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ABSTRACT

Mode awareness is a complex psychological construct concerning the awareness of
the currently active mode in an entire multi-mode system such as vehicles equipped
with driving automation systems. The article aims to stimulate scientific discussion
around the test quality of mode awareness assessment related to driving automation.
Often, behavioral metrics are examined to draw conclusions on drivers’ understanding
of the driving automation system and its status. Here, behavior deemed adequate for
the active driving mode is subsequently attributed to mode awareness, while mode
inadequate behavior is attributed to mode confusion. Besides cognitive representation
of information, other influencing variables can contribute to the observed behavior.
Considering basic psychological processes of information processing and action
selection, the authors highlight how alternative explanations for observed behavior
emerge. The authors advocate following recent approaches of combining metrics to
capture human-machine-interactions holistically and draw more reliable conclusions
while ruling out alternative explanations.

Keywords: Mode confusion, Mode error, Assessment of latent variables, Human-factor
research, Human-machine-interaction, Action selection, Multi-mode driving, Mode switching

INTRODUCTION

Human factors researchers have considered the concept of mode awareness
in multiple contexts before similar research in the automated driving context
arose. For instance, in aviation, switching between autopilot-modes and
manual modes for operating an aircraft has long been investigated to identify
weaknesses in safety systems. Researchers have developed cognitive and
computational models, measured pilots’ behaviors to identify challenges
when switching between modes of operation and came up with solutions
to avoid resulting hazardous situations (e.g. Björklund et al., 2006; Borst
et al., 2014; Kaber & Kim, 2011; Sivaramakrishnan et al., 2019). In less
momentous fields, such as use of text editors, “mode awareness” plays a role
when switching between modes of keying especially when keys serve multiple
functions. Adjustments in the design of text editors or keying were researched
in terms of their capacity to help avoid misunderstandings of which mode is
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currently active (Monk, 1986; Thimbleby, 1982). In the past decade, the
concept of mode awareness has gained great attention in the context of
automated driving.

USERS’ AWARENESS OF TODAY’S AVAILABLE DRIVING MODES

Today, driving automation systems up to SAE Level 3 (SAE International,
2021) are available for purchase. Driver assistance systems of SAE Level 1
and SAE Level 2 offer an assisted driving mode where drivers are supported,
but not released from their driving task (Döring et al., 2016). When driving
automation systems meet criteria of at least SAE Level 3, they offer an
automated driving mode. Level 3 systems perform the entire driving task
within their operational design domain, and release their drivers from the
driving task for the respective period of time (SAE International, 2021).
Lately, Level 2 hands-off systems have entered the market. In Level 2 hands-
off driving mode, drivers do not hold the steering wheel anymore, but are not
released from the driving task (e.g. General Motors, 15.02.24.) All driving
modes described are available to the general public even on the same vehicle
(e.g. BMW Group, 25.06.24). To keep themselves and other road users safe,
today’s drivers must possess a clear understanding of the currently active
system or driving mode and their corresponding responsibilities for vehicle
operation at all times. A situation can become dangerous, for instance, if
drivers fail to fulfill their monitoring responsibilities while operating a Level 2
system, thereby overlooking a system limit and subsequently causing an
accident. Such issues have been documented in on-road incidents involving
drivers of vehicles equipped with active Level 2 systems (e.g. NTSB, 2017).
The increasing variety of available driving modes may increase risk for such
errors, thereby posing challenges to road safety (e.g. Lassmann et al., 2020).
Researchers have investigated the concept of mode awareness in the context
of automated driving to identify and address emerging issues at an early stage
(e.g. Tinga et al., 2023).

MOTIVATION, AIM AND SCOPE

Like other fields of empirical research, human factors research is based
on drawing inferences from observable behavior on mental states. In
methodological terms, a mental state that is not directly observable and is
inferred from other variables and referred to as a latent variable. In contrast,
manifest variables are directly observable and measurable. Ideally, combined
manifest variables correlate highly, which allows the assumption that they are
suitable to reflect a common latent variable. In the field of mode awareness
related to driving modes, inferences are typically based on driving related
measures and self-report on participants’ mode awareness (Lassmann et al.,
2020). In psychological terms, “A psychological test is a scientific data
collection procedure that consists of several test items (…), and defined rules
for their application and evaluation (…). The aim of a psychological test
is to measure a latent psychological characteristic (…) - in its absolute or
relative expression for research purposes or for practical decisions.” (Döring
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et al., 2016, p. 431). There are specific procedures to develop a psychological
test to fulfill the test quality criteria of objectivity, reliability and validity.
These shall not be described in further detail here, but kept in mind when it
comes to mode awareness. To the authors’ knowledge, there is no established
standardized approach to measure mode awareness related to driving modes.
This article critically discusses the space between the latent variable “mode
awareness” and the manifest variables of observable driver behaviors that
serve as indicators for its assessment. Thereby, this paper aims at

1. providing a methodological contribution that provokes novel
conversations around the robustness of inferences drawn from manifest
variables of driver behavior on the latent variable of mode awareness

2. motivating and provoking conversations and future work on objective,
reliable and valid mode awareness assessment.

MODE AWARENESS OF DRIVING MODES: CHALLENGES OF
DEFINITIONS AND ASSESSMENT

Research in the context of driving automation highlights different facets
of mode awareness. The understanding and definition of mode awareness
differs greatly across studies. Some definitions focus on the awareness of
the currently activated driving mode and its potential states: For instance,
Hesse et al. (2011) state that “Mode awareness is determined by the driver’s
knowledge and understanding of the system’s actual and future status based
on the current mode” (p. 286). Other definitions focus on awareness
of available driving modes on the currently driven vehicle: For instance,
Novakazi et al. (2021) bases their definition of mode awareness on Monk
(1986): “Monk (…) differentiated between two types of mode awareness.
First, the awareness of the existence of different levels of automation and
second, the awareness of the currently active mode.” (p. 79). These examples
for the current notion ofmode awareness show that researchers have different
perspectives on mode awareness. The concept of mode awareness can refer to
only one mode and its respective states. For others, mode awareness includes
not only the currently active driving mode with its states, but also all other
driving modes potentially available on the vehicle.

From a psychological perspective, mode awareness appears to be an
abstract concept involving multiple cognitive processes such as perception,
mental representation, decision making, recall and use of learned
information. It is noticeable that background knowledge as well as situational
understanding about the functionality and limits of the system and its
different states play a significant role in mode awareness. Such information
must be learned, remembered and recalled in interaction with the system.

Kurpiers et al. (2020) further distinguishes between two types of
knowledge relevant for mode awareness: Type 1 awareness refers to the
overall knowledge of a system’s individual modes and their functionality;
Type 2 awareness refers to being aware of the currently active mode. As such,
mode awareness comprises understanding the system both in general and in
a specific situation. In other words, the mental representation a person forms
or has regarding their interaction with the system is of importance.
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State-of-the-Art Mode Awareness Assessment

Given the differences in definitions of mode awareness, it does not surprise
that operationalizations differ as well. Nonetheless, the general approaches
to assess mode awareness do not diverge that much. This may hint
towards general validity of the examined approaches. Typical manifest
variables include for example drivers’ reactions to automation errors (Boos
et al., 2020), engagement in non-driving related activities (Damböck,
2013), eye-tracking data (Liu et al., 2022) and questionnaires, often on
drivers’ situation awareness (Revell et al., 2021). The idea is that mode
adequate driver behavior indicates mode awareness, while mode inadequate
behavior indicates a lack of mode awareness. Here, mode adequate driver
behavior describes driver behavior that is in accordance with their role in
the interaction with a currently active driving automation system. Mode
inadequate driver behavior describes driver behavior that is not in accordance
with their role in the interaction with a currently active driving automation
system.

As early as 1995, Sarter and Woods (1995) advocated for a process-
oriented rather than a product-oriented approach to the construct of
“situation awareness.” While their focus was on the process of product
development, a similar perspective can be applied to the investigation of other
psychological constructs.

The knowledge component underlyingmode awareness emerges from both
recalling learned information and processing situational information. This
increases complexity of mode awareness assessment as it requires, among
other aspects, assessing mental models – a challenging domain on its own.
Still, many studies have examined mode awareness by focusing on one or
a few specific metrics, thereby overlooking the assessment of the whole
construct as defined (Gauer, 2022, N. Stanton, 2021). In this respect, others
emphasize the insufficiency of pinning a complex latent variable such as
mode awareness to a single metric (Björklund et al., 2006). However, more
recent approaches and recommendations for mode awareness assessment
take a step into a more comprehensive direction. Kurpiers et al. (2020)
encourage combining several methods and emphasize the need to consider
alternative explanations for observed behavior. Other researchers subdivide
the construct of mode awareness itself to unravel more specifically howmode
awareness and mode confusion play together. Haghzare et al. (2022) for
example state that mode confusion arises when driver’s Type 1 awareness
is accurate, while lacking Type 2 awareness.

Selecting a method to accurately trace back observed participant behavior
to mode awareness or mode confusion requires careful consideration of the
assumed cognitive processes.

Challenges of Mode Awareness Assessment

The following example is used to illustrate the challenges of mode awareness
assessment: A driver uses a Level 2 hands on system and receives a text
message from their spouse. The driver takes their cellphone to read the
message and texts back. Texting while driving in assisted mode depicts a
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behavior inadequate to the driving mode.One explanation for this behavior
is that the driver is unaware of the current driving mode and expects to
be in automated driving mode instead of assisted driving mode. In this
case, the driver’s mode inadequate behavior traces back to their lack of
mode awareness. Another possibility is that the driver deliberately prioritizes
texting their spouse over their driving task. In this case, the driver possesses
mode awareness and still acts inadequately to the current driving mode (e.g.
Boos et al., 2020). This is typically referred to as misuse (Parasuraman &
Riley, 1997). In the absence of mode awareness, mode adequate behavior
is unlikely as it would occur by chance only rather than being informed by
knowledge. Conversely, even when users are fully aware of the current driving
mode, they may still choose to engage in non-driving-related activities, such
as texting, despite a clear understanding of the associated risks.

Regarding the assessment of mode awareness, this raises the question if
(and to what extent) we can infer mode awareness from observed mode
adequate ormode inadequate behavior.Mode confusion andmode awareness
are constructs describing if the driver’s mental representation of driving
modes is suitable or not. Such mental representation can influence mode
adequate or inadequate behavior, but like human behavior in general,
driver behavior is influenced by multiple factors. Dimensions such as
trust, distraction, workload or risk-awareness as well as situational factors
may influence or lead to different types of observable behaviors like gaze
behavior, driving behavior, correcting driver assistance systems, executing
mode changes or engaging in non-driving related activities (see Table 1;
Kurpiers et al., 2020; Dönmez Özkan et al., 2021; Sarter & Woods, 1995;
Othersen, 2016; Feldhütter et al., 2018)

Table 1: Compilation of exemplary variables influencing displayed driver behavior.

Background knowledge Cognitive processing Situational factors

- Instruction and
experience (Type 1)
influenced by HMI and
capacity to sustain (Type
2)
- Range/detail of
knowledge (limits,
functionality, current
status, own
role/responsibility/duties)

- Cost-benefit assessment
- Compliance
- Risk tolerance
- Trust
(overtrust/undertrust)
- Mistakes/cognitive errors
- Confusion
- Acceptance
- Workload

- Traffic situation
- Distraction
- Time of day
- Driver condition

The absence of mode awareness, or the opposite of mode awareness
is often referred to as “mode confusion” (Reason, 1990). If drivers lack
mode awareness, they might believe they act adequately to the current
mode, however, as they confused modes, they in fact do not act mode
adequately. Such unexpected mode inadequate driver behavior is referred
to as “mode error” (Norman, 1980). Conversely, mode adequate behavior
does not necessarily imply full mode awareness. Until a specific behavior is
displayed, influences can act at different levels and can change the selection
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and execution of the behavior. These influencing factors may comprise more
than only drivers’ mode awareness. However, to our impression, other
influencing factors are not discussed sufficiently and critically enough in
research on mode awareness assessment.

DIVING INTO THE GAP BETWEEN MODE AWARENESS AND ITS
MANIFEST VARIABLES

To shed light on the gap between mode awareness as the latent variable
of interest and observable driver behaviors, the following tree diagram
was created (Figure 1). It aims to illustrate where certain behaviors branch
off, and what background there may be for a behavior that is eventually
observable.

The tree diagram begins on the left with the knowledge a person has
acquired about the driving automation system they are interacting with,
encompassing both its functionality (Type 1 awareness) and the current mode
in a given situation (Type 2 awareness). This knowledge may be either correct
or incorrect, indicating that the person either possesses a correct or incorrect
mental model of the system and its status.

Figure 1: Tree diagram illustrating the emergence process of adequate and inadequate
behavior in the context of mode awareness while considering alternative explanations.

If the driver’s mental model of the system and its current status is correct
(upper half), they have accurate mode awareness. Assuming that mode
awareness involves drivers understanding their tasks and responsibilities in
each mode, then they would also be aware of the mode adequate behaviors
and be able to execute them effectively. Despite knowing how to act mode
adequately, they could still choose to behave differently. Exemplary reasons
for this are listed on the right of the diagram. If the driver’s mental model
of the system and its current status is incorrect (lower half), they may
confuse the activated mode and its functionality with another mode, leading
unintentionally to mode inadequate behavior. In this case, the driver was
mode confused and produced a mode error. Yet, even with an incorrect
mental model, a driver can still show mode adequate behavior. This could
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be due to mere coincidence, or even because the system’s HMI was designed
so they were nudged into executing mode adequate behavior.

The tree diagram illustrates that mode awareness was the underlying
factor for mode adequate behavior in one path only, while mode confusion
was the potential cause of mode inadequate behavior in just one path. The
visualization suggests that each path carries a specific probability, which can
be taken into account during method selection.

Differentiating between Type 1 and Type 2 awareness could even specify
this further: a driver may understand the system but misidentify the active
mode, resulting in mode inadequate behaviour and showing that mode
confusion may arise when Type 2 awareness is incorrect even when Type 1
awareness was correct. Additionally, it should be noted that both background
knowledge about the system and situational knowledge may be partially
correct or incorrect, which could be even further branched off in the diagram.
Hence, we assume that mode awareness and mode confusion are not binary
constructs but must be considered on a spectrum. Precisely for this reason,
the tree diagram depicted in Figure 1 is not an all-encompassing or sufficient
representation of the constructs of mode awareness and mode confusion
but rather a thought-provoking impulse to visualize the importance of
considering alternative explanations for observable information and selecting
methods accordingly. Especially the method of combining different manifest
variables aims at strengthening the robustness of the inference that resulting
behavior can be attributed to a latent variable in question and serves as a
bridge to overcome the gap between not directly observable mental states
and directly observable behavior. Mode awareness assessment would benefit
greatly from this approach.

FUTURE RESEARCH

To shape future research, the discussed insights on mode awareness in driving
must be acknowledged, including the importance of human processing
theories and experimental psychology. Considering diverse explanatory
processes can improve assessment quality. Since mode awareness is rarely
studied directly but rather appearing in HMI evaluations, the need for
dedicated methodological research is evident. Crucially, mode awareness
must be clearly defined and its components analyzed to develop targeted
measures, rule out alternative explanations, and distinguish it from related
concepts like situation awareness.

Main Message and Conclusion

With increasing driving automation, users may find many different driving
automation systems in their new vehicles. This motivates research on
non-expert users’ mode awareness and understanding of their role in the
interaction with different driving automation systems. Methods to assess
mode awareness regarding driving automation modes are mostly based on
metrics derived from observable human behavior (including self-report).
While mode awareness is often viewed as the final outcome, it could also
be regarded as a mental state embedded in a more abstract and complex
cognitive process. Mode awareness may be followed by mode adequate
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behaviors, but human behavior is rarely mono-causal and there may be
numerous alternative explanations for an observed behavior. Hence, we
emphasize to carefully consider the complexity of human experience and
behavior when selecting methods for mode awareness assessment. We argue
in favor of more recent approaches combining methods to capture human
interactions more holistically with the aim to draw more robust conclusions
while ruling out alternative explanations. This also stresses the need for
thorough validation of assessment methods.

This article provides a thought-provoking impulse to stimulate
methodological reflections around the objectivity, reliability and validity
of mode awareness assessment methods. It stimulates discussion on the
robustness of inferences made from observable human behavior regarding
the unobservable mental state of mode awareness. In this sense, the article
touches on several potential strings of further research, e.g. test quality
of mode awareness, test methods or computing probabilities for adequate
or inadequate behavior - potentially even depending on factors like HMI
design. The authors aim to stimulate conversations and future work on the
quality of assessment methods of mode awareness.
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