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Abstract. This investigation investigates the extent to which proactive behaviours in interactive
objects—specifically animated eyes that exhibit behaviours such as blinking and turning—
improve user interaction. Through a two-phase process, we investigate the influence of these
behaviors on users’ perceptions of proactivity in both physical and virtual environments. In
Phase I, we conducted a real-world study using a tangible box with animated eyes to evaluate
user responses to expressive behaviours in single- and multi-person interactions. The results
indicate that blinking significantly improves perceptions of the box’s intentionality and
engagement, thereby fostering a more robust sense of proactivity. Phase Il expands this
investigation to a virtual environment, where 240 participants on Amazon Mechanical Turk
(MTurk) participated, thereby validating the real-world findings. The online study confirms that
perceived proactivity is consistently increased across contexts by blinking and turning. These
findings indicate that integrating basic, human-like behaviors into interactive systems can
enhance user engagement and provide practical advice for the development of sustainable, low-
complexity interactive technologies. These discoveries facilitate the future development of
resource-efficient and accessible human-computer interaction and robotic systems by simulating
intentionality through minimal behavior.
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1. Introduction

The proactive behaviours demonstrated by interactive objects, such as looking, winking, blinking, or
body rotation, are widely acknowledged as vital for improving user interaction and engagement.
Proactivity in interactive systems refers to an object or interface’s capacity to anticipate user needs or
elicit reactions, creating a more intuitive and responsive user experience. This study examines the
influence of proactive behaviours on user perceptions, particularly with simple objects augmented with
animated eyes and body rotation. Such behaviours are becoming essential in domains such as robotics
and human-computer interaction (HCI), as researchers seek to build systems that adapt to users in real-
time, facilitating interactions that are perceived as natural and engaging [1][2]. These behaviours can
improve user experiences by eliciting actions that promote user responses.

Recent advancements in Al have significantly influenced interactive technology, enabling objects
and systems to exhibit proactive behaviors that respond to users in real time [3]. Al-driven systems in
human-computer interaction and social robotics utilize gestures and expressions such as winking or
nodding to simulate intentionality and enhance user engagement. Research has shown that such human-
like cues can foster a sense of presence and relational depth, making interactions more meaningful and
enjoyable [4][5]. By designing objects with simple, proactive behaviors like animated eye movements,
this study aligns with these findings, demonstrating how even minimal Al-inspired actions can increase
perceived interactivity and engagement [6]. These insights are valuable for developing Al-based
interactive systems that are not only engaging but also adaptable to various contexts, contributing to
sustainable, user-centered design [7]. Apart from that, prior research has also demonstrated that
incorporating human-like characteristics in designs can lead to increased interaction and a stronger sense
of connection from users [8][9]. For instance, robotic systems with anthropomorphic traits often
stimulate more authentic, meaningful engagement, with users responding to even minor signals, such as
eye movements, as if they were human cues [10]. Studies on digital avatars support this, indicating that
subtle visual cues can significantly boost a user’s sense of presence and emotional connection,
suggesting that even simple proactive behaviors can yield substantial engagement benefits [11].

Animated behaviors have also shown promise in other areas, such as consumer products and social
robots, where simple animations enhance both product appeal and perceived emotional intelligence in
robots [12][13]. Research on social robots with animated eye movements has demonstrated that these
behaviours enhance the objects’ capacity to express emotions and establish connection with users
[14][15]. Within public displays and interactive installations, lifelike movements capture user attention
and foster intuitive, effortless interactions, leading to deeper user participation [16]. As these examples
suggest, proactive, adaptive behaviors can make interactions more seamless, contributing to the system’s
overall user-friendliness. [17].

Beyond enhancing engagement, proactive behaviors also hold value in sustainable design and
efficiency-oriented applications. For example, by automating actions that traditionally require manual
intervention, such as traffic control or safety monitoring, systems can reduce the demand for constant
human involvement, which conserves resources and increases operational resilience [18][19]. Demand-
based automation systems also demonstrate how proactive, real-time adjustments can optimize complex
operations, reducing the energy and resources needed to maintain efficiency [20][21][22]. Integrating
proactive features into interactive technologies not only improves usability but aligns with sustainable
design principles by potentially reducing the energy required for long-term operation and user training
[23][24]. These examples illustrate how adaptive behaviors can significantly enhance both user
interaction and overall system performance across different contexts.

However, understanding the effectiveness of proactive behaviors often requires examining how
different designs and contexts impact user engagement [25]. This research explores the effectiveness of
proactive behaviors by examining how designs and contexts influence user engagement. Conducted in
two phases, the study’s first phase involved a real-world test using a physical box equipped with
animated eyes to observe user responses to various behaviors in both single- and multi-person
interactions. Insights from this phase informed the development of a virtual version of the object,
designed to replicate the same behaviors. In the second phase, a video-based study using Amazon
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Mechanical Turk (MTurk) involved 240 participants, allowing for a broader evaluation of these
behaviors in a virtual environment.

By combining results from both real-world and virtual studies, this research highlights how simple,
proactive behaviors, such as winking and body rotation, can meaningfully shape user experiences. These
findings offer valuable insights for designing sustainable, interactive systems that leverage proactive
behaviors to boost user engagement and resource efficiency across diverse contexts.

2. Phase I: Real-World Study

2.1. Design and Development of Proactive Object

The initial phase of this study focusses on the development and evaluation of a physical object intended
to captivate individuals through fundamental yet intentional dynamic behaviours, particularly eye
movements and orientation towards the individual. Eyes were selected for their inherent ability to attract
attention, enable nonverbal communication, and elicit emotional reactions [26], while the turning
behaviour was incorporated to replicate a sense of awareness and active involvement with the individual
[27]. Figure 1 depicts the design of the animated eyes utilised in the investigation. Each eye was
showcased on a 1.5-inch full-color Organic Light-Emitting Diode (OLED) display and animated with a
Teensy 3.2 microcontroller. The design featured upper and lower eyelids to simulate a natural blinking
effect, along with an iris, pupil, and sclera to denote gaze direction. Blinking was established as a default
to prevent prolonged staring, which may be regarded as disconcerting or unresponsive, thereby reducing
user interest [11].

As shown in Figure 2, the animated eyes were mounted on the front face of a square box, chosen for
its simple and neutral geometry. This design allowed the focus to remain on the behaviors of the eyes
without the influence of any complex or anthropomorphic shapes. The square box served as a
minimalistic platform, ensuring that participants’ attention was directed towards the eyes’ movements
and their interactions, rather than the shape of the object itself. To enhance interaction, a servo motor
was attached to the bottom of the box, enabling it to turn towards the engaging person. The object was
equipped with an Omron HVC-P2 camera module, which natively supports face detection and gaze
direction. This allowed the object to detect the presence of a person in front of it, identify their
engagement, and respond accordingly.
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Figure 1. Design and components of the animated eyes displayed on OLED screens.
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Figure 2. (a) Square box mounted with animated eyes and Omron HVC-P2 camera module, (b)
rotating base attached at the bottom of the box, and (c) square box turning towards the user.
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2.2 Experimental Design and Behavioral Scenarios
Ten scenarios were developed to evaluate the proactive behaviors of a square box equipped with
animated eyes. Each scenario involved the box performing different Motion-Gaze expressions to show
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its intention in both single-person and two-person interactions. In the two-person scenarios, the
participant was paired with an experimenter acting as a second person. The simple, non-human shape
of the square box allowed the focus to remain on the Motion-Gaze expressions themselves. The box’s
Motion-Gaze expressions included Turning (T), and Winking (W), tested in both Single-Person (SP)
and Two-Person (TP) scenarios. In the SP scenarios, the box aimed to engage directly with the
participant. Two conditions were tested: (1) SP(T,S), where the box turned towards the participant
without winking, and (2) SP(T,W,S), where the box turned and winked. Both conditions were followed
by a stare (S) to maintain engagement.

In the TP scenarios, the box interacted with either the participant (TP1) or the experimenter (TP2).
The number 1 in each condition signifies that the box displays behavior towards the participant, whereas
the number 2 indicates that the behavior is directed towards the experimenter. The tested conditions
included: (1) TP1(T1,S1) and TP2(T2,S2), where the box turned towards the intended person without
winking, and (2) TP1(T1,W1,S1) and TP2(T2,W2,S2), where the box turned, winked and stared towards
the intended person. Additionally, some scenarios tested how people reacted when the box first turned
to the other person before engaging with the intended participant, resulting in eight conditions overall.
For each scenario, the timing of the box’s behaviors is shown in Table 1, with the box remaining idle
(1) for 3 seconds and each turn, wink, and stare lasting one second before stopping. Figures 3 and 4
provide visual representations of the proactive box interacting in single-person (SP) and two-person
(TP) scenarios.

Table 1. Sequence of behaviors in single- and two-person scenarios

Scenarios Sequence of behaviors Conditions
. [-T—S SP(T-S)
Single-person
[-T->W—>S SP(T-W-S)
Two-person [- T2— T1— W1— S1 TP1(T2-T1-W1-S1)
(Box initiating - T2— T1— Sl TP1(T2-T1-S1)
interaction withthe 1 -T1—>WI1—S1 TP1(T1-W1-S1)
participant) [-T1-S1 TPI(TI1-S1)
Two-person I- T1— T2— W2— S2 TP2(T1-T2-W2-S2)
(Box initiating - T1— T2— S2 TP2(T1-T2-S2)
interaction with the 1 —-T2—W2—S82 TP2(T2-W2-S2)
experimenter) 1,1y ,g) TP2(T2-S2)

A total of 24 participants were recruited and divided into two equal groups of 12, labeled Group A
and Group B. Group A interacted directly with the box, which initiated engagement with them, while
Group B observed the box initiating interaction with an experimenter. To control for between-group
ordering effects in the Single-Person (SP) and Two-Person (TP) conditions, six participants in each
group experienced the SP(T-S) condition first, and the remaining six participants in each group started
with the SP(T-W-S) condition before proceeding through the other conditions listed in Table 1. Before
beginning, participants were given instructions outlining the purpose of the study and explaining the
concepts of proactive and reactive behavior. They were also instructed to position themselves 60—120
cm from the box to enable eye-to-eye interaction and engagement. After each interaction, participants
recorded their responses before moving on to the next condition.
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Idle Turn to you Wink at you Stare to you

Figure 3. Real-world study for single-person (SP) scenarios.
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Figure 4. Real-world study for two-person (TP) scenarios. The experimenter (on the left side) is
the second-person.

2.3. Proactivity Measurement and Scoring Mechanism

Participants rated the perceived proactivity of the box in each scenario using a 7-point Likert scale,
where a score of seven indicated “very proactive” and one indicated “very reactive.” Proactivity was
defined in terms of the object’s apparent intentionality and engagement in response to the participants’
presence and actions. Participants were instructed to consider the object’s responsiveness and purposeful
actions when scoring, aiming to capture their subjective perceptions of proactivity. Average scores
across participants were calculated for each scenario, providing a quantified measure of the box’s
perceived proactivity.

2.4. Results
A summary of the real-world study results is presented in Figure 5 and Table 2. This section details
the quantitative results obtained from the proactive-reactive measures.

SP(T,S) il =
secrw,s) ]
TP1(T2,T1,W1,51) B B
rer2,w252
TPI(T2,T1,S1)
TP2(T1,12,52) I 5]
reiriwrsy I T 0
rear2w2sy) N T T
TPI(T1,S1) [
TP2(T2,52) [ |

M Strongly Proactive [l Somewhat Proactive  Slightly Proactive Neutral

Slightly Reactive Somewhat Reactive [l StronglyReactive

Figure 5. Diverging stacked bar chart of participants’ responses to the seven-point Likert proactive-
reactive measure. The results related to the wink behavior have been highlighted with a bold frame.
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Table 2. Sequence of behaviors in single- and two-person scenarios.

Standard Deviation

Scenarios Mean (M) Median (Mdn) (SD)
SP(T-S) 3.15 3 1.35
SP(T-W-S) 5.19 5 1.21
TP1(T2-T1-W1-S1) 5.15 6 1.68
TP2(T1-T2-W2-S2) 5.08 6 1.38
TP1(T2-T1-S1) 3.38 3 0.92
TP2(T1-T2-S2) 3.31 3 1.26
TP1(T2-W1-S1) 531 6 1.65
TP2(T1-W2-S2) 5.00 5 1.58
TP1(T1-S1) 2.85 3 1.21
TP2(T2-S2) 3.31 3 1.32

Effectiveness of winking as a proactive behavior: The wink behavior consistently received higher
ratings on the proactive scale across various scenarios, as highlighted in the bolded rows of Table 2 and
emphasized with the bold frame in Figure 3. Specifically, scenarios that involved a wink, such as SP(T-
W-S), TP1(T2-T1-W1-S1), TP2(T1-T2-W2-S2), and TP1(T1-W1-S1), showed higher mean and median
scores, indicating that participants perceived these conditions as more proactive. The distinct preference
for the wink behavior over non-wink scenarios (e.g., SP(T-S) and TP1(T1-S1)) further supports the
conclusion that the wink was effectively recognized as a proactive gesture by the participants. The
inclusion of a wink significantly enhanced the perception of the box’s intentionality. Participants were
more likely to interpret the wink as a deliberate and purposeful action aimed at initiating interaction.
This behavior effectively communicated a sense of agency and engagement, making the box seem more
proactive.

Effectt of turning and winking combined: The scenarios that involved both turning and winking
(e.g., SP(T-W-S), TP1(T2-T1-W1-S1), TP1(T1-W1-S1)) consistently received higher proactivity
ratings. These scenarios are highlighted with bold values in Table 2, showing mean scores above 5.00,
indicating that participants generally perceived these behaviors as more proactive. The combination of
turning towards the participant and winking appears to reinforce the perception of intentionality and
engagement from the box, making it seem more proactive in initiating interaction. This is evident from
the scenarios like SP(T-W-S) and TP1(T1-W1-S1), which scored among the highest in terms of
perceived proactivity. Whereas, in scenarios where the box turned without winking (e.g., SP(T-S),
TP1(T2-T1-S1)), the proactivity ratings were generally lower. For example, SP(T-S) has a mean score
of 3.15, and TP1(T2-T1-S1) has a mean score of 3.38, indicating that these behaviors were perceived as
more reactive compared to the scenarios involving a wink. Turning alone, without the additional cue of
winking, seems less engaging and less intentional. Participants may have interpreted the behavior as
more passive or less directed, resulting in lower proactivity ratings. This suggests that the wink is a
critical component in signaling proactive intent.

Proactivity in multi-person scenarios: In multi-person scenarios, where the box interacts with both
the participant and the experimenter, the inclusion of a wink helps maintain a strong sense of proactivity.
Even though the box’s attention is divided between two people, the wink makes the interaction feel more
intentional and directed. For example, in the TP2(T1-T2-W2-S2) scenario, where the box turns towards
the experimenter and winks, the mean score of 5.08 shows that participants still view the box’s behavior
as proactive. This indicates that the wink is a key factor in keeping the interaction engaging and
purposeful, even in more complex settings with more than one person.
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3. Phase II: Online MTurk Study

3.1 Design and Implementation

The second phase of the study extends the investigation to an online environment using Mechanical
Turk (MTurk) to validate and further confirm the results obtained from the real-world study. This phase
aims to ensure that the findings regarding the proactive behaviors demonstrated by the object,
particularly the impact of winking is consistent across different settings and participant demographics
by leveraging a larger and more diverse participant pool through MTurk. To achieve this, ten pre-
recorded videos were created, each featuring a proactive virtual box equipped with animated eyes,
performing various Motion-Gaze to convey its intentions (Figure 6). The virtual box was designed to
closely resemble the physical box used in the real-world study, ensuring continuity in design and
behavior. However, unlike the physical box, the virtual version’s expressions were pre-recorded,
eliminating the ability to detect and respond to a user’s presence in real-time. The videos assumed that
the viewer’s gaze was centered on the screen, placing the virtual box in a simulated three-dimensional
space from a first-person perspective. For scenarios involving two person, an abstract figurine was
included to represent the second person, allowing for the evaluation of interactions in multi-person
settings. This design enabled the study to assess the virtual Box’s proactive behaviors in a controlled,
yet diverse, online environment, providing a comprehensive comparison to the real-world interactions.

Three-dimensional space
Abstract figurine (second person)

Virtual box '

Single-person scenario Two-person scenario

Figure 6. Virtual box animation design in single- and two-person scenarios within a three-
dimensional virtual space.

3.2. Experiment Design and Setup

A total of 240 participants were recruited from Amazon Mechanical Turk for the online study. The
participants were evenly divided into two groups of 120: Group A and Group B. Group A interacted
with the virtual box that initiated engagement with them directly, while Group B interacted with the
virtual Box that focused its engagement on a second entity, represented by an abstract figurine. Ten
videos were created based on the scenarios outlined in Table 1, with eight videos specifically designed
for the TP scenario. These were further divided into two sets: one where the virtual box initiated
interaction with the participant (TP1) and another where the interaction was initiated with the second
person (TP2). Figures 7 and 8 provide visual representations of the proactive virtual box interacting in
single-person (SP) and two-person (TP) scenarios. Similar with the real-world study, for each condition,
participants were asked to assess the box’s behavior as either proactive or reactive using a 7-point Likert
scale, where a score of seven indicated ‘very proactive’ and one indicated ‘very reactive’. The online
MTurk study closely followed the task, stimuli, and measurement methods used in the real-world study,
ensuring consistency across both phases.

Idle Turn to you

g

Figure 7. Online MTurk study for single-person (SP) scenarios.

Wink at you Stare to you
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Figure 8. Online MTurk study for two-person (TP) scenarios. Abstract figurine (on the left side)
acts as the second-person

Stare at second person

3.3. Results
A summary of the online MTurk study results is presented in Figure 9 and Table 3. This section details
the quantitative results obtained from the proactive-reactive measures.

SP(T.S) [ . —
searws) jisi]
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[ —
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P12, W2.52)
IPI(T1.51)
TP2(T2,52)

B Strongly Proactive il Somewhat Proactive = Slightly Proactive ¥ Neutral

Slightly Reactive Somewhat Reactive [l StronglyReactive
Figure 9. Diverging stacked bar chart of online MTurk participants’ responses to the seven-point
Likert proactive-reactive measure. The results related to the wink behavior have been highlighted
with a bold frame.

Table 3. The online MTurk participants’ responses to the seven-point scaled Likert proactive-reactive
measure. Wink-related results are highlighted in bold font.

Scenarios Mean (M) Median (Mdn) De\S/,it:{;gsr(gD)
SP(T-S) 3.90 35 2.08
SP(T-W-S) 471 5 1.91
TP1(T2-T1-W1-S1) 4.57 5 191
TP2(T1-T2-W2-S2) 4.49 5 2.20
TP1(T2-T1-S1) 4.19 5 2.13
TP2(T1-T2-S2) 4.04 4 2.05
TP1(T2-W1-S1) 4.32 5 2.13
TP2(T1-W2-S2) 458 5 1.96
TP1(T1-S1) 3.62 3 1.95
TP2(T2-S2) 3.98 4 1.98
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Validation of the wink as a proactive behavior: Scenarios involving winking, such as SP(T-W-S),
TPL1(T2-T1-W1-S1), TP1(T2-W1-S1), and TP2(T1-W2-S2), exhibit higher mean scores on the
proactive-reactive measure, suggesting that the presence of a wink significantly enhances the perception
of the virtual box’s behavior as proactive. For instance, the SP(T-W-S) scenario, with a mean score of
4.71, one of the highest among all scenarios illustrates that when the virtual box winks during a single-
person interaction, participants are more likely to perceive it as taking initiative or being proactive.
Winking seems to act as a clear signal of intentionality. In the context of the experiment, winking may
be interpreted as a deliberate and communicative gesture, which is perceived as the virtual box taking a
proactive step in the interaction. When compared to scenarios where the virtual box only turns without
winking, those that include a wink are consistently rated as more proactive. This difference suggests
that winking adds a layer of intentionality that turning or moving alone cannot convey.

Comparison of single-person vs. two-person scenarios: The comparison between Single-Person
(SP) and Two-Person (TP) scenarios reveals that winking is a key factor in enhancing the perception of
proactivity. In both SP and TP scenarios, those involving winking consistently receive higher mean
scores, indicating that this gesture is universally seen as a proactive behavior. Single-person scenarios,
particularly those involving a wink, are rated highly for proactivity, suggesting that simple, direct
interactions can effectively convey the virtual box’s intentionality. In contrast, the presence of a second
person in TP scenarios introduces more complexity to the interaction. While winking still maintains a
strong sense of proactivity in these cases, the absence of winking leads to lower scores, especially in
multi-user contexts. This indicates that more complex social dynamics in TP scenarios may require
deliberate gestures, like winking, to uphold the perception of proactivity. Overall, winking significantly
impacts how the virtual box’s behavior is perceived, with its effect being evident across both single and
multi-user interactions.

Does turning alone convey intentionality?: Turning alone can contribute to the perception of the
box being proactive, but its impact is generally less pronounced compared to scenarios that include
winking. In the experiment, scenarios where the box only turns without winking, such as SP(T-S) and
TP2(T2-S2), receive lower mean scores on the proactive-reactive measure compared to those that
include winking. This suggests that while turning can be perceived as a proactive gesture, indicating
that the box is responding or directing attention towards something, it doesn't convey the same level of
intentionality or communicative purpose as winking does. Turning may be interpreted as a more neutral
or responsive action rather than a deliberate and proactive one. It shows that the box is aware of its
surroundings and is capable of changing its orientation, which could be seen as a basic level of
interaction. However, without an additional gesture like a wink, turning alone might not strongly convey
the box's intention or initiative to the same extent. In two-person scenarios, turning without winking
further reduces the perception of proactivity, possibly because the social complexity of interacting with
multiple individuals requires more explicit signals of engagement. Therefore, while turning does play a
role in making the box appear responsive and somewhat proactive, it is the combination of turning with
winking that significantly enhances the perception of the box as a proactive entity in the interaction.

4, Discussion
The results of this study highlight how nonverbal actions, especially winking and turning, help to define
how individuals view proactivity in interactive objects. One important realization is the universal
reaction to winking as a cue of intentionality, implying that winking is generally recognized as a
proactive, deliberate movement. This probably results from the human inclination to understand some
facial expressions as deliberate communicative actions. Winking, being a rare and intentional gesture in
human encounters, may have sent a deliberate cue to participants, causing them to regard the box as
more proactive. This result suggests that since winking consistently expresses agency and can improve
user involvement, it can be a very effective design technique for interactive system developers.
Context, especially in single- vs. multi-person situations, helps to emphasize even more the
importance of these actions. Winking by itself clearly expresses intentionality in single-user
environments; participants responded favorably to this simple action. Turning alone seems less
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successful, though, in two-person situations when social relations grow more complicated. Turning
maintained a strong sense of proactivity even in multi-user environments when combined with winking,
implying that further cues are necessary for communicating deliberate participation in such
environments. This could mean that people rely on several behavioral signals to evaluate intention in
socially complicated situations. This suggests to designers the possibilities of layered gestures in
interactive systems, especially in multi-user contexts where they could replicate human-like interactions.

The influence of context, specifically in single- versus multi-person scenarios, further highlighted
the significance of these behaviors. In single-user settings, winking alone effectively conveyed
intentionality, with participants responding positively to this straightforward gesture. However, in two-
person scenarios, where social dynamics become more complex, turning alone appeared less effective.
When combined with winking, however, turning maintained a strong perception of proactivity even in
multi-user contexts, suggesting that additional cues are essential for conveying intentional engagement
in such settings. This may indicate that in socially complex scenarios, people rely on multiple behavioral
cues to assess intent. For designers, this points to the potential of layered gestures in interactive systems,
particularly when simulating human-like interactions in multi-user environments.

Cultural and cognitive factors undoubtedly have an essential effect on how winking is perceived
across different circumstances. Winking is widely viewed as a meaningful social cue, with cultural
connections that enhance its intentionality, friendliness, or even familiarity. This broader cultural
context may have contributed to the constant beneficial effect of winking on proactivity scores.
Cognitively, there’s a known human inclination to anthropomorphize things demonstrating typical
social behaviors, which may have magnified participants’ view of the box as purposeful and proactive.
This corresponds with past research indicating that individuals assign human-like traits to things that
exhibit socially identifiable behaviors. By utilizing these cognitive biases, designers might potentially
boost user engagement, making systems appear more relatable and deliberate. A further step might be
to study how different cultural contexts or age groups receive non-verbal cues like winking, ensuring
the design of future interactive systems appeals broadly across diverse consumers.

In practical terms, these findings offer several implications for interactive system design, particularly
in roles where the simulation of intentionality is beneficial. Social robotics, virtual assistants, and
customer service systems are just a few examples where proactive gestures could help systems appear
more engaging and responsive. For instance, a customer service bot that “winks” or otherwise directs
attention towards a user could be perceived as inviting and engaging, potentially improving user
interaction quality. In settings where clarity of intent and communication are critical, like healthcare or
education, incorporating such gestures could make the system feel more human-centered and
approachable, enhancing trust and user experience.

The challenges of multi-user interactions, however, present unique design considerations, as these
contexts often require more nuanced behaviors to effectively convey proactivity. This study’s results
suggest that a combination of cues, such as turning paired with winking, can better convey proactivity
in multi-user scenarios. When multiple users interact with a system, deliberate gestures help manage
user attention and foster a sense of connection, even when the system’s attention is divided. Designers
could consider layering gestures in these settings to create more engaging, personalized experiences.
For example, social robots or virtual environments that navigate multi-user dynamics may benefit from
adding cues that convey intentionality, helping each participant feel individually acknowledged and
engaged.

The choice to use Amazon Mechanical Turk (MTurk) in Phase 2 brought its own considerations,
with both benefits and potential biases. MTurk’s broad and diverse sample allowed for a wider range of
perspectives, but participants tend to be tech-savvy, which could impact their interpretation of proactive
behaviors. This familiarity with technology might make MTurk users more receptive to interactive
objects and perhaps more likely to interpret the box’s gestures as proactive. Future studies could consider
diversifying participant pools to include users with varying technological exposure levels, helping to
assess the generalizability of these findings. Such diversity would also clarify how the perception of
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cues like winking might differ between individuals who are more familiar with digital interactions versus
those who are not.

Looking to future applications, the connection between proactivity in technology and sustainable
design emerges as an area worth exploring. Proactivity could be a powerful trait in sustainability-focused
technologies, where systems that guide or encourage eco-friendly behaviors could foster longer-term
engagement. Interactive systems designed to convey intentionality might also foster a sense of shared
responsibility, making users feel more connected to sustainable actions. By investigating how specific
non-verbal cues in proactive technologies influence users’ behavior, designers can better support
sustainable interactions and habits. Such work would enhance the relevance of this study to fields aiming
to combine interactive design with environmental impact.

In conclusion, this study shows that easy animated actions like winking and turning can be used to
make people more interested in both virtual and real worlds. By putting these clues together, interactive
systems can look more deliberate and sensitive, which makes users feel like they are connected to them.
This information is useful in many areas, from social robotics to digital assistance, where making
exchanges clear and useful is still very important. Also, learning more about the cognitive and cultural
factors that affect how gestures are understood will help make technology that is more engaging and
available for everyone. These results make it possible to keep looking into how nonverbal cues in design
can improve the user experience in a wide range of interactive apps.

5. Conclusion and Future Direction
This study reveals the important influence that simple non-verbal behaviors, such winking and turning,
have in molding impressions of proactivity within interactive virtual objects created to simulate human-
like intentionality. Through both real-world and MTurk studies, winking emerged as a very effective
gesture for signaling intentionality, consistently drawing participants’ attention and conveying a
proactive presence. In comparison, turning alone seemed as likemore passive activity, showing
attentiveness rather than a clear purpose to interact. The difference in participant responses to these
gestures illustrates the importance of understanding how certain non-verbal cues can be employed to
generate a sense of participation and agency in interactive systems. Moreover, these findings indicate
that layering gestures—particularly in multi-user environments—strengthens the illusion of purposeful
participation, which can be essential in making virtual or robotic systems look more dynamic and active.

The implications of these ideas are broad and relevant across numerous fields in interactive system
design. For instance, adding gestures like winking into social robotics, virtual assistants, or customer
service interfaces could increase user experience by imparting a feeling of responsiveness and
intentionality to these systems. In situations where clear and engaging communication is vital, such as
healthcare or education, non-verbal cues could help users feel understood and attended to, possibly
enhancing interaction quality and user happiness. This method gives a chance to design systems that
feel more suited to human behaviors and are, therefore, easier and more fun for users to engage with.

Looking forward, there are various possibilities for expanding on this research. Cultural factors, for
example, certainly play a crucial part in how gestures like winking are interpreted, and researching these
cultural variances could lead to globally resonant design methods. The application of proactive
behaviors in sustainability-focused technologies also emerges as a potential field. Interactive
technologies that portray intentionality may not only boost user engagement but also encourage the
adoption of sustainable habits by promoting a sense of shared responsibility and connection. Future
research could further examine this topic, studying how non-verbal cues might direct users toward eco-
friendly activities in both virtual and real-world environments. Additionally, researching a larger range
of' non-verbal cues such as nodding, smiling, or pointing could enable designers to construct richer, more
nuanced interactive experiences, broadening the repertory of actions that make virtual systems feel more
lifelike and responsive.

In conclusion, this study offers essential knowledge to the expanding field of human-computer
interaction, particularly in understanding how subtle, well-chosen non-verbal gestures can make
interactive systems feel more engaging and genuine. By exploiting these indications, designers may
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build user experiences that resonate on a human level, boosting the attractiveness and effectiveness of
both virtual and physical interactive technology.
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