


ipation aside from an extra reward based on performance. Op-

erators could see their performance, measured through a score,

on the screen. They had to follow a lead car while keeping their

vehicle in the correct lane and a safe distance from the lead

car. They could use the assistance of an autonomous driving

system at any time during their driving task. Initially, they did

a training trial in which no automation was involved (Manual)

to get familiarized with the driving simulator. The experiment

had a two (automation type: Speed, Full) by two (automation

level: Low, High) within-subjects design. Speed automation

included cruise control only, whereas the Full automation in-

cluded a cruise control and lane-keeping. The two levels of

automation corresponded to reliability level; more reliable au-

tomation exhibited better performance in the driving tasks. Au-

tomation failures could include delays in returning to the correct

distance behind the lead car and to the correct lane after a per-

turbation occurred. These failures result in point deductions,

and therefore, lower performance. Operators performed five tri-

als, corresponding to five automation conditions: Manual (M),

Speed Low (SL), Speed High (SH), Full Low (FL), and Full

High (FH).

Perturbations were imposed into the system during the ex-

periments to require the adjustment of either the speed or steer-

ing of the vehicle. These perturbations included changes in the

velocity of the lead vehicle, wind gusts, traffic vehicles, and

the sudden appearance of pedestrians. Pedestrians were either

static, standing on the side of the road, or dynamic, walking into

the street and potentially across the operator’s path. This design

was employed to increase subjective cognitive workload.

Operators’ Classification into Performance Groups

The performance of the operators was measured through a

score. Operators started each trial with 500 points which could

decrease because of task violations. These violations included

but were not limited to deviations from the right lane or distance

to the lead car (−2 points) and collisions with other vehicles

(−50 points) or pedestrians (−100 points). Additionally, op-

erators were awarded a total of 100 points, which were evenly

distributed along nine zones, for completing the driving circuit

(Gremillion et al., 2016).

The final score of each operator over five trials (M,

SL, SH, FL, FH) was used to classify them into: Low-

Performing Group, Medium-Performing Group, and High-

Performing Group.

1. Low-Performing Group: operators’ final scores in all five

trials are below 300 points. There were two operators in

this group.

2. High-Performing Group: operator’s final scores in all five

trials are above 400 points. There were three operators in

this group.

3. Medium-Performing Group: operators who are not in the

previous two groups; their final scores range between 0 and

600 points. There were 11 operators in this group.

Reliance Dynamics of Using Automation

Reliance on automation is usually denoted as the fraction

of time that human operators have the automation engaged (Lee

& Moray, 1992). In this paper, we extend this concept to tem-

poral dynamics that reflect the decision-making of using or not

using automation over time. Assume that operator i is perform-

ing some work over a period of time T with an option of using

automation. Over the time interval [0, t] ⊂ [0,T ], assume that

there are K time sub-intervals that the operator decides to use

automation, i.e. [t
1
, t

2
], [t

3
, t

4
], ..., [t

K
, t

K+1
] with t≥0 and t

K+1
≤ t.

Then the reliance of this operator i at time t ∈ [0,T ] is defined

as follows

Ri(t) =
1

t

K

∑
j=1

(

t
j+1

− t
j

)

(1)

which indicates that Ri(t) ∈ [0,1] for all operator i and time

t ≤ T . Reliance dynamics Ri(t) of operator i at time t is the

result of the operator’s decision to use the automation and the

time length that such operator has used it in the past.

To continue our work, we extend the concept of reliance

dynamics of an individual to a group level. More specifically,

we define ÅRac
group(t) as the mean reliance dynamics of a cer-

tain group under a specific automation condition, where ac

refers to the automation condition (e.g., SL, SH, FL, FH), and

group refers to the performance level of the operators (e.g.,Low,

Medium, and High-Performing Group). For example, ÅRFH
Low(t)

refers to the mean reliance dynamics of the Low-Performing

group under FH condition. We can also consider a group that

contains all operators for more general analysis.

RESULTS

Based on the given reliance definition and described data,

we aim to provide an analysis of how factors such as the type

of automation (Speed, Full) and its reliability level (Low, High)

affect the dynamics of reliance on automation for different per-

formance groups, including the overall case. Furthermore, we

assess the impact of reliance choices on the human operators’

performance, across different automation conditions, through

the study of the average automation usage each performance

group has each time the automation is turned on, and the av-

erage number of decision changes that occur in these different

groups.

In our figures, we use orange and blue colors to represent

the Speed and Full types of automation, respectively; and solid

and dash line styles for high and low automation reliability, re-

spectively. For figures focusing on reliance dynamics of differ-

ent performance groups, we use green, blue, and orange colors

to depict Low, Medium, and High-Performing groups, respec-

tively.

Impact of Reliance Choices on Operators’ Performance

Figure 1a shows that the High-Performing Group has a

higher frequency of switching the automation on-and-off in the

Speed High (SH), Speed Low (SL), and Full Low (FL) condi-

tions than that of the Low-Performing Group. We found that

C
o
p
y
ri
g
h
t 
2
0
2
2
 b

y
 H

u
m

a
n
 F

a
c
to

rs
 a

n
d
 E

rg
o
n
o
m

ic
s
 S

o
c
ie

ty
. 
A

ll 
ri
g
h
ts

 r
e
s
e
rv

e
d
. 
1
0
.1

1
7
7
/1

0
7
1
1
8
1
3
2
2
6
6
1
4
7
7

Proceedings of the 2022 HFES 66th International Annual Meeting 722



these observations are statistically significant using a one-tailed

t-test with an alpha level of .05. We obtained t(3) = 3.67, p =
.02; t(3) = 10.87, p = .001; and t(3) = 3.48, p = .02 for the

SH, SL, and FL conditions, respectively. In addition, Medium

and High-Performing groups seem to have a higher frequency

of switching on-and-off when the automation reliability is low.

Figure 1b depicts that the High-Performing Group has a shorter

average automation duration between one switch on-and-off in

the SH, SL, and FL conditions than the Low-Performing Group.

We found that these observations are statistically significant us-

ing the same test as before. We obtained t(3) = 7.91, p = .002;

t(3) = 6.17, p = .004; and t(3) = 6.23, p = .004 for the SH, SL,

and FL conditions, respectively.

(a) The impact of decision making frequency on the operators’ performance. (b) Average duration of automation usage for each switch on.

Figure 1. Impacts of automation conditions and operators’ reliability on decision making behavior.

The average decision-making behavior shown in Figure 1

suggests that the Medium-Performing Group, with about 69%

of the population (11/16), behaves more consistently regarding

the decision of using automation across all automation condi-

tions. It is important to remark that the means shown in this

figure have a large variance, especially in the Low and High-

Performing groups due to the small number of operators that fall

into these groups. The high variance observed in the Medium-

Performing group can be due to their scores ranging from 0 to

600; a heterogeneous group.

Reliance Dynamics Over Varied Automation Conditions

Automation types and their reliability levels can contribute

greatly to operators’ decisions of using automation and the

length of usage each time (Gremillion et al., 2016). Figure

2 depicts the average reliance dynamics of all operators over

four automation conditions. Our findings indicate that (1) in

high-reliability automation systems (solid lines), reliance has

a rapid increase over time until around 50 seconds. Then, re-

liance under Speed automation seems to be stable with slight

increases over time, while under Full automation, reliance de-

creases towards the end. This suggests that workload due to au-

tomation type of Speed versus Full may not have a significant

impact on reliance dynamics. Additionally, (2) reliance in low-

reliability automation systems (dashed lines), has a rapid in-

crease over time until around 50 seconds, after which it exhibits

a a steady decrease. Starting from around 50 seconds, reliance

under Speed automation is constantly larger (0.11 on average)

over time than reliance under Full automation. This suggests

that a larger workload due to automation type (Speed workload

should be larger than Full workload) can lead to higher automa-

tion usage.

There seems to be a critical time (e.g., around 50 seconds)

after which low-reliability automated systems have significantly

smaller reliance over time than high-reliability systems; before

this moment, low-reliability systems have a slightly higher re-

liance over time than high-reliability systems.
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Figure 2. The impact of varied automation conditions on the mean reliance

dynamics Rac of all operators.

Reliance Dynamics of Different Performance Groups

Across Varied Automation Conditions

We provide a summary of the mean reliance values at the

end of a trial, across varied automation conditions and perfor-

mance groups, in Table 1. According to this table, the order of

the automation conditions, from higher to lower reliance, is SH

(0.77) > FH (0.68) > SL (0.43) > FL (0.32). This result is in

line with that provided in Gremillion et al. (2016). In addition

to this, Table 1 shows that a group with a different performance

level has a different reliance across those four automation con-

ditions. For example, the Low-Performing Group has the lowest

reliance among all groups at Speed Automation (more work-

load) while this group has a higher reliance than most groups at
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Full Automation (less workload). The opposite behavior occurs

in the High-Performing Group.

We expand the concept of reliance to our defined reliance

dynamics for groups of operators with different performance

levels across the four automation conditions. Figure 3 suggests

that operators’ can have different decision histories, depending

on their ability, that leads to different reliance dynamics at var-

ied automation conditions.
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Figure 3. Impact of varied automation conditions on the mean reliance dynamics Rac of different performance groups.

The results indicate that (1) in the SH condition, the aver-

age reliance dynamics of High and Medium-Performing groups

are similar and higher than the average reliance dynamics of

the Low-Performing Group; (2) in the FH condition, the aver-

age reliance dynamics of Low and Medium-Performing groups

are similar and higher than the average reliance dynamics of the

High-Performing Group; (3) in the SL condition, there exists a

critical time around 180 seconds, before which the average re-

liance dynamics are in the order of Low > Medium > High;

the opposite ordering happens after 200 seconds; and (4) in the

FL condition, the average reliance dynamics are in the order of

Low > Medium > High.

Table 1. Mean reliance at the end of a trial by performance groups and four au-

tomation conditions. The rows of the table specify the performance group (All,

Low, Medium, and High-Performing, respectively), and the columns indicate

the automation condition (SL SH, FL, and FH, respectively).

Performance

Group
Speed High Speed Low Full High Full Low

All 0.77±0.21 0.43±0.24 0.68±0.20 0.32±0.16

Low 0.53±0.35 0.22±0.12 0.68±0.21 0.55±0.35

Medium 0.79±0.19 0.41±0.22 0.71±0.15 0.31±0.10

High 0.89±0.10 0.65±0.27 0.56±0.39 0.19±0.06

Additionally, (6) the average reliance dynamics of the

Medium-Performing Group is similar to that of all operators;

this is due to the large number of operators that have been clas-

sified in this group; (7) for the Low-Performing Group, after

300 seconds, the order of the average reliance dynamics is FH

> FL > SH > SL; and (8) for the High-Performing Group, after

about 50 seconds, the order is SH > SL > FH > FL.

The average reliance dynamics orders of both perfor-

mance groups and automation conditions indicate that the Low-

Performing Group relies more on the Full type of automa-

tion (less workload) over time, whereas in contrast, the High-

Performing Group relies more on the Speed type of automation

(more workload).

DISCUSSION AND FUTURE WORK

In human-automation interactions, statistics can provide

differential information about operators’ reliance on different

types and levels of automation in aggregate. However, a dynam-

ical analysis approach can show more sensitive changes in each

condition over time to discover more subtle influencing factors.

We defined the dynamic process of reliance as the fraction of

time a human operator has used automation at a given time. The

present study focused on analyzing the impact of factors such

as the type of automation (Speed, Full) and its reliability level

(Low, High) on the dynamics of reliance on automation for dif-

ferent performance groups. In addition, we studied the impact

of reliance choices on the operators’ performance across differ-

ent automation conditions.

The results of analyzing the mean reliance dynamics of all

operators across different automation conditions showed that

operators tend to rely more on the automation systems with

high reliability than on those with low reliability. These find-

ings are consistent with the results addressed by Rodriguez et al.

(2021). In addition, we observe that there is a delay for this dis-
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tinction between operators’ reliance in high and low-reliability

systems (see Figure 2). In fact, low-reliability systems have a

slightly higher reliance over time than high-reliability systems

during the first 50 seconds, and it is after this point that the men-

tioned distinction becomes evident. This behavior may be due

to the time that the operators need to notice the automation’s

performance. So, on average, the operators of the experiment

showed an intention of using the automated systems, even with-

out knowing how well these systems were going to perform.

They seemed to notice the performance level of the automated

systems within the first 50 seconds. That is the point where they

started taking over control to improve their overall driving per-

formance. Another interesting finding is that at the end of the

trial, and during most of it, the Speed High condition had the

highest reliance values, while the Full Low condition obtained

the lowest values in such measures. These results indicate that

operators expect that partial (Speed) automation would cause

fewer penalties than full automation. This explains why, even

in low-reliability conditions, people relied more on the Speed

type of automation than they did on the Full type.

The analysis by performance groups showed that usually,

the High-Performing group has the highest reliance values over

time in the Speed type of automation, followed by the Medium,

and Low-Performing groups, respectively. The opposite hap-

pens for the Full type of automation, where the Low-Performing

Group has the highest reliance values over time, followed by

the Medium, and High-Performing groups, respectively. These

findings indicate that the High-Performing Group finds more

productive, performance-wise, to rely more on automated sys-

tems that have fewer degrees of freedom because they have a

lower chance of making mistakes. This reasoning may have led

this group to obtain high final scores. On the other hand, the

Low-Performing Group went against this reasoning, and there-

fore, their score was heavily affected. A similar behavior is ob-

served in the average number of decision changes each group

has and the average duration of those decisions. The Low-

Performing Group presents fewest decision changes and the

largest duration of those decisions in contrast with the Medium

and High-Performing groups. This indicates that the Low-

Performing Group may have fallen into inappropriate reliance

because they kept using the automation for longer periods even

though it was not performing well.

Future research includes the spatial dynamical analysis of

operators’ reliance on automation, the analysis of different per-

turbations’ influence on reliance, and the development of math-

ematical and machine learning models to determine the dynam-

ics of trust and decision-making for all operators’ data.
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