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The influence of feedback on performance is a topic of ongoing debate, with
some previous studies finding it to be ineffective, while others have discovered
that it can be helpful or harmful. One possible reason for these inconsistent
results may be that feedback can create a conflict between a person’s beliefs
and the sensory information they receive. In the present study, we used a
Vernier discrimination task to examine the influence of biased feedback on
performance, as this type of feedback is most likely to create conflict. Biased
feedback refers to feedback that does not align with the subjects’ choices.
The Vernier discrimination task is a type of psychophysical task that is often
used to measure an individual's ability to perceive differences in the position
or orientation of two visual stimuli. The task involves presenting two stimuli,
one of which is slightly offset from the other, and asking the individual to
determine the direction and magnitude of the offset. In Experiment 1, feedback
was provided after each trial using large-offset verniers as guidance. The large-
offset verniers always received correct feedback, but the small and medium-
offset verniers might receive biased feedback. In Experiment 2, feedback was
provided after each block of eight verniers. In Experiment 3, we removed
the large offset vernier to investigate the influence of block feedback on the
signal and noise. The results showed that the accuracy for the target vernier
decreased due to biased feedback in both the trial feedback (Experiment 1)
and the block feedback (Experiment 2). However, in Experiments 1 and 2,
performance improved when feedback was absent. Moreover, if the difference
between the two types of stimuli is great, the individual will engage in
encoding learning rather than decision learning (Experiments 1 and 2). If the
discrimination between the two types of stimuli is low, an individual's ability
to discriminate noise is more vulnerable to the influence of biased feedback
than the ability to discriminate the signal (Experiment 3). These results are
discussed in relation to the mechanism of biased feedback, the process of
encoding learning, the monitoring of internal feedback, and the generalization
of false decisions.

KEYWORDS

biased feedback, Vernier discrimination tasks, reversed feedback, sensory evidence,
prior belief

1. Introduction

At its most basic level, feedback refers to information an individual receives about
his/her past behavior. It provides some information about the correctness, accuracy, or
adequacy of a response (Ilgen et al., 1979). Kluger and DeNisi (1996) defined “feedback
intervention” as actions taken by external agents to provide information regarding some
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aspect(s) of ones task performance. Feedback can accurately
reflect the results of a task (true feedback). However, it may also
be incorrect (biased feedback) or irrelevant (fake feedback) to
the results. Biased feedback refers to feedback that is reversed.
For example, if the participant responds correctly, the feedback
would be “incorrect” (Herzog and Fahle, 1999; Aberg and
Herzog, 2012). Conversely, “fake feedback” refers to random
feedback that is irrelevant to the response (Alloy and Abramson,
1979; Beedie et al., 2012).

The influence of feedback on performance is a matter of
debate. Early studies on feedback intervention focused mainly
on true feedback (Wright, 1906; Arps, 1920; Book and Norvell,
1922; Gilliland, 1925; Thorndike, 1927; Brown, 1932; Manzer,
1935; Elwell and Grindley, 1938), where subjects were given
“correct” for correct responses and “incorrect” for incorrect
responses. For example, Thorndike (1927) found that providing
subjects with feedback on their results during a blindfold task
could significantly improve accuracy. These studies covered a
variety of fields, including muscle movement (Wright, 1906;
Arps, 1920), perception of speed (e.g., Hill and Salzman, 2012;
Molloy et al., 2018), executive function (e.g., Tarullo et al., 2018),
and high-level mental functions such as reasoning (Book and
Norvell, 1922). Different researchers have different theories,
referring to attention (Arps, 1920), motivation (Book and
Norvell, 1922; Manzer, 1935), organization of knowledge (Elwell
and Grindley, 1938), psychological benefits (Wright, 1906), and
so on. However, some studies found that feedback interventions
can be ineffective (e.g., Locke, 1967; Locke and Bryan, 1969;
Adams, 1978) and may even reduce performance (e.g., Katz
et al., 2014). An overview by Kluger and DeNisi (1996) found
that feedback intervention reduced performance in more than
one-third of the studies they examined.

Similar to the influence of true feedback, the influence of
fake feedback remains controversial. Fake feedback suggests that
there is no relationship between feedback and real performance
(random presentation). As for fake feedback, Hurlock’s (1925)
study is representative. He evaluated the effect of continuous
blame and praise on children’s arithmetic abilities over a period
of time. Hurlock divided subjects into four groups and asked
them to complete an arithmetic task after providing them with
different types of feedback (regardless of their real performance).
The praise group received praise and encouragement after
every task. The criticism group was severely criticized after
each task. The neglected group received neither blame nor
encouragement and remained in the same classroom with the
praise and criticism groups. The control group was separated
from the other groups and received no feedback. Hurlock found
that praise had the strongest effect on improving performance,
which continued to increase over the course of the experiment.
Initially, criticism had the same effect as praise, but its effect
later decreased. The performance of the neglected group
also improved at first but then declined significantly. The
performance of the control group exhibited no change.
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Fake feedback also triggers a variety of psychological
processes. For example, in terms of visual perception, Phillips
et al. (1999) presented subjects with fake heart rate information
and then asked them to detect whether their heartbeats and
a flash of light appeared simultaneously. The results showed
that fake slow feedback decreased accuracy. In terms of
duration perception, Chwilla and Brunia (1991) found that, after
receiving fake feedback, subjects overestimated the duration
of the stimuli. Schwark et al. (2012) and Rigoni et al. (2016)
observed the effects of fake feedback on visual stimuli and
response inhibition, respectively. Gray et al. (2007) found that,
at an emotional level, fake feedback could improve emotional
perception. Beedie et al. (2012) found that, when cyclists
received feedback that their riding time was shorter than that
of others, their happiness and calmness improved, while their
anxiety, depression, inertia, and other negative emotions were
worse than those of the control group. In addition, fake feedback
also had an impact on their physiological health. In the same
experiment, fake feedback also reduced oxygen consumption
and improved blood glucose levels. The findings of McCall
and Meston (2007) also confirmed the effect of fake feedback
on their physiological health. They found that fake positive
feedback could improve one’s sexual arousal. Thus, fake feedback
may also improve or reduce individual performance, similar to
true feedback.

The different effects of feedback (both true and fake)
may be related to perceptual factors at different stages of
the decision-making process, from the initial perception of
stimuli to the final decision. The conflict between different
stages may determine how feedback works. Herzog and Fahle
(1999) divided the decision-making process into three stages:
early, middle, and late. The early stage involves the initial
perception of stimuli, such as the gap between two line segments.
However, individuals may perceive a complete line segment in
the early stages if the gap is significantly small. The intermediate
stages are related to factors that are not linked with the
properties of the stimulus, such as task requirements, warnings,
feedback, and other information. They might lead to an unstable
representation of the environment, appearing unpredictable and
potentially threatening (Varrier et al,, 2019). At the late stage
(decision stage), individuals need to comprehensively evaluate
information from the early and intermediate stages and finally
make decisions. At this stage, the weight of the early and middle
stages is the decisive factor. The factors in the middle stage are
measurable and controllable. However, the sensory information
individuals perceive in the early stage is not always consistent
with the final behavior results; thus, it is hidden and difficult to
measure. It is unclear how sensory information interacts with
prior beliefs that are triggered by feedback. We need to find a
method to investigate the perception of sensory information.
Sensory information refers to the subject’s perception of the
correctness of the results when there is no feedback (internal
feedback in the present study).
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Which kind of feedback is most effective for exploring the
role of internal feedback? Biased or reverse feedback (Herzog
and Fahle, 1999) is particularly useful in this regard (see Aberg
and Herzog, 2012), as it provides “wrong” feedback when
individuals make correct judgments or “right” feedback when
they make wrong judgments. This kind of feedback will create
conflicts between sensory information and prior beliefs. At
present, there are few studies on biased feedback, and some
researchers call false feedback “fake feedback” in essence (e.g.,
Story and Craske, 2008). One way to control feedback is to
change its prevalence (Wolfe and Van Wert, 2010). Prevalence
refers to the probability of biased feedback in a group involving
true feedback. Increasing the prevalence of biased feedback can
lead to greater uncertainty, influencing the subject’s perception
and judgment criteria.

To control sensory information, studies can manipulate
the offset of verniers in Vernier discrimination tasks. In a
vernier discrimination task, two straight lines (called verniers)
appear above and below each other, and the two verniers may
be aligned or offset. The subject needs to determine whether
they are offset by pressing different keys. Herzog and Fahle
(1999) found that biased feedback would decrease individuals’
performance in Vernier discrimination tasks, but once the
feedback became correct, the performance would improve.
This study provided a basic hypothesis: biased feedback will
decrease performance.

However, it is important to note that the measurement
of sensory information may not always accurately reflect an
individual’s actual perception. In the study by Herzog and Fahle
(1999), verniers with different offset levels were used, and the
values of the medium- and small-offset levels were two-third
and one-third of the large offset level, respectively. However,
it is well-known that sensory threshold is not linearly related
to the physical properties of stimuli. Thus, verniers at the
three levels might not have been distinguishable to the subjects.
The subjects’ perception of the three verniers may not have
necessarily followed the 3:2:1 ratio. Therefore, the perception of
the verniers may be different from the 3:2:1 ratio. For example,
with the logic of Herzog and Fahle (1999), the number of
offsets perceived by subjects in the medium cursor should be
two-third of the number in the large cursor. However, in reality,
the number the subjects perceive is likely less than this value
because of the non-linearity of the sensory threshold. Thus,
the prior sensory information may not be consistent with the
actual perception.

Another problem was that the effect of the offset was likely
to be related to the difficulty of the task. The greater the offset
of two verniers, the lower the difficulty. In Herzog and Fahle’s
(1999) study, medium-offset verniers were easier to identify than
small-offset verniers. Although they found that the accuracy
of medium-offset verniers was higher, this may be due to
the task’s difficulty. The offsets of the three levels of verniers
were noticeably similar, and these levels were presented in a
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An example of offsets. From left to right are the conditions of
large left offset (LL), middle left offset (ML), small left offset (SL),
no offset (aligned verniers, NO), and large right offset (LR),
respectively.

mixed manner in each block. It was difficult to discern whether
difficulty played a role in their study.

We thus designed three experiments to explore the impact
of the conflict between sensory information (internal feedback
in the present study) and feedback (called external feedback in
the present study) on the performance of Vernier discrimination
tasks. In Experiment 1, we referred to the setup of Herzog and
Fahle (1999) and asked subjects to judge whether two verniers
were offset. However, to avoid the insufficient discrimination
caused by mixed offset levels, we set the offset level as a between-
group factor (offset size: medium vs. small), which was originally
a within-group factor, as in the study by Herzog and Fahle
(1999). Half of the trials in each block used large-offset verniers
as guidance. In the pre-experiment, the large offset level always
achieved 100% accuracy. The other half of the trials involved
medium- or small-offset verniers in different groups. The size
of the medium-offset vernier was no longer two-thirds of the
large offset level but still corresponded to an accuracy of 85-
95% in the pre-experiment. The size of the small offset vernier
corresponded to an accuracy of 55-65%. Figure I shows an
example of the offset levels used in the study. The large-offset
verniers would prevent the subjects from perceiving too much
biased feedback and giving reverse responses. This ensured
that the verniers were presented under the “wings” of correctly
labeled and easily discernible verniers (Herzog and Fahle, 1999).

Another important variable was the probability of biased
feedback (high vs. low). In the high group, the probability of
biased feedback on target verniers was 80%, while it was 20% in
the low group. Biased feedback appeared only after medium- and
small-offset verniers. In Experiment 1, we predicted that both
offset size groups would be influenced by biased feedback, while
the large-offset verniers would not be influenced because they
received no biased feedback. The performance with large-offset
verniers may reflect the presence of decision learning. Herzog
and Fahle (1999) divided feedback-based learning into encoding
learning (mislearning) and decision learning (misdecision). In
encoding learning, feedback might act as a classifier, providing
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the associated class label. False data labeling might lead to a
misclassification based on a change in likelihood functions.
Feedback might also influence the decision-making process.
For example, if feedback reinforces one class of decision over
the other, a shift in the decision criteria might take such
biased feedback into account. A shift in the decision criterion
yields more responses toward the favored side. All these
changes related to decision processes occur after the encoding
stages. Herzog and Fahle (1999) found that, even if biased
feedback followed only the small-offset verniers, it influenced
large, medium, and small verniers at the same time. Based
on these results, they argued that there was a misdecision
rather than mislearning. Otherwise, the biased feedback would
influence only the small-offset verniers. We made the opposite
prediction. If the three types of verniers were not mixed
(between groups) and there was sufficient discrimination among
them, mislearning would be likely to occur. Subjects would
mistakenly classify the small left verniers as right, but the large-
offset verniers would not be influenced in the high group.

In the trial feedback of Experiment 1, we found that difficulty
and biased feedback decreased the subjects’ performance. The
average accuracy of different offset sizes indicated the degree
of difficulty. A medium offset is easier to distinguish compared
with a small offset. The accuracy of different types of feedback
indicated the effect of feedback. In the trial feedback, the subjects
could clearly see whether they were right or not, having received
clear internal feedback. However, group (block) feedback could
be different. In a group feedback study by Aberg and Herzog
(2012), they presented block feedback after every seven trials and
did not find any feedback effect. This may be because subjects
did not assess their correctness and therefore did not generate
clear internal feedback; thus, there was no conflict between
internal and external feedback, resulting in no effect of the biased
feedback. We asked participants to evaluate their performance
after every eight trials (a block) and then gave consistent or
biased feedback. That is, subjects must first estimate how many
of the eight trials they got right after each block, and then,
the program will give them consistent or inconsistent feedback
based on their estimates. Subjects’ estimates would generate
internal feedback. When their internal feedback conflicts with
external feedback, biased feedback may decrease performance.
Experiments 2 and 3 in the present study explored the influence
of block feedback. Subjects were required to evaluate their
accuracy after each block, and biased feedback was presented
according to their evaluated accuracy. Experiments 2 and 3
directly set up feedback that was opposite to the self-assessment
to explore the role of biased feedback.

Experiment 2 found that block feedback could influence
performance. In Experiment 3, there were no large-offset
verniers because there were few indicators with such a large
distinguishability as guidance in real life. In Experiment 3,
subjects were no longer asked to judge the direction of the
offset but to judge whether the two verniers were offset. Half
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of the verniers were offset, while the other half were aligned in
Experiment 3. This would help us explore the influence of signal
(offset verniers) and noise (aligned verniers). It is worth noting
that, in Experiments 2 and 3, we set up three completely correct
feedback blocks before the occurrence of biased feedback, which
always provided feedback based on real performance.

This study is novel in that it aims to clarify how sensory
information interacts with prior beliefs triggered by feedback.
The prior beliefs triggered by feedback mean that individuals
would expect later trials when they received feedback in previous
trials. This belief may change along with the presentation
of feedback. In Experiment 1, we tested mislearning and
misdecisions when the verniers were more distinguishable. We
also tested the influence of difficulty. In Experiments 2 and 3,
we tested block feedback based on the subjects’ evaluations.
Currently, there are only a few studies on biased feedback,
mostly based on real results rather than the subjects’ evaluations.

In summary, we put forward the following hypotheses:

1. Offset size (difficulty) would influence accuracy, but biased
feedback would also decrease performance when excluding
the influence of difficulty.

2. Biased feedback would decrease performance regardless of
whether there was trial feedback or block feedback.

3. When biased feedback
would rebound.

disappeared,  performance

4. The performance of large-offset verniers would not decrease
when we provided biased feedback for small and medium-
offset verniers, that is, misreading rather than misdecision
would occur.

2. Experiment 1: Trial feedback

2.1. Materials and methods

2.1.1. Participants

Herzog and Fahle (1999) recruited five subjects for each
condition. In the study by Aberg and Herzog (2012), six subjects
were recruited for each condition. Both studies found bias
feedback effects, but neither reported effect size. Thus, we could
not calculate the sample size via a priori power analysis with any
existing effect size. To ensure that the effects of biased feedback
could be observed, 12 participants were recruited at each level,
which was exactly two times the sample size of Aberg and
Herzog (2012). A total of 48 students (mean age = 21.04 years,
20 men, 28 women) were randomly divided into four groups.
All participants in the present study (all three experiments)
were recruited from the Guangxi Normal University, in the
same major and grade, with normal or corrected-to-normal
vision. During recruitment, they were informed that they would
receive fixed rewards. None of our participants participated
in more than one experiment. All experiments were approved
by the ethics committee of the Ministry of Education at
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Guangxi Normal University. The participants provided their
written informed consent to participate in the study. After the
experiments, we informed each subject of the present study’s
purpose: to eliminate the influence of feedback intervention.

2.1.2. Stimuli

The experiment was conducted using E-Prime 2.0 software
on a computer with a 21-inch monitor with a resolution of 1,920
x 1,080 and a refresh rate of 65 Hz at a distance of 1 m. Verniers
consisted of two vertical lines with a length of 7.18/ (arcmin),
separated by a gap of 0.72/. The lower line was offset to the
left or right in relation to the upper line. The luminance was
approximately 200 cd/m. Based on our pre-experiment results,
each trial’s presentation time was set to 50 ms, during which the
offset of the verniers was highly distinguishable.

We determined the appropriate offset level by measuring
the offset threshold for each participant in the pre-experiment.
Herzog and Fahle (1999) decided that the values of the
medium- and small-offset levels were two-thirds and one-third
compared with the large-offset level, respectively. However, in
reality, the number the subjects perceive is likely to be less
than this value because of the non-linearity of the sensory
threshold. Thus, in the present study, we set different offset
levels to measure the subjects’ accuracy. Subjects needed to
distinguish whether a vernier was offset to the right or the left.
The large offset condition corresponded to the 100% threshold
level. The subjects could always respond correctly to the verniers
of this condition in the 20 trials of a block presented in the
pre-experiment. For the measurement of large offset verniers,
an increasing sequence was used. Every 20 trials represented a
block. The offset increased with the block until subjects obtained
100% accuracy. The medium-offset condition corresponded to
the threshold level of 85-95%. The subjects had an 85-95%
probability of a correct response. The small offset condition
corresponded to the 55-65% threshold level. The decreasing
sequence was used at these two levels, starting from the offset
pertaining to the large-offset verniers until they first reached the
abovementioned accuracy.

2.1.3. Task and procedure

For each stimulus, the offset and condition of feedback could
be manipulated independently. There were two levels of offset
size (medium vs. small) and probability of biased feedback at two
levels (high vs. low). In each trial, two verniers were presented in
the center of the screen, and participants indicated whether the
lower line was offset to the left or the right relative to the upper
line by pushing one of the two buttons.

There were 12 blocks in Experiment 1, and each block
consisted of 20 trials. In each block, 10 trials presented large
offset verniers, while the other 10 presented medium-offset
verniers (in the medium group) or small-offset verniers (in
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the small group). For large-offset verniers, half of the lower
lines were offset to the left, while the other half were offset
to the right. Large-offset trials always received true feedback.
For the medium- (in the medium group) and small-offset
verniers (in the small group), all the lower lines were offset
to the left. Only the medium (small) offset verniers would
receive different feedback. In the low group, the medium (small)
trials had a probability of 20% to meet reverse feedback and a
probability of 80% to meet true feedback. In the high group,
the medium (small) trials had a probability of 80% to meet
reverse feedback and a probability of 20% to meet true feedback.
True feedback involved giving “incorrect” feedback when the
subjects made incorrect judgments. Reverse feedback provided
“incorrect” feedback when the subjects made correct judgments.
No “correct” feedback would be given, similar to the work by
Herzog and Fahle (1999).

The first seven blocks were feedback blocks that appeared
immediately after the subjects responded. The last five blocks
were rebound blocks, in which there was no feedback. There was
an introduction between the 7th and 8th blocks to inform the
subjects that there would be no more feedback.

2.2. Results

2.2.1. The accuracy of key blocks

First, we calculated the difference (change amount) in the
accuracy of the first and seventh blocks. The target offset size
(medium vs. small) and the probability of biased feedback
(high vs. low) were within-group variables. However, we also
tested the large-offset verniers to calculate whether there was
a misdecision or mislearning. If the biased feedback impacted
both the large-offset verniers and the target verniers (the middle
offset in the middle group and the small offset in the small
group), it would imply a misdecision. If biased feedback only
impacted the target vernier, it would imply mislearning. We set
the vernier type (big left vs. target vs. big right) as a within-group
variable. A mixed ANOVA was performed with the variables of
offset size, feedback type, and vernier type. For the vernier type,
the target in the small group involved a small left vernier, while
it was the medium left vernier in the medium group.

The results showed that only feedback type was marginally
significant for the main effects, F(j44) = 4.057, p = 0.05,
nf, = 0.084. The change in the low group (—0.006 & 0.145) was
less than that in the high group (0.064 £ 0.222). This indicated
that the accuracy of the high group decreased more from the
first block to the seventh block than that of the low group. For
the interaction effects, only the feedback and vernier types had
a significant difference; F(; ggy = 10.391, p < 0.001, nf, =0.191.
The simple effect showed that the change of the target (0.183 £
0.263) in the high group was significantly greater than that of the
large left vernier (0.025 = 0.223) and large right vernier (—0.017
=+ 0.101), ps < 0.006. There was no difference between the large
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FIGURE 2
Accuracy of trial feedback. (A) Medium, biased feedback, (B) medium, consistent feedback, (C) small, biased feedback, (D) small, consistent
feedback.

left vernier and large right vernier; p = 0.121. There was no
difference in the low group; ps > 0.121. There was no difference
in any other main effects or interactions, ps > 0.154, ’7129 < 0.046.
These results indicated that biased feedback decreased targets’
accuracy but did not affect large verniers. Besides, the low group
had no effect on reducing or improving accuracy. In addition,
the influence of biased feedback was not affected by the offset
size (see Figure 2).

Since biased feedback influenced only the targets, we tested
the differences in the targets in the first, seventh, and twelfth
blocks in the low group to explore how the accuracy of the
target was reduced and improved under different conditions.
These three blocks were taken because the first block served as
a baseline, the seventh block had the last block influenced by
feedback, and the twelfth block marked the end of the accuracy
rebound. However, in the high group, the accuracy of the targets
reached its lowest point in the sixth block; thus, we tested the
accuracy of the first, sixth, and twelfth blocks.

The results showed that, for the middle offset vernier, the
accuracy of the high group decreased from 0.775 % 0.176 in the
first block to 0.483 £ 0.301 in the sixth block and rebounded to
0.725 = 0.328 in the twelfth block. For the small-offset verniers,
the accuracy of the high group decreased from 0.467 £ 0.284 in
the first block to 0.242 =+ 0.178 in the sixth block and rebounded
to 0.492 £ 0.257 in the twelfth block. In the low group, the
accuracy of the medium-offset vernier in the first, seventh, and
twelfth blocks was 0.892 &+ 0.173, 0.967 &+ 0.049, and 0.933 +
0.123, respectively. The accuracy of the small-offset verniers in
the three blocks was 0.742 % 0.261, 0.783 =+ 0.252, and 0.900
=+ 0.141, respectively. We compared the accuracy in the sixth
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and twelfth blocks to test how individuals rebound in terms of
learning a good or bad prior and then correcting themselves with
sensory information. The t-test results are shown in Table 1.

2.2.2. The average accuracy

We tested the influence of difficulty by comparing the
average accuracy of all blocks of the small and medium-offset
verniers under different types of feedback. The results showed
that the main effects of feedback types were significant, F(; 44)
=45.015, p < 0.001, r)g = 0.506. The mean accuracy of the low
group (0.827 £ 0.150) was higher than that of the high group
(0.534 £ 0.230). There was a significant difference in the main
effect of the vernier type; F(j 44y = 12.860, p = 0.001, n% =0.226.
The mean accuracy of the medium-offset vernier (0.793 =+ 0.228)
was higher than that of the small-offset vernier (0.613 £ 0.256).
There was no significant difference in the interaction; F(; 44)
= 0.269, p = 0.607, ng = 0.006. These results indicated that
difficulty and feedback type influenced accuracy.

We also tested the average accuracy in different phases. The
results were similar to the overall accuracy for the feedback
phase (blocks 1-7). The main effects of feedback types were
significant, F(j 44y = 39.025, p < 0.001, nf, = 0.470. The
mean accuracy of the low group (0.905 £ 0.133) was higher
than that of the high group (0.691 £ 0.143). There was a
significant difference in the main effect of the vernier type;
F1,44) = 17.951, p < 0.001, né = 0.290. The mean accuracy
of the medium-offset vernier (0.871 % 0.142) was higher than
that of the small offset vernier (0.725 =+ 0.176). There was
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TABLE 1 T-tests of trial feedback.

10.3389/fpsyq.2022.987042

Feedback type Offset size Blocks Mean difference t p d
Consistent feedback Small 1vs.7 —0.417 —0.594 0.564 0.239
7 vs. 12 —0.117 —1.606 0.137 0.630
1vs. 12 —0.158 —2.048 0.065 0.793
Medium 1vs.7 —0.075 —1.517 0.157 0.598
7vs. 12 0.033 1.076 0.305 0.429
1vs. 12 —0.042 —0.671 0.516 0.270
Biased feedback Small 1vs. 6 0.225 2.265 0.045 0.868
6vs. 12 —0.250 —4.855 0.001 1.548
1vs. 12 —0.025 —0.208 0.839 0.084
Medium 1vs.6 0.267 4.222 <0.001 1.184
6vs. 12 —0.217 —2.091 0.05 0.847
1vs. 12 0.05 0.736 0.477 0.296

no significant difference in the interaction; F(j 44y = 0.072,
P =0.789, n5 = 0.002.

The results were similar to the overall accuracy for the
rebound phase (blocks 8-12). The main effects of feedback types
were significant, F(j 44y = 20.819, p < 0.001, n5 = 0.321. The
mean accuracy of the low group (0.928 = 0.098) was higher than
that of the high group (0.778 % 0.142). There was a significant
difference in the main effect of the vernier type; F(; 44y = 7.819,
p=0.008, 7712) = 0.149. The mean accuracy of the medium-offset
vernier (0.898 &+ 0.112) was higher than that of the small-offset
vernier (0.807 = 0.157). There was no significant difference in
the interaction; F(j 44y = 0.692, p = 0.410, r;}z, = 0.015. These
results indicated that, even though the performance recovered
when there was no more feedback, the influence of biased
feedback still lasted a while.

2.3. Discussion

Similar to the study by Herzog and Fahle (1999), we
found that biased feedback decreased the accuracy of the
discrimination task. However, there was no relationship between
feedback type and offset size. These results indicate that the
lower accuracy in the small group was due to the greater
difficulty of identifying small-offset verniers rather than the
impact of biased feedback. If the latter were the case, we would
expect to see an interaction between feedback type and offset
size. These results may imply that the effect of biased feedback
follows an all-or-nothing rule rather than decreasing with the
increase in the discrimination of the offset.

In addition, we observed no influence of biased feedback
on the large offset verniers. In the study by Herzog and Fahle
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(1999), the three verniers were mixed and barely distinguishable.
This might be the reason why the accuracy of all three verniers
was influenced by biased feedback in their experiment. In the
present study, we found that if the large offset vernier and the
target were significantly distinguishable, the subjects could resist
the influence of biased feedback. In other words, the effect of
biased feedback was not generalized. In addition, based on the
logic of Herzog and Fahle (1999), since the large offset vernier
was not affected, it could be considered that encoding learning
rather than decision learning occurred in the present study.
The subjects mistakenly classified the targets rather than making
incorrect decisions for all left verniers.

Moreover, we tested the effect of difficulty (offset size).
We found that the difficulty influenced the performance of
the vernier discrimination task. However, biased feedback also
decreased performance. In addition, Herzog and Fahle (1999)
provided true feedback in the last five blocks and observed the
rebound effect. We found that the influence of encoding learning
could be eliminated without any feedback. In our experiment,
once the biased feedback disappeared, even if there was no true
feedback, just like in the study of Herzog and Fahle (1999), the
accuracy was restored. Thus, true feedback is not a requirement
for the recovery of performance.

In Experiment 1, the offset size did not always correspond
to the internal feedback of the subjects. For example, in the
middle offset group, the subjects should have had an accuracy
of 85-95%, but this did not mean that they realized they
had such accuracy in a block. It should be noted that the
subjects’ judgment of accuracy was based on several trials. For
example, they might think 18 of the 20 trials were correct
instead of the probability of one single trial. The probability of
one single trial would have only two values: 0 or 1. Therefore,
we used block feedback to directly explore the relationship
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between internal feedback and external feedback in Experiment
2. Subjects were asked to evaluate the correct number of eight
trials in each block, and feedback was provided accordingly.
This method corresponds to the work by Aberg and Herzog
(2012). Unlike their experiments, we removed the medium-
offset level, and feedback was provided based on the subjects’
reports rather than the real results. This method also fixed the
tasK’s difficulty aspect.

3. Experiment 2: Block feedback

3.1. Materials and methods

3.1.1. Participants
A total of 24 students (mean age = 21.12 years, 11 men, 13
women) were randomly divided into two groups.

3.1.2. Stimuli

Same as in Experiment 1.

3.1.3. Task and procedure

Similar to the study by Aberg and Herzog (2012), there were
15 blocks, and each block consisted of eight trials. The first three
blocks were the practice blocks, the fourth to tenth blocks were
the feedback blocks, and the tenth to fifteenth blocks were the
rebound blocks. There was an introduction between the 10th
and 11th blocks to inform the subjects that there would be no
more feedback. Each block presented four large-offset verniers,
including two offsets to the left and two to the right. The other
four verniers were small-offset verniers, and all were offset to
the left. After each block, an evaluation window appeared, which
asked the subjects to evaluate how many of the eight trials were
answered correctly.

For practice blocks, feedback was the same as the number
of subjects’ correct responses. For rebound blocks, there was
no feedback. The feedback block provided feedback according
to the subjects’ evaluations. That is, subjects must first estimate
how many of the eight trials they got right after each block,
and then the program will give them consistent or inconsistent
feedback based on their estimates. For example, in the consistent
group, if participants answered they had seven correct responses
in a block, the program would give “good” feedback such
as “You have made eight correct judgments.” In the biased
group, they would get “bad” feedback such as “You have
made five correct judgments.” Since each block consisted of
two parts, according to the results of the pre-experiment and
Experiment 1, the accuracy of the large-offset verniers was
always close to 100%. Assuming that the responses of the large-
offset verniers are always correct, the total accuracy should
range from four to eight. If the accuracy was <5 in any block,
the experiment would be terminated because this implied that
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the subjects had no confidence in their responses regarding
the small-offset verniers. However, no subject’s experiment
was terminated.

We partly reversed the accuracy of the small-offset verniers
in the feedback blocks. For the high group, when the number
of correct trials evaluated by the subjects was five or six, they
would receive feedback that they had correctly answered seven
or eight trials randomly. When the number of correct trials
evaluated by the subjects was seven or eight, the feedback would
be five or six trials at random. That is, when self-reported
accuracy was low, subjects would receive feedback with high
accuracy, and vice versa. For the low group, when the number
of correct trials evaluated by the subjects was five or six, the
feedback would be five or six trials at random. When the number
of correct trials evaluated by the subjects was seven or eight,
the feedback would be seven or eight trials at random. This
design was implemented to maintain balance with the subject’s
sense of self and to prevent them from realizing that there was
something wrong with the feedback. We did not consider the
correct number below four because each block had four large-
offset verniers, and their accuracy should be 100%. If the correct
number of feedback was <4, the subject might realize that there
was a problem with the feedback. At first, we were worried
that the range of five to eight might be insufficient to observe
the effect of biased feedback; however, the results showed such
an effect.

3.2. Results

Since the large-offset verniers were only used as a guide,
many subjects identified the large-offset verniers correctly in
some blocks and had a derivation standard error of 0. We only
analyzed the small-offset verniers. There was a practice effect on
the task. The accuracy of the first and second block in the high
group increased from 0.771 %+ 0.328 to 0.979 £ 0.072, with a
significant difference; t1) = 2419, p = 0.034, d = 0.971. The
low group’s accuracy increased from 0.813 % 0.155 to 0.938 +
0.113, with a significant difference; ta1) = 3.317, p = 0.007,
d=1.281.

Paired sample t-tests were performed to analyze the accuracy
between the low and high groups in the second, tenth, and
fifteenth blocks. These three blocks were chosen because the
subjects had practiced with the first block; thus, the second block
was the beginning stage of familiarity. The tenth block was the
last block influenced by feedback, and the fifteenth block was the
end of the rebound. The accuracy of the high group decreased
from 0.979 % 0.072 in the second block to 0.771 £ 0.271 in
the tenth block and rebounded to 0.917 % 0.163 in the fifteenth
block. The accuracy of the low group in these three blocks was
0.938 £ 0.113, 0.979 & 0.072, and 0.938 & 0.113, respectively.
The change in accuracy is shown in Figure 3. The results of the
paired sample t-tests are shown in Table 2.

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.987042
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Yang et al. 10.3389/fpsyg.2022.987042
A
1
o2 o "‘"""l"""l---...;...---!.. 1-....-!""""'"":.""q
08 . ey ceent®
B 3 > .
o o7 Verniers
© o6
g os LL
2 04 eeees S
03 e LR
0.2
0.1
0
1 2 3 4 s 6 7 8 9 10 11 12 13 14 15
Blocks
B
1
09
0s
s Verniers
5 os LL
8 04 eeeees SL
< o3 e LR
0.2
01
o
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Blocks
FIGURE 3
Accuracy of block feedback. (A) Biased feedback, (B) consistent feedback.
TABLE 2 T-tests of block feedback.
Feedback type Blocks Mean difference t p d
Consistent feedback 2vs. 10 —0.042 —1.000 0.339 0.399
10 vs. 15 0.042 1.000 0.339 0.399
2vs. 15 0.000 0.000 1.000 0.000
Biased feedback 2vs. 10 0.208 2.803 0.017 1.054
10vs. 15 —0.146 —2.244 0.046 0.863
2vs. 15 0.062 1.915 0.082 0.744

3.3. Discussion

In Experiment 2, each block consisted of eight trials, while
in the study by Aberg and Herzog (2012), each block had
seven trials. The eight trials in our experiment were designed
to balance the number of large and small-offset verniers. We
did not include more trials because doing so might have
lengthened the cycle of stimulus-feedback stimuli, resulting
in ambiguous internal feedback. This is different from Aberg
and Herzogs (2012) study, whose feedback was based on real
performance and showed no effect of block feedback. We found
that block feedback decreased performance. This indicated that
the influence of external feedback depended more on whether
it conflicted with internal feedback than on whether it affected
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real performance. In everyday life, we often need to estimate
our own performance, such as when estimating the weight of
vegetables at the store. The estimation might differ from the
actual weight displayed on the scale, which could sometimes
be due to overestimation or underestimation or, in some cases,
dishonest tempering with the scale (which involves dishonest
operation). These discrepancies may affect our future estimates.
Experiments 1 and 2 proved that guidance, such as large-offset
verniers, cannot prevent the mislearning of small-offset verniers.
In real-life situations, there is sometimes no guidance when
individuals make perceptual judgments. Therefore, we removed
the large-offset verniers in Experiment 3 and asked the subjects
to judge whether two verniers were offset or not. This could help
us explore how the subject made trade-offs between the signal
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(offset verniers) and noise (aligned verniers) in the absence
of guidance.

4. Experiment 3: Block feedback
without guidance

4.1. Materials and methods

4.1.1. Participants
A total of 24 students (mean age = 20.83 years, 12 men, 12
women) were randomly classified into two groups.

4.1.2. Stimuli

Large-offset verniers were deleted. There were two types of
verniers in Experiment 3. For offset verniers, the lower lines were
always offset to the left with the small size. For aligned verniers,
there was no offset. Each block consisted of four offset verniers
and four aligned verniers.

4.1.3. Task and procedure

Same as in Experiment 2, except for two settings: (A)
Subjects were asked to judge whether there was an offset. (B) The
feedback in the feedback blocks was different from Experiment
2. For the high group, when the number of correct trials
evaluated by the subjects was zero to four, the feedback would be
five to eight trials at random. When the number of correct trials
evaluated by the subjects was from five to eight, the feedback
would be zero to four trials at random. For the low group, when
the number of correct trials evaluated by the subjects was zero to
four, the feedback would be zero to four trials at random. When
the number of correct trials evaluated by the subjects was five to
eight, the feedback would be five to eight trials at random.

4.2. Results

The accuracy was close to the opportunity level of 0.5 when
we deleted the large offset verniers. The mean accuracy in the
low group was 0.522 £ 0.036, while it was 0.582 =% 0.141 in the
high group. There was no practice effect. The accuracy of the first
and second blocks in the low group was 0.542 4= 0.179 and 0.635
+ 0.155, respectively. The difference was not significant; (1) =
1.241, p = 0.241, d = 0.515. In the high group, there were 0.563
+0.229 and 0.656 = 0.161, respectively. There was no significant
difference; ta1) =1.750,p = 0.108, d =0.718. Thus, the practice
effect in Experiment 2 was meant to learn the judgments of large
offset verniers.

Unexpectedly, the accuracy decreased even in the low group,
from 0.635 &£ 0.155 in the second block to 0.427 4= 0.164 in the
tenth block. The accuracy of the fifteenth block (0.448 £ 0.125)

Frontiersin Psychology

10

10.3389/fpsyq.2022.987042

did not rebound. The change in accuracy in the high group was
similar to that in the low group, dropping from 0.656 £ 0.161
in the second block to 0.490 4 0.247 in the tenth block. The
accuracy of the fifteenth block (0.583 =+ 0.215) did not rebound.
The results of the t-tests are shown in Table 3.

The decrease in accuracy came from the incorrect judgment
of noise (aligned verniers). In the low group, the accuracy of
the aligned verniers decreased from 0.750 4 0.302 in the second
block to 0.438 £ 0.304 in the tenth block. The accuracy of the
fifteenth block (0.479 £ 0.391) did not rebound. The signal
accuracy (offset verniers) in these three blocks was 0.521 £
0.345, 0.417 £ 0.444, and 0.417 £ 0.359, respectively. Similar
to the low group, the accuracy of the aligned verniers in the
high group decreased from 0.771 % 0.345 in the second block
to 0.479 = 0.391 in the tenth block, and the accuracy of the
fifteenth block (0.583 £ 0.343) did not rebound. The accuracy
of the signal in these three blocks was 0.542 £ 0.257, 0.500 &
0.354, and 0.583 =% 0.404, respectively. The changes in accuracy
are shown in Figure 4. The results of the t-tests of signals and
noises are shown in Table 4.

4.3. Discussion

The mean accuracy in Experiment 3 was lower than that
in Experiment 2. Since the accuracy in Experiment 2 referred
to small-offset verniers, there was no case in which the high
accuracy of large-offset verniers increased the overall accuracy
in that experiment. Therefore, the change in accuracy could
be attributed only to the difference in vernier categories. In
Experiment 2, subjects were asked to distinguish between small
and large offset verniers. In Experiment 3, they were asked
to distinguish between small-offset and aligned verniers. The
latter were more similar, which reduced their discriminability.
In other words, the classification of stimuli in encoding learning
depends on the discrimination of different categories. When
there was no large-offset vernier as the guidance, even a
small amount of biased feedback was enough to change the
performance. This is why the accuracy decreased in the low
group. In Experiments 2 and 3, the feedback was not completely
consistent with the internal feedback of the subjects, with more
or less randomness. For example, when a subject reported
“47 the actual feedback might be “3.” Conversely, feedback of
“5” might be a “7.” In any case, such a difference prompted
the subjects to doubt the internal feedback and finally change
their decision.

In addition, the fact that the accuracy of noise changed
more than that of the signal indicated that noise produced more
false alarms. This might reflect a decision-making mechanism:
compared to the internal feedback of the signal, which was
visible, the internal feedback of noise was less clear and more
easily susceptible to external feedback.
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TABLE 3 T-tests of block feedback without guidance.

10.3389/fpsyq.2022.987042

Feedback type Blocks Mean difference t P d
Consistent feedback 2vs. 10 0.208 3.35 0.006 1.241
10 vs. 15 —0.021 2.462 0.732 0.142
2vs. 15 0.188 —0.352 0.032 0.935
Biased feedback 2vs. 10 0.167 2.966 0.013 1.103
10vs. 15 —0.094 —1.682 0.121 0.659
2vs. 15 0.073 1.168 0.267 0.465
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FIGURE 4
Accuracy of block feedback without guidance. (A) Biased feedback, (B) consistent feedback.

5. General discussion

5.1. Biased feedback decreases
performance

Aberg and Herzog (2012) found no effect of biased feedback.
The main difference in our experiments was that we asked
participants to evaluate their performance, which was not
included in the experiments of Aberg and Herzog (2012).
Participants may not have clear internal feedback in their study.
Thus, biased feedback influences perceptual judgment due to
the conflict between internal and external feedback. This effect
may come from encoding learning. According to the logic of
Herzog and Fahle (1999), if decision learning occurs, all verniers
will be influenced. In other words, in Experiments 1 and 2, if
decision learning occurs, the subjects should make more “right”
responses, and the accuracy of the left large-offset verniers

Frontiersin Psychology

11

should also decrease. Herzog and Fahle (1999) found a decision-
learning effect: the performance of the large-offset verniers
decreased in the first seven blocks and rebounded in the last
five blocks, even though these verniers were easy to distinguish.
However, our results supported the hypothesis about encoding
learning in that subjects made more incorrect responses only
regarding small-offset verniers. This implies that, at least when
there is guidance, the subjects classify the small-offset verniers as
right offset verniers rather than making more “right” responses
to all the left offset verniers to pursue “good” feedback.

5.2. The mechanism of biased feedback
Feedback influences performance through a Hopfield

network (Hertz et al., 1991). Learning without feedback has only
two links: input and output. However, in a Hopfield network,
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TABLE 4 T-tests of signals and noises.

10.3389/fpsyq.2022.987042

Feedback type Signal vs. noise Blocks Mean difference t p d
Consistent feedback Signal 2vs. 10 0.104 0.684 0.508 0.275
10 vs. 15 0.000 0.000 1.000 0.000
2vs. 15 0.104 0.834 0.422 0.334
Noise 2vs. 10 0.313 3.362 0.006 1.241
10vs. 15 —0.042 —0.297 0.772 0.120
2vs. 15 0.271 1.711 0.115 0.670
Biased feedback Signal 2vs. 10 0.042 0.616 0.551 0.247
10vs. 15 —0.833 —0.771 0.457 0.309
2vs. 15 —0.042 —0.411 0.689 0.166
Noise 2vs. 10 0.292 2.88 0.015 1.077
10 vs. 15 —0.104 —1.449 0.175 0.572
2vs. 15 0.188 2.283 0.043 0.877

the output will be fed back to the input. When feedback appears,
the network begins to cycle. The feedback from the former
trial (block) forms a feedforward network to the stimuli in
the latter trials (blocks), which urges individuals to constantly
revise their hypotheses to the task. The cycle of block feedback
is relatively slow, while the cycle of trial feedback is faster.
In a Hopfield network, the learning process can be seen as
a transition from external feedback to internal monitoring
(Bultena et al., 2017). When the revision of hypotheses meets
the external feedback, the influence of the feedback reaches
a peak, and the performance greatly improves. However, the
consistency of internal and external feedback is an ideal state.
In reality, external feedback is often compared with multiple
internal standards (Latham and Locke, 1991), such as previous
expectations (Kluger et al., 1994) and past performance levels
(Carver and Scheier, 1990). Thus, the conflict between internal
and external feedback seems irreparable, and the ideal state can
rarely be reached.

The reversion of standards comes from the task-learning
process described by Kluger and DeNisi (1996). They divided
the feedback process into three levels: meta-task processes
involving the self, task-motivation processes involving the focal
task, and task-learning processes involving the task details
of the focal task. In task-motivation processes, the preferred
strategy to eliminate feedback and standard differences is
to change behavior. When individuals are confronted with
subjective failure that they want to overcome, they first try
to work harder. If working harder does not lead to success,
individuals may attempt to work smarter by finding alternative
strategies to improve their performance, such as generating
hypotheses regarding potential solutions (Wood and Locke,
1990). However, the mere motivation to learn may backfire
because the more varied and elaborate attempts at the task (i.e.,
decreased cognitive consistency) are often futile.
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Moreover, if the external feedback is not accompanied
by cues that help to reject erroneous hypotheses, it may
cause the recipient to generate a multitude of hypotheses
that can reduce consistency and hence decrease performance
(Kluger and DeNisi, 1996). Therefore, for a direct learning
effect, the cues must be sufficient to help the recipient
reject erroneous hypotheses. Unfortunately, biased feedback
provides invalid cues rather than valid ones, so the subjects’
efforts in the process of task learning do not improve
their performance.

A worse situation is that, after a period of feedback
cycling, the subjects may adjust their standards to a lower
level. Loops that are high in the hierarchy can supervise the
performance of lower-level loops, such that the output of
higher-level loops may be the change of goals for lower-level
loops (Kluger and DeNisi, 1996). For example, biased feedback
may reduce self-efficacy. Low self-efficacy is the result of a
high-level cycle (referring to the meta-task processes). This
may lead to lower levels of task standards. In specific tasks,
subjects may have lower requirements for the whole task and
be more careless when performing it. Kanfer and Ackerman
(1989) found that cognitive resources allocated to the external
pressure to perform (attention to meta-task processes) may
debilitate performance. Turning attention to high-level (meta-
task process) or low-level (task-learning process) activities in
the hierarchy may also be a factor when biased feedback
decreases performance.

5.3. The monitoring of internal feedback
For most tasks, internal feedback exists. Individuals can

judge their own performance and therefore serve as their own
source of feedback (Ilgen et al., 1979). Herzog and Fahle (1999)
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also proposed that, because of the fast rebound toward the
original performance, internal criteria must be involved in the
discrimination process. If no internal criteria were involved,
adjusting the decision criteria after correcting feedback should
be as slow as adjusting to incorrect feedback during the first part
of their experiments. In their study, the rebound in accuracy was
accompanied by true feedback. However, in our experiments,
accuracy rebounded when there was no feedback. Therefore,
even without correcting external feedback, internal feedback is
enough to help individuals monitor the task process and finally
transfer their goal from obtaining “good” feedback to fulfilling
the task requirements.

It should be noted that an important factor in the transfer
of task objectives is whether there is a clear target classification.
We found the rebound phenomenon in Experiment 2, but it
did not appear in Experiment 3. This may be because the target
classification is clear in Experiment 2 but fuzzy in Experiment 3.
When the feedback disappears, the individual monitors the task
based on internal feedback. A clear difference helps individuals
recall the task goal in time, but a fuzzy difference makes them
“lost” in the hypothesis created by biased feedback and has a
lasting and irreversible impact.

There is no doubt that internal feedback exists not only
in the stage when external feedback disappears but also in the
stage when external feedback exists. Another related question
is whether internal or external feedback is more important
to individuals. The results indicated that when there was
external feedback, the subjects were always easily influenced
by it. Even if the medium-offset verniers in Experiment 1
were very easy to identify, the accuracy decreased. This may
be related to the individual’s attention to the two kinds of
feedback. Compared with internal feedback, external feedback
is unlikely to be ignored because any external feedback has
potentially serious implications for the self. Since external
feedback receives considerable attention, it has the capacity
to alter the locus of attention. Therefore, in a Hopfield loop,
external feedback has a greater weight. In addition, external
feedback may reduce the weight of internal feedback (Sterzer
etal,, 2008; Summerfield et al., 2008). Although some researchers
found that individuals believe that feedback from themselves
is more important than feedback from others (Greller and
Herold, 1975), this did not occur in the present studies.
Instead, subjects appeared to be more susceptible to external
feedback. Finally, for internal feedback, trial feedback and
block feedback are different. In trial feedback, subjects can
often form internal feedback on the details of each trial.
When they perceive verniers, internal feedback is generated;
otherwise, they cannot decide. However, individuals would
not automatically form internal feedback to a set of trials
(a block). That is why Aberg and Herzog (2012) found no
block feedback effect since they did not ask the subjects to
evaluate their performances. However, once individuals make
an evaluation, regardless of how the small cycle between
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trials changes, the large cycle between blocks will also be
influenced by the conflict between internal and external
feedback. It is worth considering whether subjects will actively
evaluate their performance on more complex tasks to improve
their performance.

5.4. The generalization of false decisions

Why did the decrease in accuracy in Experiment 3 come
from the incorrect judgment of noises? This was also related to
the stimuli. In Experiments 1 and 2, the subjects had resolute
confidence in the large offset condition. Therefore, when they
found a conflict between internal and external feedback, the
best strategy was to change the responses of the small-offset
verniers. However, in Experiment 3, they may have been more
confident in the small-offset verniers because the offsets were
more or less visible, so they tried to change their judgment of the
noises to meet the external feedback. This was consistent with
the phenomenon called “overfitting” proposed by Hertz et al.
(1991).

It should be noted that the definition of signal and noise
in Experiment 3 is not a posteriori. In the introduction, we
required the subjects to judge whether the two verniers were
offset. The positive condition of offset was more easily defined
as a signal. The different results of Experiments 2 and 3 indicate
that the influence of biased feedback may partly depend on the
discrimination of stimuli.

5.5. Limitation

To avoid subjects finding the feedback to be the opposite,
we mixed true and biased feedback with a different probability.
If there were a baseline of true feedback, the results would
be more convincing. The conclusion that biased feedback
influences perceptual judgment due to the conflict between
internal and external feedback was based on the present
study’s results and Aberg and Herzog (2012). Testing how
the difference between evaluation and feedback influences
performance would be more convincing, but since the
feedback was randomly generated, our program did not record
the feedback.

The present study (particularly Experiment 3) raised some
new questions. The first question is whether biased feedback
has a cross-task influence. Biased feedback may have an impact
through two paths: the meta-task process and the task-learning
process. In this study, the tasks of all experiments were the
same from the first block to the last block. If two different
tasks are performed in the biased feedback blocks and rebound
blocks, will the biased feedback still have an impact? If there
is no cross-task influence, it implies that the meta-task process
is not the reason why biased feedback influences performance.
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The second question is that in Experiment 3 when there
was no large offset vernier, the role of biased feedback was
very different from that in Experiment 2. We followed the
design of Herzog and Fahle (1999) and regarded the large
offset vernier as guidance. Will this help the subjects separate
the task requirements? That is, in Experiments 1 and 2, the
judgment of small (medium)-offset verniers was regarded as
a task condition, while the judgment of large-offset verniers
was regarded as another task condition. Finally, in the present
study, after the end of the last feedback block, the subjects
were told that there would be no feedback in the later blocks.
If there is no such warning, would the rebound accuracy
slow down?

We mentioned self-efficacy in 5.2, which is a typical
factor of individual differences. Another factor that is more
likely to interact with biased feedback is cognitive style.
Individuals with greater field independence may be less affected
by biased feedback, while field-dependent individuals may be
more affected. The present study did not test the influence
of individual differences. This could be a future direction
of research. Another limitation is that even though we used
the large-offset verniers as guidance, perhaps there were still
some subjects who responded oppositely. It is difficult to
distinguish whether their decision criteria have changed or their
perceptions have changed. This can be further studied. Finally,
self-assessment of performance may be related to memory,
especially meta-memory. Biased feedback on memory is also a
potential field for further study.

6. Conclusion

In summary, the present study’s findings can be divided
into four parts: (A) When biased feedback occurs, either trial
feedback or block feedback negatively influences perceptual
judgment. However, block feedback requires subjects to produce
internal feedback based on the block cycle. (B) When the biased
feedback disappears, the individual’s perceptual judgment ability
will rebound, which (at least in part) comes from the internal
monitoring of the task. (C) If the difference between the two
types of stimuli is large, encoding rather than decision-making
learning will occur. (D) If the discrimination between the two
types of stimuli is low, the individual’s discrimination of noise
is more vulnerable than that of the signal under the influence of
biased feedback.
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