of interactive home technology.

Conclusions

This paper has introduced the usability tool and situated its development as a state of the
art, as used in association within BPE studies. The tool provides a robust method and
technique for revealing the usability of control interfaces. When used in conjunction
with other BPE methods, it reveals the wider usability implications for the effective
control of home service systems. A clear benefit is that the tool provides actionable
feedback for inhabitants and industry actors. The usability questionnaire was initially
utilised to establish a quantitative assessment of the quality of interaction provided by
all key control interfaces available to an inhabitant within their home allowing key
problem areas to be identified. However it was rapidly realised that the tool is best
developed on a bespoke basis for heuristic and diagnostic purposes. In this way, it can
be used to facilitate a co-learning process for all involved in a housing development. At
the same time, one limitation of the current version and approach to using the tool is the
inability to broadly validate usability levels across projects using control studies which
draw on large amounts of quantitative data based on the same control specifications.
Further work is needed to develop such an approach which could also demonstrate the
impact of improved usability specifically in terms of closing the energy performance
gap.

Although the analysis of affordance and physical ergonomics are important
elements for understanding inhabitant practices, a key finding from this study is that the
inhabitants’ cognitive recognition of purpose and their own role in relation to
interacting with service controls is fundamental for engagement and learning. Without
it, a control interface and the service system associated with it tends to be ignored by the
inhabitant. Significantly, success depends on combining a range of carefully designed
and integrated elements and activities to facilitafleabitants’ essential cognitive
learning in housing developments: clear user guidance, active learning support,
adequate labelling and interaction feedback provided by control interfaces.

Another significant aspect impacting on usability lies in the process of selection
and procurement of controls. This is beyond the scope of this paper, but deserves further
investigation to help prevent poor controls from being re-specified. Meanwhile,
designers need to focus on usability at the design stage by specifying well-designed
control interfaces and securing an ergonomically suitable location in the first place, as it
is unlikely that affordance and physical ergonomic issues can be easily addressed during
the post-occupancy period. This raises the wider question of how to structure a co-
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learning process, based on inhabitant feedback, into the design of control interfaces for
homes. This could happen if the assessment and evaluation of the usability of control
interfaces in the home became routine in post-occupancy evaluation and feedback into
the product design as well as housing design process. However, it is recognised that
there are still wider fundamental challenges to this which need to be overcome in terms
of: the fragmented nature of the housing industry; financial disconnections between
product development and building performance evaluation; and the ‘bespoke’ nature of
housing development which can preclude thinking about learning from previous
housing BPE and usability studies.

Despite the broader challenges above, trialling the usability tool has shown that
it can form an invaluable part of the building performance evaluation (BPE) portfolio of
techniques, closing a gap in knowledge relatedntmbitants’ practice of control
interfaces in the domestic sector.

Key recommendations for designers are:

e to perform bespoke usability studies routinely as practice-based research provide
feedback from previous usability studies at the strategic design briefing stage for
a new project

e toimplement a continuous process of revising specifications and design work on
basis of routine usability feedback.

Key recommendations for developers are:

e toincorporate costs for usability studies from the start, as part of the overall BPE
process. The BPE process needs to be adopted from the outset of a project, i.e.
during the strategic briefing stage

e to share relevant findings from usability studies to the supply chain, including
manufacturers and installers

e to review specifications and design contexts for technology control interfaces in
the home, in the light of usability findings

Key recommendations for institutional and governmental policy-makers are:

e to recognise the value of specific usability analysis as an integral part of POE
and incorporate this element into institutional policy and guidance on POE and
BPE

e to require the development and provision of specific guidance to raise the
standard of usability of control interfaces in housing design

e to promote usability as an important feature for inhabitants to optimize the
operation of their homes

e to mandate the inclusion of the usability of control interfaces in the design
education curricula

e to develop new architectural pedagogies which integrate usability studies into
the design studio.
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