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Dynamics of Mental Models:
Objective vs. Subjective User Understanding of a

Robot in the Wild
Ferran Gebellı́1, Anaı́s Garell2, Séverin Lemaignan1 and Raquel Ros3

Abstract—In Human-Robot Interaction research, assessing
how humans understand the robots they interact with is crucial,
particularly when studying the impact of explainability and
transparency. Some studies evaluate objective understanding by
analysing the accuracy of users’ mental models, while others
rely on perceived, self-reported levels of subjective understanding.
We hypothesise that both dimensions of understanding may
diverge, thus being complementary methods to assess the effects
of explainability on users. In our study, we track the weekly
progression of the users’ understanding of an autonomous robot
operating in a healthcare centre over five weeks. Our results
reveal a notable mismatch between objective and subjective
understanding. In areas where participants lacked sufficient
information, the perception of understanding, i.e. subjective
understanding, raised with increased contact with the system
while their actual understanding, objective understanding, did
not. We attribute these results to inaccurate mental models that
persist due to limited feedback from the system. Future research
should clarify how both objective and subjective dimensions
of understanding can be influenced by explainability measures,
and how these two dimensions of understanding affect other
desiderata such as trust or usability.

Index Terms—Social HRI, Long term Interaction, Human-
Centered Robotics

I. INTRODUCTION

ONE of the main goals of designing explainable robots
is to improve the understanding of users about the

robots’ decisions and behaviours. In turn, this will contribute to
achieving other desiderata, such as raising users’ satisfaction,
usability or trust when interacting with these robots [1], [2].

In the Human-Robot Interaction (HRI) field, the Theory of
Mind (ToM) approach assumes that users build an internal
Mental Model (MM) about the robot, which helps them to pre-
dict the robot’s decisions and behaviour [3]. The evaluation of
the user’s understanding of the robot is often done by analysing
those mental models [4]. The literature review on human-
centred eXplainable AI (XAI) [5] identifies two types of
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Fig. 1. Evaluation of understanding with part of the nursing staff right after
the tutorial session and before any usage of the system.

understanding that can be evaluated. Objective understanding
is the actual comprehension of the system, usually measured
as the accuracy of the user’s mental model of the system in a
proxy task. Subjective understanding is the user-perceived and
self-rated level of understanding, considered as the confidence
that users have about their objective understanding, and is
usually measured through questionnaires. Most of the previous
XAI works assess either objective or subjective understanding,
but not both [5], sometimes using subjective understanding as
a replacement for objective understanding [2]. However, pre-
vious literature has not yet explored the relationship between
the two types of understanding in HRI, which is a gap that
we address in this work. We believe that both metrics should
be analysed separately, since other desiderata, such as trust,
usability or performance, might be affected differently by each
type of understanding.

Analysing the evolution through time of objective and
subjective understanding requires multiple engagements over
extended periods with the same users [6]. However, the
evaluation of understanding is typically conducted after very
short-term interactions with the robot, which often overlooks
the novelty effect adequately [7]. Those study settings are
not realistic, being often in-lab experiments [8]. Although the
dynamics of mental models over time have been studied in
XAI, e.g. with recommender systems [9], up to the authors’
knowledge, long-term studies of user understanding in the wild
have not been addressed in HRI.

In this work, we conduct a user study (Fig. 1) where a robot
is deployed in the wild for 5 weeks in the geriatric unit of an
intermediate care centre. The robot assists the nursing staff
in identifying potentially hazardous situations for patients. We
address two research questions:
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� RQ1: What is the relationship betweenobjective and
subjectiveunderstanding?

� RQ2: How does the user's understanding of an au-
tonomous robot in the wild evolve with increased ex-
posure and interaction?

This work is organised as follows. Sec. 2 reviews the related
work. Sec. 3 details the study design, and Sec. 4 presents the
results. A discussion of the outcomes is presented in Sec. 5.
Finally, Sec. 6 concludes the paper.

II. RELATED WORK

In this section, we will �rst review why understanding is
a key aspect of measuring the effects of explainability. Then,
we survey objective and subjective understanding assessments,
and the evaluation of understanding's dynamics over time.

A. Explainability and understanding

The review work on XAI metrics [4] proposes three stages
in XAI evaluation: (1) an assessment of the explanation
goodness and user satisfaction, (2) a test of comprehension
(or understanding) which measures the mental model and (3)
the measuremnt of other metrics like performance or trust
which are affected by understanding. Later, the work in [1]
further generalises this process, stating that the primary goal of
explainability is facilitating understanding, which in turn will
affect other desiderata such as trust, performance, usability or
satisfaction.

The review works in XAI [2], [5], and in eXplainable HRI
(XHRI) [10] also acknowledge the major role of understand-
ing. In the next subsection, we explore how understanding has
been measured, together with current limitations.

B. Objective understanding

Mental models, which have their origins in psychology
research, are internal representations that people use to un-
derstand, explain and predict the real world [11], [12]. Mental
models have been used to model shared understanding between
users [13], [14], to design intelligent systems [9], [15], and to
design [3], [16] and evaluate [2], [4], [10] XHRI.

The obtained mental models are usually analysed by com-
paring them with the true decision-making and behaviour of
the system [4], [10]. By assessing the accuracy of the users'
mental models, objective understanding can be measured. A
key aspect in evaluating objective understanding is choosing
an appropriate proxy task. According to [17], the selected task
should “maintain the essence of the target application”. One of
the most widely recognised proxy tasks is forward simulation
[17], [18], which involves requiring participants to simulate or
predict what the system would do.

C. Subjective understanding

In other cases, the perceived, subjective understanding, has
been used as a way to estimate objective understanding.
However, it has been argued that subjective understanding
might not re�ect objective understanding, since participants

might have unjusti�ed beliefs [2]. Research in social sciences
evidences that people tend to have a wrong perception of their
understanding [19]. Some user studies have supported the idea
that the subjective level of understanding is initially high but
gradually declines as time progresses [20], [21], while other
works [9] report the opposite, i.e. that subjective understanding
begins at a lower level and then increases over time.

D. Objective vs subjective understanding

Some works have measured both objective and subjective
understanding, but they have not included its comparison as
a major research question. For example, [22] measures them
jointly with 7 other metrics, such as cognitive load, trust,
or explanation preference. Despite the noteworthy differences
between the two understanding metrics, such distinction is
not properly addressed, and the metrics are merely used as
complementary ways to measure the signi�cance under test
conditions.

This pattern is present in many other works [23], [9],
[24], [25]. Only [25] presents a short comparison of both
understanding metrics, but it is solely a sentence stating that
“participants tend to overestimate their understandability [...]
the relationship between subjective and objective understand-
ability is an interesting topic for future work”.

Other works have compared objective and subjective metrics
which are related to explainability, but do not explicitly
measure understanding. For example, in terms of subjective
metrics, in [26] the participants rate how satis�ed users are
with explanations, while [27] de�nes a set of questions to mea-
sure not only understandability but “explainability” as a whole,
including the “simulatability, transparency, and usability” of
the explanations. Then, [28] includes the same “explainability”
subjective metric from [27] while introducing an explicit self-
reported subjective understanding as a secondary outcome,
which con�rms that the subjective metric from [27] does
not exclusively map to understanding. Nevertheless, results
are mixed: in [27], there is a positive correlation between
the two types of metrics, while in [28], the relation is, on
average, negative, with different results across user groups with
different expertise.

In this work, we explicitly focus on the relation between
objective and subjective understanding while investigating its
dynamics, as we review in the next subsection.

E. Dynamics of understanding over time

Some works have studied the progression of understanding
over time for users of XAI non-embodied intelligent systems
[9], [15], [29].

It has been argued that mental models are relatively per-
sistent over time [9], [15], that is, people tend to adhere
to their initial beliefs and explainability measures cannot
always modify them. However, these works concede that the
information provided was probably too short and basic, and
that other types of explainability measures might lead to other
results. The work in [9] reports that receiving extra information
correlates with a higher understanding, but in [15], [30] this
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