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ABSTRACT

Failed replication attempts have raised concerns over the prevalence of publication
bias and false positive results in the psychological literature. Using a sample of
65,970 test statistics from Cognition & Emotion and Emotion, this article assesses
the credibility of results in emotional research. All test statistics were converted to
z-scores and analysed with Z-curve. A Z-curve analysis provides information about
the amount of selection bias, the expected replication rate and the false positive
risk. Lastly, Z-curve is used to determine an alpha level that lessens the false
positive risk without unnecessary loss of power. The results show evidence of
selection bias in emotional research, but trend analyses showed a decrease over
time. Based on the z-curve estimates, we predict a 15% and 70% success rate in
replication studies. Therefore, replication studies should increase sample sizes to
avoid type-Il errors. The risk of false positives with the traditional alpha level of 5%
is between 5% and 33%. Lowering alpha to 1% is sufficient to reduce the false
positive risk to less than 5%. In sum, our findings may alleviate concerns about
high false positive rates among emotional researchers. However, selection bias and
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low power remain challenges to be addressed.

Emotion research reemerged from the dark ages of
behaviourism in the 1980s. During these early years,
emotion research was published in a wide range of
journals. Since 1987, Cognition & Emotion was estab-
lished as a journal dedicated to the study of
emotion. In 2001, the American Psychological Associ-
ation created the journal Emotion for the same
purpose. Over the past two decades, these two jour-
nals have published hundreds of articles that report
the results of empirical studies on emotions. Given
the high costs of experimental designs, many
studies have modest sample sizes. This raises several
concerns. First, effect size estimates in small samples
are imprecise, and point estimates are inflated when
results are selected for significance. Second, signifi-
cant results can be difficult to replicate because
studies have only modest power. Finally, a large

portion of statistically significant results may be false
positive results (i.e. the population effect size is
close to zero or the sign of the effect is in the opposite
direction to the reported result).

In the past decade, psychology has been shaken by
fraud scandals and replication failures of textbook
findings. A reproducibility project replicated 100
studies and only 36% of replication attempts repro-
duced a significant result (Open Science Collaboration,
2015). While the results for cognitive psychology were
slightly better (50%), the results for social psychology
were worse (25%). In emotion research, the textbook
finding that manipulations of facial muscles with the
pen paradigm change emotional experiences failed
to replicate in two large replication studies (Coles
et al, 2022; Wagenmakers et al, 2016), providing
strong evidence that the original results reported by
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Strack et al. (1988) that have been cited over 2000
times were false positive results.

These replication failures in the Open Science
Reproducibility project have raised concerns that
many, if not most, published results might be false
positives (loannidis, 2005; Simmons et al., 2014). One
problem with thisstudy is that it is unclear whether
these results can be generalised to other areas like
emotion research. Another problem is that the
results are limited to articles in the year 2008. In
response to concerns about the credibility of results
in psychology journals, psychological journals have
embraced open science practices such as data
sharing and preregistration of analysis plans.
However, it is not clear how much these practices
have improved the credibility of published results.

This article aims to provide a comprehensive
assessment of the credibility of results in Cognition &
Emotion and Emotion, using Z-curve (Barto$ & Schim-
mack, 2022; Brunner & Schimmack, 2020; Schimmack,
2020; Schimmack & Bartos, 2023). Z-curve relies on the
strength of evidence against the standard null-
hypothesis of no effect in either direction. All statisti-
cal tests are converted into two-sided p-values, which
in turn are converted into absolute z-scores. Larger z-
scores are less compatible with the null-hypothesis. Z-
curve uses this information to estimate two par-
ameters that can be used to evaluate the credibility
of published results, namely the Expected Discovery
Rate (EDR) and the Expected Replication Rate (ERR).

The expected discovery rate, selection bias and
false discovery risk

Z-curveis a selection model that assumes the selection
of results into the literature is a function of a study’s
power. A true null-result has only a 5% probability of
being published. A study with 80% power has an
80% probability of being published. This mixture of
powers produces a distribution of z-scores that can
be used to estimate the mean power of studies
before selection for significance (Barto$ & Schimmack,
2022; Brunner & Schimmack, 2020). As mean power
determines the percentage of significant results,
Barto$ and Schimmack (2022) call this estimate the
Expected Discovery Rate (EDR) because the term dis-
covery rate is used in the statistical literature to refer
to the percentage of significant results (Soric, 1989).
In short, a set of studies with a mean power of 50% is
expected to produce 50% significant results.

The z-curve estimate of the EDR can be used to
quantify the amount of selection bias in emotion jour-
nals. Selection bias - also called publication bias -
refers to the preferential publication of significant
results over non-significant results. Concerns about
selection bias in psychology journals were first
raised by Sterling (1959) who found that psychology
journals report over 90% statistically significant
results. This finding has been replicated decade after
decade (Fanelli, 2010; Motyl et al., 2017; Sterling
et al., 1995). In the past 10 years, concerns have
been raised that researchers are using questionable
research practices to increase their chances of
getting a publishable significant result (John et al,,
2012). These practices increase the risk of publishing
a false positive result (Simmons et al., 2011). The low
replication rate in the Reproducibility Project raised
concerns that many of the replication failures
revealed false positive results in original studies that
were obtained with QRPs.

Z-curve's estimate of the EDR makes it possible to
quantify the amount of selection bias in the literature
by comparing the Observed Discovery Rate (ODR)
with the EDR. The ODR is simply the percentage of
statistical results with p-values below the conven-
tional significance criterion, alpha=.05. Without
selection bias, the ODR should match the EDR
(Brunner & Schimmack, 2020). However, the ODR
can be much higher than the EDR, if results are
selected for significance. For example, Schimmack
(2020) used results from social psychology journals
hand-coded by Motyl et al. (2017) and found an
ODR of 90%, but the EDR was only 19%. The large dis-
crepancy of 71 percentage points reveals selection
bias in social psychology. Another example comes
from abstracts of medical articles that reported clinical
trials (Schimmack & Bartos, 2023). Whereas the ODR
was 69%, the EDR was 29%. These results can be
used as a comparison standard for emotion research.

The EDR also provides valuable information about
the false discovery risk. In statistics, the false discovery
rate is defined as the percentage of significant results
that were obtained when the null-hypothesis is true.
For example, an FDR of 20% implies that the null-
hypothesis is true for 1 out of 5 statistically significant
results. Speculations about false discovery rates vary
widely based on untested assumptions about power
and the number of false hypotheses that are being
tested. One view is that the null-hypothesis is rarely
true and that the risk of a false positive result is low
(Cohen, 1994). Another view is that researchers are



much more likely to test false hypotheses than true
hypotheses and that the false discovery rate could
be over 50% (loannidis, 2005).

Z-curve does not require untestable assumptions
and can provide empirical estimates of the false dis-
covery risk. Using a formula from Soric (1989), it is
possible to compute the maximum false discovery
rate based on the discovery rate. So far, estimates of
the FDR required access to all statistical tests. This
made the formula useless when selection bias is
present. However, Z-curve's estimate of the EDR
when selection bias is present can be used to estimate
the false discovery risk using Soric’s formula. For
example, with an inflated observed discovery rate of
90%, the implied FDR for social psychology would
be only 1%. However, with an EDR of 19%, the FDR
for social psychology is 22%, that is 1 out of 4-5
results could be false positives.

Barto3 and Schimmack (2022) call Soric’s maximum
False Discovery Rate, the False Discovery Risk (FDR).
The reason is that it is impossible to estimate the
actual rate of false positive results, but there is a risk
that up to 22% of results in social psychology could
be false positives. While this estimate may seem
high, the results refute claims that most published
results in psychology are false (loannidis, 2005).

Aside from estimating the FDR for the conven-
tional significance criterion of alpha=.05, Z-curve
can also be used to control the risk of false discoveries
by adjusting alpha. Statisticians have argued that the
standard significance criterion, p <.05, contributes to
the replication failures in the reproducibility project
because it is too easy to obtain significant results
with this criterion, especially when QRPs are used
(Simmons et al., 2011). Benjamin et al. (2018) pro-
posed to lower alpha to .005. However, this sugges-
tion increases the risk of false negative results,
especially in research areas that cannot easily increase
sample sizes to compensate for the loss in statistical
power. Moreover, this suggestion was based on
hypothetical assumptions that may not match the
research practices of emotion researchers. Z-curve
makes it possible to adjust alpha enough to reduce
the false positive risk without unnecessary loss of
power. For example, Schimmack and Bartos (2023)
found that in medical journals the FDR of 14% with
alpha =.05 could be reduced to an FDR of 4% with
alpha=.01. Our results for emotion journals can be
used to adjust alpha to reduce the FDR in emotion
research to a reasonable level without an unnecessary
loss of power.
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In sum, a Z-curve analysis of significant results in
emotion journals produces an estimate of the
Expected Discovery Rate (EDR). The EDR can be used
to quantify the amount of selection bias in the
emotion literature. It can also be used to estimate
the false discovery risk. Finally, Z-curve can be used
to determine an alpha level that produces an accepta-
ble false discovery risk.

The expected replication rate

The expected replication rate is the power of studies
that produced a significant result and were published.
In theory, the ERR makes it possible to estimate the
percentage of significant results in replication
studies because mean power determines the
success rate in a set of exact replication studies with
the same sample sizes as the original studies
(Brunner & Schimmack, 2020). However, is often
difficult to conduct exact replication studies. This
may explain why the Z-curve estimate of the ERR for
the Reproducibility Project was higher than the
actual rate of 36%. Bartos and Schimmack (2022)
therefore argued that the ERR is an optimistic esti-
mate of the maximum significant results that can be
expected, while the EDR provides a minimum. Esti-
mates of the ERR are useful for sample size consider-
ations of replication studies. To avoid replication
failures of true hypotheses, it is necessary to take
the power of original studies into account.

Method
Extraction of test statistics

The complete repertoire of published articles by Cog-
nition & Emotion, from 1987 to 2023, and Emotion,
from 2001 to 2023, were collected as PDF files for
the project. The reported test statistics (F, t, X% z,
95% CI) of each study were systematically extracted
from each PDF file through a custom R-code.
Additionally, we extracted 95% confidence intervals
of odds ratios and regression coefficients.

The chi-square test statistics and the 95% confi-
dence intervals had to meet certain conditions to be
included in the analysis. The code identified 396 chi-
square tests with degrees of freedom over 6 in
Emotion (22.64%) ranging between 7 and 2484, and
253 in Cognition & Emotion (16.71%) ranging
between 7 and 1861. Most chi-squares above 6 were
larger than 10 (12.42%) in Cognition & Emotion,
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Table 1. Total Z-scores per test statistic.
Cognition & Emotion, N = 30,513?
Statistic type

Emotion, N = 35,4572

F 18,977 (62%) 18,808 (53%)
t 7827 (26%) 10,053 (28%)
95% Cl 1053 (3.5%) 2785 (7.9%)
)(2 1261 (4.1%) 1353 (3.8%)
PESE 712 (2.3%) 1412 (4.0%)
z 683 (2.2%) 1046 (3.0%)
2n (%).

while only 4.29% were between 6 and 10. Similarly, in
Emotion, 17.44% of the chi-squares above 6 were
larger than 10, and 5.20% between 6 and 10. Only
chi-square tests with degrees of freedom between 1
and 6 were extracted. The reasoning behind this con-
dition is to exclude chi-square tests performed for
model testing in structural equation modelling
articles and that in these tests a strong rejection of
the null-hypothesis reveals poor model fit rather
than support for a theoretical prediction.

Next, confidence intervals were excluded when
they were reported in addition to test statistics to
avoid counting the same result twice.

Lastly, test statistics from meta-analyses were
excluded because Z-curve relies on individual-level
test statistics, and it is not guaranteed that the
meta-analysis reported all statistics for every study
included. Additionally, meta-analyses would have
introduced test statistics that were not originally pub-
lished by the journals of interest.

The code relies on the pdftools R package (Ooms,
2024) to render all textboxes from the PDF files into
processable character strings. Working with various
journals presents a challenge to ensure that all or at
least most notation formats are accounted for to
ensure the maximum extraction of test statistics. Con-
sequently, the r-code is designed to accommodate
various notation formats, and it has been tested
against multiple journals across disciplines. Further-
more, the original r-script was fine-tuned to handle
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Figure 1. Z-curve plot for Cognition & Emotion.

Note: ODR = Observed Discovery Rate, EDR = Expected Discovery Rate, ERR = Expected replication rate, FDR = False Discovery Risk.
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Figure 2. Z-curve plot for Emotion.

Note: ODR = Observed Discovery Rate, EDR = Expected Discovery Rate, ERR = Expected replication rate, FDR = False Discovery Risk.

specific notation patterns present in the journals Cog-
nition & Emotion and Emotion. However, it is still poss-
ible that some errors made it into the final sample.

Although the r-code proficiently extracts test stat-
istics from text paragraphs, it cannot extract those
reported within tables or figures. This limitation
remains unless the statistic is reported in a predeter-
mined notation format, as demonstrated by tables
reporting a series of F statistics as “F (2, 145)=3.13,
p <.05”, which includes all necessary components
for extraction. Additionally, the automated extraction
process cannot distinguish between focal and non-
focal results. Following extraction, the test statistics
were converted into absolute z-scores.

Statistical analysis

Utilising the z-curve package in R (Barto$ & Schim-
mack, 2022) the objective was to assess the credibility
of results in Cognition & Emotion and Emotion. To

account for clustering, we utilised the “b” method
from the zcurve_clustered function as it samples a
single test statistic from each article for model fitting.
Z-curve uses the expectation maximisation (EM) algor-
ithm to fit the distribution of the observed statistically
significant results for z-scores between 1.96 and 6
(Bartod & Schimmack, 2022). Values above 6 are
treated as tests with 100% power. Z-curve estimates
the optimal weights for each component out of
seven components (z=0:6) to fit the observed distri-
bution of the significant z-scores. Following model
fitting, Z-curve extrapolates the full distribution,
thereby estimating the shape of the distribution of
the statistically non-significant results (Bartos & Schim-
mack, 2022). The weights are used to compute the
Expected Discovery Rate (EDR) and the Expected Repli-
cation Rate (ERR). The Observed Discovery Rate (ODR)
is simply the percentage of significant results, p <.05.
The False Discovery Rate (FDR) is a simple transform-
ation of the EDR using Soric’s (1989) formula.
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Figure 3. Trends of within-group degrees of freedom from Cognition & Emotion and Emotion from 1988 to 2023.

Selection for significance

The ODR is the percentage of observed statistically sig-
nificant results. Meanwhile, the EDR is the expected dis-
covery rate based on the mean power of studies before
selection for significance. Comparing the proportion of
observed significant results (ODR) to the (EDR) quan-
tifies the amount of selection bias present. The
higher the difference is, the more effect size estimates
of studies before selection for significance are inflated.

Expected replication rate

The ERR is the mean power estimate after selection for
significance. The ERR is higher than the EDR, mean
power before selection for significance, because
selection for significance favours studies with high
power. A study with 80% power has a higher chance
of being published than a study with 20% power.
Given the relationship between power and replicabil-
ity, this estimate predicts the anticipated frequency in

which statistically significant would replicate with the
same sample sizes as the original studies.

False discovery risk

Z-curve can estimate the False Discovery Risk (FDR) based
on Soric’s formula that determines the maximum false
discovery rate compatible with the discovery rate.
When selection bias is present, the EDR estimate is
used to estimate FDR (Barto$ & Schimmack, 2022).

Time trends

The Z-curve analyses of all data were followed up by sep-
arate analyses for each publication year. These annual
estimates were regressed on a linear and quadratic pre-
dictor of publication year to examine time trends. A
guadratic term was included as a predictor to test the
hypothesis that EDR and ERR estimates remained con-
stant before 2011 and increased only in the past
decade in response to the replication crisis.
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Figure 4. The observed and expected discovery rate of Cognition & Emotion.

Note: ODR = Observed Discovery Rate, EDR = Expected Discovery Rate.

Results
Description of sample characteristics

We downloaded 3831 articles from Cognition &
Emotion (1987-2023) and 2323 articles from Emotion
(2001-2023). Articles such as editorials, review
papers, and meta-analyses were excluded. Of the col-
lected files, 2028 articles from Cognition & Emotion
and 1955 articles from Emotion included at least one
statistical result that could be used for the z-curve
analyses.

Not enough data was available to perform an
annual Z-curve for 1987 from Cognition & Emotion
and for 2001 from Emotion. The statistics from each
of these were joined with the following vyear,
meaning 1988 contains 2 articles published in Cogni-
tion & Emotion in 1987 and 2002 contains 10 articles
published in Emotion in 2001. Additionally, test stat-
istics with sample sizes below 30 participants were
excluded because the conversion of test statistics

(t, F) into z-scores does not approximate the stan-
dard normal distribution (Schimmack, 2024).
However, additional Z-curve plots performed on
the complete sample and other exclusions of interest
can be found in the supplementary materials
(https://osf.io/42vxd/), these analyses indicate the
present results are robust with similar parameter
estimates. In total, 5796 (15.91%) of extractable test
statistics were excluded from the Cognition &
Emotion sample and 6486 (15.46%) from the
Emotion sample. The present results were run on a
set of 1902 articles from Cognition & Emotion and
1953 from Emotion.

The total test statistics extracted were 30,513 for
Cognition & Emotion and 35,457 for Emotion. Most of
the test statistics were F and t-tests (Table 1). The
median degree of freedom for F-tests and t-tests
was 67.5, ranging from 45 to 162 for Cognition &
Emotion and 77, ranging from 51 to 106.113.16 for
Emotion.
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Figure 5. The observed and expected discovery rate of Emotion.
Note: ODR = Observed Discovery Rate, EDR = Expected Discovery Rate.

Z-curve estimates

Figure 1 and Figure 2 show the histogram of z-values for
Cognition & Emotion and Emotion, respectively. Both jour-
nals show very similar Observed Discovery Rates (ODR),
C&E: 71% (95% Cl [70%; 71%]); Emo: 70% (95% Cl [70%;
70%)]). Both journals have notably lower expected discov-
ery rates, and their 95% confidence intervals do not
include the ODR estimates, C&E: 30% (95% Cl [14%;
53%]); Emo: 31% (95% Cl [15%; 53%]). Thus, there is
clear evidence of selection bias in both journals. This con-
clusion is also consistent with visual inspection of the
Figures that show a sharp drop in observed z-scores
just below the value for statistical significance (1.96).
The expected replication rates (ERR) were almost
identical, C&E: 66% (95% Cl [59%; 73%]); Emo: 65%
(95% CI [59%; 71%]). The estimates suggest that repli-
cation studies with the same sample size should repli-
cate more often than not. However, it is important to
note that these are optimistic estimates of actual

replication rates and that the true replication rate is
likely to be lower due to problems in conducting
exact replications. Last, the false discovery risks were
also similar and not significantly different from each
other, C&E: 12% (95% Cl [5%; 32%)]); Emo: 12% (95%
Cl [5%; 30%]). These estimates are similar to those for
clinical trials in medical journals, 14% (Schimmack &
Bartos, 2023) and much lower than one would expect
based on concerns that most published results are
false (loannidis, 2005). Our estimate of the ERR
implies that we expect about 40% replication failures,
while our estimate of the FDR is only 12%. Thus, repli-
cation failures should not be considered evidence of a
false discovery in original studies, unless the replication
study had a much larger sample size. It is important to
note that although the FDR in both journals is 12%,
their upper confidence interval is around 30%. This
level is unacceptably high and suggests that a lower
alpha level is needed to maintain a reasonable false
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Figure 6. The false positive risk and replicability of Cognition & Emotion.

Note: ERR = Expected Replication Rate, EFR = Expected Replication Failure Rate (1 — ERR), FDR = False Discovery Risk.

positive risk. Furthermore, the FDR refers to findings
with a statistically significant result used to claim that
the null hypothesis is false, it does not exclude statisti-
cally significant results with a trivial effect size. Thus,
the estimates do not measure the proportion of statisti-
cally significant results that may lack practical
significance.

Changes over time

Degrees of freedom

Cognition & Emotion and Emotion both showed signifi-
cant linear increases over time to the degrees of
freedom of F-tests and t-tests, b=1.11, SE=0.25; p <
0.0001 and b =2.68, SE=0.32; p < 0.0001, respectively.
Additionally, both journals showed a significant quad-
ratic trend, Emo: b=0.17, SE=0.06; p=0.007, and
C&E: b=0.08, SE=0.03; p=0.003. Figure 3 offers a
visual overview of the trends present in both journals.
Thus, there is some evidence that the replication crisis

has produced an increase in sample sizes. However,
sample sizes were already on an upward trend.

Observed and expected discovery rates

As seen in Figures 4 and 5, both journals showed similar
decreases in the ODR over time, C&E: b=-0.45, SE=
0.07; p<0.0001; Emo: b=-0.44, SE=0.11; p=0.001.
No significant quadratic trends were observed for Cog-
nition & Emotion, b=0.004, SE=0.01, p=0.531, nor
Emotion, b=0.04, SE=0.02, p=0.070. This finding
suggests that researchers are reporting non-significant
results more often over time, but not in response to
the replication crisis. Importantly, it is not clear
whether the reporting of non-significant results also
increased for focal hypothesis tests or whether it just
became more common to report statistical results for
non-significant results rather than not reporting these
results or reporting them without quantitative infor-
mation (e.g. F< 1 or ns).
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Note: ERR = Expected Replication Rate, EFR = Expected Replication Failure Rate (1 — ERR), FDR = False Discovery Risk.

Both journals showed an increase in the EDR over
time (Figures 4 and 5), which is consistent with the
increase in the degrees of freedom (sample sizes),
C&E: b=0.52, SE=0.10, p < 0.0001; Emo: b=0.51, SE
=0.23; p=0.038. The non-linear trends were not sig-
nificant, C&E: b=0.02, SE=0.01, p=0.074; Emo: b=
0.03, SE=0.04, p=0.505. In combination, these
results suggest that selection bias has decreased
over time, although it is still present in the latest years.

Expected replicability rates and false discovery
risks

Consistent with the higher degrees of freedom
(sample sizes), the ERR of both journals increased
over time, C&E: b=0.18, SE=0.09, p =0.044; Emo:
b=041, SE=0.16, p=0.018 (Figure 6 and 7).
Additionally, Cognition & Emotion showed a signifi-
cant non-linear trend, b=0.02, SE=0.01, p=0.047.
No significant non-linear trend was observed for
Emotion, b=0.04, SE=0.03, p=0.201. The findings

suggest the replication crisis may have prompted
changes that improved the replicability of findings
in Cognition & Emotion. Figures 6 and 7 also show
the Expected Replication Failure Rates (EFR) which
are simply 1 minus the EDR. The decreasing trend
for the FDR is significant as the FDR is just a trans-
formation of the EDR. A comparison of the EFR and
FDR helps to interpret replication failures in studies
with similar sample sizes and power as the original
study. The EFR is notably higher than the FDR for
both journals and over time, suggesting that replica-
tion failures are more likely to be false negatives due
to low power rather than false positives in original
studies.

Adjusting alpha

Figures 8 and 9 show the impact of lowering the sig-
nificance criterion, alpha, on the discovery rate. The
most notable change occurs when alpha is lowered
from .05 to .01. With alpha=.01, about half of all
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Figure 8. The discovery rate of each alpha level from Cognition & Emotion.

published test results remain statistically significant.
Figures 10 and 11 show the impact of adjusting
alpha on the False Discovery Risk (FDR). Adjusting
alpha to .01 is sufficient to reduce the false discovery
risk to less than 5% for most years. Further lowering
alpha has negligible effects on the false discovery
risk. In general, our results suggest that alpha=.01
is the best trade-off between the power to detect
true effects and the risk of obtaining false positive
results.

Hand coding of focal hypothesis tests

A problem that arises when using automatically
extracted data is that not all statistical tests reported
are theoretically important. To combat this, we
present the results from 241 hand-coded articles pub-
lished by Cognition & Emotion and Emotion in 2010
and 2020. The dataset was gathered from an
ongoing project with hand-coded focal tests from

over 30 journals and over 4000 studies (Schimmack,
2020).

Previous comparisons of automatically extracted
results and hand-coded results of focal tests show the
biggest discrepancies in the observed discovery rate.
As depicted in Figure 12, the ODR was 94% (95% Cl
[91%; 97%]). Thus, confirming that our ODR estimates
of 70% and 71% of significant results underestimate
the observed discovery rate for focal hypotheses. In
comparison, the EDR, FDR and ERR results remain com-
parable and well within the confidence intervals of the
estimates calculated from the automatically extracted
dataset. The main difference arises from the smaller
dataset, which leads to greater uncertainty and wider
confidence intervals.

Discussion

Emotion researchers are aware that emotions depend
on expectations. Our results can elicit different
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Figure 9. The discovery rate of each alpha level from Emotion.

emotions among emotion researchers depending on
their prior beliefs about the health of emotional lit-
erature. However, after a decade of bad news
about the credibility of psychological science, we
believe that emotion researchers are likely to feel
relief about our findings. In comparison to scenarios
that most of the published research is false and that
significance is often obtained by employing ques-
tionable research practices rather than true effects,
our results suggest that only a relatively small per-
centage of published results are false. Moreover, it
is possible to readjust the significance filter to
reduce the risk of false discoveries even further. We
propose to treat statistical results with p-values
between .05 and .01 with scepticism. Even multiple
replications of a result with p-values above .01 do
not ensure that the finding is credible. In fact, mul-
tiple study articles that have more p-values above
.01 than below .01 are likely to report results that
were obtained with questionable research practices

(Schimmack, 2012). In contrast, when p-values are
consistently below .01, it is unlikely that question-
able research practices were used because these
practices are more likely to produce p-values just
below .05 (Simmons et al., 2011). Z-curve justifies
lowering the general threshold to 0.01 as it caps
the false discovery risk below 5%.

Our recommendation is solely intended to be used
when reviewing previous literature. We are not propos-
ing a new statistical criterion for the evaluation of new
research, although researchers should provide power
analyses and justify their alpha level (Lakens et al.,
2018). Editors can also be mindful of the fact that p-
values between .05 and .01 should be rare. If possible,
they could ask for additional data to strengthen the
empirical evidence for a hypothesis test. Our results
also provide only one criterion to evaluate a published
article. Readers can combine this information with
other information such as preregistration of hypoth-
eses and analysis plans or sample size justifications.
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Figure 10. False positive risk of each alpha level from Cognition & Emotion.

Our estimate of the replicability of published
results is also reassuring. Our results predict a
success rate of 65% in replication studies. Moreover,
this estimate includes replications of false positives
that are assumed to produce a replication failure.
Thus, the power to replicate a true finding could be
even higher. Assuming an FDR of 10%, power for
true hypotheses is 72%, which is close to the rec-
ommended power of 80%. However, this estimate is
an average. Thus, half of the original studies have
less power and require larger sample sizes to avoid
false negative results. This estimate tends to be opti-
mistic and the success rate in actual replication
studies with the same sample sizes is likely to be
lower. Previous work comparing Z-curve estimates
to replication outcomes suggests that the actual
replicability rate tends to fall within the Expected
Replication Rate (ERR) and the Expected Discovery
Rate (EDR) estimate (Sotola, 2023). Therefore, we

expect roughly half of the published results to be
replicable. Moreover, replicability is related to the
strength of evidence. Results with p-values below
.01 are likely to produce replication failures unless
larger samples are used.

Z-curve can serve as a tool to guide the design of
new projects and ensure resources are allocated to
replication efforts worth investing in. Based on our
analysis, findings with p-values above .01 should
warrant scepticism. This recommendation may serve
as an alternative when running a Z-curve analysis is
not feasible due to the limited availability of studies
on a specific subject of interest. For example, when
you observe a pattern of studies consistently report-
ing p-values above .01, it suggests that the evidence
is not credible. This was the case for the original
studies of the Pen-in-Mouth Paradigm (PIMP), where
the pattern expected replication failures (Schimmack
& Chen, 2017). If researchers had realised that the
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Pen-in-Mouth Paradigm (PIMP) never provided con-
vincing evidence, then efforts could have been dedi-
cated toward seeking alternative paradigms to
investigate the facial feedback hypothesis. Instead,
rigorous registered replication studies were con-
ducted and failed to replicate as expected by the orig-
inal pattern of p-values (Coles et al, 2022;
Wagenmakers et al., 2016). Thus, the outcome of the
replication studies was not a surprising replication
failure, but entirely consistent with the lack of evi-
dence in the originally published studies.

While our results are encouraging for claims about
the presence and direction of population effect sizes,
the presence of selection bias implies that effect size
estimates are often inflated. It is therefore especially
important to avoid the interpretation of point esti-
mates of effect sizes and to focus more on the
range of plausible effect sizes. When authors do not
report confidence intervals, readers should compute
their confidence intervals. The interpretation of

Year

effect sizes should be avoided when the sampling
error is large and selection for significance is required
to get statistically significant results. For example, in a
between-subject design with n=20 per cell, a stan-
dardised effect size of d=.64 is needed to obtain p
=.05 and d=.85 is required to obtain p=.01. As
most effect sizes are smaller than this, the statistically
significant results would likely be associated with
inflated effect sizes that would be smaller in replica-
tion studies. Effect size estimation will often have to
rely on meta-analyses of smaller original studies, but
meta-analyses of original studies with inflated effect
size estimates will also produce inflated effect size
estimates. It is therefore important to further decrease
publication selection bias by creating a culture that
does not impose unrealistic standards of perfection.
An article, lab, or journal that only publishes signifi-
cant results lacks credibility (Schimmack, 2012). In
the long run, the discovery rate should match the
power of studies to make discoveries.
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Note: ODR = Observed Discovery Rate, EDR = Expected Discovery Rate, ERR = Expected replication rate, FDR = False Discovery Risk.

Limitations

Like all studies, our study has limitations. Z-curve is a
selection model that makes assumptions about the
selection process. More specifically, Z-curve
assumes that selection is a simple function of
power. However, questionable research practices
can produce significance even if true power is low
or without a real effect. Simulation studies of Z-
curve with QRPs are lacking, but some QRPs are
likely to produce many p-values just below .05. This
would produce an inflated estimate of the EDR and
an overestimation of selection bias. The problem is
that it is unknowable which QRPs are used to
obtain better estimates of the EDR. The best solution
to this problem is to crack down on the use of QRPs
and to report all results. This would produce match-
ing ODRs and EDRs. Z-curve analyses of articles

published in the coming years can reveal whether
emotion researchers are making progress toward
this goal.

The present results are limited to articles of designs
with over 30 participants, N > 30. Further analysis of
additional Z-curve plots with the complete sample
and other exclusions showed similar parameters, this
could be because the median degree of freedom for
F-tests and t-tests for the complete sample was 54,
ranging from 31 to 104 for Cognition & Emotion and
62, ranging from 39 to 106.09 for Emotion. However,
we recommend that researchers using Z-curve to
review literature for future research should exclude
studies with N <30 or be mindful of possible bias
that might be introduced when smaller sample sizes
are included. In addition, it would be valuable to run
secondary analyses with and without N<30 as a
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robustness check. Future work on the method will
seek to expand the applicability of Z-curve.

Conclusion

Psychology emerged as an empirical science out of
philosophy to ensure that theories are grounded in
empirical facts. Similarly, meta-science can benefit
from empirical evidence. We used the empirical analy-
sis of results published in two emotion journals to
examine how credible these results are and what
changes emotion researchers might have to make to
improve their research practices. Our results show
that studies are likely to report the correct sign of a
relationship, especially when p-values are below .01,
but that effect size estimates are inflated. Even meta-
analyses will produce inflated effect size estimates
because non-significant results are often not reported.
We realise that increasing power is not always possible.
Therefore, honest reporting of all results is essential to
obtain accurate effect size estimates in meta-analyses.
To combat selection bias, institutions and journal
editors should stop prioritising statistically significant
results over non-significant results. Instead, they
should reward the relevance of a research question,
and the resources used to investigate it. A non-signifi-
cant result with N =200 can be a bigger scientific con-
tribution than a significant result with N = 20.
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