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Abstract: We developed a lighting measurement protocol (PC-SRT) for 
Android mobile devices as a replacement of the Argentinean currently 
mandatory pen-and-paper measurement protocol (SRT-P), and compared their 
usability in a field study (n = 26) by means of the system usability scale (SUS). 
Descriptive statistics showed that PC-SRT (SUS = 58.7; SD = 14.9; lower 
marginally acceptable usability) outscored SRT-P (SUS=47.5; SD=14.5; 
unacceptable usability). The PC-SRT also performed better in both ease of use 
and learnability factors. An item-by-item analysis compared the behaviour of 
each standardised item score; Mann-Whitney test results showed statistically 
significant differences in SUS-Q1 (U = 36; p = 0.011), SUS-Q2 (U = 35;  
p = 0.01), SUS-Q4 (U = 46.5; p = 0.05), and SUS-Q7 (U = 39; p = 0.019). 
These results show that although PC-SRT gathers more data in a wider variety 
of aspects of the visual environment, users tended to perceive it as easier to use, 
encouraging the adoption of our proposed lighting measurement protocol for 
mobile devices. 
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1 Introduction 

A visual environment conceived to suit the capabilities and limitations of human vision 
may help to reach higher employee productivity in terms of visual performance, fewer 
errors and accidents, better safety, and lower absenteeism. But more importantly, good 
lighting has health and well-being advantages for the workers themselves (Van Bommel 
and Van den Beld, 2004). In other words, good lighting allows specific users to achieve 
specific goals in a highly usable visual environment, understanding usability as quality of 
use within a context (ISO 9241/11, 1998). 

Scientific-based knowledge is made available to lighting practitioners through 
methods, indexes, indicators, guidelines and recommendations. Then, some of them may 
reach the status of standards or codes, the former usually of voluntary application, and the 
latter mandatory. However this process is neither linear nor straightforward, since it 
involves various actors and brings many – sometimes competing-forces into play. 
According to Boyce (1996) such forces are both practical (e.g., technological) and 
political (e.g., financial and emotional). Hence, scientific findings are weighted by a 
balance of those forces. A clear example of this is the wide variety of horizontal 
illuminance (E) level recommendations for the same given task that can be found around 
the globe (Mills and Borg, 1999). The Argentinean legal framework of lighting for 
working environments also followed the aforementioned path. Our lighting standards, the 
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IRAM-AADL series date from the late 1960s, and they are essentially faithful copies of 
their contemporary European counterparts. The recommended minimum E levels from 
IRAM-AADL j20-06 (1969) became mandatory through the resolution 351/79 (1979). 
Finally, in 2012, the resolution 84/12 mandated a pen-and-paper measurement protocol to 
verify in-field the compliance of resolution 351/79. We will refer to this protocol as the 
SRT protocol (SRT-P). 

Figure 1 (a) SRT-P pen-and-paper protocol (b) PC-SRT Alternative mobile protocol (see online 
version for colours) 

 
(a)     (b) 

A critical analysis of the methodology proposed by resolution 84/12 defined the SRT-P 
as a useful tool to systematise the gathering of horizontal illuminance in a grid, allowing 
through 41 items a quantitative analysis of some aspects of artificial lighting alone 
(Pattini et al., 2012). However, good lighting is much more than ensuring a sufficient and 
uniform level of artificial lighting in the working plane. Satisfying only visual 
requirements results in dull lighting scenarios. There are many other aspects to consider 
in order achieving good quality lighting, which positively impacts on task performance, 
energy consumption, and human health. A comparative analysis of the Argentinean legal 
framework on lighting in relation to both international regulations (ISO 8995, 2002; 
CEN, 2002) and good lighting practices for indoor workplaces (IES, 2011), allowed us to 
conceptualise an alternative lighting measurement protocol, and then to materialise it in 
the form of a software application for Android mobile devices, which we called PC-SRT. 
This novel protocol aims to provide new metrics and better criteria for the comprehensive 
assessment of the visual environment in work spaces. Figure 1 shows the mandatory and 
the alternative protocols. Modern ergonomics is evolving very dynamically (Gašová  
et al., 2017), and our developed app helps to solve the problem of performing quick and 
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non-intrusive evaluations of workplace lighting from the view of ergonomics. Within this 
development, we coined the term ‘m-ergonomics’ (mobile ergonomics) which must not 
be understood in the straightforward sense of ergonomics of mobile devices but as the 
practice of ergonomics supported by mobile technology. 

2 Part A: alternative lighting protocol PC-SRT 

2.1 Background 

Cuttle (2010) proposed different stages of the lighting profession. Synthetically, the first 
stage was mainly interested in determining the amount of illumination required for visual 
performance. The second stage termed the notion of lighting quality, which incorporated 
economical and psychological aspects to lighting design, as well as sustainability 
concerns (Veitch and Newsham, 1998). Finally, the third stage, currently in progress, 
addresses issues related to the non-visual and physiological effects of light, aiming to 
achieve healthy lighting (Rea et al., 2002). The SRT-P clearly belongs to the first era of 
lighting because of the prominence of E levels at the work-plane. Being easy to calculate, 
to measure, and convenient to codify, E is still nowadays nearly the one and only 
criterion used in lighting design. Illuminance is a very robust criterion; however, the 
search of single light level targets alone to satisfy all users all the time has proved to be 
too simplistic. Boyce (1996) defined illuminance selection based on visual performance 
as a fairy story. We define illuminance levels as a burden in lighting codes and 
regulations. Considerable efforts have been done to alleviate this burden during the 
second and third eras of the lighting profession, resulting in a more comprehensive 
approach to lighting for indoor working environments in newer normative. The European 
normative CEN (2002) ‘lighting of indoor workplaces’ seeks for good lighting that 
enables people to see, to move around safely and perform visual tasks efficiently, 
accurately and safely without causing undue visual fatigue and discomfort, regardless the 
lighting sources, which could be daylight, electric light or a combination of both. Based 
on ISO 8995 (2002) and CEN (2002) specifies lighting requirements for indoor 
workplaces (including visual display terminal work) in terms of quantity and quality. It 
defines the luminous environment from: 

1 illuminance (average E, E uniformity and E ratios) 

2 luminance distribution (luminance ratios in the visual field) 

3 discomfort glare (unified glare rating – UGR-tabular method, shielding angles) 

4 light directionality (modelling) 

5 colour aspects of the source (correlated colour temperature and colour rendering 
index – CRI) 

6 flicker and stroboscopic effect 

7 daylighting. 

It presents tables where it establishes, by task and activity, minimum values of 
maintained E and of CRI, and UGR thresholds. Regarding the illuminance, EN12464-1 
presents an E scale starting from 20 lx (minimum to discern features of a human face 
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under normal conditions), up to 5,000 lx in jumps of a factor of 1.5 (minimum difference 
of E that can be perceived by the human visual system). This minimum value can be 
weighted if the visual conditions differ from the normal assumptions, climbing at least 
one point on the scale according to the expert’s criteria. 

Taking one step further towards good lighting practice as laid down in CEN (2002) 
and Dehoff (2007) proposed the ergonomic lighting indicator (ELI). This measure uses 
five major criteria related to the most important human aspects in lighting to describe the 
overall quality of a lighting installation: 

1 visual performance 

2 vista (view of a scene) 

3 visual comfort 

4 vitality 

5 empowerment (to influence the lighting). 

They are rated on a scale from 1 (‘poor’) to 5 (‘excellent’), on the basis of specific 
checklists, totalising 27 sub-criteria in three levels of lighting quality: visual 
requirements, emotional requirements and biological requirements. In conjunction with 
lighting energy indicator (LENI), the balance between human and energy requirements of 
a lighting environment can be evaluated (Dehoff, 2012). Based on the calculation 
procedures of CEN (2007), LENI is a measure of the annual lighting energy (kWh/m2 
year) required to fulfil the illumination function and purpose in the building 
specifications. Both indicators, ELI and LENI, are practical tools based on specific 
standards that together help reach the goals of the third era of the lighting profession. 

The Illuminating Engineering Society of North America (IES) is a leading authority 
on lighting technology. Since 1947 it has edited the lighting handbook, a recognised 
compendium of the state of the art in lighting. Its latest edition, the tenth (DiLaura et al., 
2011), describes six types of factors to address in lighting design: 

1 spatial 

2 psychological 

3 physiological 

4 task 

5 systemic 

6 prescribed factors. 

This categorisation shows the effort of IES since the 9th edition of its Handbook, to 
diminish the role of illuminance levels in the work plane as the main and only criterion in 
the design and evaluation of indoor lighting. In relation to the visual task factor, which 
heavily relies on photometric conditions, it includes the following criteria: 

1 luminance (task L, background L, L limits, L contrasts and ratios, as well as L 
patterns and gradients) 

2 chromatic contrast 
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3 veiling reflections 

4 illuminance (horizontal, vertical, and E ratios) 

5 colour reproduction. 

The 10th edition proposes a new method for determining levels of illuminance, a section 
incorporated into the handbook since its 6th edition (1979). Given that it is the most 
consulted section of the handbook, this method has been modified, particularly in the last 
three editions. The proposed illuminance level selection method considers three factors: 

1 the characteristics of the visual task (physical and photometric properties of the 
visual stimulus) 

2 the relative importance of the task (in relation to its interaction with other tasks) 

3 the characteristics of the observer (limited to the age of his visual system, defining 
three ranges: <25 years, 25–65 years, >65 years). 

We highlight IESs approach to daylighting, which is considered a lighting source on 
equal footing with artificial lighting, rather than an optional, complementary or desirable 
component of the visual environment. The comprehensiveness of IES lighting design 
considerations positions the lighting handbook as a reference source material of the third 
stage of lighting. 

When compared to international standards (ISO 8995, 2002; CEN, 2002) and the state 
of the art in lighting (IES handbook), the Argentinean legislation (DR 351/79; SRT 
resolution 84/12) and its protocol for legal verification (SRT-P) are outdated. As a readily 
available solution while our entire legal and normative framework is revised and updated, 
we developed the PC-SRT as an amend to the current SRT-P upon the premise that a 
lighting diagnostic tool should gather together all relevant information of the visual 
environment, the visual tasks performed, and the users beyond any specific legal 
constraint. This will lead to make evidence-based corrective actions towards good 
lighting quality in terms of what is expected within the third era of lighting. 

2.2 PC-SRT 

We developed different versions of the PC-SRT until reaching its current beta version for 
Android devices. The universal use of mobile communication technologies within 
developed and developing countries allowed the development of mHealth (Chib et al., 
2015), an emerging field that uses mobile information and communication technologies 
as an economical and feasible solution in healthcare (Househ et al., 2012). As researchers 
are proposing more mHealth applications for many different health conditions (e.g., 
Georgsson and Staggers, 2015; Derks et al., 2017; Morey et al., 2017), Usability becomes 
a key factor in the adoption of those applications (Zapata et al., 2015; Derks et al., 2017). 
Also, in recent years a growing number of specific mobile applications aroused for the 
assessment of environmental factors at the workplace (Spitzhirn et al., 2016;  
Castillo-Martinez et al., 2018; Green et al., 2018). We propose to frame this emerging 
field by adopting the encompassing term ‘m-ergonomics’. To the best of our knowledge, 
this neologism has never been used before in the literature. 

The rationale behind PC-SRT is based on the 4S model (safety, satisfaction, 
suitability, stimulation) by Gligor (2004). This lighting and productivity model states that 
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high quality lighting does not and cannot depend on photometric quantities alone. 
Instead, a good luminous environment is suited to the specific work situation, providing 
optimal conditions for visibility, visual acuity, visual performance, task performance and 
productivity. It also positively stimulates the occupants, improving their alertness, 
interaction, mood and social climate, and meets the occupants’ needs in terms of visual 
comfort, aesthetic judgement, acceptability and lighting control systems. Additionally, it 
takes into account health and safety parameters such as eyestrain, circadian rhythms, 
seasonal affective disorders and ageing. We structured our protocol around this 
reconciling luminous environment – human factors framework. The PC-SRT has two 
sections: 

1 pre-site survey, which in turn is divided in general data and equipment data sub-
sections 

2 site survey, consisting in three sub-sections: case study general data, lighting 
systems, workstations, and lighting conditions. 

Overall there are 64 items that need to be assessed by the users (Figure 2). 

Figure 2 Structure of the SRT-P and PC-SRT protocols (see online version for colours) 

 

2.2.1 Features and user interface 

The PC-SRT interface is based on the post-WIMP natural interaction paradigm 
(Steinberg, 2012) characterised by hand gestural interaction. Navigation buttons at the 
bottom of the screen allow the access to the different sections of the protocol. To entry 
alphanumeric data, a keyboard pops up when necessary. The integration of functions of 
mobile devices allowed us to include in the PC-SRT several operations that previously 
required other equipment, such as the photographic record by means of the built-in 
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camera of the mobile device. Another new functionality is the inclusion of a drawing 
module to sketch the plan of the room (Figure 3). 

Figure 3 PC-SRT in use, (a) app installed in a tablet (b) alphanumeric data entry (c) photographic 
record with the built-in camera (d) drawing module (see online version for colours) 

  
(a)      (b) 

  
(c)     (d) 



   

 

   

   
 

   

   

 

   

    A comparative field usability study of two lighting measurement protocols 9    
 

 

    
 
 

   

   
 

   

   

 

   

       
 

2.2.2 PC-SRT lighting assessment metrics 

The PC-SRT includes daylighting, illuminance, and glare metrics simplified to be  
user-friendly to practitioners. 

2.2.2.1 Daylighting 

According to the CIE Technical Committee on daylight metrics, comfort performance 
goals must be established before energy use can be optimised (Heschong Mahone Group, 
2011), hence the PC-SRT contains human-centric metrics over energy performance ones: 
daylight factor (DF) (Moon and Spencer, 1942; Mansfield, 2018), view factor (VF) 
(Gowri, 2004), and lighting areas (Velds and Christoffersen, 2001). The PC-SRT user 
documentation provides recommendations related to the proper moment and frequency of 
the monitoring according to the criticality of the required daylight analysis. In practice, 
the user would find workplaces with more or less contribution of daylight to illuminate, 
even work environments with no daylight contribution at all. We provide criteria to 
define the importance of daylighting, depending on the characteristics of use, the location 
and dimensions of windows, as well as the morphology of the room and its location. With 
these variables it will be possible to a-priori define when and how to perform the 
daylighting analysis. These recommendations are based on the International Energy 
Agency daylight monitoring protocol (Velds and Christoffersen, 2001). 

2.2.2.1.1 Daylight factor 

This metric expresses the relation between the illuminance in an interior point (Ei) and 
horizontal illuminance on an unobstructed outer surface (Ee). It is a measure the light 
from the sky efficiency to provide indoors horizontal illuminance. The DF has practical 
advantages: it is intuitive and easy to communicate and to compare with specific 
standards, also it requires relatively affordable equipment and is widely used, being the 
most widely used natural lighting metric worldwide and it is included in the Argentinean 
standard IRAM-AADL j20-02 (1969). The DF, however, has some limitations to 
consider when interpreting its results (Monteoliva and Pattini, 2013; Reinhart et al., 
2006). The DF is a static metric that overlooks the temporal and spatial dynamism of 
daylight in terms of amount and spectrum. It was developed for cloudy sky conditions, so 
this metric does not consider the particularities of specific luminous climates. 

To overcome these limitations, the dynamic daylight paradigm (Nabil and 
Mardaljevic, 2005; Reinhart et al., 2006) uses Climate-based daylight modelling 
(CBDM) to predict luminous quantities using sun and sky conditions derived from 
standard meteorological datasets. This computer simulation-based paradigm is currently 
well consolidated at the Academia, to accurately predict daylight behaviour in interior 
spaces (Monteoliva et al., 2017). This search of accuracy led to the development new 
metrics and indicators, mainly dynamic values of horizontal illuminance (e.g., daylight 
autonomy – DA, useful daylight illuminance – UDI, continuous daylight  
autonomy – DAc), as well as the research of ‘new workplanes’ such as vertical, semi-
cylindrical or cylindrical (dynamic discomfort glare assessment, circadian entrainment, 
objects modelling) probabilistically defined by the whole working activity, not just by the 
visual tasks performed, which is limited to the foveal visual field. 
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The shift from the static to the dynamic paradigm in daylighting assessment is also an 
opportunity to develop daylight metrics to replace the DF in normative and regulations 
worldwide. Unfortunately it is not an easy endeavour. Boubekri (2004), states that 
daylighting legislation is beset by many problems, some germane to the general field of 
lighting and others more specific to the nature of daylight as a source of illumination. 
Also, the fact that dynamic daylighting analysis heavily relies on computational 
simulations constitutes a barrier for the development of a practical replacement of the DF. 
Considering this, we decided to include the DF in spite of its known limitations. 

2.2.2.1.2 View factor 

Perhaps the most interesting and most controversial characteristic of windows is the 
importance of view. The most widely acknowledged positive contribution of a window 
view involves contributions to eye health. Frequent changes in eye focus distance give 
eye muscles a chance to relax momentarily, but it requires attractive stimulus to favour it 
(Anshel, 2007; Gowrisankaran and Sheedy, 2015). Views of nature potentially improve 
people’s health and well-being, reduce stress and improve attention (Beute and Kort, 
2014). However, the existence of an observable landscape from a window does not 
necessarily mean that it would effectively be in the visual field of the workers. Therefore, 
to assess the view outside the PC-SRT includes the following criteria from LEED V3 
IEQ 8.2 credit ‘daylight and views’ (Konstantzos et al., 2015): 

1 the presence of flora, fauna or sky, or movement or objects at a distance of at least 
7.5 m from the observer 

2 a VF of at least 3 (California Energy Commission, 2003). 

The VF defines the quantity and quality of the view outside a window on a scale of 0 to 
5, where 0 is the absence of view outside. Although this methodology differentiates 
between the primary view and the break view, the PC-SRT only requires the latter. The 
primary view encompass the quantity and quality in a 90° cone from the usual working 
posture while the break view includes the whole 183° human visual field (i.e., the view 
that the workers would get when they wished to take a break from regular work for a few 
moments). 

2.2.2.1.3 Lighting areas 

This characterisation defines specific lighting zones in relation to the prevailing lighting 
source: the daylight area (DLA), the mixed area (MLA), and the artificial light area 
(ALA). This subdivision of a room is based on the effective window height and the 
effective window area, calculated from the surface of the window above 0.9 m from the 
ground, the width of the wall and the visible transmittance of the glazed area. The DLA 
in a room is the area with a high daylight level. This area starts at the façade and has a 
depth of approximately two times the effective window height. In general, this area will 
be sufficiently illuminated by daylight to perform a normal task. The MLA will need 
some supplementary artificial lighting to accomplish a satisfactory light level throughout 
the day. It starts at the inner border of the DLA and has a depth of approximately 1.5 
times the effective window height. The remaining part of the room is the ALD, which 
will be illuminated by artificial lighting alone, being the daylight contribution too low. 
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2.2.2.2 Illuminance 

Lighting must enable users to perform the ‘work’ they came to do. Task performance and 
visual performance are not synonymous; in fact, several non-visual factors contribute 
significantly to task performance. Training, motor skills, motivation, and many other 
human factors interact with visibility to affect the level of task performance. Illuminance 
selection, which will be discussed below, is largely based on visual performance, not on 
task performance. The current trend is to develop illuminance selection procedures rather 
than seeking for absolute target values (DiLaura et al., 2011). The SRT-P approaches the 
illuminance evaluation problem at two levels: general (i.e., horizontal illuminance grid) 
and specific (i.e., several illuminance values at the workstation). Our procedure requires 
general illuminance measurements in the usual working lighting conditions, and in 
another ‘artificial lighting off’ scenario to assess the contribution of daylighting on mean 
lighting levels and uniformity. In the next level of specificity, illuminance measures are 
taken at workstations. PC-SRT allows two workplane illuminance measures per 
workstation. There are four steps to define the target illuminance: 

1 define the visual task 

2 select an illuminance category 

3 determine an illuminance range 

4 establish the final illuminance target value considering the age of the observer, the 
room reflectance’s, and the task speed/accuracy requirements. 

We also included vertical illuminance at the eye a proxy of discomfort glare. 

2.2.2.3 Discomfort glare 

Instead of complicated formula, we propose the assessment of discomfort glare by means 
of semantic differential scaling. This method has been widely used in discomfort glare 
studies since its early days of discomfort glare research (Luckiesh and Holladay, 1925; 
Hopkinson, 1950), and it is the gold standard used in the development of current glare 
indexes (Fotios, 2015; Carlucci et al., 2015). PC-SRT includes glare sensation vote 
(GSV), replicating the glare categories used by Wienold and Christoffersen (2006) 
translated to Spanish. We instructed our participants to associate the magnitude of glare 
with the approximate period of time they could stand their sensation of discomfort using 
a four-point scale with pre-defined glare criteria: unnoticeable glare (in Spanish 
‘deslumbramiento imperceptible’), noticeable glare (in Spanish ‘deslumbramiento 
notable’), disturbing glare (in Spanish ‘deslumbramiento molesto’), and intolerable glare 
(in Spanish ‘deslumbramiento intolerable’). Ratings above noticeable glare are beyond 
the borderline between comfort and discomfort (BCD). Luckiesh and Guth (1949) 
established the BCD as the single sensation which could be interpreted by the participants 
as a relatively definite sensation and that would be meaningful from a practical viewpoint 
(Rodriguez et al., 2017). 
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3 Part B: usability evaluation 

3.1 Objectives and scope 

The objective of this work is to perform a comparative usability analysis between the 
pen-and-paper SRT-P and the PC-SRT for Android mobile devices. 

3.2 Materials and methods 

We measured the general level of perceived usability by means of the system usability 
scale (SUS) (Brooke, 1996). This ‘quick and dirty’ instrument consists in ten Likert 
items, it is free and easy to administrate. This versatile instrument has allowed to measure 
usability in a wide variety of products and services (Kortum and Bangor, 2013). The SUS 
scale has a known factor structure (Lewis and Sauro, 2009) and good psychometric 
properties, reaching a Cronbach alpha of 0.91 (Bangor et al., 2008). It is scored from 0 to 
100, with scores above 68 points desirable (Bangor et al., 2009). This instrument was 
developed and validated in English language, so in this research we implemented the 
Spanish version of SUS validated by Aguilar and Villegas (2016). The measurement of 
usability in mobile contexts poses new challenges due to factors external to the product 
itself (Kortum and Sorber, 2015). Usability is considered a key factor in achieving 
customer loyalty (Fetaji et al., 2011). Aspects related to the quality of the internet 
connection, screen size and resolution, and processing speed of the hardware (central 
processing units and available RAM memory) may affect the perceived quality of use 
(Ahmad et al., 2018). In practice, the combination of each of these factors generates 
hundreds of possible scenarios that are beyond the evaluator’s control. Still, a controlled 
laboratory study in a single device lacks of ecological validity in relation to field 
measurement, where usability can be assessed in a variety of mobile devices in actual 
contexts of use. Following the decision tree proposed by Ji et al. (2006), we decided to 
collect usability data during post-occupational evaluations (POEs) using the participants’ 
own mobile devices. We included a technical context of use survey (TECU) for our  
PC-SRT participants in order to analyse the possible effects of the aforementioned 
external factors in SUS scores. The TECU survey makes a qualitative description of three 
external factors by means of five-point semantic differential scales: 

1 quality of the internet connection (1 very bad–5 very good) 

2 screen size and resolution (1 very small–5 very large) 

3 the processing speed of the hardware (1 very bad–5 very good). 

Additional Likert-scale questions allowed us to gather data about the perceived degree of 
adequacy of each of those external factors for the specific context of use of our study 
(e.g., “the quality of the internet connection is adequate to use this app”: 1 strongly 
disagree–5 strongly agree). 

We carried out our study in two consecutive sessions during May 2017 as partial 
credits of applied ergonomics in design with our students at University of Mendoza 
(Mendoza, Argentina). In the first session, we presented our study and introduced the 
main features of the SRT-P and PC-SRT protocols to the students along with supporting 
material in PDF format. We reviewed the main features of both protocols and we 
instructed our participants in the installation process of the PC-SRT. On the second 
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session, we briefed some methodological aspects of lighting measurement in a POE 
context and then we randomly divided our participants into two groups: one of them 
would use the SRT-P and the other one would use the PC-SRT. Finally, our participants 
teamed up in two or three persons and started the POE of lighting in different places of 
the university (classrooms, workshops, and offices) with the help of a LMT 200 luxmeter. 

3.3 Results and discussion 

26 volunteers (mean age = 23.4 years; SD = 5.1) participated in this study, 17 of them 
were females while 9 were males. From the literature review, effects of this uneven 
gender distribution on the SUS scale scores are not expected (Kortum and Sorber, 2015). 
We randomly divided our sample into two groups with the same number of participants. 
The first group carried out the POE following the pen-and-paper SRT-P (n = 13 with a 
distribution of 54.5% women and 45.5% men) while the second group performed the 
POE with the PC-SRT (n = 13 with a distribution of 76.9% of women and 23.1% of 
men). Regarding the devices used in the second group, 69.2% were Samsung, 23.1% 
were Motorola, and 7.7% were Huawei. 

Figure 4 TECU survey results (see online version for colours) 

 

 

Figure 4 shows the results of the TECU survey for the PC-SRT group. Negative 
evaluations in these aspects would negatively influence the user experience; therefore, we 
sought to identify possible usability problems unrelated to the design of the application 
itself. In relation to the quality of the internet connection, it was mostly rated as ‘good’ 
(38.5%), with no negative assessments (mean = 4.0; SD = 0.82, median = 4 ‘good’). In 
relation to its adequacy (mean = 3.92; SD = 0.86; median = 4; ‘good’), it also received 
only neutral (38.5%) and positive ratings (61.5%). Regarding the processing capacity 
(mean = 3.69; SD = 1.11; median = 4 ‘good’), 7.7% of our participants rated it as ‘very 
bad’, 30.8% of them gave a neutral score and the remaining 61.5% rated it positively. 
Most of the participants (77%) considered that the processing capacity of their device for 
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the use of PC-SRT was adequate (mean = 4 ‘agree’; SD = 0.91; median = 4 ‘agree’) 
while only 7.7% disagreed. 

Finally, 7.7% of our volunteers considered their screen size as ‘small’ or ‘too large’, 
38.5% as ‘large’, and 46.2% chose a neutral rating (mean = 3.46, SD = 0.78, median = 3 
‘neutral’). Most of the participants (69.3%) considered that the screen size of their 
devices was adequate (mean = 3.92; SD = 1.12; median = 4 ´agree’) while only 15.4% 
considered it as inadequate. In summary, it can be said that from the perspective of the 
participants, our participants used the PC-SRT within conditions of adequate 
connectivity, on screen sizes of appropriate size for the PC-SRT interface, with the 
processing demands of the application adequately satisfied by the hardware of the devices 
used. 

3.3.1 Global usability scores 

Figure 5 graphically summarises SUS results. The mean usability score of the SRT-P was 
47.5 (SD = 14.5). This score corresponds to the 9th percentile according to the 
standardisation of Sauro (2011). Bangor et al. (2009) proposed a qualitative scale 
associated to the SUS score. According to this scale, the SRT-P score was in an 
unacceptable range (SUS < 50) that is associated to the adjective ‘OK’. This adjective 
should be interpreted as a mean score that at the same time indicates a mean level of 
usability that in some way is not acceptable and must be improved (Bangor et al., 2009). 
The mean usability score of the PC-SRT protocol was 58.7 (SD = 14.9), which is the 29th 
percentile (Sauro, 2011). This score is in the lower marginally acceptable range of 
usability (50 < SUS < 70), and corresponds to the adjective ‘good’. Mann-Whitney test 
results showed that the difference in SUS scores between the SRT protocol and the  
PC-SRT were not statistically significant (U = 51.5; p = 0.091). 

Figure 5 (a) SRT-P and PC-SRT SUS scores (b) SUS Percentiles (Sauro, 2011) (c)–(e) SUS 
score interpretation (Bangor et al., 2009) 

 

According to the psychometric analysis by Lewis and Sauro (2009), the SUS scale 
measures two factors: usability (US) and learnability (LE). LE is measured by items 4 
and 10, while the rest of the items determine the US factor. Table 1 shows the absolute 
score reached for each factor and their relative performance as percentages of its 
maximum possible scores. 
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Table 1 SUS factors results 

 LE % US % SUS 
SRT-P 5.8 28.8 41.7 52.2 47.5 
PC-SRT 10.2 51.0 48.5 60.6 58.7 
Difference 4.4 22.2 6.8 8.4 11.2 

For the SRT-P, the LE factor contributes an average of 5.8 points (28.8%) out of a 
possible total of 20 points, while for the PC-SRT this factor averages 10.2 points 
(51.0%). Mann-Whitney test results show that the difference in LE scores between SRT 
and PC-SRT are not statistically significant (U = 47.5; p = 0.055). Despite this lack of 
statistical significance, we highlight that despite that PC-SRT protocol was designed to 
gather more data in a wider variety of aspects of the visual environment (64 items in 15 
factors, divided in six sections), users tended to perceive it as easier to learn in relation to 
the SRT-P (42 items in ten factors, divided in three sections). For the US factor, for a 
maximum of 80 possible points, the SRT protocol averaged 41.7 points (52.2%), while 
the PC-SRT showed an average of 48.5 points (60.6%). Mann-Whitney test results show 
that those differences in US scores were not statistically significant (U = 57; p = 0.157). 
The descriptive statistical analysis shows a better performance of the PC-SRT, however 
the score differences in global usability (11.2%), as well as in the LE and US factors 
(22.2% and 8.4% respectively) were not enough to reach statistical significance. 

Kortum and Sorber (2015) evaluated the usability of the 10 most downloaded 
applications in Android mobile devices. The average usability score (n = 778) obtained 
by those applications was 82.7 (SD = 15.7). Also, Bangor et al. (2009) reported a mean 
SUS score of 65.9 (n = 593) for user interfaces of mobile phones. In relation to these 
benchmarks, we expected a low learnability and lower usability scores for the PC-SRT, 
because our application is a technical protocol designed for the legal verification of 
lighting in working environments that requires specific knowledge, and previous training 
in POE. Although we designed a user manual that was previously handed to our 
participants, this documentation appears to be insufficient given the methodological rigor 
of the PC-SRT and its SUS scores obtained. 

3.3.2 Item-by-item analysis 

Despite Brooke (1996, p.194) himself cautioned that ‘scores for individual items are not 
meaningful on their own’, Bangor et al. (2008, p.579) stated that ‘clients and practitioners 
alike tend to ignore this admonition’ and look into individual statements. In this research 
we performed a SUS item-by-item analysis in order to gain further information about the 
differences between SRT-P and PC-SRT, so we compared SUS performance of both 
protocols through their adjusted item scores (i.e., after completing the item scoring 
procedure so that positive responses in even items are associated with a larger number, 
like in the odd items). Table 2 compares the resulting descriptive statistics of SRT-P and 
PC-SRT protocols for every SUS item. When comparing their medians, PC-SRT 
outscores SRT-P in 6 out of 10 items and they tie in the remaining four. However,  
Mann-Whitney test for two independent samples showed statistically significant 
differences between SRT-P and PC-SRT in SUS-Q2: “I found the system unnecessarily 
complex” (U = 37.5; p = 0.013), SUS-Q4: “I think that I would need the support of a 
technical person to be able to use this system” (U = 34.5; p = 0.008), and SUS-Q7: “I 
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would imagine that most people would learn to use this system very quickly” (U = 36;  
p = 0.011). Lewis and Sauro (1998) were surprised that SUS-Q7 did not align with the 
LE factor, and it is still surprising nowadays in the context of our current comparative 
study. 
Table 2 Descriptive statistics of SRT-P and PC-SRT protocols for every SUS item 

SRT-P  PC-SRT 
 

Median Mean SD STD 
mean 

STD 
SD  Median Mean SD STD 

mean 
STD 
SD 

SUS-Q1 2 2.31 0.63 0.48 0.57  2 1.92 1.19 –0.42 0.89 
SUS-Q2 1 1.31 1.32 –0.52 0.80  3 2.62 1.04 0.27 0.85 
SUS-Q3 3 2.38 0.96 0.55 1.11  3 2.46 1.13 0.12 0.79 
SUS-Q4 0 0.76 1.17 –1.06 0.85  2 2.15 1.28 –0.19 1.28 
SUS-Q5 2 2.69 0.85 0.86 0.92  3 2.62 0.65 0.27 0.86 
SUS-Q6 2 2.23 1.17 0.4 1.16  3 2.54 0.66 0.19 0.78 
SUS-Q7 1 1.31 1.44 –0.52 0.98  3 2.77 0.93 0.42 0.79 
SUS-Q8 1 1.62 0.96 –0.21 0.69  2 2.23 1.36 –0.12 1.06 
SUS-Q9 2 2.15 1.34 0.32 0.87  2 2.23 1.09 –0.12 0.82 
SUS-Q10 2 1.54 1.13 –0.29 1.08  2 1.92 1.49 –0.42 1.07 

Following Bangor et al. (2008) analysis, we standardised SUS item scores (Table 2). 
Mann-Whitney test results of the standardised item scores showed statistically significant 
differences between SRT-P and PC-SRT in SUS-Q1: “I think that I would like to use this 
product frequently” (U = 36; p = 0.011) and confirmed the statistical differences in  
SUS-Q2 (U = 35; p = 0.01), SUS-Q4 (U = 46.5; p = 0.05), and SUS-Q7 (U = 39;  
p = 0.019). Score standardisation shows how much each item score differs from the 
average item response. Wilcoxon rank test results show for SRT-P that relative to all 
responses a participant gave on their survey, SUS-Q1 (Z = –2.351; p = 0.019) and  
SUS-Q5: “I found the various functions in the product were well integrated” (Z = –2.769; 
p = 0.006) tended to have a more positive rating relative to their other ratings, while  
SUS-Q2 (Z = –1.960; p = 0.05) and SUS-Q4 (Z = –2.559; p = 0.011) tended to have a 
more negative ranking. PC-SRT showed no statistically significant tendency in any of its 
SUS-items. And this contrast is the main reason why item-by-item analysis might be 
valuable after all. We were warned that SUS item scores are not meaningful on their own, 
however when the behaviour of each standardised item score is compared among 
products; it highlights specific positive or negative aspects of the user experience that 
should be consciously interpreted by the design team. There are four contextual factors 
that should be considered within mobile usability: the user, the environment, technology 
and task/activity (Baharuddin et al., 2013). The TECU survey deals with a series of 
technical characteristics that may pose constraints to usability. In order to gain a deeper 
understanding of the role of mobile technology in SUS item scores, we correlated them 
with TECU survey results by means of Spearman correlation coefficient. We found a 
moderate and positive statistically significant correlation (rs = 0.627, p = 0.022) between 
SUS-Q5: “I found the various functions in the product were well integrated” and  
TEQU-Q2: “Rate the internet connection (speed, stability, reliability).” We also found a 
strong and positive statistically significant correlation (rs = 0.860, p = <0.0001) between 
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SUS-Q5 and TECU-Q6: “The screen size is adequate for visualisation and interaction 
with the elements of the interface.” In the context of this study, a better internet 
connection and a more adequate screen size positively relates with the functionality of the 
software as an integrated whole. We also found a positive and moderate statistically 
significant correlation (rs = 0.577, p = 0.039) between SUS-Q7: “I would imagine that 
most people would learn to use this system very quickly” and TECU-Q4: “Rate the 
processing capacity of your device (multitasking, stability, speed).” A faster hardware 
helps the user to feel more confident when interacting with the software encouraging an 
active exploration of the system by novice users. 

4 Conclusions 

After a critical analysis of the Argentinean currently mandatory pen-and-paper lighting 
measurement protocol (SRT-P), we developed an alternative protocol (PC-SRT) for 
Android mobile devices. Designed at the academia for practitioners, PC-SRT allows a 
comprehensive assessment of the lighting environment in work spaces. This ubiquitous 
diagnostic tool includes the latest advances in human factors in lighting in a trade-off 
between reliability and simplicity. There is a trend in lighting codes and good practice 
advice against following slavishly recommendations which simply specify illuminance 
on a mythical horizontal plane. Laws, regulations, codes, guides and practices should 
never be a substitute for thought. Within this context, our goals are: 

1 to ease the work of practitioners while measuring the visual environment in field 

2 to take the most of available mobile technology to improve and apply new data 
gathering methodologies 

3 promote, through objectives 1 and 2, work spaces with good lighting quality that 
promote efficiency, effectiveness, and satisfaction of its users. 

Although it is specifically designed for our technical and economical context (i.e., a 
developing country), the PC-SRT is not the only and one development around the globe 
seeking those goals. While working on this manuscript, we realised that our development 
is part of a trend that seeks to support the practice of ergonomics by mobile technology. 
Furthermore we consider this trend as an emerging field in Human Factors and 
Ergonomics, which we termed M-ergonomics (or mergonomics, after Mobile 
Ergonomics).The objective of this research was to perform a comparative field usability 
study between SRT-P (n = 13) and PC-SRT (n = 13) by means of the SUS scale and the 
TECU survey. TECU survey results show that our participants used the PC-SRT within 
conditions of adequate of connectivity, screen size, and hardware processing capabilities. 
The descriptive statistical analysis showed a better performance of the PC-SRT, however 
the score differences found in global usability (11.2%), as well as in the LE and US 
factors (22.2% and 8.4% respectively) were not enough to reach statistical significance. 
However, Mann-Whitney test results of the standardised item scores showed statistically 
significant differences between SRT-P and PC-SRT in SUS-Q1, SUS-Q2, SUS-Q4, and 
SUS-Q7, mainly due to a different statistically significant single item behaviour between 
SRT-P (item positive and negative trends in relation to the mean item score) and PC-SRT 
(no item trends found in relation to the mean item score). Perhaps every SUS item is not 
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meaningful on its own, however a comparative item-by-item analysis (i.e., standardised 
item behaviour within and between products) proved to reveal valuable insights that 
should be consciously interpreted by the design team. The results obtained in this 
instance are encouraging, because even though PC-SRT gathers more data in a wider 
variety of aspects of the visual environment than SRT-P, users tended to perceive it as 
easier to use. The fact that we recruited a young sample (mean age = 23.4 years;  
SD = 5.1) can shorten the scope of our conclusions. Further studies with a sample of 
older workers are needed, because the learning curve in the use of mobile devices might 
be different and the perception of usability is age related. Comparison of results could 
lead to improvements in the application, which could enable a wider range of users to be 
successfully reached. The results of this comparative study, along with an upcoming 
study with actual practitioners instead of students are a direct input into the development 
of first stable version of PC-SRT (v1.0), which is currently in progress. 
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