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Abstract
Human–computer interaction (HCI) is particularly interesting because full-immersive technology may be approached dif-
ferently by users, depending on the complexity of the interaction, users’ personality traits, and their motivational systems 
inclination. Therefore, this study investigated the relationship between psychological factors and attention towards specific 
tech-interactions in a smart home system (SHS). The relation between personal psychological traits and eye-tracking metrics 
is investigated through self-report measures [locus of control (LoC), user experience (UX), behavioral inhibition system (BIS) 
and behavioral activation system (BAS)] and a wearable and wireless near-infrared illumination based eye-tracking system 
applied to an Italian sample (n = 19). Participants were asked to activate and interact with five different tech-interaction areas 
with different levels of complexity (entrance, kitchen, living room, bathroom, and bedroom) in a smart home system (SHS), 
while their eye-gaze behavior was recorded. Data showed significant differences between a simpler interaction (entrance) and 
a more complex one (living room), in terms of number of fixation. Moreover, slower time to first fixation in a multifaceted 
interaction (bathroom), compared to simpler ones (kitchen and living room) was found. Additionally, in two interaction con-
ditions (living room and bathroom), negative correlations were found between external LoC and fixation count, and between 
BAS reward responsiveness scores and fixation duration. Findings led to the identification of a two-way process, where both 
the complexity of the tech-interaction and subjects’ personality traits are important impacting factors on the user’s visual 
exploration behavior. This research contributes to understand the user responsiveness adding first insights that may help to 
create more human-centered technology.
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1 Introduction

Human–computer interaction (HCI) can be seen as a conse-
quence of the widespread usage of personal computers by 
non-professionals with close to zero computer knowledge. 
Ubiquitous computing is then the direct response to this 
mass adoption and, of course, to the advent of internet popu-
larity, which boosted the spectrum of possible applications.

This evolution led to several implementations in different 
contexts: factories, health, and home environment. Home 
automation, also referred to as smart home systems (SHS), 
domotics, or intelligent environment, is a multidisciplinary 
field of research, a subset of ubiquitous computing, aiming 
at improving the users’ quality of life inside and through the 
habitation, by using engineering, informatics, user experi-
ence and architecture (Navarro-Tuch et al. 2019). The adjec-
tive “smart” is associated with these systems because of their 
capacity to meet complex needs with a certain degree of 
automation (Kanemura et al. 2013), and additionally adapt-
ing and overcoming issues in heterogeneous contingencies. 
SHS is also typified by easiness to configure the system, 
with reduced effort and cost compared to a normal habitation 
(Corno and Razzak 2014), and by multifunctionality of the 
single devices (Mekuria et al. 2019).

Usability studies in SHS are generally conducted through 
the implementation of qualitative methods, such as in-depth 
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interviews and evaluative scales, focusing on psychosocial 
attributes involving relational and functional aspects like 
routines, representations, and meanings (Gram-hanssen and 
Darby 2018). Individuals’ subjective experience is now the 
focal point of much research, aiming at studying the well-
being of the user and creating human-centered systems 
(Lopez-Aguila et al. 2020). Psychological factors, such as 
personality traits and behavioral variables, are consequently 
considered to be dense of useful information regarding usa-
bility and users’ experience inside SHS, and for this reason, 
they are frequently included in research design protocols. 
Indeed, the relation between personality and cognitive fac-
tors on interface interaction was already studied by previous 
work (Green and Fisher 2012), where individual differences 
and interactive visualization are key-elements in a computer-
mediated activity. Also, between the others, it was found 
that locus of control (LoC) is an influential personality trait 
for every interface interaction. For example, they found that 
people with more internal LoC, so those who believe in per-
sonal control over life event, tend to interact more easily 
with tech-interfaces (Green and Fisher 2012). Other authors 
also found that people with a more internal LoC will have a 
generally more positive attitude towards technology (Arndt 
et al. 1983). However, so far there is a lack of information 
about the relation between LoC and the tendency to interact 
with technology.

Another interesting contribution to user experience (UX) 
comes by considering the motivational systems adopted by 
users, that is their differences in subjectively approach-
ing either avoiding interactions with technology and SHS. 
Behavioral inhibition system (BIS) and behavioral activation 
system (BAS) (Gray 2003) were designed to measure two 
motivational systems, as an explicit indicator of individual 
differences in the motivational significance (Balconi and 
Mazza 2009). These systems showed to correspond to stable 
personality traits (Cloninger 1986; Depue and Collins 1999). 
Specifically, BIS is connected to negative implications of 
general behavior, and higher levels of it may be interpreted 
as an experience of negative feelings about a new situation, 
with the subject’s propensity to avoid it (Gray 1994). Higher 
BIS activation is associated with inhibition, in the sense of 
abrogation of behavior, vigilance, anxiety, and very strong 
BIS measures that may correspond to anxiety-related dis-
orders (Quay 1988). Instead, BAS is generally positively 
affected by pleasant experience (Gray 1994), with perhaps a 
user’s tendency to approach the artifact within this context. 
Specifically, BAS reward responsiveness (BAS-RR) is very 
sensitive to signals of reward and non-punishment and is 
highly correlated to the feeling of optimism and happiness 
(Gable et al. 2000), and therefore is a helpful metric when a 
subject is facing new environments. Both these two systems 
are reliable, also because they have been correlated before to 
specific neural oscillations (Balconi et al. 2009) and helpful 

for exploring and understanding the perception of individ-
uals on a new experience (Balconi and Mazza 2010) and 
therefore their application to these new technology environ-
ments can be valuable.

Within this complex context, self-report methods are 
needed but not sufficient; indeed, their major limitation is 
that they provide only the subject’s explicit and conscious 
information, leaving out information about the implicit, 
automatic and unconscious dimension of attention and 
behavior. Taken this into consideration and in line with the 
definition of usability evaluation, identified as a set of tech-
niques where users interact with an artifact, while behavio-
ral data are collected (Dumas and Redish 1993; Wichansky 
2000), the eye-tracking method is considered an efficient 
approach, bringing reliable behavioral metrics (Merwin 
2002). Because of its capacity to provide data on processes 
which are not available to introspection or rather under the 
surface of conscious awareness, eye-tracking was adopted 
for studying user behavior (Chen and Pu 2010), user cogni-
tive traits (Tsianos et al. 2009) and to indirectly infer on 
attentional processes (Ooms et al. 2012).

Related to technology adoption, it was applied to study 
how users interact with commands and menu interface 
(Altonen et al. 1998; Byrne et al. 1999), product usability 
in general (Cowen et al. 2002), and specifically HCI (Hutch-
inson et al. 1989; Levine 1984). Moreover, after the adop-
tion of wireless technology, eye-tracking tools are consid-
ered highly valuable in applied contexts (Mihajlović et al. 
2014), offering an optimal compromise between ecological 
and internal validity with real-time data on the attentional 
visual system (Liu and Heynderickx 2011).

Regarding the metrics, the concept of fixation, defined as 
a period between two saccades, of about 180–330 ms, where 
the eye is relatively immobile and where visual information 
processing is assumed to take place (Latour 1962; Volkman 
1976), is used to derive several indices. Generally, in studies 
concerning HCI, the common metrics to evaluate a peculiar 
areas of interest (AOI) are: number of fixation (Backs and 
Walrath 1992; Cowen et al. 2002; Wee et al. 2020), defined 
as the amount of fixation in a certain time frame (Lykins 
et al. 2006), fixation duration (Cowen et al. 2002; Bialkova 
et al. 2020) described as the average time duration of certain 
fixations in a time frame, and time to first fixation (Buscher 
et al. 2009; Bruder and Hasse 2020), which represents the 
time spent from stimuli onset to the first fixation arrival (Lai 
et al. 2013).

By crossing both self-report and eye-tracking methods 
a full understanding of UX in SHS can be elicited, add-
ing to subjective perception reliable behavioral metrics. To 
our knowledge, although the use of eye-tracking does not 
represent an innovation for the evaluation of the UX, the 
novel aspect consists in its application in a SHS context: in 
fact, no studies before have ever investigated visual system 
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behavior in domotics environment, and, besides, no correla-
tions between the psychological constructs such as LoC and 
BIS/BAS system mentioned above and these metrics have 
been explored.

Therefore, this research aims to observe possible differ-
ences in users’ visual behavior in heterogeneous tech-inter-
actions in a SHS, by considering the number of fixations, 
fixation duration, and time to first fixation metrics and addi-
tionally taking into account possible relations with individu-
als’ psychological attributes such as LoC (external/internal) 
(Rotter 1966; Arndt et al. 1983), personality traits, such as 
BIS/BAS (Gray 2003) and the construct of user experience 
(Hekkert 2006).

Based on our hypotheses, higher complexity in tech-inter-
actions may have a direct impact on visual behavior in the 
subjects. Firstly, we expected to observe a higher number of 
fixation, generally used as indices of the ease of processing 
(Hyönä et al. 1995) in simple tech-interactions compared to 
less complex tech-interaction.

Secondly, we also hypothesize to collect longer fixation 
durations in complex tech-interaction, as a direct effect of 
the difficulty of the foveal task (Jacobs 1986; Hooge and 
Erkelens 1996) and time to first fixation in complex tech-
interaction, as a reflection of high cognitive workload and 
higher cognitive effort (Shojaeizade et al. 2016).

Thirdly, during the interactions between SHS and users, 
we expected to observe a general direct relationship between 
LoC and number of fixations because previous studies 
showed that individuals with internal LOC tend to interact 
more easily with tech-interfaces (Green and Fisher 2012). 
Specifically, we expected a positive relationship between 
internal LoC and number of fixations, and a negative one 
between external LoC and number of fixations.

Fourthly, since psychological traits and subjective dimen-
sions were found to have a direct impact in visual process-
ing (Toker et al. 2012), working memory (Turner and Engle 
1989) and in general performance, we hypothesized the 
existence of linear relations between visual metrics and BIS/
BAS scales. Specifically, we postulate that higher BIS scores 
are negatively correlated to the number of fixations because 
of a bigger tendency to avoid new experiences because of 
a personal inner sense of discomfort and general uneasi-
ness. Moreover, we expect to detect a negative correlation 
between BAS, especially for the subscale reward responsive-
ness (BAS-RR) scores and fixation duration, caused by a 
more impulsive and faster search in the environment during 
the tech-interaction by subjects with BAS-RR compared to 
a more conservative and slow exploration from people with 
BIS (Balconi et al. 2011).

2  Methods

2.1  Participants

Nineteen healthy subjects  (Mage = 25.05,  SDage = 3.05, Age 
Range: 18–27,  nmale = 7) were recruited for the study. Crite-
ria for inclusion were normal, or corrected to normal, visual 
acuity. Exclusion criteria were the previous knowledge of the 
domotics show loft, the presence of sensory and cognitive 
deficits, a history of psychiatric or neurological diseases, 
and the ongoing concurrent therapies based on psychoac-
tive drugs that can alter central nervous system function-
ing. No compensation was provided for their participation 
in the study. All participants voluntarily took part in the 
experiment and gave informed written consent for partici-
pating in the study. The research was conducted following 
the principles and guidelines of the Helsinki Declaration 
and was approved by the Ethical Committee institution of 
the Department of Psychology of Catholic University of the 
Sacred Heart, Italy.

2.2  Procedure

The experiment took place in a home automation environ-
ment in Milan (Italy), a showroom owned by tech company 
Duemmegi S.r.l., developer and seller of domotics systems. 
Participants were asked to fill in pre-experiment question-
naires, such as BIS/BAS scales (Leone et al. 2002) and the 
LoC questionnaire (Craig et al. 1984). After the montage of 
wireless eye-tracker (Tobii Eye-tracker PRO 2), a researcher 
introduced the subject to the experimental setup. Wireless 
technology guaranteed no physical restrictions. Subjects 
were asked to interact and activate five different tech-inter-
actions in the SHS. Every interaction would lead to different 
outcomes, induced by the domotics. All points of interaction 
were situated in different parts of the house. Each of these 
interactions was activated by a smartphone app. Both the app 
and device were provided by the research team followed by 
a standard task explanation where participants familiarized 
themselves with the app interface.

The points of interaction were five: hall, kitchen, liv-
ing room, bathroom, and bedroom. All interactions were 
started through the use of the app. The subject was only 
required to activate the tech-interaction through the app and 
observe the environmental effects of its action. Every tech-
interactions had a certain amount of complexity, based on 
the response provided by the SHS. During the experiment 
the SHS responses became more and more sophisticated and 
complex, involving and connecting more devices together. 
In the hall, the interaction consisted of activating a light. In 
the kitchen condition, the activation of the command would 
provoke the transformation of an apparently normal set of 
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desks in a fully accessorized kitchen with stoves and oven. 
Moreover, the living room interaction consisted of activating 
a multimedia projector on a screen appearing on the wall. 
The fourth one (bathroom) involved the presentation of some 
features like specific lights for make-up or shaving sessions, 
chromotherapy, and turning on a smart device. Lastly, the 
bedroom area consisted of a full home bedtime mode activa-
tion. Blinds were closed, the home was secured by locking 
external doors, and gas and lights were turned off. The total 
exploration lasted approximately 30 min. Users were asked 
to pay attention to the experience provoked by the activation 
and to focus on the interaction with the SHS. Finally, the 
user experience questionnaire was administered.

2.3  Eye‑tracking measures

For this study, a Tobii Pro Glasses 2 (Version 1.95, 07/2018. 
Tobii Pro AB, Stockholm, Sweden) was used, composed by 
the glasses connected to the recording unit (Fig. 1).

Near-infrared illumination is used to create and regis-
ter reflection patterns on the Pupil Centre and Cornea of 
the subjects’ eye (PCCR). The tool, equipped with a gyro-
scope and accelerometer has a wide-angle scene camera 
(1920 × 1080 video resolution), with four infrared sensors. 
An eye tracker is able to capture 3D real-time information 
through fixations and saccades which are then analyzed via 
Tobii Pro Glasses Analyzer, to derive the viewer’s attention 
patterns. Areas of interest (AOI), defined as “area of a dis-
play or visual environment that is of interest to the research 
or design team” (Jacob and Karn 2003), were then created 
for each tech-interaction, with specific attention to take in 
consideration only the parts of visual fields actually involved 
during the SHS interaction.

In eye-tracking studies, several different parameters 
may be taken into consideration to study the type of 

ongoing attentional processing (e.g. Hyönä and Nurminen 
2006). Fixation metrics have been used as an indicator of 
cognitive effort in many fields (Doherty et al. 2010), like 
UX, clinical, marketing studies. In this study, we consid-
ered metrics based on fixation, defined as “eye movements 
which stabilize the retina over a stationary object of inter-
est” (Duchowski 2003), such as number of fixations, time 
to first AOI fixation, and fixation duration. All the data 
are referred to a standard time frame after the activation 
via smartphone of the tech-interaction, while the SHS was 
engaging in some actions.

2.4  Locus of control

To evaluate the LoC, we administered the locus of con-
trol behaviour questionnaire (LCB) (Craig et al. 1984). 
LCB is designed as a tool the evaluate the LoC in sub-
jects in different situations. The questionnaire is com-
posed of 17 items, with a 5-point Likert scale. Seven of 
the 17 items are referred to internal control, the other ten 
to the external one. For this study, we used the LCB Ital-
ian version and we calculated internal and external LCB 
corresponding respectively to an individual’s tendency to 
believe that he can control events in his life, the future, 
and their outcomes by his efforts, and, for external LCB, 
the propensity to attribute importance to outside forces 
(Farma and Cortinovis 2000). Both the scores for the inter-
nal and external scales are calculated and here reported: 
external (M = 20.21 SD = 6.54), internal LCB (M = 10.15 
SD = 2.59).

2.5  BIS/BAS scales

To evaluate the two motivational systems, the Italian ver-
sion of BIS/BAS scales was adopted (Carver and White 
1994, Leone et al. 2002). This questionnaire, including 
24 items (20 score-items and four fillers), is composed 
of 5-point Likert scale items, is used to understand the 
subject’s propensity to experience new situations or arte-
facts. As mentioned above, BIS (seven items) is sensitive 
to signals of punishment and nonrewarded, therefore its 
activation may cause a state of inhibition of movement 
toward goals. Instead, BAS (item 13) activation may be 
caused by the experience of positive feelings (Gray 1990), 
greater BAS sensitivity is connected to a person’s ten-
dency to engage in goal-directed efforts. The BAS items 
are referred to three subscales: BAS drive (four items), 
the motivation to achieve a certain goal, the BAS reward 
responsiveness (five items), that measures the impact on 
the subject of environmental rewards, and finally the BAS 

Fig. 1  Eye-tracking device. a The recording unit connected to the 
glasses via an HDMI cable. It holds the battery and an SD memory 
card. b The TOBII eye-tracker PRO 2 glasses
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fun seeking (four items), corresponding to the natural per-
sonal motivation to find and engage with new rewards.

Based on these measures, the scores for BIS and the 
three BAS subscales were calculated. The mean values 
and standard deviations are reported for BIS (M = 27.21 
SD = 3.92), for reward (M = 19.68 SD = 2.66), for drive 
(M = 13.32 SD = 1.76), and for fun seeking (M = 13.95 
SD = 2.93).

2.6  User experience questionnaire

In order to evaluate UX, the user experience questionnaire 
was adopted (Laugwitz et al. 2008; Capellini et al. 2015) 
and administered to subjects after completing the experi-
mental phase. The questionnaire is composed of six scales 
(attractiveness, perspicuity, dependability, efficiency, nov-
elty, and stimulation) and a total of 26 items, using a 7-point 
Likert scale. Based on these measures, the 6 scales mean 
and standard deviation values are calculated and reported: 
attractiveness (M = 2.18 SD = 0.58), perspicuity (M = 2.55 
SD = 0.47), dependability (M = 1.13 SD = 0.62), efficiency 
(M = 1.76 SD = 0.61), novelty (M = 1.88 SD = 0.70), and 
stimulation (M = 1.67 SD = 0.64).

2.7  Data analysis

For eye-tracking data, a set of three repeated measures 
ANOVA was conducted. Each analysis was separately 
applied to the eye-tracking dependent measure (number 
of fixation, fixation duration and time to first fixation) to 
determine whether there was a statistically significant dif-
ference during the five tech-interaction conditions (entrance, 
kitchen, living room, bathroom and bedroom) for the three 
considered metrics. For all ANOVA, degrees of freedom 
were corrected by Greenhouse–Geisser epsilon when 

appropriate. Post-hoc analysis (contrast analysis with Bon-
ferroni corrections for multiple comparisons) was applied. 
The size of statistically significant effects has been estimated 
and reported via eta squared (η2) indices. Secondly, Pear-
son’s correlation coefficients, with Bonferroni corrections 
for multiple comparisons, between eye-tracking metrics and 
questionnaire scores (LoC, BIS/BAS, and UX scales) were 
calculated.

3  Results

3.1  Eye‑tracker

Number of fixations: As shown by ANOVA, a main effect 
for tech-interaction was found (F[4, 72] = 4.740 p = 0.004, 
ƞ2 = 0.345). Pairwise comparisons revealed a significant 
(p ≤ 0.002) higher number of fixations in the entrance 
interaction (M = 62.17) compared to the living room one 
(M = 35.52) (Fig. 2a). No other significant effects were 
found.

Fixation duration: From ANOVA no significant differ-
ence between the means was observed (p > 0.05).

Time to first fixation: As shown by ANOVA, a main effect 
for tech-interaction was found (F[4, 72] = 5.36 p = 0.002, 
ƞ2 = 0.437). Pairwise comparisons revealed significant 
(p ≤ 0.005) higher time to first fixation in the bathroom 
(M = 5.710) compared to the kitchen (M = 1.180) and a sig-
nificant difference (p ≤ 0.005) between bathroom and living 
room interaction (M = 1.211) (Fig. 2b). No other significant 
effects were found.

3.2  Pearson correlation coefficients

Pearson’s correlation coefficients between eye-tracking 
metrics and questionnaire scores were applied to assess the 

Fig. 2  Eye-tracking significant results. a Bar graph shows significant 
differences for number of fixation between entrance and living room 
tech-interaction. Bars represent ± 1SE. Stars mark statistically signifi-
cant pairwise comparisons. b Bar graph shows significant differences 

in time to first fixation between bathroom and living room tech inter-
action and between bathroom and kitchen tech-interaction. Bars rep-
resent ± 1SE. Stars mark statistically significant pairwise comparisons
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relationship between psychological characteristics and visual 
system behaviour, no outliers were present. Only significant 
results are reported.

LCBQ: A statistically significant negative correlation was 
found between the number of fixations in the living room 
interaction and external LCBQ [r(17) = − 0.613, p < 0.045]. 
Moreover, another significant negative correlation was found 
between the number of fixations and external LCBQ the 
bathroom condition [r(17) = − 0.688, p < 0.019]. Instead, 
no significant correlations were found for internal LCBQ 
and time to first fixation and fixation duration.

BIS/BAS scales: A statistically significant negative cor-
relation was found between the number of fixations in the 
hall interaction and BIS score [r(17) = − 0.694, p < 0.038]. 
Regarding BAS reward responsiveness scale, a significant 
negative correlation was found between this measure and fix-
ation duration for both bathroom [r(17) = − 0.658, p < 0.028] 
and living room [r(17) = − 0.681, p < 0.021] conditions. No 
significant correlation was found for the BIS scale with fixa-
tion duration and time to first fixation, and for the BAS scale 
with number of fixations and time to first fixation.

4  Discussion

The study provided information on visual system behaviour 
and psychological factors using the eye-tracking system and 
self-report measures. More specifically, participants were 
asked to interact in a SHS environment, composed of five 
tech-interactions (hall, kitchen, living room, bathroom, and 
bedroom), with different levels of complexity, while visual 
behavioural was collected. Additionally, self-report meas-
ures related to individual differences (i.e. motivational sys-
tems for approach and avoidance behaviour), locus of con-
trol, and users’ experience were collected to obtain useful 
information on users’ subjective information for interpret-
ing SHS interaction. A possible interpretation of the main 
results of this experimental study is reported below.

Firstly, concerning the number of fixations, results from 
ANOVA partially confirmed the first hypothesis. In fact, 
data showed a significant higher number of fixation in the 
entrance condition compared to the living room, showing 
easiness to process and elaborate in terms of higher num-
ber of fixations (Hyönä et al. 1995) when facing a simple 
tech-interaction (entrance), compared to a more compos-
ite one (living room), where the subject had a less visual 
explorative behaviour. The number of fixation can be seen 
as a direct function of visual exploration behaviour (Glöck-
ner and Herbold 2011), and a possible interpretation is that 
subjects put more attention in visually explore, observe and 
engage with the SHS when the domotics outcomes were 
simple and not too much cognitively complex and challeng-
ing. This result also macroscopically confirms the need for 

a natural interface always more human-centred and easy to 
use and approach for users.

Secondly, regarding time to first fixation results, we 
observed a significantly higher time duration in the bath-
room interaction compared to both the kitchen and living 
room ones. These findings can be interpreted in coherence 
with the number of fixation results: indeed, also in this 
situation, a more multi-faced tech-interaction (bathroom) 
required more time to be fixated for the first time, compared 
to simple ones (kitchen and living room). Time to first fixa-
tion can be interpreted as a tendency of the user to engage 
and a level of motivation to detect important and salient 
information in an interface (Buscher et al. 2009). Therefore, 
data showed that a high-complex reaction from the SHS, 
such as the bathroom with chromotherapy multisensory 
options, can indirectly make users not focus on the tech-
interactions, displaying slower visual responses. Future stud-
ies might deepen this complex interactive dynamic.

Thirdly, regarding LCBQ, two strong negative correla-
tions were found, between the number of fixations and exter-
nal LCBQ during both the living room and bathroom tech-
interactions. We failed to detect this tendency in the other 
conditions (kitchen, hall, and bedroom) and for the internal 
LoC, as we expected. Even so, this result can be interpreted 
as a tendency of individuals with low external LoC, so those 
who are inclined to attribute small importance to external 
and unpredictable factors, to explore more actively complex 
tech-interactions thus showing high interest in them. Indeed, 
visual search behaviour is highly dependent on the num-
ber of fixations (Togami 1984). The principle assumption 
behind this is the eye-mind hypothesis (Ball et al. 2006), 
which states that when a subject is fixating an artefact, the 
brain system is engaged in cognitive processing, also reflect-
ing the level of interest towards that stimulus. The other 
way around, if subjects have higher external LoC they may 
tend to explore less and be less intensively visually engaged 
with SHS. Results partially confirmed Arndt et al. (1983) 
evidence on the impact of LoC on the interface interaction, 
previously suggesting that internally controlled individu-
als were more curious and less anxious towards technology 
artefact.

Lastly, concerning BIS/BAS scales, a significant solid 
negative correlation was found between the BIS score and 
fixation number in the Entrance condition. These findings 
could be indirectly interpreted as a tendency of avoiding 
new situations (Gray 1994). BIS may be explained as a 
predisposition of the subjects to prevent themselves from 
anxiety-provoking conditions (Fowles 1987; Carver and 
White 1994), with reduced visual exploration behaviour. 
Therefore, in a domotics context, it could be possible that 
people with a major tendency to be inhibited (higher BIS 
score) could repress the exploration behaviour of a less-
known complex environment. However, this is the first time 
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BIS was explored in relation to eye-gaze data in SHS; hence, 
further neuroscientific evidence supporting our explanation 
is necessary.

Instead, concerning BAS, a correlation between reward 
responsiveness scale scores and fixation duration was found 
in two tech interactions (living room and bathroom). Even 
if we failed to detect significant correlations between BAS 
scores and fixation count, this data, as opposed to BIS result, 
may indicate a tendency from subjects with higher BAS 
reward responsiveness scores to explore more the point of 
interaction, with a reduced fixation duration average. In fact, 
contrary to what may seem logical, no robust relationship 
between fixation duration and data processing was ever dem-
onstrated (Salthouse and Ellis 1980). According to Hender-
son and Hollingworth (1999), an impacting factor on time 
length for fixations may be the type of mental process gener-
ated by the person: it seems that fixation durations are longer 
during scene memorization compared to search ones. A pos-
sible explanation may be that people with a bigger tendency 
to approach the new situation in search of rewards (higher 
BAS reward responsiveness scores) may tend to have more 
visual exploration type of experience, which is more impul-
sive, fast and emotional, reducing the average time per fixa-
tion. Also, it was found that longer fixations are related to 
complexity (Salthouse and Ellis 1980; Hooge and Erkelens 
1998) and it may be that people with lower BAS RR tend to 
find it more difficult to interact with SHS, provoking longer 
fixations. Future studies might unveil stronger relationships 
between individual differences (personality traits) and eye-
gaze behaviour.

Linking both significant results from the experimental 
condition and cognitive psychological factors correlations, it 
can be said that both complexity of the tech-interaction and 
personality traits might have a relevant impact on subjects’ 
experience and interface with a SHS.

Firstly it seems that the level of complexity of HCI may 
have an impact on both number of fixations and time to first 
fixation, reducing the first and increasing the second, for the 
situation’s inner nature, with a reduced visual exploration of 
the users, and secondly, we found that people’s characteris-
tics may have an impact over the exploration, specifically, 
we found that people more sensitive to discomfort caused by 
the new situation (higher BIS scores), tend to visually avoid 
the SHS tech-interactions (lower number of fixations), inter-
preted as an escaping strategy and that subjects who give 
importance to environmental reward (higher BAS reward 
responsiveness scores) tend to explore the setting and the 
interaction faster and more impulsively (reduced fixation 
duration). Even if we believe future studies should detect this 
pattern of observations in all the tech-interaction conditions, 
from these first insights a two-way process can be inferred in 
subject visual behaviour in SHS: a top-down process, caused 
by psychological and motivational traits, which may impact 

the user visual behaviour inducing a specific predisposition 
when interacting with a domotics, and a bottom-up process 
that corresponds to the level of complexity of the HCI that 
showed to have an impact on visual behaviour. Both these 
two factors may contribute to encounter different experi-
ence and subjective feelings in users and therefore model 
and shape the interaction with SHS.

To conclude, the present research investigated the rela-
tionship between personal psychological construct and trait 
in five different tech-interactions in a SHS, in order to piece 
together human and machine and more specifically personal-
ity, motivational systems, and interaction with smart devices. 
Results should be strongly confirmed by future studies, pos-
sibly using more sophisticated statistical models; however, 
they may be useful to design better natural user interface. 
The study provides new interesting insights, although, for 
both academic and professional purposes. Firstly, new direc-
tions of research can be taken, to confirm our first results and 
also take into consideration other processes such as memory 
or multisensorial experience. Secondly, architects, design-
ers, and engineers, to provide optimal comfort, may maxi-
mize users’ delight, by considering personal characteristics 
and using them to set the smart devices around the subject, 
fully adopting the human-centred philosophy. Moreover, two 
main conclusions can be drawn for the design of the SHS: 
first, there could be a need for a natural interface always 
more human-centred and easy to use and approach for users, 
as suggested by the first result; secondly, according to our 
second evidence, a too complex interactive dynamic in SHS 
environments can slow down user’s visual response.

Significant results were found remarking both the influ-
ence on HCI of psychological variables and technical aspects 
that refer to the level of complexity of the tech-interaction. 
Strengths of the research can be identified in the use of a 
real and ecological SHS which guaranteed a good external 
validity, where the subject could experience a full immer-
sion in a real tech-environment, and at the same time the full 
possibility, due to SHS owner’s availability, to protect and 
isolate the setting from external factors. Another positive 
aspect regards the study’s innovation where the complexity 
of tech-interactions and motivation systems variables are 
studied together with visual system metrics.

Despite what just pointed out, the present study is not 
without limitations. Firstly, our hypotheses were confirmed 
only in two (living room and bathroom) of the five tech-
interaction conditions. We assume that an ampler sample 
size could conclusively clarify a general effect of the exam-
ined psychological variables on visual system behaviour. 
Furthermore, the ecological strength point of the study 
design implicated a low level of standardization in the con-
dition (different from a laboratory setting). Also, the analysis 
carried out only adopted single eye-tracking measures, not 



2760 F. Cassioli et al.

1 3

considering specific gaze dynamics and patterns or innova-
tive approaches but standard statistical models.

Lastly, the study did not take into consideration varia-
bles such as gender and age in extensive analyses, which are 
known to be impactful in HCI. Future research could con-
sider other eye-tracking metrics also based on saccades and 
investigate possible differences between various interface 
systems, for example, vocal or touch-screen ones, observing 
the psychological (both cognitive and emotional) predisposi-
tion that may create preferences over it.
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