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116 APPENDIX C.

C.1 Experiment 1 block level performance feedback

In all conditions participants were informed about their progress and the number of
incorrect responses in each task. In the payoff (top panel) and base rate (middle
panel) conditions participants were informed about the specific number of misses and
false alarms. Both payoff and base rate block level feedback were almost identical,
except for the cost for each mistake in the detection task. In the attentional cue
condition (bottom panel) participants were informed about the overall number of
incorrect responses in both the detection and in the reproduction task.

You have completed 10% of the experiment. You are doing well!
This was your performance:

You missed 5 patches (-5 each), so you lost 25 points.
You made 5 false alarm(s) (-1 each), so you lost 5 points.

Your reproductions were too off track 5 times, you lost 5 points.

Press any response button to continue.

You have completed 10% of the experiment. You are doing well!
This was your performance:

You missed 5 patches (-1 each), so you lost 5 points.
You made 5 false alarm(s) (-1 each), so you lost 5 points.

Your reproductions were too off track 5 times, you lost 5 points.

Press any response button to continue.

You have completed 10% of the experiment. You are doing well!
This was your performance:

You gave 10 incorrect answers and you lost 10 points.
Your reproductions were too off track 5 times, you lost 5 points.

Press any response button to continue.
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C.2 Experiment 2 block level performance feedback

In all conditions participants were informed about their progress and the number of
incorrect responses in the detection task. In the payoff (top panel) and base rate
(middle panel) conditions participants were informed about the specific number of
incorrect present and absent responses. Both payoff and base rate block level feedback
were almost identical, except for the cost for each type of mistake in the detection task.
In the attentional cue condition (bottom panel) participants were informed about the
overall number of incorrect responses in both the detection and in the reproduction
task.

You have completed 10% of the experiment
This was your performance during the last 50 trials.

You incorrectly answered present 5 times (-5 each), you lost 25 points.
You incorrectly answered absent 5 times(-1 each), you lost 5 points.

Press any response button to continue.

You have completed 10% of the experiment
This was your performance during the last 50 trials.

You incorrectly answered present 5 times (-1 each), you lost 5 points.
You incorrectly answered absent 5 times(-1 each), you lost 5 points.

Press any response button to continue.

You have completed 10% of the experiment
This was your performance during the last 50 trials.
You made 10 mistakes (-1 each), you lost 10 points.

Press any response button to continue.
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C.3 Experiment 1 reproduction responses accuracy
calculation

To evaluate the correctness of reproduction responses we used a threshold based on
pilot data that yield a 75% correct responses rate. In absent trials reproduction
responses were correct if they were equal to zero, whereas in present trials the repro-
duction patch contrast had to be higher than a threshold that depended on the target
patch contrast in present trials. The threshold was calculated by transforming the
target patch contrast into a linear scale by raising it to the power of 0.7 (Gottesman
et al., 1981), then dividing it by 2 and then bringing back the value to raw contrast
scale by raising it to the power of 0%7 (see formula below where tc stands for target

patch contrast).
07 07

C.4 Experiment 1 and 2 instructions and practice
procedure

Participants received instructions and performed extensive practice before starting
the experiment. In experiment 1, to ease participants into the detection task, they
received instructions and then completed three practice blocks. First, 10 easy tri-
als with trial-feedback and without performance requirements. Then two harder
20-trials blocks with an overall accuracy of at least 75%, first with trial-feedback
and then only with block level feedback. Participants then went over the staircase
block (see Methods - Staircase procedure). Participants then received instructions
for the reproduction task and completed two practice blocks, first with trial-feedback
and then only with block level feedback. Each practice block consisted of 20 trials
and they were required to get at least 15 correct trials. Finally, participants com-
pleted a 10-trials block where the detection and the reproduction task was interleaved.
There was no performance requirements in the detection-reproduction practice block.
In experiment 2 the instructions and practice were largely the same except for the
following details. The detection practice consisted of 3 blocks, 10 easy trials with
trial-feedback and no minimum performance, 20 harder trials with trial-feedback and
a required accuracy of 75%, and another 20-trials block with only block level feed-
back and a minimum accuracy of 75%. The reproduction practice consisted of three
20-trials blocks, first with trial-feedback and no performance requirement, then with
trial-feedback and minimum accuracy of 75%, and then with block-level feedback and
minimum accuracy of 75%. Reproduction responses were correct if they were within
a range calculated for each contrast level. The lower boundary of the range was ((con-
trast ~ 0.7) /2) " (1 / 0.7), and the upper boundary was ((contrast ~ 0.7) + (contrast
~0.7) /2)) " (1/0.7). Finally, the detection-reproduction practice block consisted of
20 trials. After the tasks’ instructions and practice, and just before the experimental
trials started, participants in the payoff and base rate condition were instructed about
the asymmetrical punishment (payoff condition) or stimulus prevalence scheme (base
rate condition). Both in the payoff and base rate condition, participants completed
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an extra practice block that consisted of 25 trials with trial-by-trial feedback where
either the payoff or base rate manipulation was in place to confirm they understood
the instructions. In the attentional cue condition participants were explicitly told
that the cue did not predict the presence of the target and that they should ignore it.
Then they completed 20 practice cued trials. The experiment was divided into two
blocks, one with the bias manipulation (attentional cue, base rate or payoff), and a
control block. The order of the blocks was counterbalanced and roughly half of the
participants started with the bias block. Instructions regarding the manipulations
were delivered just before the bias block. For example, if a participant started with
the control block of the payoff condition, they received the instructions regarding the
differential punishment after having completed the control block, but if they started
with the bias block, they received the manipulation instructions just before the first
block.

C.5 Hurdle-Gaussian modelling

Four Hurdle-gaussian models of increasing complexity were fit to the reproduction
responses data using the brms R package (version 2.20.4) for Bayesian Multilevel
Models (Biirkner, 2017). For each model we ran four Markov chain Monte Carlo
(MCMC) with 10,000 iterations each, 5,000 warm up iterations and a thinning factor
of 1. All R-hat values were lower or equal to 1.02. The Hurdle-Gaussian model
consists of a binary part (Bernoulli distribution) that indicates the probability of a
given contrast value to pass the hurdle and a linear (Gaussian distribution) part that
describes the values that went over the hurdle. For an outcome variable y (in our
case a reproduction response), the model assumes that y will be zero or normally
distributed depending on the probability of hu:

0 with probability hu,
Y Normal(y, o) with probabilityl — hu.
Where p is the mean of the normal distribution (mean non-zero reproduced con-
trast) and o is the standard deviation of the normal distribution. hu is the hurdle

component that indicates the probability of y being zero, modelled using Bernoulli
distribution with logit link function. The likelihood function is:

log P(y | hu) logit(hu) ify=0,
0, 1) = .
& WK log(1 — hu) + Normal(y | p,o) if y > 0.

In the full model, response and hurdle depended on the interaction between the
contrast of the target patch (stim) and condition (control or biased) (cond). We also
allowed a random slope per participant and condition.

Response: y ~ stim x cond + (cond | participant)

Hurdle: hu ~ stim x cond + (cond | participant)

The intercept for the response term was assigned a prior of Student-t(3,0,2.5).
The intercept for hu was modeled with a prior of Logistic(0,1). Flat priors were
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used for the fixed effects of stim, cond and their interaction stim x cond in both the
response and hu components. For the random effects, the standard deviations of the
intercepts and slopes for cond and their interactions with stim in both the response
and hu components were specified with a prior of Student-t(3,0,2.5), constrained to
be non-negative. Additionally, the correlation structure among the random effects in
the response and hu components was modeled using LKJ(1) distribution priors. The
residual variance sigma was assigned a prior of Student-t(3, 0, 2.5), constrained to be
non-negative.

Then, in the contrast model we fixed the hurdle parameter across conditions,
meaning that it depended only on the contrast of the target patch (stim), whereas
response depended on the interaction between the contrast of the target patch (stim)
and condition (cond).

Response: y ~ stim x cond + (cond | participant)

Hurdle: hu ~ stim + (1 | participant)

The intercept for the response term was assigned a prior of Student-t(3,0,2.5).
The intercept for hu was modeled with a prior of Logistic(0, 1). Flat priors were used
for the fixed effects of stim, cond and their interaction stim x cond in the response
component, and for stim in the hu component. For the random effects, the standard
deviations of the intercepts and slopes for cond and their interactions with stim in
the response component, and for stim in the in the hu component, were specified
with a prior of Student-t(3,0,2.5), constrained to be non-negative. Additionally, the
correlation structure among the random effects in the response and hu components
was modeled using LKJ(1) distribution priors. The residual variance sigma was
assigned a prior of Student-t(3,0,2.5), constrained to be non-negative.

Inversely, in the hurdle model, response was fix across conditions and depended
only on the contrast of the target patch (stim), whereas hurdle depended on the
interaction between the contrast of the target patch (stim) and condition (cond).

Response: y ~ stim + (1 | participant)

Hurdle: hu ~ stim x cond + (cond | participant)

The intercept for the response term was assigned a prior of Student-t(3,0,2.5).
The intercept for hu was modeled with a prior of Logistic(0,1). Flat priors were used
for the fixed effects of stim, cond and their interaction stim x cond in the hurdle com-
ponent, and for stim in the response component. For the random effects, the standard
deviations of the intercepts and slopes for cond and their interactions with stim in the
hurdle component, and for stim in the in the response component, were specified with
a prior of Student-t(3,0,2.5), constrained to be non-negative. Additionally, the cor-
relation structure among the random effects in the response and hu components was
modeled using LKJ(1) distribution priors. The residual variance sigma was assigned
a prior of Student-t(3,0,2.5).

Finally, in the baseline model, both response and hurdle depended only on the
contrast of the target patch (stim).
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Response: y ~ stim + (1 | participant)

Hurdle: hu ~ stim + (1 | participant)

The intercept for the response term was assigned a prior of Student-t(3,0,2.5).
The intercept for hu was modeled with a prior of Logistic(0,1). Flat priors were
used for the fixed effects of stim in both the response and hu components. For the
random effects, the standard deviations of the intercepts and slopes for stim in both
the response and hu components were specified with a prior of Student-t(3,0,2.5),
constrained to be non-negative. Additionally, the correlation structure among the
random effects in the response and hu components was modeled using LKJ(1) distri-
bution priors. The residual variance o was assigned a prior of Student-t(3,0, 2.5).

C.6 Detection Hurdle regression

To test whether the rate of zero reproductions depended on observers’ detection
threshold, we fit a generalized linear mixed model using the proportion of present
responses of the detection task and the probability of passing the hurdle in the repro-
duction task predicted by the full Hurdle-Gaussian model. The model was fit using
the brms R package (version 2.20.4) for Bayesian Multilevel Models (Biirkner, 2017)
and formally defined as follows:

hu ~ answer + (1 | participant)

For a given contrast value, hu is the Hurdle-Gaussian predicted probability of
passing the detection threshold in the reproduction task, that is, the rate of zero to
non-zero reproductions, whereas answer is the probability of reporting said contrast
value as ‘present’ in the detection task. Additionally, the model includes a random
slope per participant to account for individual variability. The model had weakly in-
formative priors. The prior for the fixed effect of answer was flat, whereas the intercept
was assigned a prior of Student-t(3,1.3,2.5). For the random effects, the standard
deviations of the intercepts and slopes for participant, as well as the interaction be-
tween the intercept and participant, were specified with a prior of Student-t(3,0, 2.5),
constrained to be non-negative. The residual variance o was assigned a prior of
Student-t(3,0,2.5), constrained to be non-negative.



122 APPENDIX C.

Figure C.1: Experiment 2: Reproduction task prompt. On each reproduction trial participants had
to adjust the contrast of the reproduction patch using the wheel of mouse. The scrolling direction was
counterbalanced and randomly presented within a block. The prompt to reproduce also indicated the
scrolling direction associated with an increase or decrease in contrast (left panel). After scrolling once the
R disappear and the scrolling direction aid was made almost translucent to make it less intrusive (right
panel).
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Figure C.2: Experiment 1 distribution of all reproduction responses. All the reproduction responses
of all participants are plotted as a histogram.



123

A Decision task B Reproduction task
Att. cue (N=50) Att. cue (N=50)
1.00 BF,o =19 0.05 BF =84 BF=5.9e+11 BF‘0-23e 13
0.75 d=044 d=052 d=15_ .
, 050 s = 0.03 =
5 025 Z 0- e+08 BFw =1.8e+05 ®
2 0.00 — g= g=05 0.00 G4
c
_ﬂ! Base rate (N=58) Base rate (N=58)
€ 100 gr — 3004088 | = .. 005 BFg=209 BFyo= 732 BFip=3
8075 d=106/ % ¢ z =1 @ d=052 d=057 d=029.
0] 2 & ¢ < -
B 050 : L ! . €003 t &
o« 0.25 Ve | BFjo=14e+08 BF=39e+03 () g . i ——
= 0.00 L -8 S d=1.02 d =064 0.00 '__E‘ —
'g Payoff (N=50) Payoff (N=50)
2 1.00 BFy = 416410, 0.05 BF, =178 BF =4 BFjp=0.33
4 075 d=139 d=055 d=0.34 d=0.12
0.50 i L 0.03 0 =
0.25 ‘/ i Fio=7: 2e+09 BF o = 2.60+06 : 8 1 — '
0.00 d=131 d=098 000  mee ' =
Control Present Control Present Control Present Control Present Control Present Control Present
Absent Low contrast ~ High contrast Absent Low contrast  High contrast
Condition Condition

Figure C.3: Experiment 2 detection and reproduction results. A) Detection task. The proportion
of ‘present’ responses of each participant along with the group average for each bias source and condition.
B) Reproduction task task. The average reproduction of each participant along with the group average
for each bias source and condition. All error bars indicate the SEM. All BF values correspond to a paired
one-sided t-test with a Cauchy prior of 0.707. d values indicate Cohen’s d effect size.
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Figure C.4: Experiment 2 distribution of all reproduction responses. All the reproduction responses
of all participants are plotted as a histogram.



