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Abstract 
Extant work on human-machine relations 

indicates humans experience variably social relations 
with machines. However, there is yet no systematic 
framework for considering the potential sociality of 
relations between teleoperators and controlled robots, 
in addition to their functional associations. We bridge 
that gap by initially validating a proposed-but-
untested measurement model of teleoperator/avatar-
robot interaction (the TARX scale) inspired by game-
based player-avatar relations. In a lab-based study of 
human operators’ subjective experiences in remote-
controlling a robotic arm, we find support for the 
hypothesized factor structure comprising four 
dimensions: Relational closeness, anthropomorphic 
autonomy, critical concern, and sense of control. 
Results demonstrate the coherence of socioemotional 
dimensions of operator experience in addition to 
cognitive and performance considerations. 

 
Keywords: teleoperation, avatar robot, user 
experience, scale development, emotions 

1. Introduction  

Teleoperated (i.e., remote-controlled) robots have 
long been deployed across domains like construction, 
search and rescue, and medical surgery (see Sheridan, 
1987) where performance considerations are key. 
They are also increasingly operated across contexts 
like hospitality, retail, elder care, and public spaces 
where social behavior is central to their effectiveness 
and acceptance (see Almeida et al., 2022). Across 
those arenas, studies of operators’ subjective 
experiences are largely relegated to function-related 
issues like task demands and task effectiveness. 
However, controllers’ subjective experiences of 
remote-controlled robots (also known as avatar robots) 
likely go beyond performance-related experiences. 
This work bridges that gap by offering initial factor-
structure and construct validations of a proposed-yet-
untested model of teleoperator-avatar robot interaction 
(TARX; Bowman & Banks, 2024). Here, we offer an 
overview of the proposed TARX model and its 

structure, offer a priori construct-validity predictions, 
describe the method by which we tested the model, and 
convey these initial validation findings. We find 
evidence confirming the proposed TARX factor 
structure and suggesting socioemotional relatedness 
(e.g., relational closeness) may be an unsung factor in 
teleoperation experiences among more common 
considerations (e.g., sense of control). 

1.1. Teleoperation Experiences 

Teleoperation is the “extension of a person’s 
sensing and manipulating capability to a [remote] 
location… [through] direct and continuous human 
control” (Sheridan, 1987, p. 67). In other words, it is 
the machine-mediated manifestation of human-
controller intention and agency. Most scholarly 
literature on robot teleoperation focuses on 
performance—for instance, on technological 
improvements to refine movement precision (e.g., Wu 
et al., 2025), advancing point-of-view control 
mechanisms (Yoon et al., 2025), and developing 
systems to deliver feedback to the user (e.g., Hwang et 
al., 2025). Other works focus specifically on social 
robot teleoperation, such as advancing systems to 
control robots in multiple simultaneous conversations 
(Nozawa et al., 2024) and autonomous generation of 
social behaviors (Elbeleidy & Wilson, 2024).  

In terms of subjective experiences in 
teleoperation, literature likewise primarily attends to 
performance. Use experience is primarily captured 
through the NASA Task-Load Index (TLX; Hart & 
Staveland, 1988) inclusive of its dimensions capturing 
mental, physical, and temporal demand as well as 
perceived performance, effort, and frustration.  
However, few studies consider the potential for 
teleoperation experiences to be both functional and 
social, and remarkably few consider the potential for 
an operator to have a social-functional relation with 
the robot itself. In addition to the potential for social 
features to be designed into traditional practical 
teleoperation interface (Rea et al., 2020), it may also 
be that human operators’ inherent needs for 
relatedness animate anthropomorphization or 
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sociomorphing so they connect with the machines they 
control (Zaballa et al., 2021). Just as people humanize 
their cars or tools, they may likewise develop social 
perceptions of controlled robots. There are hints of this 
potential sociality as some work attends to feelings of 
social presence (e.g., Jung et al., 2022) and feelings of 
becoming the robot (Ogawa et al., 2024). However, 
there is not a systematic framework for considering 
how a teleoperator thinks and feels about a remote-
controlled robot and how those construals may impact 
the user experience, use outcomes, and use contexts. 
This type of human-robot relation becomes 
increasingly important to understand as interaction 
scenarios may become more complex (perhaps more 
uncertain), as when multiple humans may work 
together in teleoperating multiple machines (Nguyen 
et al., 2025) or as machine learning affords machines 
higher levels of autonomy such that the relation looks 
more like collaboration than control (Imai et al., 2025).  

1.2. An Experience Model from 
Teleoperation in Videogames 

In the absence of an established framework for 
understanding teleoperator-robot relations, it is useful 
to draw from comparable human-machine dynamics 
as a starting point. A novel way of thinking about 
teleoperation was proposed by Topal et al. (2010) who 
drew on the notion of an avatar—a digital embodiment 
of a gamer, from Hinduism’s material incarnation of a 
deity, in term from the Sanskrit avatara for “descent” 
(see Jones, 2015). Topan and colleagues referred to 
teleoperation as “avatarization” by which human users 
become embodied in another physical space by their 
remotely controlled machines, in ways that closely 
mirror how people use avatars in digital spaces.  

Bowman and Banks (2024) proposed that robot 
teleoperation experiences could be studied, very 
literally in this sense, by applying models of player-
avatar interactions from gaming psychology. Gamers, 
they note, are not in wholly monadic relationships with 
their controlled avatars (i.e., with the player and avatar 
merging to occupy the same psychological space; see 
Klimmt et al., 2009; Lewis et al., 2008) nor are they in 
parasocial relations (i.e., imagined/unreal relations; 
see Elvery, 2024; Hua & Xiao, 2023). Rather, gamers 
engage in variably social relationships with their on-
screen avatars, inclusive of asocial, merged-monadic, 
and dyadic social relationships (Banks, 2015). As 
noted by Sherry and colleagues (2012), gamers also 
engage their controlled avatars for myriad reasons, 
inclusive of performance but also for escapist, self-
expressive, and social reasons. In other words, and 

despite players being the ones with their “hands on the 
controls” and ostensibly fully in charge of the avatar, 
players have complex and sometimes avatar-directed 
relations with them. For example, some play in ways 
that allow the avatars to achieve goals that players 
think the avatar has—either as a function of the game 
narrative or the gamer’s idiosyncratic story about how 
the character lives in the storyworld.  

Player-avatar relations emerge from players’ 
subjective, interactive experiences; those interaction 
perceptions help to explain a player’s more general 
orientation toward the avatar—seeing it as a functional 
Object, an extension of themselves (or Me), as a 
Symbiote or co-producer of play, or as a separate, 
authentic social Other. These orientations are referred 
to here as a relational type (from PAR types; see 
Banks, 2015). A model of the player-avatar interaction 
(PAX) dimensions underlying those types was 
validated (Banks & Bowman, 2016; Banks et al., 
2019). Summarized, those subjective interaction 
dynamics are: 

 Relational closeness: A sense of emotional 
attachment to and connection with the avatar. 

 Anthropomorphic autonomy: Seeing the 
avatar as existing on its own in a human-like 
fashion. 

 Critical concern: Caring for the avatar’s 
consistent and coherent positionality in its 
social and physical environment. 

 Sense of control: Feeling functional 
governance over the avatar and its actions. 

In all, the first two dimensions represent more 
social considerations (feeling a socioemotional 
connection and seeing it as a legitimate social agent) 
and the latter two consider more functional dynamics 
(concern for normative operation and maintenance of 
the operator’s agency). Relevant to the current study, 
Bowman and Banks (2024) proposed this model as an 
appropriate framework for understanding robot-
teleoperator interactions, noting that the underlying 
mechanisms are not so much about the video game-
based avatar itself, but more about the extent to which 
users are operating another entity (in-game avatar or 
embodied robot) at a social and functional distance. 
The current study is a formal test of that proposal. 

1.3. Current study 

The current study’s overarching aim is to test the 
proposed Teleoperator/Avatar-Robot Interaction 
(TARX) model (Bowman & Banks, 2024). We did so 
by testing the TARX scale’s hypothesized factor 
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structure. We anticipated: (H1) The factor structure of 
the TARX scale will reflect four a priori dimensions: 
Relational closeness, anthropomorphic autonomy, 
critical concern, and sense of control.  

Assuming the factor structure would be 
supported, it was prudent to test dimensions’ 
convergent validity—the extent to which measured 
values corresponded with those of related concepts. 
First, we relied on the game avatar-based model (PAR 
and PAX) to structure predictions about the 
relationship between the relational types (Object, Me, 
Symbiote Other) and the interaction dynamics (TARX 
dimensions). Based on findings in Banks et al (2019), 
we predicted: (H2a) Relational closeness will be 
lowest for those indicating the robot is a mere Object. 
(H2b) Anthropomorphic autonomy will be highest for 
those indicating they see the robot as a Symbiote or 
distinct social Other. (H2c) Critical concern will be 
highest for those indicating the robot is a mere Object. 
Finally, (H2d) Sense of control will be highest for 
those indicating the robot is “Me” (i.e., a self-
extension). 

Relatedly, we anticipated an association between 
TARX dimensions and the notion of including the 
other in the self (IOS; Aron et al., 1992)—a feeling of 
social-psychological closeness in which some other 
person/thing is seen as materially overlapping with 
oneself. Because IOS is an interpersonal phenomenon 
that involves seeing the other in some sense 
overlapping with the self—and potentially as 
integrated with the self—we anticipated (H3a) 
relational closeness, anthropomorphic autonomy, and 
sense of control will be positively correlated with 
inclusion of the other in the self. However, since IOS 
does not consider contextual factors and some 
elements of concern could disrupt perceived self/other 
convergence, (H3b) critical concern will be negatively 
correlated or uncorrelated with IOS. 

Finally, toward evaluating predictive validity, we 
examined TARX dimensions’ utility in predicting how 
demanding the control experience is. We drew from a 
TLX-adjacent model developed for interactive media, 
focusing on perceived cognitive, emotional, physical, 
and social demands of interactions (Bowman, 2018; 
2021). In addition to the mental and effort demands of 
TLX (operationalized as cognitive and exertional 
demands), this demand model also considers the 
social, emotional, and controller-specific demands that 
are likely important to robot teleoperation, especially 
in multi-agent contexts. We predicted: Because close 
relatedness requires social and emotional effort,  
(H4a) relational closeness will be positively correlated 
with social and emotional demands. Because seeing a 
robot as a someone (rather than merely a something) 
provokes the same sense of being-with as do other 

social agents, (H4b) anthropomorphic autonomy will 
be positively correlated with social demands. 
Evaluating how a robot fits into its environment 
requires attention to details of both its behavior and it’s 
context, (H4c) critical concern will be positively 
correlated with cognitive demand. Finally, if a 
teleoperator is in control they are not overtaxed, so 
(H4d) sense of control will be negatively correlated 
with cognitive and physical demands. 

2. Method 

To address these hypotheses, we conducted a lab 
study in which novice users remotely controlled a 
robotic arm through various events and reported on the 
experience. All measures, study data, and analysis 
code are available at: https://osf.io/6zj34/. 

2.1. Participants and Procedure 

Participants were recruited from a participant pool 
populated with students taking courses in two schools 
at a northeastern U.S. university: One is highly 
international and courses focus on technology and data 
science, and the other is home primarily to domestic 
students and courses focus more on creative and 
humanistic studies. Participation invitations were 
posted to the pool platform and participants opted in to 
the 45-minute study and earned course credit upon 
completing the procedure. After filtering data to 
remove sessions with major technical difficulties and 
distracted participants, the initial response set of 160 
was distilled to a final sample of N = 141 participants. 
This sample size is sufficiently robust for confirmatory 
factor analysis key to H1 (see Wolf et al, 2015). 
Participants’ average age was M = 20.76 years (SD = 
4.99) ranging from 18 to 62, and in responding to an 
open-ended question, n = 78 (55%) self-reported as 
female, n = 51 (43%) male, and two (1%) as non-
binary; not all participants reported all demographic 
data. Participants’ academic majors represented 
degree programs from eight of the institution’s 11 
schools and colleges.  

On arrival at the lab, participants were welcomed 
and informed-consent documentation was reviewed 
and affirmed. They received instructions for operating 
the robot and completed a camera-control calibration 
process before a brief practice session to familiarize 
themselves with the controls. The environment 
comprised a single room divided by a large black 
screen, with participant and robot on opposite sides. 

They then completed a guided teleoperation task 
incorporating scale dimension-relevant elements: 
Sorting colored silicone balls into bins (functional 
element), signing names on paper (self-expressive), 
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and shaking hands with the researcher (social). 
Following the procedure, they completed a browser-
based survey comprising an open-ended description of 
the experience and the 15-item TARX scale. The 
survey then presented initial construct-validation 
measures: Single items for heuristic operator-avatar 
relationship type (me, object, symbiote, other; based 
on Banks, 2015), perceived overlap between robot and 
operator (based on the IOS; Aron et al., 1992), and 
perceived demands. Finally, they completed items 
capturing past experience with robots, demographics, 
and gave open comments. After the survey was 
complete, participants were thanked and excused. 

2.2. Measures 

As part of the procedure above, participants 
completed several self-report measures.  

Teleoperation interaction variables were 
captured using the 15-item TARX scale as proposed 
by Bowman and Banks (2024; see Table 1), with four 
dimensions: Relational closeness, anthropomorphic 
autonomy, critical concern, sense of control. They 
were presented as 7-point Likert-style statements from 
strongly disagree (1) to strongly agree (7). See Table 
1 for scale items, and Table 2 for descriptives 
(presented as part of our core test of H1). 

Teleoperator-avatar relational type was 
measured using a single-item categorical measure; n = 
59 indicated an Object relation, 17 a Me relation, 37 a 
Symbiote, and 29 an Other. A one-way chi-square test 
revealed a significant difference in these distributions, 
χ2(3) = 27.0, p < .001, with Object overrepresented 
(residual = 4.61) and Me underrepresented (-3.54), and 
Symbiote (0.34) and Other (-1.41) occurring within an 
expected range of frequency.   

Self-robot convergence was measured using an 
adaptation of the 7-point graphic measure Inclusion of 
the Other in the Self (Aron et al., 1992). A single item 
presented completely separate circles (1) that 
increasingly overlap as Venn diagrams until the circles 
are nearly converged (7), representing the degree to 
which the robot was seen as convergent with oneself. 
Participants reported an overall low level of 
convergence, M = 2.37 (SD = 1.66) that was normally 
distributed (skewness = 0.45, kurtosis = 0.48). 

Perceived demand was measured via the 
perceived video game demand scale (Bowman et al., 
2018); they were adapted by replacing ‘the game’ with 
‘the task’ and referring to robot controls instead of 
game controls. This approach is appropriate because 
the scale is argued to be applicable to any interactive 
media experience. Seven items measured perceived 
cognitive demand (ω = .84, M = 3.75, SD = 1.18), five 
for emotional demand (ω = .83, M = 2.48, SD = 1.26), 
four for controller demand (ω = .79, M = 4.95, SD = 
1.16), four for exertional demand (ω = .89, M = 3.03, 
SD = 1.52), and six for social demand (ω = .77, M = 
2.83, SD = 1.13). 

Participants were also asked, through open-ended 
elicitations, to describe their experience as if 
recounting it to a friend and to offer any other salient 
comments. 

2.3. Stimulus Avatar Robot 

The stimulus robot (Figure 1) was a novel humanoid 
robotic arm and hand, 3D printed from PETG filament 
and powered by a 5000mAh NiMH battery. The 
robotic arm and hand comprised eight servo motors, 
individually assigned to articulate each finger, control 
wrist movements, and enable lateral and longitudinal 
maneuverability of the arm. To achieve realistic and 

Figure 1. Stimulus system elements: Movement capture system in calibration mode (left) and robotic 
arm/hand after completing the ball-sorting task (right). 
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smooth finger flexion, the design used a tendon-driven 
mechanism: Strings connected to the fingertips route 
through a pulley system housed in the forearm, each 
controlled by a dedicated servo. Springs integrated 
into finger joints create responsive finger extension. A 
Raspberry Pi 5 processed a computer-vision system 
using the MediaPipe library. This system captured 
users’ hand movements by webcam, calculated finger 
joint vectors, and translated them into servo signals. 
This allowed for near-real time replication of user 
hand movements with the teleoperated robot. 

3. Results 

Study results are presented in two parts, first 
testing the factor structure of the proposed TARX 
scale and then by testing hypotheses supporting the 
construct validity of TARX dimensions. 

3.1. TARX Confirmatory Factor Analysis 
(H1) 

The proposed 15-item TARX scale was subjected 
to confirmatory factor analysis using CFA() function 
in the lavaan package in R (Rosseel, 2012), specifying 
four items for relational closeness, four for 
anthropomorphic autonomy, three for critical concern, 
and five for sense of control. A priori fit indices 
followed the global fit reporting recommendations of 
Bowman & Goodboy (2020), including a standardized 
root mean square error (SRMR), root mean square 
error of approximation (RMSEA), and a comparative 
fit index (CFI). Debates over the cutoff values for 
these numbers vary, but (a) as estimates based on 
residuals (i.e., errors), SRMR and RMSEA should be 
very small (approaching .00) and (b) as an estimate 

based on fit improvement of the tested over a baseline 
model, CFI should be quite large (approaching 1.00). 
We set criteria as SRMR and RMSEA ≤ .08 and CFI 
≥ .90. We also considered local fit indices by 
inspecting correlation residuals, considering any 
correlation residuals between items on the same factor 
≥ |.10| as potential sources of model misfit; we 
required items to have a primary factor loading ≥ .600.  

CFA found the observed data fit the a priori 
specified TARX model, χ2(84) = 139.03, p < .001, CFI 
= .937, RMSEA = .068 (.047, .088), SRMR = .072. 
Table 1 reports factor loadings for all items. Although 
global fit is robust, closer inspection of local fit did 
reveal potential patterns of misfit. Two items had less-
than-ideal primary factor loadings: “It was important 
to check for inconsistencies in the robot’s 
environment” for critical concern and “I affected the 
robot directly” for sense of control. However, closer 
inspection of correlated residuals within latent factors 
revealed no concerning patterns (complete CFA 
results are included in the online supplements). 
Ultimately, we conclude the observed data fit the 
proposed model; H1 is supported. 

With the TARX factor structure confirmed, we 
next evaluated internal consistency using McDonald’s 
ω and reported descriptive statistics and distributions, 
including observations about normality (Table 2). 
Although variables did not exhibit any problematic 
skewness or kurtosis, observed means were 
significantly below the scale neutral point for 
relational closeness, t(140) = -9.57, p < .001, Cohen’s 
d = -.81, and anthropomorphic autonomy, t(140) = -
21.58, p < .001, Cohen’s d = -1.82. They were 
significantly higher for critical concern, t(140) = -9.11, 
p < .001, Cohen’s d = .77, and sense of control, t(140) 
= 13.21, p < .001, Cohen’s d = 1.12. These patterns 
suggest, overall, participants had rather low feelings of 

Table 1. Factor loadings of 15-item TARX. 
Items  RC AA CC SoC 
I felt very close to the robot. .867 - - - 
I was emotionally invested in the robot. .683 - - - 
I had a meaningful connection with the robot. .856 - - - 
The robot and I had a close relationship. .835 - - - 
The robot had its own thoughts and ideas. - .812 - - 
The robot had its own feelings. - .791 - - 
The robot was autonomous and acted on its own. - .706 - - 
The robot had its own sense of right and wrong. - .716 - - 
I paid attention to errors or contradictions in the robot’s environment. - - .837 - 
It was important to check for inconsistencies in the robot’s environment. - - .527 - 
I concentrated on inconsistencies in the robot’s environment. - - .696 - 
The robot responded to my inputs as I expected. - - - .600 
My commands had a visible impact on the robot’s actions. - - - .694 
I affected the robot directly. - - - .486 
I was in charge of what the robot did.  - - - .882 

Note: RC = relational closeness, AA = anthropomorphic autonomy, CC = critical concern, SoC = sense of control.  

Page 648



relational closeness and especially low perceptions of 
the robot’s anthropomorphic autonomy, but rather 
high feelings of critical concern and especially high 
sense of control.   
 

Table 2. Descriptive statistics and internal 
consistency of TARX dimensions. 

 M SD skew kurtosis ω 
Relational 
Closeness 

2.75 1.55 .65 -.80 .88 

Anthro. 
Autonomy 

2.00 1.10 1.16 .62 .84 

Critical 
Concern 

4.92 1.20 -.31 -.42 .74 

Sense of 
Control 

5.14 1.02 -.47 .12 .77 

3.2. Convergent and predictive validity 

To evaluate convergent and predictive validity of 
TARX dimensions, we examined relationships 
between that scale’s dimensions and the theoretically 
related perceptions of relationship types, interactive 
demands, and convergence of the robot and the self.  
 
3.2.1. TARX × relationship type (H2a-d). We 
predicted differences in TARX dimensions across the 
four relationship types in the original player-avatar 
relations model (Banks, 2015): Machine as Object, 
‘Me,’ Symbiote, or Other. We conducted separate one-
way analysis of variance (ANOVA) for each TARX 
dimension, comparing across the types, using the lm() 
function in R. These analyses are interpreted with 
caution, given variance in group sizes; some means 
(i.e., from larger groups) are more robust estimations 
of underlying within-group variance than are others.  

Analyses revealed three TARX dimension scores 
were different across relationship types: Relational 
closeness, F(3,137) = 22.4, p < .001, η2 = .33; 
anthropomorphic autonomy, F(3,137) = 5.43, p = 
.001, η2 = .11, and critical concern, F(3,137) = 3.98, p 
= .009, η2 = .08. Post-hoc pairwise comparisons using 
Tukey adjustments found: Relational closeness was 
lowest for Object relations, supporting H2a; 
anthropomorphic autonomy was highest for Symbiote 
and Other relations (as predicted), though scores were 
not significantly higher than for Me relations, which 
partially supports H2b; critical concern was lowest for 
Object and highest for Me relations (with others 
falling between), rejecting H2c. Notably, sense of 
control did differ at the omnibus level, F(3,137) = 
2.83, p = .041, η2 = .06, but that effect dissipated when 
correcting for multiple comparisons. Means trended 
toward our prediction (highest scores for Me 
relations), but H2d could not be confirmed since 
scores were somewhat high for all four categories 

(Table 3). Overall, these data support the notion that 
relational closeness is lowest for the more utilitarian 
Object relations due to the rather large overall effect 
(33% of variance explained) overpowering variance in 
sample size across groups. The other tests were more 
difficult due to natural (i.e. quasi-experimental) 
variation in relational group sizes, which complicates 
our ability to make categorical comparisons (as mean 
scores from less-frequent categories are imprecise).  

 
Table 3. Estimated marginal means of TARX 

dimensions as a function of PAR types 
 Object Me Symbiote Other 
Relational 
Closeness 

1.87a 
(.167) 

3.18b,c 
(.311) 

4.04c 
(.211) 

2.64b 
(.243) 

Anthro. 
Autonomy 

1.61a 
(.137) 

1.99a,b 
(.255) 

2.43b 
(.173) 

2.29b 
(.198) 

Critical 
Concern 

4.63a 
(.152) 

5.59b 
(.283) 

5.21a,b 
(.192) 

4.77a,b 
(.211) 

Sense of 
Control 

5.00a 
(.130) 

5.51a 
(.242) 

5.40a 
(.164) 

4.84a 
(.189) 

Numbers in parentheses are standard errors of estimated marginal 
means. Subscripts indicate means that differ at p < .05 level or 
greater, using Tukey’s adjustments for multiple comparisons.  
 
3.2.2. TARX × robot/self convergence (H3a-b). We 
predicted correspondence between TARX dimensions 
and degree of including the other (i.e., the robot) in the 
self. Multiple regression was performed again using 
the lm() function in R, regressing IOS scores (DV) on 
each of the four TARX dimensions (IV). The overall 
model was statistically significant, F(4,136) = 7.68, p 
< .001, adjusted R2 = .160. Relational closeness (β = 
.304, p = .001) and sense of control (β = .238, p = .005) 
were both positive predictors of IOS, partially 
supporting H3a (since anthropomorphic autonomy had 
a negative-but-nonsignificant association, β = -.103, p 
= .249). Critical concern had a negligible and 
nonsignificant effect, β = .070, p = .394, rejecting H3b.  
 
3.2.3. TARX × perceived demand (H4a-d). Finally, 
we predicted correspondence between TARX 
dimensions and perceived demands of the interactive 
experience. To test those predictions, we used the 
sem() function the lavaan package in R (Rosseel, 
2012) for a multivariate multiple regression, noting 
that ours was not a model test (i.e., there are no paths 
to estimate) but rather examining patterns of 
association among measures; as such, model fit 
indices are inapplicable (since model fit would be 
perfect by definition; see Kline, 2016). Coefficients 
are in Table 4, and the complete output is available in 
the online supplements.  
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Table 4. Regression weights of perceived demand 
scores on TARX dimensions. 

 Cog Emot Cont Exert Soc 
Relational 
Closeness 

.141* .548**
* 

-.232*** .328** .217* 

Anthro. 
Autonomy 

-.021 
 

.090 
 

-.054 
 

.036 
 

.040 
 

Critical 
Concern 

.149 
 

.165** .014 .102 
 

.065 
 

Sense of 
Control 

-.210* -.237** -.434** -.335** -.106 
 

Coefficients above are standardized (β) and asterisks represent 
significance level (*> .05, **> .01, *** > .001), bolded for ease of 
interpretation. Demand notation: Cog = cognitive, Emot = 
emotional, Cont = controller, Exert = exertional, Soc = social.  
 

Regarding relational closeness, we saw the 
expected positive associations with both emotional (β 
= .548) and social demands (β = .217), supporting H4a. 
Notably, relational closeness was significantly 
associated with every demand dimension; see discuss 
for notes on this pattern. Regarding anthropomorphic 
autonomy, there were no signification relationships 
with any perceived demand dimension, rejecting H4b. 
Critical concern was associated with emotional 
demand (β = .165) but not cognitive demand (β = 
.149), rejecting H4c. For sense of control, our 
predictions were supported—as teleoperators felt 
more in control of the robotic arm, they had lowered 
perceptions of cognitive (β = -.210), controller (β = -
.434), and exertional demands (β = -.335), supporting 
H4d. 

4. Discussion  

This scale validation study found the TARX 
model (Bowman & Banks, 2024) was supported for a 
group of novice teleoperators controlling a robotic arm 
in a task with functional, social, and identity-related 
elements. Specifically, subjective relational closeness 
with the robot, construal of its anthropomorphic 
autonomy, critical concern for the robot’s situatedness 
in the remote environment, and a sense of control over 
it are distinct factors of teleoperation experience.  

4.1.  Potential Impacts of Experience Novelty 

We found robust support for the factor structure 
of the TARX model, but mixed support for convergent 
and predictive validity of that model’s underlying 
dimensions. We do not interpret these findings to 
suggest the model is invalid, but instead that future 
research must consider cognitive, motivational, and 
temporal variables as part of operator experiences. In 
particular, our past work (redacted) suggests we 
cannot induce a relational orientation with a machine; 
instead it must evolve over time. Further, temporal 

factors are a natural part of longer-term teleoperation 
experiences such that the relation likely changes over 
time, and these warrant further consideration. 

Broadly, we observed support or partial support 
for predictions around relational closeness and sense 
of control, which may be characterized as the more 
cognitively heuristic and accessible assessments of the 
robot’s contribution of feeling relatedness, autonomy, 
and competence (see Deci & Ryan, 1985). 
Unsupported predictions linked to the more complex 
notions of anthropomorphic autonomy and critical 
concern for the remote robot’s fit into the environment 
may require more elaborative thinking; slow, 
purposeful thinking is known to override intuitive 
forms of anthropomorphization (e.g., Złotowski et al., 
2018). The PAX model was grounded in degrees of 
self-differentiation, or how much the controlled 
machine is an ‘Other’ (Banks, 2015). Much of that 
variation depends on use motivations linked to seeing 
the avatar as a social agent; the current study design 
likely fostered a more utilitarian (and less social) 
frame for the robot because there was no opportunity 
for personalization (as is common to videogame 
avatars) or for developing familiarity over time. 

Deviations from other predictions can be easily 
explained by the source PAX model’s focus on 
customized game avatars used over longer periods 
time, while the stimulus teleoperation experience was 
decidedly novel and non-personalized. We anticipated 
critical concern would be highest for Object relations, 
given that high-performing gamers tend to focus on 
precision performance in relation to the avatar’s 
environment; but that still requires a level of 
familiarity and investment that was likely limited in 
this single-instance use. We also predicted critical 
concern for contextual factors would be dissociated 
from ego-focused IOS, but here IOS scores were low 
overall (most in the 1-4 range) such that there was little 
variation to detect. Finally, we hypothesized critical 
concern would be positively associated with high 
cognitive demand, but it is likely that the unfamiliar 
task with unfamiliar machine may have required users 
to mentally focus on those elements instead of the 
environment. In short, the predicted variable 
associations could still manifest in an extended period 
of use when greater familiarity with the robot, task, 
and environment could emerge. 

In addition to evaluating longitudinal dynamics, 
future work should consider the role of personalization 
or customization of avatar robots, as it could promote 
perceived self-relevance and psychological ownership 
that fosters careful use and maintenance (see Baxter et 
al., 2015) and that has implications for how operators 
see a robot as independently agentic and morally 
responsible or not (see Danaher & Nyholm, 2025). 
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4.2. Notes on Closeness, Emotion, Sociality 

Among the observed patterns in TARX 
dimensions, one dimension behaved most as expected: 
Relational closeness (a four-item measure comprising 
feelings of closeness, emotional investment, and 
meaningful connection) was the most internally 
consistent factor, most differentiated across 
relationship types, was positively linked with self-
robot convergence, and was significantly associated 
with all perceived demands. On the latter point, it was 
positively correlated with cognitive, emotional, and 
social demands and negatively predictive of the 
controller and exertional forms of physical demand. 
The link between relational closeness and emotional 
demand was the strongest variable association 
observed in this study; emotional demand was 
incidentally correspondent with three of four TARX 
dimensions. 

We highlight this pattern because it suggests a 
common reliance on NASA-TLX for measuring 
subjective teleoperation experiences may mean 
important socioemotional factors are being 
overlooked. TLX addresses mental, physical, 
temporal, performance, and effort demands as well as 
a narrowly focused frustration item. Moreover, 
although not a focus of the primary analysis, a 
heuristic review of open-ended feedback that 
participants provided at the close of the study 
indicated they did feel frustration but they also 
expressed feeling excitement, happiness, amazement, 
shock, comfort, embarrassment, surprise, happiness, 
curiosity, confusion, uncertainty, anxiety, and 
disappointment. They also assessed the experience 
using various affectively valenced terms like fun, cool, 
remarkable, impressive, pleasant, meaningful, surreal, 
weird, freaky “in a semi-good way.” Often there were 
juxtapositions of positive and negative affect, as with 
“exciting and frustrating all at the same time” and “out 
of my comfort zone but really cool!” 

Participants’ open-ended comments also 
anecdotally suggest socioemotional construals were 
central to how some people viewed their relation to the 
robot. For some, there were entanglements of 
utilitarian aims and implicit ascriptions of agency: “the 
robot hand didn't cooperate as much as I would've 
liked” and “it was fun to try to control something that 
usual[ly] does the controlling.” For others, there were 
complexities in self/robot convergence or extension: 
“I would describe this experience as an out of body 
experience... my body's senses transcended my 
physical form and controlled a robot.” And in another 
vein, there were (in line with Other-type relations; 
Banks, 2015), empathetic orientations toward the 
robot: “I felt like it was a part of me in a way, and I 

had a lot of sympathy for it when it was struggling, like 
a friend… That feels weird but also kind of magical.” 
There were also concerns for other social actors in the 
remote robot’s space, as when one described the 
handshake activity as “scary, because I have no idea 
of how [much] force the arm can output” and they 
might cause harm. These notes considered, we 
interpret both quantitative and qualitative data to 
signal a need to better understand how 
socioemotionality and more-than-functional 
relatedness are key to teleoperation experiences—
perhaps on par with issues of cognitive, physical, and 
performance dimensions. Future research should work 
to disentangle the difference in or convergence of 
positive and negative emotions, the triggers for 
emotional reactions, and how intersecting emotions 
unfold. Further, the complexities of remote social 
environments deserve attention, perhaps also drawing 
from work on avatar-mediated interactions in 
gamespaces; for instance, PAR/PAX-grounded 
research indicates avatar-mediated interaction 
constitute a tetradic (rather than dyadic) relational 
matrix because human participants construe four 
distinct agents in that interaction (Banks & Carr, 
2019). Open data also suggest social activities (here, 
shaking hands) may carry distinct considerations in 
teleoperation experiences, including concern for the 
impact of robot behavior on others and concern for 
mediated self-presentation. In future studies involving 
remote environments with other social actors, it may 
be prudent to incorporate social activities to more fully 
consider those experiences. 

4.3. Limitations and Future Research 

This study is subject to a number of limitations 
customary to lab-based experiments and early-stage 
work. We engaged a college-aged population in a 
novel and narrow task, with a single robot of a 
particular design. Future work should consider the 
experiences of operators of different backgrounds and 
psychographics may relate to robots of different 
designs, including those more mechanomorphic, 
zoomorphic, or perhaps more anthropomorphic (i.e., 
whole body) in design. Importantly, future work 
should consider the dynamics of TARX over time as 
novelty wears off and familiarity and other emotions 
may form. Indeed, novelty effects continue to be a 
challenge in human-robot interaction research more 
broadly (see Matheus et al., 2025) but in the study of 
human-machine relationality novelty may be best 
considered but one part of the relation that evolves 
over time (see Knapp, 1978). This study also used a 
task with social and functional tasks such the influence 
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of elements on TARX measures cannot be parsed; 
future work should consider potential task influences. 

Participants also experienced several systematic 
and idiosyncratic technical issues with the robot 
system, including feelings of disorientation, 
challenges with lag, moving hands outside of the 
webcam frame causing a loss of connection, and 
having tired arms. Future work should consider how 
naturally occurring glitches, errors, breakage, user 
error, and user fatigue may impact the operator-robot 
relation, as well as considering the influence of 
technological differences like variations in webcam 
resolution and signal latency. 

These limitations acknowledged, we interpret this 
study’s findings as initial evidence of the validity and 
utility of the TARX model—evidence that warrants 
the further testing and exploration of how functional 
and socioemotional human-robot relations are 
experienced in teleoperation contexts. We encourage 
consideration for how context may influence relational 
dynamics, including the applied or social context; e.g., 
how might teleoperation relations differ across 
industrial, rescue, exploration, or perhaps 
entertainment domains? How might the stakes of 
teleoperation activities play into relational investments 
or orientations; e.g., is TARX impacted when there are 
consequences for failure at the mediated task? And 
how do operator qualities come into play; e.g., in what 
ways might curiosity, openness to experience, 
technophobia, spatial rotation abilities, or technical 
knowledge be entangled with relationality? 

5. Conclusion 

In canonical teleoperation scholarship, Minsky 
(1980) emphasized the importance of achieving the 
feeling of “being there” (para. 21). Here, we have 
offered evidence of the additional importance of being 
with—varied senses of being related to the operated 
robot as a thing or as a being, as well as senses of being 
related to others in the remote environment. 
Considering calls to solve the continuing problem of 
unintuitive control interfaces through human-centered 
approaches (Rea & Seo, 2022), we can interpret 
“human-centered” through the lens of our inherent 
need for relatedness (Deci & Ryan, 1985) and 
tendency to humanize even inert things. In other 
words, teleoperation challenges may be addressed by 
considering it to be experienced across a spectrum of 
functional-social relations.  
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