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Abstract
Automated Facial Recognition Systems (AFRS) are being used to verify an individual’s
identity by governments, businesses, and passport officers, while human operators monitor
the system. There have been accidents reported when humans and automation work together,
primarily due to under-trusting or over-trusting of the system. Thus, instilling an appropriate
level of trust, and in turn, reliance on the system is important. A factor that has been found to
influence trust in automation is perceived task difficulty. However, no research has been done
to check whether perceived task difficulty influences reliance in AFRS, which we examined
in our study. A total of 48 participants were administered Glasgow Face Matching Test 2-S
and were randomly allocated into one of two conditions: the ‘Easy’ condition, who were told
that the task would be easy, and the ‘Hard’ condition who were told the task would be hard.
They completed the task with the assistance of the AFRS. On analysis, we did not find any
difference between reliance on the AFRS in the two difficulty conditions. However, the
participants did improve their accuracy with the use of AFRS, but there was no difference in
improvement in the accuracy scores between the two conditions. No significant relationship
was found between self-assessment of task difficulty and reliance on the AFRS. This raises
important questions about whether the perception of task difficulty influences reliance on
AFRS, which in turn will have important implications on the use of AFRS as a decision aid.

Keywords: Automated Facial Recognition System, Perceived Task Difficulty, Reliance, Trust
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Introduction

Today, the world of technology continues to advance at a rapid pace. Many of the
roles that humans were once solely responsible for are now being done with the aid of
automation. Whether it be the defence and security sector, navigation, or border control,
automation continues to reduce human workload. Nevertheless, humans still play a role in
monitoring and checking the decisions. For example, autopilot is commonly used for guiding
an airplane, however, a pilot is still needed to monitor the flight.

Automated Facial Recognition Systems (AFRS)

With advancements in technology, there are several ways to verify the identity of an
individual using biometrics, ranging from thumbprints to eye scans to faces. Automated
Facial Recognition Systems (AFRS) are commonly used by governments, security personnel,
passport officers and private businesses for facial identification. They are an efficient and
quick method of face matching. A common example of an AFRS is the electronic passport
gates, also called e-Gates, that are used at international airports (Noyes & Hill, 2021). This is
called a 1:1 image matching where a person’s live-capture image is compared to their
passport photo. In this process, the AFRS algorithm first finds the face in the two images and
processes the relevant features in them. A similarity score is then calculated, which is used to
detect whether the two images show the same face. A high similarity score suggests that the
two images of the faces are the same, whereas a low similarity score suggests that the pictures
are of two different people. These systems can also be used to compare an image against a
database of images, for example, an image of a suspect captured by CCTV being compared
against the images in the police database. The accuracy of early AFRS algorithms was
limited as they could not perform well on pictures that differed in terms of poses,
expressions, or lighting (Sengupta et al., 2016). However, the newer algorithms can detect

similarities across a range of pictures (Taigman et al., 2014). In a study done by Ranjan et al.
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(2018), the algorithm was able to achieve an accuracy of above 94% on three datasets and
above 98% on one of the datasets. While AFRS perform well on most of the tasks, they are
not accurate all the time. Thus, human oversight is still needed to correct the decisions of
AFRS on which they make an error.
Human Face Matching Abilities

While humans are highly accurate at recognising known faces, like that of their
friends and family, their accuracy reduces when it comes to matching new faces (Burton et
al., 1999). Burton et al. (1999) showed that humans made errors in around 20% of face-
matching trials. However, some individuals are better at recognising faces than others. Face
matching abilities lie on a spectrum where at the lower end are people who suffer from
prosopagnosia (Jones & Tranel, 2001), which is a neurological disorder wherein the
individual is unable to detect faces, and on the other end are people called super-recognisers
(Russell et al., 2009). Human face-matching abilities can be limited by many reasons, such as
low image quality (Bindemann et al., 2013), other race effects (Kelly et al., 2007), and
matching faces for long periods of time (Fysh & Bindemann, 2017). These issues can be
addressed by the use of AFRS algorithms.
Human and AFRS Interaction

In an ideal scenario where humans and AFRS algorithms are applied together, the
operator and the system will agree on the decision when the system is correct and humans
will correct the system on the ones that show an error. In other words, the performance of
both humans and machines will be optimal However, it has been found that the presence of
an AFRS influences the response of the human operator. Howard et al. (2020) demonstrated
in their study that showing the participants the identity decisions of an AFRS influences their
own judgment in a way that they become more confident that faces labelled ‘same’ are

similar and faces labelled ‘different’ are not. This suggests that due to the biased response of
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humans, they might not be able to correct the error made by the system, thereby reducing the
performance level of the human-automation team.

Additionally, it has, also been shown that the accuracy of human-AFRS team on such
tasks is limited due to the individual’s performance. In a study by White et al. (2015),
participants selected the wrong match from a list of unfamiliar adult faces in 50% of the
trials. Another study by Carragher and Hancock (2023), demonstrated that while the
performance of humans improved with the assistance of AFRS, the participants were unable
to achieve the level of performance that the highly accurate AFRS achieved alone. Such
studies suggest that the individual is a limiting factor in this interaction.
Role of Trust in Human-Automation Interaction

Human-automation interaction can sometimes lead to errors, particularly due to the
limitation of human operators (White et al., 2015; Carragher & Hancock, 2023). Accidents
can occur if the operator misuses automation by over-trusting it or disuses automation by
under-trusting it (Parasuraman & Riley, 1997). For example, in 2012, the Costa Concordia
cruise ship sank and killed 32 passengers. Upon investigation, it was discovered that the
captain diverged from the ship’s computer-programmed route, due to under-trusting the
ship’s navigation system, before it hit the shallow reef that caused the sinking (Levs, 2012).
In 2009, Turkish Airlines Flight 1951 crashed killing 9 people. It was partially caused
because the pilots continued to rely on the autopilot system, despite the failure of an altitude-
measuring instrument (CNN, 2009). These accidents are two of many that may have occurred
due to misuse and disuse of automation. Thus, it becomes essential to instil appropriate levels
of trust in automation in operators to increase the safety and productivity of human
automation teams.

Furthermore, trust and reliability in automation have been found to be related to each

other (Rice, 2009). Meyer (2004) shows that the level of trust in automation is positively
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correlated with reliance on automation, which means low levels of trust will correspond to
low levels of reliance. Another study by Lee and Moray (1994) suggests that operators are
more likely to use the automated system when their trust in the system exceeds their self-
confidence in the task. Increased reliance on the decisions made by automation, when the
system performs better than the operator, will lead to improved interaction between humans
and automation and reduce the number of errors.
Factors that Influence Trust in Automation

Hoff and Bashir (2015) describe that the variability in human-automation trust is due
to the human operator, the environment, and the automated system. This reflects the different
layers of trust respectively as identified by Marsh and Dibben (2003), that is, ‘dispositional
trust’, ‘situational trust’, and ‘learned trust’. The individual’s tendency to trust the
automation is the ‘dispositional trust’, while the environment of the user majorly influences
the ‘situational trust’. ‘Learned trust’ depends on the operator’s past experiences with the
automated system. Hoff and Bashir (2015) described that under situational trust, there are two
broad sources of variability: the external environment and the internal environment, which
are the context-dependent characteristics of the human user. The type of system, system
complexity, task difficulty, perceived risks, and perceived benefits are some of the external
variability factors that can influence an operator’s trust in the automated system (e.g., Bailey
& Scerbo, 2007; Fan et al., 2008; Madhavan er al., 2006; Ross, 2008; Spain, 2009). Perceived
task difficulty also influences the human’s trust and reliability in automation (Parkes, 2009;
Schwark et al., 2010).
Perceived Task Difficulty as a Factor Influencing Trust in Automation

As described in the study by Hoff and Bashir (2015), one of the external variability
factors that contributed to trust in automation is perceived task difficulty. According to

Madhavan et al. (2006), human operators evaluate the capabilities of automated systems
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based on the relative difficulty of the task. Madhavan et al. (2006) aimed to test whether
failures by automated aids on tasks that were easily performed by a human operator would
undermine trust in automation, by conducting a signal detection task. The participants were
divided into three groups, two groups were provided with decision aids and the third group
was unaided. However, the aid for half of the participants only made errors on easy targets
while for the other half, it only missed on difficult targets. As hypothesised, participants who
utilized the aid that only missed easy targets had lower trust in automation than participants
who utilised the aid that only missed the difficult targets. Participants in the easy miss group
also disagreed with the aid on approximately 50% of the difficult target trials, even though
the aid was perfectly accurate on these trials. This suggested that the resulting lower levels of
trust also led the participants to overrule the correct decisions of the decision aid, thus
increasing the likelihood of errors.

Schwark et al. (2010) conducted an experiment to find out how perceived task
difficulty influenced reliance and compliance with automation. The participants were asked
to detect the letter ‘X’ in a number of random letters and were informed that the computer aid
that was provided for assistance was not perfectly accurate and the exact accuracy was
unknown. Before each trial, participants were told how hard the trial would be. The results of
the study suggested the participants were more likely to utilise the aid provided to them in
trials that they perceived as hard, indicating that perceived task difficulty influences the way
a human operator relies on automation.

It has also been suggested that humans are incapable of making optimal decisions in a
situation due to the amount of effort required to do so (Simon, 1995). As a result, when
humans make decisions in tasks of high difficulty, they are more willing to reduce effort
while maintaining accuracy in an attempt to reduce the workload to a manageable level

(Payne et al., 1993). Thus, when an operator perceives the task as easy, they would be
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unlikely to utilize decision aids (Parkes, 2013). Thus, Parkes (2013) hypothesized that the use
of decision aid is positively related to the perceived difficulty of the task. In the experiment,
the participants read through the case study about a company and recorded two decisions
regarding the company’s future, one unaided and one aided. They then answered a few
questions related to the case and the decision aid. Both the reliance on decision aid and
perceived task difficulty were self-assessed by the participants. The results showed that
perceived task difficulty is a significant positive predictor of reliance and the use of decision
aid.

Moreover, it has been found that during decision-making, people generally overestimate their
competence in tasks, especially if the task appears easy to them (Dunning et al., 2003). When
applied to human-automation interaction, it suggests that people will tend to rely on their own
decisions, as opposed to the decision of the automated aid, if the task seems easy to them as
compared to when it appears difficult. All these studies suggest that perceived task difficulty
influences an operator’s trust and reliance on automation.

Current Study

The current study seeks to extend the research done on the perceived task difficulty and
reliance on automation to reliance on Automated Facial Recognition Systems (AFRS)
specifically. As aforementioned, facial recognition technology is used by passport officers,
border control officers, and security and defence personnel. By understanding the factors that
influence their reliance on the AFRS, the efficiency of their interaction and the decision
quality will increase.

The current research aims to find how the perceived level of difficulty affects trust and
reliance on AFRS in face-matching tasks. Based on these previous studies, we hypothesized

that:
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Participants who are assigned to the ‘hard’ perceived difficulty condition will
change the degree of confidence in their response to match with the AFRS more
often compared to those in the ‘easy’ perceived difficulty condition, thus showing
a higher degree of reliance.

The accuracy of participants who were informed that the task would be “hard”
will improve more with the assistance of AFRS as compared to the participants in
the “easy” condition.

Participants who respond that they found the task ‘hard’ in the post-task
questionnaire, regardless of the task condition they were randomly assigned to,
will also change their initial response to match with the AFRS more as compared
to participants who find it ‘easy’.

The relationship between perceived task difficulty and change in the degree of
confidence in their response to match with the AFRS will be stronger when trust

in the AFRS is higher.
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Method

Sample Size

To determine the number of participants in the study, we performed an a priori
analysis using G-power (Erdfelder, Faul, Buchner & Lang, 2009). With an anticipated
moderate effect (Cohen’s d = 0.5) and the desired power of 80%, the recommended sample
size was 128 (total), with 64 in each condition. For the purpose of our study, the moderate
effect is the smallest effect of interest. Since the study has exclusion criteria, we aimed for a
total sample size of 128 participants, with 64 in each group, after the exclusion of
participants.
Participants

Participants (n = 53) were first-year psychology students enrolled at the University of
Adelaide, who participated in the study in exchange for course credit. Our study had a few
exclusion criteria. Participants who completed the face-matching task too quickly (in less
than seven minutes), completed the task too slowly (more than 60 minutes), did not complete
the task, or completed it more than once were excluded from the analysis. Additionally,
participants who answered incorrectly on the manipulation check question which stated the
perceived level of difficulty shown to them, failed either of the two attention check face
matching trials or answered incorrectly on the attention check question at the end of the task
about the stated accuracy of the AFRS were also excluded. 5 participants failed the
manipulation check, 1 participant took too long to complete the task, 3 participants started the
task but did not complete it and 1 participant did the task twice. Of the 43 remaining
participants, 36 were females and 7 were males. The ages of the participants ranged from 18

years to 43 years (M = 19.25 years; SD = 3.68).
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The study was approved by the Human Research Ethics Committee of the University of
Adelaide (HREC-2019-23/01). Informed consent was obtained from the participants before
the study.
Design

Our study is a mixed measures experiment. There is a between-subjects factor of
perceived task difficulty (easy and hard), which is manipulated at the start of the experiment.
The within-subjects factor in the study is the use of the AFRS (unassisted decision and
assisted decision).
Materials
Face Matching Abilities

Before starting the face-matching task, the participants were shown 4 questions that
were aimed at understanding their initial confidence in their own accuracy on the task. An
example of the question is ‘How confident are you in your ability to accurately judge whether
two photographs show the same person?’ (Extremely High to Extremely Low). This gave us
an understanding of how well they think they are going to perform on the task and how likely
they are to use the assistance of the AFRS before the manipulation.
Perceived Difficulty Manipulation

As the study aimed to examine whether perceived task difficulty would affect the
reliance and trust of participants on the AFRS, we manipulated how the participants would
perceive the level of difficulty of the task. At the beginning of the experiment, participants
were randomly assigned to one of two perceived difficulty conditions: ‘Easy’ or ‘Hard’. Each
condition was shown a unique statement before the face-matching task. The statement was
designed in a way that would lead the participants to believe that the task is either easy or

difficult. These statements are as follows:
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1. ‘Easy’ condition: Face matching is actually a surprisingly easy task! Many people
find it very easy to achieve accuracy above 90% correct, even without any external
assistance.
2. ‘Hard’ condition: Face matching is actually a surprisingly difficult task! Many people
find it very hard to achieve accuracy above 60% correct, without any external
assistance.
People vary on the levels of their face-matching abilities. Some people do well, achieving
around 90% accuracy on the Glasgow Face Matching Test 2-S, while others perform slightly
lower, achieving around 60% accuracy on the Glasgow Face Matching Test 2-S (Burton et
al., 2010) Thus, to present the true performance of people on the task, we chose to show these
accuracy scores to the participants for the perceived difficulty manipulation.
Text-Based Manipulation Checks

To check whether the participants read the instructions for the manipulation correctly,
the manipulation statement was followed by the question, “/n a face matching task, many
people find it very...”, with the possible answers as “hard to achieve accuracy above 60%
correct” or “easy to achieve accuracy above 90% correct”. Participants who answered
incorrectly on the manipulation check were excluded from the study.
Glasgow Face Matching Test-2 Short Version (GFMT2-S)

The short version of the Glasgow Face Matching Test 2 (GFMT2-S; White et al.,
2021) was used to measure an individual’s face-matching ability. The test items show pairs of
portrait images of people’s faces that either match (same person) or don’t match (different
people). The faces are shown simultaneously next to one another, and the participant is asked
whether the faces are the same person or two different people. The images vary with respect
to the head angle, pose, expression, and subject-to-camera distance. The GFMT2-S has 80

items and comprises of two sets of 40 items each of equal difficulty. Figure 1 shows an
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illustration of what the image pair types look like in GFMT2-S in our study. Internal
consistency of the test was favourable (Cronbach’s alpha = .94 ). The test also shows high
test re-test reliability (» =.78) (White et al., 2021).

Figure 1

Examples of the Image pairs used in the GFMT2 in our study

Facial Recognition System Says: Different

Note. These images are to show representative test items that do not contain the people
appearing in the test (White et al., 2021).

Attention Check Face Matching Trials

To check whether the participants were paying attention during the task, they were shown

images of the faces of two different celebrities at two different points in time during the task.
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If they answered incorrectly on either of the attention check face matching trials, they were
excluded from the study.

Automated Facial Recognition System

The decisions made by the simulated AFRS in our study were based on the performance of a
real AFRS on the GFMT?2-S (see Carragher & Hancock, 2020). The AFRS made a final
decision by computing a similarity score between the two faces and evaluating it against a
threshold value (see Carragher & Hancock, 2022, 2020). The simulated AFRS in our study
was accurate in 95% of the trials.

Trust Questionnaires

The questionnaires used in the study were a combination of the published Lee and Moray’s
(1994) questionnaire and questions adapted from Carragher, Sturman and Hancock’s (In
Prep) study.

Lee and Moray Questionnaire. Lee and Moray’s (1994) measure was used to evaluate
the trust of the participants in the AFRS. The measure has two items: one is concerning the
trust in automation, whereas the other measure is regarding the participant’s self-confidence.
The ratings are made on a scale from 0 to 10 (“extremely low” to “extremely high”).

Exploratory Questionnaire. Exploratory questions about the participant’s trust in the
system were also asked as a part of the experiment. These questions were adapted from
Carragher, Sturman, and Hancock’s (In Prep) study. The questions were related to the
participant’s trust in AFRS and were asked both pre and post-experiment. Some questions
were also aimed at understanding the participant’s perception of their own ability in relation
to that of the AFRS The possible responses to the questions ranged from being in the form of
“yes or no” to being on an 11-point Likert scale, multiple-choice, or being measured as a
percentage. Some example questions and their possible responses were “Do you trust the

facial recognition system to help you in this task?” (Yes or No), “How challenging do you
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think this task is going to be?” (11-point Likert scale, from “extremely difficult” to
“extremely easy”), “who do you think will be more accurate at this task?” (“You” or “the
Facial Recognition System”), and “how accurate do you think you are when completing the
task on your own (unassisted)”? (0-100%).
Procedure

The study began with obtaining the participants’ informed consent and basic
demographic information like age and gender. The participants were then given general
instructions about the face-matching task and the 6 possible responses that they could give,
‘Definitely Same’, “Probably Same’, “Guess Same’, ‘Guess Different’, ‘Probably Different’,
and ‘Definitely Different’. They were then asked four questions to examine their initial
understanding of their ability on the task.

The participants were then randomly assigned to the two task difficulty conditions:
‘Easy’ and ‘Hard’. The perceived task difficulty was manipulated by showing two distinct
statements as mentioned above, that were designed to make the participants believe that the
task was either going to be easy or hard. Following the manipulation, the participants went
through a manipulation check wherein they were asked what percentage of accuracy (60% or
90%) they were shown on the previous screen. Participants who responded incorrectly to the
question were excluded from the study. They were then shown detailed instructions of the
task with example trial displays to show the participants how AFRS decisions look in action.

Before they started with the main task, they were asked 16 pre-task questions that
helped understand how the participants thought they might use the simulated facial
recognition systems while making a decision (see Appendix 1).

Participants then started the face-matching task. First, participants judged whether the
pair of images shown in each trial are the same or different, without the assistance of the

AFRS (Unassisted decision). After they made their initial response, they were shown the
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decision of the simulated AFRS. While the participants could give 6 possible responses, the
AFRS only showed its response as either ‘Same’ or ‘Different’. The participants were then
asked for their final decision, that is with the assistance of the AFRS, on whether they
thought that the pair of face images were the same person or different people (Assisted
decision).

After they finished the main task, they were again asked 17 post-task questions about
how they tried to use the simulated facial recognition system into their decisions. This
concluded the task for the study.

Analysis
Manipulation Check

In order to assess whether the manipulation worked, the participants were asked “How
challenging do you think this task is going to be?’ before they were assigned to the task
conditions and after they were assigned to the task conditions. The scores were on a 0-10
scale, where 0 meant easy and 10 meant hard.

Accuracy

The overall accuracy on the task was measured by dividing the ‘number of correct
trials’ by the total number of trials (» = 80) multiplied by 100 to obtain a percentage. This
was used for both initial and final accuracy. For the convenience of measurement,
participants were considered to be accurate if they responded on the correct trials of 'Same’
faces as any of the three responses of ‘Definitely Same’, ‘Guess Same’, and ‘Probably Same”’,
and similarly for the correct trials of the ‘Different’ faces.

Change in the Degree of Confidence

Reliance on the AFRS was measured by the change in the degree of confidence of the

participant’s final response to match with the AFRS. The 6 responses were based on a scale,

with ‘Definitely Different’ being 1 and ‘Definitely Same’ being 6. The identification decision
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made by the AFRS only specified if it was ‘Same’ or ‘Different’, which we classified as
‘Definitely Same’ and ‘Definitely Different’ for the convenience of measurement. Any
change of the participant’s response from the initial identification decision to the final
identification decision was measured in units. If they changed their decision to match with
the AFRS, it was measured in positive values and showed reliance on the system, whereas if
they changed their decision against the AFRS, it was measured in negative values, which
showed rejection of the system. For example, if a participant’s initial response was ‘Guess
Same’(measured as 4 on the scale), and the decision made by the AFRS was ‘Same’, and they
changed their final response to ‘Probably Same’ (measured as 5) and showed reliance on the
system, they moved +1 unit. However, if they moved from their initial response to ‘Guess
Different’ (measured as 3) which goes against the decision of the AFRS and shows rejection,
it was measured as -1 unit.
Trust in the AFRS

Trust in the AFRS was measured using Lee and Moray’s (1994) trust/self-confidence
measure. The measure contains two items, self-confidence ratings and trust in the system
rating. The self-confidence ratings were subtracted from trust in the system ratings. This
resulted in a relative change score, in which positive values indicated higher trust in the
AFRS and negative values meant higher self-confidence.
Statistical Calculations

All the statistical tests were run using SPSS-27. The same software was used to graph

the data.
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Results

Manipulation Check

We performed a two-way mixed ANOVA with pre-manipulation judgement of
difficulty and post-manipulation judgement of difficulty as within-participants factor and
perceived task difficulty condition as the between-participants factor (easy and hard). The test
was done to check whether there was a difference in the means of difficulty judgement pre
and post manipulation between the two perceived task difficulty conditions, which would
then suggest that the manipulation worked in the way we expected it to. The mean of task
difficulty scores in the ‘Easy’ condition was 5.96 (SD=1.82) before manipulation, which
lowered down to 4.52 (SD=1.59) after manipulation. The mean of task difficulty scores
before manipulation in the ‘Hard’ condition was 5.6 (SD=2.14), which increased slightly to
5.85 (SD=1.98).

There were no outliers in our data, as assessed by the visual inspection of the boxplot
(see Figure 2). Shapiro-Wilk test suggested non-normal data in the pre-manipulation
judgement in ‘Easy’ condition (p = .007). However, we decided to use the same method as
ANOVAs are considered to be robust to deviations from non-normality (Sawilowsky & Blair,
1992) The assumption of homogeneity of variances and homogeneity of covariances was
met, as per Levene’s Test of Homogeneity of Variances and Box’s M test respectively (p >

05).
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Figure 2

Boxplot of judgment scores pre-manipulation and post-manipulation in two task conditions
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Note. The cross in the boxes denotes the mean of the dataset. The black line in the box marks
the median of the dataset. The lower whisker shows the minimum value, whereas the upper
whisker shows the maximum value.

There was a statistically significant interaction between the perceived task difficulty
and manipulation on judgement scores of difficulty, F(1,41) = 7.81, p = .008, partial n*>=.16.
This suggests that the participants believed the task was going to be easier after manipulation
than previously thought and the participants in the hard condition believed that it would be
harder after the manipulation, with a large effect size. The main effect of the perceived task
difficulty conditions (easy and hard) was statistically significant in task difficulty judgements
scores, F(1,41)=5.95, p =.019, partial n>=.127. The main effect of manipulation (before
and after) was statistically significant in task difficulty judgement scores in the easy

condition, F(1,22) = 11.37, p = .003, partial > =.341. However, the main effect of
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manipulation (before and after) was not statistically significant in task difficulty judgement
scores in the hard condition, F(1,19) = 3.51, p =.561, partial n>=.018.

Hypothesis 1: Change in Degree of Confidence to Match with the AFRS in the Two
Perceived Difficulty Task Conditions

Change in degree of confidence of each condition was examined at a group level. The
change in degree of confidence of the participants in easy condition was very similar to that
of the hard condition (Easy: M=0.27, SD= 0.26; Hard: M=0.26, SD= 0.16). Since the mean
values are positive, it indicates that both the groups relied on the decision of the AFRS more
often than rejecting the decision. We checked for normality of the data using a Shapiro-Wilk
test. Significant results in the Shapiro-Wilk test suggest that there is evidence of non-
normality in the easy condition (W =0.77,p < .001).

We also checked for any outliers in the data. On visual inspection of the boxplot, we
can see that there were two outliers in the ‘easy’ group and one in the ‘hard’ group (see
Figure 3). Since the sample size we had at the time of analysis was small, it is hard to say that
the outliers in our study are true outliers. Due to this reason, we did not exclude the outliers in
our sample and included them as normal. Moreover, the direction of the outliers in our

sample are minimising the differences in the two task conditions.
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Figure 3

Average change in degree of confidence in units in two task conditions
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Note. The dot symbols in the graph show the outliers in our sample. The cross in the boxes
denotes the mean of the dataset. The black line in the box marks the median of the dataset.
The lower whisker shows the minimum value, whereas the upper whisker shows the
maximum value.

As the data failed the assumptions of an independent samples #-test, we decided to use
a non-parametric Mann-Whitney Test to analyse the data for the first hypothesis. The results
indicated that there was no significant difference between the reliance shown by participants
in ‘easy’ condition (Mdn = 0.20) and reliance shown by participants in ‘hard’ condition (Mdn
=0.26), U=246, Z=0.39, p = .697. The effect size was calculated using the rank biserial
correlation, which indicated an effect size of -0.07. This suggests a small effect size for the

data.
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Hypothesis 2: Change in Initial and Final Accuracy in Participants in the Two
Perceived Task Difficulty Conditions

Participants’ accuracy scores were submitted to a 2 X 2 repeated measures ANOVA
with initial (M= 87.09, SD= 7.65)and final accuracy scores (M= 92.32, SD= 5.49)as a within-
participants factor and the between-subjects factor of perceived task difficulty (easy or hard).
The test was performed to investigate whether the accuracy of participants in the ‘hard’
condition improved more with the assistance of the AFRS as compared to the ‘easy’
condition.
Figure 4

Boxplot of the average accuracy scores in the ‘Easy’ and ‘Hard’ task conditions.
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Note. The cross in the boxes denotes the mean of the dataset. The black line in the box marks
the median of the dataset. The lower whisker shows the minimum value, whereas the upper
whisker shows the maximum value.

The assumption of homogeneity of variances in the average initial accuracy was not

met as per Levene’s Test of homogeneity of variances (p = .049). The data also did not meet
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the assumption of covariances as per Box’s M test (p = 0.39). On inspection of the boxplot
(see Figure 4), there were no outliers in our sample.

There was no statistically significant difference in the interaction term. There was no
significant difference in the improvement of the accuracy scores between the participants in
two conditions, F(1,41)=1.13, p =.293, partial n>=.004. The main effect of assistance of
the AFRS showed a statistically significant difference in accuracy scores at initial and final
level, F(1,41)=41.03, p < .001, partial n?=.50. This means that the participants improved
on their accuracy after the assistance of the AFRS. The main effect of Perceived task
difficulty showed that there were no statistically significant differences in accuracy scores
between the two task conditions, F(1,41) = .57, p = .454, partial n*= .014.

Hypothesis 3: Relationship Between Reliance and Self-assessment of Task Difficulty on
Post-Task Questionnaire

A correlation test was performed to examine the relationship between reliance on the
AFRS and self-assessment of task difficulty as reported by the participants in the post-task
questionnaire. The response was measured on a 0-11 likert scale, with 1 being ‘extremely
difficulty” and 11 being ‘extremely easy’. Preliminary analyses showed that relationship was
linear, however, there was evidence of non-normality in the data (W=0.81, p<.001). We
decided to proceed with the Pearson’s correlation test as it has been found to be somewhat
robust to non-normality (Kang & Harring, 2012).

The relationship between the reliance of participants and how hard they found the task
to be in the post-task questionnaire was not significant, 7(41) =-.16, p = .321, with the task
difficulty rating in the post-task questionnaire explaining 10.3% of the variability in reliance
shown by the participants. The Pearson’s r depicted a negative small effect, which means as
reliance increases, participants answered the task to be easier in the post-task questionnaire

(see Figure 5).
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Figure 5
Scatter plot of reliance on the AFRS and self-assessement of task difficulty in the post-task

questionnaire
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Note. The points on the graph show the subjective task difficulty of the participants
corresponding to their average change in degree of confidence. The dotted line shows the
trendline of the data.
Hypothesis 4: Effect of Trust on the System on Perceived Task Difficulty and Reliance
A one-way ANCOVA was conducted to determine the effect of perceived task
difficulty on change in degree of confidence in units, after controlling for the participants’
trust in the system. The data showed evidence of non-normality. However, ANCOVA has
been found to be robust to non-normality (Osborne & Overbay, 2008). There was
homogeneity of variances, as assessed by Levene’s test of homogeneity of variance (p=.407).
On visual inspection of the scatterplot, there was a linear relationship between trust in the

system and reliance. The slopes for both the task conditions were positive.
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After adjusting for the trust of the participants in the system, no statistically
significant interaction was found between the reliance in the system and perceived task
difficulty conditions, F(1,40)=0.002, p = .962, partial 1’=.0.00. The main effect of trust in
system on reliance on the system was not statistically significant, (1,40) =.45, p = 0.506,
partial n?=.0.11.

Figure 6 shows the relationship between trust in the system using Lee and Moray score and
average change in degree of confidence in the participants in the ‘easy’ condition and the
‘hard’ condition.

Figure 6

Relationship between trust in the system and on average change of degree of confidence in

the responses of participants in the ‘easy’ and ‘hard’ condition.
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condition.
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Discussion

The aim of this study was to examine whether perceived task difficulty of the face
matching task had any effect on the participants’ reliance on the AFRS. While we did not find
any significant differences between the reliance of the two perceived task difficulty group, we
did find that in general participants relied on the system more, that is moved towards the
decision of the AFRS, instead of rejecting it. Howard et al. (2020) showed similar findings in
their study that participants become more confident that the faces labelled ‘same’ are similar,
and faces labelled ‘different’ are not. Our study also supported previous studies like the one by
Carragher and Hancock (2023) that the use of AFRS as a decision aid does improve human
performance in face matching tasks. However, the accuracy of human-AFRS team does not
exceed to the accuracy of the AFRS alone. This provides further evidence that humans could
be a limiting factor in the interaction (White et al., 2015; Carragher & Hancock, 2023).

In our study, we manipulated the perceived task difficulty by randomly allocating
participants into two conditions, ‘Easy’ and ‘Hard’, and showed them two distinct statements
that suggested if the task they were going to do is easy to score on or difficult to score. In order
to check whether our statements truly changed the perception of task difficulty as we intended
it to, we performed a manipulation check. Significant results suggested that the manipulation
made the participants in the easy condition believe that the task was going to be easy, and
participants in the hard condition believed that the task was going to be difficult. This shows
us that the manipulation could be an attributing factor to our results.

The first hypothesis looked into whether participants in the ‘Hard’ condition would rely
more, or change the degree of confidence of their response in order to match with that of the
AFRS more often, as compared to the participants in the ‘Easy’ condition. Contrary to our
expectations, reliance on AFRS did not differ between the ‘Easy’ and ‘Hard’ conditions. This

finding was contrary to the findings of Hoff and Bashir (2015) and Schwark et al (2010) who
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suggested that perceived task difficulty influences trust and participants were more likely to
utilize a decision aid when they found the task to be hard. A possible explanation for this result
could be that as participants performed on more and more trials, they made their own
perceptions of task difficulty, which might have not matched with the task difficulty condition
that they were assigned to. Parkes (2013) showed in their study that participants relied more
on the decision when they found the task to be difficult in their own perception. Additionally,
the operator’s decision to rely on the decision aid depends on their trust in the system and self-
confidence in their own ability (Lee & Moray, 1994). When trust in the system is greater than
their self-confidence, greater reliance in automation can be observed. However, sccording to
Dunning et al. (2003), people are more likely to overestimate their abilities. As a result,
participants who overestimated their skills and had greater self-confidence in the face matching
task might Another explanation could be that perceived task difficulty is not the same as the
actual difficulty of the task. Since all the participants in the experiment performed the same
test, suggesting same task difficulty across the two perceived task difficulty conditions, it could
have influenced our results.

Hypothesis 2 stated that participants in the ‘Hard’ condition would show more
improvement in their initial and final accuracy scores, as compared to the ‘Easy’ condition.
This was hypothesized on the basis that when participants would rely more on the decisions of
the AFRS, their accuracy would increase as a result. Our results did not support this hypothesis
and showed that there was no difference in the improvement in accuracy scores across the two
perceived task difficulty conditions. This could be due to the non-significant results found in
Hypothesis 1. Since there was no difference between the reliance of the two difficulty
conditions, it could have led to no difference in the accuracy scores of the two difficulty
conditions. The results, however, did indicate that the accuracy scores of the participants across

the two task conditions improved with the assistance of the AFRS. This finding is consistent
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with the findings of Carragher and Hancock (2023), who also found AFRS to be a contributing
factor in the improvement of human performance on face matching tasks.

According to the third hypothesis, participants who found the task ‘Hard’ in the post-
task questionnaire, regardless of the perceived task difficulty condition they were randomly
assigned to, would also rely on the AFRS more as compared to those who found the task to be
‘Easy’. The results did not support this. No significant relationship was found and there was a
suggestion of a small negative effect. This suggested that people who self-assessed the task to
be ‘easy’ in the post-task questionnaire, relied on the AFRS more. Our finding contradicts the
study by Parkes (2013), which indicated that perceived task difficulty, when self-assessed by
the participants, positively correlated to the use of decision aids. One possible explanation is
that the participants reliance in the AFRS could have attributed to the participants’ self-
assessment of the task as ‘easy’. This means as they actually found the task to be easy by the
end of it because of their continued use of the AFRS.

The fourth hypothesis assumed that there would be a stronger relationship between
perceived task difficulty and reliance on the AFRS when trust in the AFRS was stronger. The
results of our study did not support this hypothesis, which was in contrary to the findings of
Meyer (2004). According to Meyer (2004), levels of trust in automation is positively correlated
to reliance in automation. This raises questions about the relationship between the participant’s
trust in automation and in turn, reliance in automation.

There were a few limitations in our study. One of them is that at the time of analysis,
the sample size we received was very small. At the beginning of our study, we conducted an a
priori analysis, using G-power (Erdfelder, Faul, Buchner & Lang, 2009), to determine the
sample size. It was indicated that we needed a sample size of 128 participants, with 64
participants in each condition, however, we only managed to get a total of 43 participants, 23

in the ‘Easy’ condition and 20 in the ‘Hard’ condition. While this is an ongoing study, the small
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sample size could have had various implications on the interpretation of our results. It becomes
difficult to detect any true differences between groups when the sample size is small (Akobeng,
2016). Human face matching abilities lie on a spectrum, where on one end are people who are
unable to detect faces (Jones & Tranel, 2001) and on the other end, there are people who
perform exceptionally well at such tasks (Russell, Duchaine, & Nakayama, 2009). In a small
sample size, it becomes difficult to gather estimates of true performance of the population. As
a result, the statistical power of our study was reduced due to a smaller number of participants.
Further research is needed to examine whether our findings are true and valid, and that a Type
IT error was not made.

Our study has various implications in applied settings. Since the AFRS is being used in
various work environments, such as border control, where passport officers use e-gates for
verification purposes (Noyes & Hill, 2021), our study looks into one of the many factors that
could influence the use of AFRS to make a decision. Our results are based on one experiment
and further investigation is required to validate them and explore whether perceived task
difficulty would affect reliance on the AFRS as it has been shown to do with other decision
aids (Schwark et al., 2010), Parkes (2012), Hoff & Bashir (2015). Further research is also
needed to find whether relying of the decision of the AFRS would increase human accuracy in
face matching and reach an optimal level of performance. This would help form and implement
strategies that would help workplaces that use AFRS, such as border control.

In conclusion, our study did not find that perceived task difficulty influences reliance
of human operators in AFRS. However, it does support the findings that humans are more
likely to rely on the AFRS rather than rejecting it. The tendency to rely on the AFRS, in turn,
increases human accuracy on face matching tasks, but the performance is on a sub-optimal
level. These results strongly suggest that there are other factors at play, possibly pre-existing

biases, and attitudes, that have a stronger influence on human reliance in automation. Further
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investigation in this field can help determine how we can reach an optimal level of performance

by influencing human operator’s reliance in automation.
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Appendix 1

Red text shows changes from the questionnaires designed for Carragher, Sturman &

Hancock

Initial Ability Estimates

1. How confident are you in your ability to accurately judge whether two photographs
show the same person? (11 point scale from “extremely low” to “extremely high”)

2. How accurate (as a %) do you think you will be when completing this task on your

own (unassisted)? (0-100%)

3. Compared to the average person, do you think your unassisted performance will be

above average or below average? (below average, above average)

4. How challenging do you think this task is going to be? (11 point scale from

“extremely difficult” to “extremely easy”)

Lee & Moray (1994)

Pre-Experience Trust Questions

The effect of trust in automation on human use of simulated Automated Facial

Ratings made on a scale from 0 to 10 (“extremely low” to “extremely high™)

1. How confident are you in your ability to accurately judge whether two photographs
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show the same person?

2. How much do you trust the facial recognition system to accurately judge whether

two photographs show the same person? Exploratory Questions

3.

4.

Do you trust the facial recognition system to help you in this task? (no, yes)

How often do you think you will rely on (follow) the decisions made by the facial
recognition system? (11 point scale: Never — Always)

The facial recognition system only makes errors on 5% of trials. How confident are
you that you will be able to detect these errors? (11 point scale: Extremely Low —
Extremely High)

If you disagree with a decision from the facial recognition system, how often do you
think you will change your decision to match that given by the system? (e.g., if you
think the two faces are the “same” person but the system says “different”, how often
will you change your mind and report "different" too?) (11 point scale: Never —
Always)

To what extent do you believe the facial recognition system’s decisions will influence
your performance on the task? (11 point scale: ‘significantly impair' to ‘significantly

improve’)

To what extent do you believe that the facial recognition system’s decisions will
influence the difficulty of the task? (11 point scale: ‘significantly harder' to
‘significantly easier”)

Who do you think will be more accurate at this task? (You, The Facial Recognition

System)
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10. If you could choose your source of help for this task, would you prefer to see the
decisions made by a facial recognition system or another person? (Another Human/ A
Facial Recognition System)

11. Outside of this experiment, how would you rate your level of knowledge about facial
recognition technology? (11 point scale: “Extremely low” to “Extremely high”)

12. How accurate (as a %) do you think you will be when completing this task on your
own (unassisted)? (0-100)

13. Compared to the average person, do you think your unassisted performance will be
above average or below average? (below, above)

14. How accurate (as a %) do you think the facial recognition system will be on this task?
(0-100)

15. How accurate (as a %) do you think you will be if you complete this task with the
assistance of the facial recognition system? (0-100)

16. How challenging do you think this task is going to be? (11 point scale from

“extremely difficult” to “extremely easy”)

sk sk sk sk sfe sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk s sk s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skeoske sk sk sk sk skeoske sk sk skeoske sk sk sk ko ko skokosk

Post-Experience questions

Lee & Moray (1994)

Ratings made on a scale from 0 to 10 (“extremely low” to “extremely high”)

1. How confident are you in your ability fo accurately judge whether two photographs

show the same person?

2. How much do you trust the facial recognition system o accurately judge whether
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two photographs show the same person?

Exploratory Questions

3. Do you trust that the facial recognition system helped you in this task? (no, yes)

10.

How often do you think you relied on (followed) the decisions made by the facial
recognition system? (11 point scale: Never — Always)

The facial recognition system only made errors on 5% of trials. How confident are
you that you were able to detect these errors? (11 point scale: Extremely Low —
Extremely High)

If you disagreed with a decision from the facial recognition system, how often do you
think you changed your decision to match that given by the system? (e.g., if you
thought the two faces were the “same” person but the system said “different”, how
often did you change your mind and report "different" too?) (11 point scale: Never —
Always)

To what extent do you believe the facial recognition system’s decisions influenced
your performance on the task? (11 point scale: ‘significantly impair' to ‘significantly
improve’)

To what extent do you believe that the facial recognition system’s decisions
influenced the difficulty of the task? (11 point scale: ‘significantly harder' to
‘significantly easier”)

Who do you think was more accurate at this task? (You, The Facial Recognition
System)

If you could choose your source of help for this task, would you prefer to see the
decisions made by a facial recognition system or another person? (Another Human/ A

Facial Recognition System)
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11. How accurate (as a %) do you think you would have been without the assistance of
the facial recognition system? (0-100)

12. Compared to the average person, do you think your unassisted performance (first
decisions) was above average or below average? (below, above)

13. According to the instructions, how accurate was the facial recognition system? (55%,
95%)

14. The instructions said that the facial recognition system would give the correct answer

on 95% of trials. Do you believe that the facial recognition system was that accurate?

(no, yes)

IF NO, show 15

15. How accurate (as a %) do you think the facial recognition system was on this task? (0-

100)

16. How accurate (as a %) do you think you were when completing this task with the

assistance of the facial recognition system? (0-100)

17. How challenging did you find this task? (11 point scale from “extremely difficult” to

“extremely easy”)





