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Recent analyses of large-scale samples have failed to 
detect meaningful effects of birth order on the Big Five 
personality traits (Damian & Roberts, 2015; Rohrer,  
Egloff, & Schmukle, 2015). These results confirmed the 
findings of a 45-year-old meta-analysis: Schooler (1972) 
concluded that there was no reliable evidence for birth-
order effects on personality. However, hypotheses moti-
vated by theories about the relationship between birth 
order and personality were not originally formulated in 
terms of the Big Five. For example, Sulloway’s (1997) 
influential framework of the family niche theory was 
partly motivated by the observation that firstborn sci-
entists were likely to embrace conservative scientific 
paradigms—supposedly because firstborns are more 
likely to identify with their parents and are thus more 
likely to embrace conservative values. His theory also 
predicted that those born later would take more risks 
(Sulloway, 1997) because they needed to explore to 
find their role in the family and because their lower life 

expectancy reduced the costs of risk taking (Sulloway 
& Zweigenhaft, 2010). Political orientation and risk tak-
ing, however, are not directly represented in the Big 
Five framework.

Following this line of reasoning, a large number of 
studies have addressed birth-order effects on more nar-
row traits such as locus of control (Hughes, 2005), trust 
and reciprocity (Courtiol, Raymond, & Faurie, 2009), 
life satisfaction (Shao, Yao, Li, & Huang, 2013), and risk 
taking (Sulloway & Zweigenhaft, 2010). Despite the 
richness of these studies, their results failed to provide 
conclusive evidence for birth-order effects on these 
(and other) narrow traits. For example, regarding locus 
of control, although some studies have reported that 
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firstborns have a more internal locus of control— 
supposedly because they foster control by assuming 
responsibility for their younger siblings (e.g., Falbo, 
1981)—other studies have suggested that firstborns 
have a more external locus of control, purportedly 
because of increased parental attention (e.g., Walter & 
Ziegler, 1980), and still other studies have not found a 
difference between firstborn and later-born children 
(e.g., Newhouse, 1974).

It is interesting that results have often been more 
specific and less parsimonious when taking a closer 
look. For example, Walter and Ziegler (1980) found that 
firstborn and last-born children of families with three 
or more siblings had a more external locus of control 
compared with the middle children. In addition, Hughes 
(2005) reported a complex interaction in the absence 
of a main effect of birth-order position: Having a major-
ity of siblings of the same sex was associated with a 
more external locus of control only for firstborns. How-
ever, this study’s author did not account theoretically 
for this pattern.

This altogether incoherent pattern of results (which 
an anonymous reviewer trenchantly but probably cor-
rectly called “a complete mess”), along with specific 
justifications for each analytical strategy and elaborate 
explanations for each specific finding, was identified 
by Harris who criticized the “divide-and-conquer” strat-
egy of birth-order research (Harris, 1999, p. 348). She 
observed that studies had frequently reported birth-
order effects for specific subgroups (e.g., females, 
middle-class individuals, respondents from small fami-
lies) and pointed out that replications of such interac-
tion effects are crucial to ensure their validity. 
Furthermore, she described various other strategies 
found in studies investigating birth-order effects that 
can result in significant findings in the absence of real 
effects, such as administering a large number of per-
sonality tests or splitting outcome measures into vari-
ous subscales.

From a contemporary and broader point of view, 
Harris’s (1999) thoughts about the birth-order literature 
fit nicely with concerns regarding the reproducibility 
of research in general and psychological research in 
particular (Open Science Collaboration, 2015): It has 
been suggested that a large number of findings can be 
false positives when there is greater flexibility in designs 
and outcomes (e.g., Ioannidis, 2005). In addition,  
Simmons, Nelson, and Simonsohn (2011) demonstrated 
that when one has a large number of so-called 
researcher degrees of freedom, anything can be pre-
sented as significant. Applied to the case of birth order, 
these methodological issues lead to the suspicion that 
at least some of the previously reported effects have 
been false-positive findings. Thus, whether earlier 

findings of supposedly meaningful birth-order effects 
can be replicated remains an open question.

When considered in combination, recent large-scale 
studies that mostly yielded null results (Damian & Roberts, 
2015; Rohrer et al., 2015) and questions about the robust-
ness of earlier studies suggest that attempting to hunt down 
the effects of birth order on personality might not be par-
ticularly promising. However, scientists continue to research 
this topic today (see recent publications such as Black, 
Grönqvist, & Öckert, 2017; Ergüner-Tekinalp & Terzi, 2016; 
Lehmann, Nuevo-Chiquero, & Vidal-Fernandez, 2016; 
Salmon, Cuthbertson, & Figueredo, 2016). In light of the 
vast, unclear, and contradictory literature on birth-order 
effects, a critical, robust assessment of these effects on 
personality using state-of-the-art methods might help sci-
entists focus their research attempts.

In this study, we investigated the effects of birth 
order on a range of potentially interesting narrow per-
sonality variables from the German Socio-Economic 
Panel (SOEP). The SOEP is a large-scale, nationally 
representative panel study that allows for both between- 
and within-family analyses of birth-order effects. Given 
the surprising number of different analytic approaches 
that can be found in the birth-order literature, we chose 
specification-curve analyses (Simonsohn, Simmons, & 
Nelson, 2015) to assess the robustness of findings 
across a large range of different model specifications. 
Thus, our goal was to evaluate the evidence for birth-
order effects across the large number of researcher 
degrees of freedom inherent to traditional approaches 
to birth-order research.

Method

Data and respondents

Data came from the SOEP, an ongoing study of private 
households in Germany and their members (Wagner, 
Frick, & Schupp, 2007). The SOEP was launched in 1984 
and has been refreshed multiple times since then to 
ensure that it remains representative of the German 
population.

Sample sizes varied across the analyses because of 
missing values for certain dependent variables. The small-
est sample for analyses involved locus of control (n = 
6,585 for the between-family analyses, and n = 925 for 
the within-family analyses); the largest sample involved 
life satisfaction (n = 10,628 for the between-family analy-
ses, and n = 1,245 for the within-family analyses). Fur-
thermore, certain specifications led to the exclusion of 
respondents (e.g., because of the number of siblings or 
the existence of step-, half-, or adoptive siblings within 
the same household). On average, participants were 51.17 
years old (SD = 17.75) in 2013, and 53.93% were women.
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Birth-order position

In 2013, respondents answered a number of questions 
about their siblings, providing information about the 
siblings’ birth dates, the type of sibling relationship 
(full, half, step, or adoptive), and whether or not they 
had spent the first 15 years of life together (and, if not, 
how many years they had lived together). We dropped 
children with no siblings and twins from further analy-
sis. In addition, to ensure that individuals from patch-
work families with potentially ambiguous birth-order 
positions were not included, we excluded all individu-
als who reported living with a sibling for a time period 
of less than the first 15 years. Individuals who reported 
having more than 10 siblings had to be excluded by 
default because the questionnaire allowed respondents 
to list only 10 siblings (for a maximum sibship size of 
11), which made the information insufficient to deter-
mine respondents’ birth-order position. We used two 
definitions of birth-order position: A social one that 
counted all siblings who reportedly grew up together, 
regardless of whether they were full, half-, step-, or 
adoptive siblings; and a narrower one that considered 
only full siblings, which meant that we dropped all 
individuals who grew up with a half-, step-, or adoptive 
sibling. Furthermore, we ran analyses that differentiated 
between either (a) all possible birth-order positions 
(first, second, third, etc.) or (b) only firstborn and later-
born children.

Personality measures

Personality measures were chosen on the basis of the 
items included in the SOEP questionnaires from 2010 
to 2014. This range of years was chosen because (a) 
later waves of the data were not available at the time 
of the conception of this study and (b) earlier waves 
would have resulted in substantially smaller sample 
sizes because respondents could be included in the 
analyses only if they also had taken the sibling ques-
tionnaire in 2013.

Multiple measures showed age trends. Because birth-
order position can be confounded with age—especially 
in within-family analyses, in which every firstborn is 
by definition older than the children born later—we 
calculated age-controlled personality scores for all mea-
sures that were included. To do so without imposing a 
specific age trajectory (without assuming, e.g., a linear 
relationship), we used locally weighted regression to 
derive smoothed values that took into account scores 
of individuals of the same age and of younger and older 
individuals, and the weight of the observations 
decreased with increasing age differences. We then 
computed residuals by subtracting the smoothed score 

from the individual score (see Rohrer et  al., 2015). 
Analyses were run twice: once using these age-con-
trolled scores, and a second time using raw scores.

Locus of control. In 2010, locus of control was mea-
sured with 10 items answered on a 7-point scale (1 = 
does not apply at all, 7 = applies fully): for example, “How 
my life goes depends on myself,” and “What one achieves 
in life mostly depends on fate or luck” (the latter item 
was reverse-scored). We recoded items if necessary so 
that higher scores indicated an internal locus of control, 
whereas lower scores indicated little belief in one’s own 
control. Including all 10 items yielded a reliability coeffi-
cient (Cronbach’s α) of .61. Three items (“If one engages 
socially or politically, one can change the social circum-
stances,” “Success is the result of hard work,” and “More 
important than all efforts are the skills one has”) had 
item-total correlations below .08. We nonetheless calcu-
lated scores using all items because this was the original 
scale, but we also ran analyses using a 7-item version of 
the scale with a higher reliability of .70 (see Specht,  
Egloff, & Schmukle, 2013). Note that the locus-of-control 
scale included in the SOEP was found to be sensitive to 
the effects of age, gender, and education (Specht et al., 
2013).

Reciprocity. In 2010, positive and negative reciprocity 
were assessed with three items each on a 7-point scale 
(1 = does not apply at all, 7 = applies fully): for example, 
“If someone does me a favor, I am willing to return it” 
(positive reciprocity) and “If somebody insults me, I will 
insult him likewise” (negative reciprocity). Both scales 
had acceptable reliabilities given their brevity (positive 
reciprocity: α = .61; negative reciprocity: α = .83). Reci-
procity as measured in the SOEP has been linked to labor 
market behavior and other real-world outcomes in previ-
ous studies (e.g., Dohmen, Falk, Huffman, & Sunde, 
2009).

Life satisfaction. A single-item measure of life satisfac-
tion has been included in each wave of the SOEP: “How 
satisfied are you with your life, all things considered?” 
Participants answered on an 11-point scale (0 = com-
pletely dissatisfied, 10 = completely satisfied). Although 
this item reportedly has good psychometric properties 
(Lucas & Donnellan, 2012), we decided also to average 
across multiple years to arrive at a more reliable measure, 
which resulted in three different versions of the outcome 
variable life satisfaction: (a) the single item from 2013, 
which maximized both sample size and comparability 
because it was assessed in the same year as birth-order 
position; (b) the average across all years from 2010 to 
2014 in which the respondent answered the item, which 
maximized the sample size and increased reliability but 
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did not preserve the comparability of the scores across 
respondents; and (c) the average of the years 2012, 2013, 
and 2014 for individuals who answered in all 3 years, 
which led to a slightly smaller sample size but ensured 
comparability of the measure across respondents and 
simultaneously increased reliability.

Interpersonal trust. In 2013, interpersonal trust was 
assessed with three items rated on a 4-point scale (1 = 
strongly agree, 4 = strongly disagree): “People can gener-
ally be trusted,” “Nowadays you can’t rely on anyone,” 
and “If you are dealing with strangers, it is better to be 
careful before trusting them” (the latter two items were 
reverse-coded). The scale showed acceptable reliability 
when we took into account its brevity (α = .62). Naef 
and Schupp (2009) demonstrated its good psychometric 
properties and validity.

Risk taking in different domains. In 2014, respon-
dents answered six items asking for their willingness to 
take risks “while driving,” “in financial matters,” “during 
leisure and sport,” “in your occupation,” “with your 
health,” and regarding “faith in other people,” all answered 
on an 11-point scale (0 = risk averse, 10 = risk prone). A 
scale that included all six items showed good reliability 
(α = .83). However, because three of the items did not 
apply to all respondents (“driving,” “financial matters,” 
“occupation”), the complete scale could be computed for 
only about 80% of the sample. Therefore, we also used a 
risk score based on only three items that potentially 
applied to all respondents’ life circumstances (“leisure 
and sport,” “health,” “faith in other people”; α = .68). The 
domain-specific risk items were found to be correlated 
with a range of corresponding behaviors such as invest-
ment in stocks, active sports, self-employment, and 
smoking (Dohmen et al., 2011).

Single-item measures of risk taking, patience, and 
impulsivity. In 2013, respondents responded to three 
single-item measures of risk taking, patience, and 
impulsivity using an 11-point scale (0 = risk averse/very 
impatient/not at all impulsive, 10 = risk prone/very 
patient/very impulsive). The risk-taking measure was 
validated in Dohmen et al. (2011); the single-item mea-
sures of patience and impulsivity were validated with an 
incentive-compatible intertemporal choice experiment 
for impatience (Vischer et al., 2013).

Political orientation. In 2014, respondents were admin-
istered a single item regarding their political view, which 
they rated on an 11-point scale (0 = far left, 10 = far 
right). The original coding was preserved so that higher 
scores indicated that respondents reported a political ori-
entation further to the right. Left-right scales have been 

widely used in public-opinion research and have proven 
to be valuable for a wide range of research questions (for 
a brief overview, see Kroh, 2007); the choice of the spe-
cific SOEP scale was informed by a multitrait-multimethod 
investigation (Kroh, 2007).

Intellect. In 2013, respondents reported whether they 
considered themselves to be “eager for knowledge” on a 
7-point scale (1 = does not apply at all, 7 = applies com-
pletely). This item was part of the openness scale of a Big 
Five inventory. Whereas the other three openness items 
on the scale were related to the imaginative/creative sub-
dimension of openness, this single item provided a proxy 
measure of self-reported intellect. In an earlier study, it 
showed a small but significant birth-order effect (first-
born children scored higher than later-born children: d ≈ 
−0.1; see Rohrer et al., 2015). We thus included this item 
to assess whether the results of the specification-curve 
analysis converged with the results from our previous 
study, in which we tested only a selected number of spec-
ifications in separate analyses. In addition, the reanalysis 
of this item could be considered a test of whether specifi-
cation-curve analysis allows the detection of birth-order 
effects using single-item measures.1

Specification-curve analyses

We ran between- and within-family analyses in non-
overlapping samples. Between-family analyses con-
sisted of simple linear models in which personality 
traits were predicted by dummy-coded birth position 
while controlling for the number of siblings within 
respondents’ sibships (included as a factor variable). 
Within-family analyses included dummy-coded birth 
position and dummy variables indicating the specific 
family, effectively controlling for similarity within fami-
lies by introducing a sibship-specific intercept and thus 
estimating within-family effects. Statistically controlling 
for sibship size was neither necessary nor possible in 
these analyses because the family-specific intercept 
already captured the variance in outcomes associated 
with sibship size.

For each of the 11 outcome variables (locus of con-
trol, positive reciprocity, negative reciprocity, life satis-
faction, interpersonal trust, risk taking in different 
domains, global risk taking, patience, impulsivity, politi-
cal orientation, and intellect), we ran a specification-
curve analysis according to the procedure outlined by 
Simonsohn et al. (2015). Model specifications included 
all combinations of the following:

•• Different ways to calculate the outcome variable 
(in the case of locus of control, life satisfaction, 
and risk taking in different domains)



Birth-Order Effects on Narrow Traits 1825

•• Raw scores or age-adjusted T scores
•• Within-family or between-family analyses
•• The social definition of birth-order position or 

the more restrictive one limited to full siblings
•• Differentiation of each birth-order position within 

a sibship (e.g., first, second, third) or differentia-
tion only of firstborn from later positions

•• Inclusion of all sibships, only those in which 
sibling spacing did not exceed 5 years, or only 
those in which sibling spacing exceeded 1.5 years 
but did not exceed 5 years between any two 
siblings (see Healey & Ellis, 2007)

•• Exclusion of any gender effects, inclusion of the 
main effect of gender, or inclusion or both the 
main effect of gender and the interaction of birth-
order position and gender

•• Analysis of the complete sample (i.e., individuals 
who grew up in sibships with up to a total of 11 
children), analysis of only individuals from sib-
ships with 2 to 4 children (this category repre-
sented the majority of the sample), or separate 
analyses for sibships of 2, 3, and 4 children

This resulted in at least 720 analyses for most out-
come variables. However, there were 1,440 specifica-
tions for locus of control and risk taking in different 
domains because we used two different versions of 
these scales. There were 2,160 specifications for life 
satisfaction because we used three different versions of 
this scale. The selection of these features was based on 
the features used in previous literature on birth-order 
effects; thus, we assumed that the resulting specifica-
tions were justified insofar that a study using one of 
them likely had a reasonable chance to be accepted by 
a peer-reviewed journal of good quality in the past, 
given that the findings were deemed interesting or 
novel by reviewers.

We used the estimated main effects of birth-order 
position in which firstborn children were differentiated 
from later-born children as a potentially intuitive effect-
size estimate for a descriptive illustration of the results. 
The models including the interaction of gender and 
birth order were excluded from the illustration of effect 
sizes because they resulted in two distinct estimates of 
the effect of birth order.

Following the method of Simonsohn et  al. (2015), 
we then applied a permutation technique to allow us 
to test how inconsistent the results were with the null 
hypothesis of no effect, considering all specifications 
jointly. We created 500 data sets by shuffling the inde-
pendent variable birth-order position and applying cer-
tain constraints: (a) In the between-family sample, we 
shuffled between individuals from equal sibship sizes 
to preserve the effect of sibship size (which was not 

the focus of this study) and to avoid nonsensical com-
binations of sibship size and birth-order position (e.g., 
the fourth-born child among two siblings), and (b) in 
the within-family sample, we shuffled within sibships. 
The null hypothesis of no birth-order effects was by 
definition true in these shuffled data sets because birth-
order position was assigned randomly, allowing us to 
investigate the distribution of specification curves under 
the null hypothesis.

Various test statistics can be derived from these spec-
ification curves under the null hypothesis. To be able 
to take into account analyses that would not result in 
one simple effect size (e.g., analyses distinguishing 
between all possible birth-order positions, analyses 
modeling the interaction between respondents’ gender 
and birth-order position), we used the distribution of 
p values as the test statistic. More precisely, for each 
shuffled data set, we calculated the percentage of speci-
fications in which the effect of birth-order position2 
reached the conventional significance threshold (p < 
.05). Using the distribution of this percentage across 
the 500 samples, we obtained a picture of what we 
would observe under the null hypothesis of no birth-
order effect. The comparison of the observed percent-
age of significant values in our data with this approximation 
of the distribution under the null hypothesis allowed us 
to assess whether we could reject the null hypothesis of 
no birth-order effect. Specifically, the number of shuffled 
samples that had at least as many significant specifica-
tions as the unshuffled data divided by 500 gave us the 
p value of the permutation test, which reflected the prob-
ability of observing this many or even more significant 
specifications under the assumption of no birth-order 
effect.

Results

Table 1 shows the number of models in each specifi-
cation-curve analysis that yielded significant results, as 
well as the p values from the permutation tests. For 
example, the analysis of positive reciprocity included 
a total of 720 different model specifications. Of these, 
10.4% yielded p values less than .05. The median dif-
ference between firstborn and later-born children 
across these specifications was 0.017 SD, which indi-
cates that later-born children scored negligibly higher 
on positive reciprocity. Among the 500 shuffled sam-
ples in which there was no birth-order effect by design, 
77 samples had 10.4% or more specifications that 
yielded p values less than .05. Thus, the permutation 
test resulted in a p value of .154 (i.e., 77 divided by 
500), which indicated that we should not reject the 
null  hypothesis of no birth-order effect for positive 
reciprocity.
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Figure 1 visually represents the result by displaying 
the estimated effect sizes of the difference between 
firstborn and later-born children in positive reciprocity 
for the different specifications (i.e., for all analyses in 
which birth order was coded in a binary fashion and 
the interaction between birth order and gender was not 
included). Effects are ordered by size; thus, we can see 
that, across specifications, the effects varied from −0.4 
SD to slightly above +0.3 SD of the positive-reciprocity 
scale across the complete sample. The lines indicating 
statistically significant effects are longer, and it is easy 
to see that the majority of the specifications did not 
result in a significant (i.e., p < .05) birth-order effect. 
Furthermore, we can see that certain variations in the 
analyses never resulted in a significant effect, such as 
the analyses that excluded sibships with age gaps 
exceeding 5 years but not age gaps below 1.5 years, 
the analyses of sibships of three or four, and almost all 
between-family analyses.

We were also not able to reject the null hypothesis 
of no birth-order effect for the following outcome mea-
sures (see Table 1): negative reciprocity, life satisfac-
tion, locus of control, risk taking in different domains, 
and the single-item measures of risk taking, patience, 
impulsivity, and political orientation.

By contrast, the null hypothesis was unambiguously 
rejected for the single-item measure of self-reported 
intellect (see Table 1 and Fig. 2). Of the 720 model 

specifications, 63.6% resulted in p values less than .05. 
None of the shuffled samples resulted in such a high 
number of significant specifications. However, the effect 
was rather small in most specifications (between −0.1 
and −0.2 SD, Mdn = −0.130 SD) except for some larger 
values (approximately −0.45 SD) that emerged only in 
within-family analyses of sibships of three and that may 
have been exaggerated by random fluctuations. Signifi-
cant effects emerged in both within- and between- 
family analyses. However, they did not emerge in sib-
ships of four, perhaps because of the comparably small 
sample size of this specification (i.e., there were only 
1,264 respondents from sibships of four in the between-
family analysis of self-reported intellect compared with 
5,311 respondents from sibships of two and 2,969 
respondents from sibships of three). Overall, the  
specification-curve analysis arrived at the same conclu-
sion as our previous analyses of the very same data: a 
small (Mdn d = −0.13) but significant decline in self-
reported intellect from firstborn to later-born children 
(Rohrer et al., 2015).

One of the outcome measures—interpersonal trust—
resulted in less clear results (see Table 1 and Fig. 3). 
Of the 720 model specifications, 117 (16.3%) p values 
fell below .05, with a median effect size of −0.055 SD. 
Only 4.8% of the randomly shuffled samples resulted 
in that many (or more) significant specifications. A 
closer look at the results revealed that all statistically 

Table 1. Results for the Specification-Curve Analyses

Description of specification curve  
(for original sample)

Permutation test with 500  
shuffled samples

Outcome
Number of 

specifications

Median difference 
between later-

born and firstborn 
children

Significant 
(p < .05) 

specifications 
(%)

Number of shuffled 
samples with more 

significant specifications 
than for the original sample

p value of 
permutation 

test

Positive reciprocity 720 0.017 10.4 77 .154
Negative reciprocity 720 0.039 3.5 235 .470
Life satisfaction 2,160 −0.021 9.1 104 .208
Locus of control 1,440 −0.029 5.3 216 .432
Interpersonal trust 720 −0.055 16.3 24 .048
Risk taking 1,440 −0.007 12.7 39 .078
Single-item risk 720 0.000 1.4 384 .768
Single-item patience 720 −0.002 0.0 500 ≥ .998
Single-item impulsivity 720 0.043 13.1 41 .082
Political orientation 720 0.019 2.6 254 .508
Intellect 720 −0.130 63.6 0 ≤ .002

Note: For between-family analyses, n = 6,585–10,628; for within-family analyses (pooled across sibship sizes), n = 925–1,245. The median 
effects presented in this table are based on a subset of the specifications in which birth-order position was coded to distinguish between 
only firstborn and later-born children, and the interaction between birth-order position and gender was not included. These effects are 
expressed in standard-deviation units based on the respective outcomes in the complete sample; negative effects indicate that later-born 
children scored lower than firstborn children.



Birth-Order Effects on Narrow Traits 1827

significant specifications were between-family analyses, 
whereas all within-family analyses resulted in no sig-
nificant birth-order effect (all ps > .10). Furthermore, 
considering the sibships included, none of the analyses 
for sibships of two was significant even though the 
statistical power was largest for these analyses because 
sibships of two are the most frequent.

Discussion

In this study, we examined birth-order effects on a 
variety of narrow personality traits in a large represen-
tative sample. Taken together, our analyses indicated 
that there were no statistically significant birth-order 

effects across various model specifications on locus of 
control, negative and positive reciprocity, life satisfac-
tion, interpersonal trust, risk taking, patience, impulsiv-
ity, and political orientation. By contrast, our analyses 
showed that the small effect of birth order on self-
reported intellect, which had already been reported for 
the present sample (Rohrer et  al., 2015), was robust 
across a wide range of possible specifications, which 
demonstrates that specification-curve analysis is sensi-
tive enough to detect small effects, even on a single-
item measure.

Results were somewhat ambiguous for interpersonal 
trust because the p value was just below the conven-
tional significance threshold (p < .05). Note that, all 
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Fig. 1. Results of the specification-curve analysis of birth-order effects on self-reported positive reciprocity. The upper graph displays 
the estimated difference between firstborn and later-born children from each specification; the specifications are ordered by size of the 
effect. The lower graph shows the details of these specifications. Specifications that resulted in a significant effect of birth order (p < .05) 
are indicated by longer lines. This figure includes analyses in which birth order was treated as a dichotomous variable (firstborn vs. later-
born children) and analyses that did not model the interaction between birth-order position and gender.
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together, we tested 11 different outcome variables in 
separate analyses, including one that we were confident 
would confirm the effect we had found in a previous 
study. Assuming no birth-order effects for the other 10 
outcomes, there would have been a 37.0% chance of 
obtaining at least one false-positive finding, which is 
why we were reluctant to assign much meaning to this 
effect. However, if one were inclined to take this sta-
tistically significant effect at face value, one should 
consider that it was (a) driven only by between-family 
analyses, (b) not found in sibships of two, and (c) very 
small (firstborn children’s scores were 0.055 SD units 
higher). In addition, the effect ran contrary to a previ-
ous finding of lower levels of trust in firstborn children 

(Courtiol et al., 2009). Thus, the effect of birth order 
on interpersonal trust in our study seems neither to be 
convincing nor to be of considerable magnitude. Thus, 
we must conclude that the previously reported lack of 
an effect of birth order on personality (Damian &  
Roberts, 2015; Rohrer et  al., 2015) is not simply the 
result of the use of very broad personality constructs, 
such as the Big Five, but also holds true for more nar-
rowly defined personality traits.

We feel it is important to point out that we could 
have written a very different research article, centered 
around a single statistically significant and method-
ologically justified analysis. Our Results section might 
have read like this: “Birth-order position had a small 
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but significant effect on positive reciprocity: Firstborn 
children were more likely to pay back favors and to 
make an effort to help those who helped them, p < .05.” 
The following specifications would lead to this result: 
a within-family analysis, controlling for the main effect 
of gender, counting only full siblings, controlling for 
age, including sibships of two to four people, including 
sibships regardless of age gaps, and a dichotomous 
coding of birth order (first vs. later). The analytical 
decisions that led to this result are easily justified post 
hoc: (a) Analyzing the within-family sample makes 
sense because this design controls for family back-
ground characteristics; (b) including all sibships, 
regardless of the age gaps between siblings, makes 

sense because it maximizes the sample size and thus 
the statistical power; (c) controlling for the main effect 
of gender is reasonable because gender might be asso-
ciated with reciprocity, and so forth. In addition, we 
might have come up with a seemingly convincing sub-
stantive explanation for this effect and presented it as 
a theoretically deduced prediction in our introduction: 
“Because firstborn children are more likely to identify 
with parents who try to enforce norms of positive reci-
procity among their offspring, we expect them to have 
internalized these norms and thus to score higher on 
positive reciprocity.”

Conversely, we could have chosen another analysis 
(specification: between-family analysis, controlling for 
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main effect of gender, counting only full siblings, con-
trolling for age, including sibships of two to four peo-
ple, limiting age gaps between consecutive siblings to 
greater than 1.5 years and less than 5 years, dichoto-
mous coding of birth order) and reported: “Birth-order 
position had a small but significant effect on positive 
reciprocity: Firstborn children were less likely to pay 
back favors and to make an effort to help those who 
helped them, p < .05.” Again, analytical decisions are 
easily justified post hoc: (a) Analyzing the between-
family sample makes sense because it results in a much 
larger sample size; (b) excluding sibships with very 
narrow or very large age gaps makes sense because 
they are “atypical” and thus might not follow the typical 
birth-order dynamics, and so forth. In this case, our 
prediction in the introduction might have looked like 
this: “Because later-born children crucially depend on 
social cooperation to defend their vulnerable position 
against the physically superior firstborn children, we 
expect them to score higher on positive reciprocity.”

It should be obvious that these two “defensible” 
analyses cannot simultaneously reflect a systematic 
effect of birth order on positive reciprocity, because the 
conclusions are diametrically opposed. Instead—as 
indicated by the specification-curve analysis shown in 
Figure 1—the data do not provide much evidence of 
any birth-order effect on this outcome variable, p = 
.154, and any single statistically significant analysis 
might be a fluke. However, the behaviors that would 
have led us to publish either of the two significant 
analyses—analyzing multiple outcome measures but 
reporting only those that “work,” presenting exploratory 
findings as predicted—seem to be widespread in psy-
chology ( John, Loewenstein, & Prelec, 2012).

We believe that such a study—confidently overstat-
ing the actual evidence for a birth-order effect and 
framing it in a confirmatory manner—would do a dis-
service to a field that has already been flooded with a 
large number of unclear, incoherent, and even contra-
dictory findings. Researchers might have taken our 
results at face value and invested their resources into 
studies to follow up on our p-hacked finding. To pre-
vent such a waste of resources, and to ensure that 
psychology can accumulate insights about human 
behavior, researchers should rely on complete and hon-
est reporting of the actual research process.

Finally, it is important to acknowledge that our study 
was limited to self-report measures. It has been argued 
that self-reports are not suitable for detecting birth-order 
effects. Sulloway (1999), for example, claimed that 
socially desirable responding is stronger in firstborn 
children, potentially canceling out existing birth-order 
effects. A number of studies investigating birth-order 
effects have instead focused on other outcomes, such 

as behavior in economic games (Courtiol et al., 2009; 
Salmon et al., 2016) or participation in dangerous sports 
(Sulloway & Zweigenhaft, 2010), and indeed these 
researchers succeeded in discovering statistically signifi-
cant birth-order effects, although this observation might 
be less informative in the presence of publication bias 
(Fanelli, 2012). We acknowledge that it might be worth-
while to investigate birth-order effects on alternative 
outcome measures such as reports from other people 
or behavioral measures. However, in the face of the 
large number of researcher degrees of freedom observed 
in previous studies on birth-order effects, and given that 
behavioral measures might be associated with an even 
larger number of decisions to be made by the researcher 
(see, e.g., Elson, 2016; Elson, Mohseni, Breuer,  
Scharkow, & Quandt, 2014), we strongly recommend 
that such investigations should (a) use a large sample 
size to ensure adequate power, given the small effect 
sizes expected; (b) be either preregistered in detail or 
use specification-curve analysis; and (c) more generally 
follow state-of-the-art recommendations for replicable 
research (Asendorpf et al., 2013; Munafò et al., 2017).
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Notes

1. We reanalyzed all Big Five personality traits using specifi-
cation-curve analysis, and the results are available at https://
osf.io/4rtv2/.
2. In analyses including the interaction between gender and 
birth-order position, the p value of interest resulted from the 
joint test of the main effect of birth order and its interaction 
with gender against zero.
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