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ABSTRACT
This meta-analysis examined the association of birth order and divergent thinking (DT). The main 
purpose was to examine how ordinal position (only, first, middle, or last-born) is related to 
creativity. The results from 27 studies (k= 222; N = 4,690) were analyzed using a multilevel approach. 
Because some previous studies compared first- vs. later-born children whereas others compared 
different ordinal positions, three datasets were analyzed: (a) first-born vs. later-born children, (b) 
only children vs. children with siblings, and (c) middle-born vs. later-born children. Results showed 
that first-borns had higher DT scores than later-born children (g = −0.165, 95% CI [−0.012, −0.318], 
p = .046). Moderator analysis showed a significant interaction between gender and task modality 
with later-born males scoring lower on figural (but not verbal) DT than first-born males. No 
significant difference was found between only children and first-born children with siblings. In 
addition, the results showed a non-significant difference between middle- and later-born children; 
however, moderator analysis indicated that gender and age significantly explained some of the 
variability in the mean effect. Limitations and practical implications of the findings are discussed.
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Early research on creativity tended to focus on person
ality (Gough, 1979; Helson, 1996) and cognition (Finke, 
Ward, & Smith, 1992; Runco, 1991). While this line of 
research is still very active and has been reinvigorated by 
the neurosciences and by assessments which utilize new 
technologies (Acar & Runco, 2019; Dietrich, 2004), there 
has been an increasing interest in contextual and socio- 
cultural influences on creativity (Amabile, 1996; 
Glaveanu et al., 2020).

A number of environmental factors may influence 
children’s creative potential, including the culture, 
society, school, and the family in which a creative child 
is raised (Albert, 1980; Bronfenbrenner, 1992; Jauk et al., 
2019). Of the environmental influences, it is the family 
environment that most directly shapes the personality of 
a creative child, stimulating the child’s creative potential, 
and contributing to his or her future achievement. 
Various influences interact within the family as the child 
grows. These include the child’s gender, the spacing of 
offspring, the number of children in the family, the rela
tionships among family members, the presence or loss of 
a parent, parenting styles, parents’ education, and the 
child’s ordinal position among siblings (Albert, 1971, 
1980). This study focuses on the role of ordinal position.

According to Albert (1980), birth order is both 
a structural and a processional variable. It determines 
which family dynamics, interests, and values will be 

directed toward the child, for how long, and at what 
levels of intensity. For example, one would expect that in 
a family with an only child, parents are likely to devote 
most of their discretionary resources and energy to their 
child. A family with several children, in contrast, must 
divide the resources among various children.

The influence of ordinal position on intelligence and 
personality has been extensively studied (Bleske-Rechek 
& Kelley, 2014; Damian & Roberts, 2015; Galton, 1869; 
Kristensen & Bjerkedal, 2007), and, unsurprisingly, 
meta-analytic studies have examined the effect size of 
birth order as related to certain personality traits 
(Rohrer, Egloff, & Schmukle, 2015; Sulloway, 1995; 
Sulloway & Zweigenhaft, 2010). Hundreds of studies 
have been devoted to investigating the topic of birth 
order’s effect on intelligence. These studies either 
found (a) a negative relationship between birth order 
and intelligence (i.e., a decrease in IQ with birth order) 
(Barclay, 2015; Rohrer et al., 2015; Zajonc & Markus, 
1975) or (b) no association between birth order and 
intelligence (Kanazawa, 2012; Rodgers, Cleveland, van 
den Oord, & Rowe, 2000; Wichman, Rodgers, & 
MacCallum, 2006). As for personality and birth order, 
two different meta-analysis studies indicated that later- 
born individuals showed higher levels of risk taking 
(Sulloway & Zweigenhaft, 2010) and openness to experi
ence (Sulloway, 1995, 1996) compared with first-borns.
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The most common explanations for first-borns hav
ing a higher IQ than later-borns are that: (a) parents 
favor first-borns and, thus, there is more parental invest
ment in raising first-borns, and (b) unlike later-borns, 
first-borns grow up in a more stimulating intellectual 
environment and have more opportunity and time to 
interact with adults in their early years (Botzet, Rohrer, 
& Arslan, 2020; Zajonc & Markus, 1975; Zyrianova, 
Chertkova, & Pankratova, 2013). However, the way in 
which birth order affects personality, and more specifi
cally risk taking and openness to experience, is different. 
According to Sulloway and Zweigenhaft (2010), unlike 
older siblings who have already established their role in 
the family, later-born children are challenged to think of 
novel and unconventional ways in order to find a unique 
role in the family and gain parental favor (Sulloway & 
Zweigenhaft, 2010).

Compared with intelligence and personality, little is 
known about the impact of birth order on creative 
processes. This line of research began in 1869, but that 
focused broadly on intelligence and provided a very 
limited picture about the creativity-birth order relation
ship (Galton, 1869). In the 1960s and 1970s, studies by 
Eisenman and colleagues (Eisenman, 1964; Eisenman & 
Cherry, 1970; Eisenman & Schussel, 1970) examined 
family structure as related to creativity. Eisenman and 
his colleagues hypothesized that first-borns are more 
creative, as measured by tests of divergent thinking DT 
tests. Since then, more empirical studies have been con
ducted, with conflicting findings. Some of these studies 
compared first-born and later-born children (Eisenman, 
1964; Eisenman & Cherry, 1970; Eisenman & Schussel, 
1970; Lichtenwalner, 1968; Staffieri, 1970); other studies 
compared children in different ordinal positions (i.e., 
only vs. first- vs. middle- vs. later-born) (Aldous, 1970; 
Gaynor & Runco, 1992; Jawa, 1971; Runco & Bahleda, 
1987; Wilks & Thompson, 1979). These two types of 
studies will be examined in more detail below to dis
cover which factors that might contribute to the incon
sistent findings regarding the relationship between DT 
and birth order.

Comparisons of first- and later-born individuals

Early attempts to understand birth order’s effect on DT 
started with the hypothesis that first-born children are 
more conforming and conservative than later-born chil
dren. Therefore, later-born children should be more 
original and creative compared with first-born children. 
This hypothesis was first tested by Eisenman (1964), 
who studied birth order among artistically creative stu
dents. Eisenman administered the Creativity Design 
Test, which assessed some types of DT, including 

fluency, and found later-born children scored higher 
on the test than first-borns, which supported his hypoth
esis. However, in three subsequent studies with larger 
sample sizes (Eisenman, 1987; Eisenman & Cherry, 
1970; Eisenman & Schussel, 1970), Eisenman and col
leagues concluded that first-born children were signifi
cantly more creative than later-born children. Aldous 
(1970) and Sellwood (1974) reported no significant dif
ferences between the creativity of first- and later-born 
children. For instance, Aldous (1970) administered the 
Torrance Tests of Creative Thinking (TTCT) on 
a sample of 620 male and female students and found 
no significant difference attributable to the ordinal posi
tion. Moreover, Sellwood (1974) used four measures of 
DT (Franck Drawing Completion Test – which assesses 
flexibility, originality, elaboration, asymmetry, and 
abstraction – and three DT tests from the Guilford DT 
battery) with a sample of 62 high school students and 
found no significant differences between first- and later- 
born children. Other results uncovered a significant dif
ference between first- and later-born students, depend
ing on gender and the tests employed. For example, 
Boling, Boling, and Eisenman (1993) found that first- 
born males scored higher than later-born males, while 
later-born females scored higher than first-born females. 
In a more recent study, Guo, Lin, and Guo (2018) 
administered two DT tests (the Line Meanings test and 
the Real-World Problem test) and found that fluency 
and originality scores varied by gender where females 
outperformed males in the Line Meanings test, while 
there were no significant differences in Real-World 
Problem test.

Given inconsistent findings in previous research that 
examined the differences between first- and later-born 
children, the present investigation used meta-analytic 
methods to synthesize effect sizes from previous studies 
with the hopes of clarifying whether or not first- and 
later-born students differ in creative potential.

Comparisons of different ordinal positions

The second type of studies on birth order and creative 
potential compared different ordinal positions. Some 
included children who were only children (e.g., 
Aldous, 1970; Gaynor & Runco, 1992; Runco & 
Bahleda, 1987; Wilks & Thompson, 1979), while others 
did not (e.g., Farley, 1978; Jawa, 1971; Kaltsounis, 1978; 
Srivastava & Thomas, 1991). As with the results 
obtained in the comparison of first- vs. later-born chil
dren, the results were inconsistent. For example, while 
Runco and Bahleda (1987) concluded that only children 
scored higher on verbal fluency and verbal originality 
than children in other ordinal positions, Gaynor and 
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Runco (1992) found that middle children scored higher 
on fluency, while only children scored higher on origin
ality. Comparing male and female participants, Aldous 
(1970) concluded that eldest boys scored higher in ori
ginality, whereas only child girls scored higher than 
children in other ordinal positions. Other studies (e.g., 
Farley, 1978; Wilks & Thompson, 1979) found that 
middle children scored higher in flexibility and origin
ality scores than those in other positions. A third group 
of studies concluded that eldest children were more 
creative than other children (Jawa, 1971; Srivastava & 
Thomas, 1991). Markewitz (1982) found no significant 
differences between different ordinal positions in any 
DT index (i.e., fluency, flexibility, originality, and 
elaboration).

Sources of inconsistency and the need for 
a quantitative synthesis

As indicated above, the literature on birth order’s rela
tionship with DT has reported inconsistent results. 
Thus, there is a need to synthesize the results of all of 
these studies to gain a better understanding of the rela
tionship between birth order and DT. Knowing which 
child is more likely to be more creative than others is not 
a goal in itself; rather, it can help educators to optimize 
educational programs. They might communicate with 
parents and schools to ensure that each member of the 
family is given the optimal type of attention and care.

Meta-analyses provide uniquely powerful methods to 
identify possible reasons for inconsistencies in the pri
mary research reports. Reasons such as sample and 
study characteristics, as well as the specific instruments 
involved in the primary studies, may be responsible for 
the inconsistencies (Lipsey, 2009). This investigation not 
only aimed to provide an overview of the variation in 
DT by birth order but also attempted to explain the 
sources of inconsistencies in the primary studies 
through moderator analyses. As Table 1 shows, studies 
of birth order and DT vary in terms of publication year, 
gender composition, age, location in which the study 
was conducted, the DT test used, the task modality, and 
the kind of comparison made. Publication year of pri
mary studies was included as a moderator because the 
eligible studies spanned over several decades and the 
results reported in the primary studies may be influ
enced by the changes in the family values and structure 
(Wood & Eagly, 2009). It is also likely that the develop
mental stage of the participants may influence the results 
because the impact of birth order may evolve or dissi
pate with aging and as a result of other factors coming 
into play (Bertoni & Brunello, 2016; Boomsma et al., 
2008). Birth order may also covary with gender, as it 

does with different psychological outcomes (Simonton, 
2008) as well as divergent thinking (Aldous, 1970) and 
parental behavior (Keller & Zach, 2002). Additionally, 
birth-order may have a different impact in different 
cultures as a result of the associated roles and responsi
bilities or socio-economic situation (Isungset, 
Lillehagen, & Ugreninov, 2020). Because there are dif
ferent types of DT tasks (Hass & Beaty, 2018; Runco, 
Abdulla, Paek, Al-Jasim, & Alsuwaidi, 2016), and they 
could use different modalities (e.g., verbal, figural) lead
ing to different cognitive operations (Richardson, 1986; 
Acar & Runco, 2017) the analyses took DT type and task 
nature as other moderators. All these factors were con
sidered in the current study as possible moderators. 
Each could contribute to the variability in the mean 
effect size, so each was examined in this meta-analysis.

Method

Selection of studies

For the present meta-analysis, potential articles were 
located through a search of the following electronic 
databases: Educational Resources Information Center 
(ERIC), EBSCO, ProQuest, Academic Search Premier, 
Academic Search Complete, PsycINFO, 
PsycARTICLES, Google Scholar, and Electronic Theses 
and Dissertation. The following keywords were used for 
the initial search: birth order OR (ordinal position, 
family size, sibship, sibling position, family position) 
AND (creat* OR divergent thinking). Studies including 
one or more of these keywords, either in their titles or 
abstracts, were selected for the initial review, and the 
reference lists of the identified studies were further 
reviewed to find more studies. This search method pro
duced 768 published and unpublished works in English. 
After removing duplicate works, the number decreased 
to 581 published and unpublished articles, theses, dis
sertations, books and book chapters, reports, reviews, 
magazines, news, and conference materials.

Inclusion and exclusion criteria

Only studies published in English and that presented 
quantitative results were included. Creativity research 
on birth order dates back to the 1960s, and all studies 
from 1960 to 2019 were included in the search without 
any date restrictions. The following criteria were used to 
determine a study’s eligibility for inclusion:

(1) Studies should include both DT and birth order 
concepts, and provide empirical results regarding 
quantifiable measures of DT and birth order.
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(2) Non-empirical studies, such as theoretical 
reviews, conceptual papers, case studies, and qua
litative studies, were excluded.

(3) Studies focusing only on a single ordinal position, 
such as the first child or single child, were 
excluded because they did not provide informa
tion to compare children with different ordinal 
positions.

(4) Only studies presenting sufficient statistical infor
mation to calculate effect size estimates and their 
precision, such as Pearson correlation or descrip
tive statistics (e.g., sample size, mean, standard 
deviation), p-value, and t-test and F-test statistics 
were included in the analyses.

(5) There are several forms of creativity measures 
available in the literature. This study included 
studies using DT measures as an estimate of 
creative potential and excluded other forms of 
creativity measures, such as creative activities 
and accomplishment checklists, creative person
ality scales and questionnaires, the Remote 
Association Test, and the Consensual 
Assessment Technique.

The inclusion-exclusion decision was made by the 
first and the second authors, who independently 
reviewed each study. First, an Excel sheet was created 
with three columns for (a) study titles, (b) author deci
sion, and (c) author notes. Once the second author 
completed his review, he sent the Excel sheet with his 
final decision regarding the included/excluded works to 
the first author. Initially, the percentage of agreement 
between the two authors was 89%. The authors met and 
discussed the cases on which they disagreed and con
sulted the third author for the final agreement. Based on 
this process, 27 studies were eligible for inclusion in the 
analyses (see Figure 1).

Data coding

Initially, a coding sheet including the study variables and 
possible moderators was created by the first author. The 
initial coding sheet was reviewed and revised by all 
authors, and possible moderators and moderator cate
gories were determined. Then, the first and second 
authors coded studies based on the coding procedure, 
exchanging and reviewing each other’s coding for cross- 
validation. In cases of disagreement, any disputes that 
were not resolved by the two authors doing the coding 
were resolved in discussion with the third author. The 
two-way mixed absolute agreement interclass correla
tion coefficient for all effect sizes (k= 222) was very high 
(r = .99). As for moderators’ coding (i.e., country, 

gender, age, DT test, DT subscale, and task modality), 
the two-way mixed absolute agreement interclass corre
lation coefficients ranged between .97 to 1.0.

Variables and moderators

The present meta-analysis examined birth order and 
creativity, and since birth order has several options 
(i.e., only, first, middle, and last), the analyses were 
conducted in three groups: the comparison of the first- 
vs. later-born, single child vs. a child with siblings, and 
middle-born vs. the last-born. Table 2 provides descrip
tions of the study variables. Since the included studies 
spanned a long time period and studies published in 
English sampled participants from different countries 
worldwide, year of publication and the country were 
used as the moderators. The samples in the included 
studies were diverse in terms of participant’s age; thus, 
age group was used as a moderator with four categories.

Although DT tests share the same underlying design, 
there are differences. The TTCT and DT tests by 
Wallach and Kogan are well-known and widely used 
DT tests. The research included here also used unspeci
fic creativity measures of DT. Given the differences, type 
of DT tests was used as a moderator. Additionally, DT 
tests provide multiple indices of creative potential, such 
as fluency, flexibility, originality, and elaboration, and 
a focus on any one of these can change the magnitude 
and direction of the relationship. Therefore, DT sub
scales was included as a moderator. Lastly, DT tests can 
use verbal and figural stimuli; therefore, using verbal or 
figural stimuli, or a combination of both, were tested as 
another moderator.

Effect size calculation

The majority of the included studies reported the 
descriptive statistics (M, SD, n) of the comparison 
groups, namely different birth order (e.g., first-born, 
middle-born, last-born). Because of the comparative 
nature of the original studies, the effect size metric 
used in the present study was Hedges’ unbiased g, 
which involves a correction to Cohen’s d since it is 
upwardly biased for studies with a small sample. 
Therefore, Hedges’ unbiased g was calculated by first 
calculating Cohen’s d as presented in Equation (1), 

d ¼
ME � MR

SDP
(1) 

where ME and MR represent the means for the experi
mental and reference groups, respectively, and pooled 
standard deviation (SDp) is calculated as: 

6 A. M. ABDULLA ALABBASI ET AL.



SDP ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

nE � 1ð ÞSD2
E þ nR � 1ð ÞSD2

R
nE þ nR � 2

s

(2) 

where nE and nR represent the sample sizes for the 
experimental and reference groups, respectively. The 
correction to Cohen’s d is made as follows (Hedges, 
1981): 

g ffi d 1 �
3

4 nEþnRð Þ � 9

� �

(3) 

The variance of d was calculated as: 

vd ¼
nE þ nRð Þ

nE � nR
þ

d2

2ðnE þ nRÞ
(4) 

The statistical analyses also used the inverse variance 
of the effect size as the weight term, w, to ensure studies 
with small sample sizes influence the outcomes less than 
those with a larger sample size: 

w ¼
1

SE2 (5) 

Statistical analyses

As is typical in creativity research, most of the identified 
and included studies provided multiple effect sizes. 
Consequently, those effect sizes from the same study 
were dependent and reflected shared qualities such as 
the sample, types of instruments used, and the study 
design. This dependency requires adopting a multilevel 
approach for the analyses where the effect sizes are 
nested in studies. Bryk and Raudenbush (1992) sug
gested Level 1 Variance Known model, which handles 
the dependency in a three-level model, where Level 1 
represents non-systematic residual variance (i.e., sam
pling error), Level 2 represents variation between indi
vidual effect sizes, and Level 3 represents variation 
across studies from which the effect sizes were obtained. 
This model provided the mean effect size estimates, and 
when p predictors (i.e., moderators) were included, the 
full model can be represented in Konstantopoulos 
(2011) parameterization as the following: 

gjk ¼ γ00 þ β0k þ β1kX1jk þ � � � þ βpkXpjk þ u0k þ vjk

þ rjk;

(6) 

where gjk refers to individual effect sizes (i.e., Hedges’ 
g), γ00 to overall mean, β0k; β1k; . . . βpk to regression 
coefficients, X1jk, . . . .Xpjk to study moderators, u0k, vjk, 
and rjk to random residuals, k= 1, 2, . . ., K represents the 
level-3 units (i.e., studies), and j = 1, 2, . . . J represents 
level-2 units (i.e., effect size).

Heterogeneity analysis

Moderator analyses are needed if there is heterogeneity 
in the effect sizes. The variation in the effect sizes could 
be due to sampling error, but they may also result from 
systemic effects, which can be identified through the 
moderators. In the present study, heterogeneity at the 
effect size level was assessed using (1) Cochran’s (1954) 
Q-test, and (2) Higgins and Thompson (2002) I2, which 
provides a percentage value for the heterogeneity.

Table 2. Description of the study moderators.
Moderator Operational Definitions

Year of Publication The year the included article was 
published.

Country The origin of study sample
The United States The United States of America
Other countries All other countries other than the United 

States. The scope was inclusive of 
countries from Europe, Asia, Middle 
East, Africa, India and combined.

Gender
Male Males consist of 75% or more of sample 

size
Female Females consist of 75% or more of sample 

size
Mixed Sample combining both males and 

females
Age Groups

Preschool Samples with 4 to 5-year-old group
Elementary Sample with 6 to 11-year-old group
Middle-High Sample with 12 to 17-year-old group
Adult Samples older than 18

Experimental Group Later-born
Middle-born Participants who are not first- or last-born
Last-born Participants who were last-born
Unspecified Participants who are not first-born, but 

not specified as middle- or last-born.
Control Group First-born participants

First-born First-born with siblings
Only child First-born without siblings

DT Tests
TTCT DT measured by the Torrance Tests of 

Creative Thinking
Wallach & Kogan DT measured by Wallach & Kogan’s tests
Other Measuring DT using other DT tests

DT Subscales
Fluency The number of produced responses
Flexibility The number of categories in responses or 

shifts between the responses.
Originality The number of uncommon and unique 

ideas
Elaboration The amount of details of responses
Other or Composite The extent to which ideas are appropriate 

for intended purpose
Composing two or more DT subscales into 

a single score
Task Modality

Verbal DT tasks with verbal stimulus
Figural DT tasks with figural stimulus
Other DT tasks involving both verbal and figural

CREATIVITY RESEARCH JOURNAL 7



Assessing publication bias

Publication bias is one of the threats to the validity of the 
meta-analysis findings. This is because primary studies 
with significant findings have a greater chance of dis
semination than those with non-significant findings 
(Rosenthal, 1979). Consequently, studies that do not 
present a significant effect remain in the “file-drawer,” 
leading to a lack of representative sampling of all con
ducted studies. Several methods were proposed to detect 
the possibility of a publication bias (Sutton, 2009), two 
of which were reported in this study: (1) Rosenthal’s 
(1979) fail-safe N, where N represents the number of 
studies required to void the reported effects; larger 
values of N imply a lower chance of publication bias, 
and (2) Egger’s regression test (Egger, Davey Smith, 
Schneider, & Minder, 1997), which tests the relationship 
between the effect sizes and their sampling variances, 
where high correlation implies a greater chance of pub
lication bias. We adapted Egger’s test to three-level con
text, following Fernández-Castilla et al. (2021).

Data sets

The research on the relationship between birth order 
and creativity compared different cases of birth order, 

and it was not possible to aggregate them all in a single 
dataset. Therefore, we divided the dataset based on 
comparison types to make meaningful comparisons 
with as large datasets as possible. The first and largest 
group of data involved the comparison of the first- vs. 
later-born. The second group of datasets included first- 
born (with siblings) and single-child, and the third data
set included studies that allowed comparisons of mid
dle-born and last-born. The results are presented for 
each of those datasets.

Results

First-born vs later-born

To compare first- and later-born children, we analyzed 
171 effect sizes from 24 different studies (N = 4,619) in 
a three-level unconditional model. The fail-safe N value, 
which represents the number of studies needed to nullify 
the significant mean effect size value, was 3,788. Egger’s 
regression test was not significant, b = −0.21, SE = 0.41 
p = .61, showing that publication bias did not seem to 
threaten the results. Figure 2 presents the funnel plot for 
this dataset.

The mean effect size was g = −0.165, 95% confidence 
interval (CI) [−0.012, −0.318], p = .046. The details of the 

Identified Works 
(n= 581)

Did not study DT 
and birth order 

(n=399)

Non-
Empirical/Theoret

ical Review 
(n=41)

Insufficient 
Statistical 

Information 
(n=17)

No Control Group 
(n=8) No DT Assessment 

(n=28)

Included 
(n= 27)

Excluded

Not in English
(n=61)

Excluded Excluded Excluded Excluded

Figure 1. Flow chart of selection of studies.
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unconditional model are presented in Table 3. Level-2 
and Level-3 variances were both significant, showing 
significant variation over the studies (Level 3), 0.074 
(SE = 0.017), p< .01, and over the effect sizes from the 
same study (Level 2), 0.110 (SE = 0.044), p< .01. Using 
the median sampling variance (0.299) at Level-1 from 
the primary studies (Van Den Noortgate, López-López, 
Marín-Martínez, & Sánchez-Meca, 2015), the variance 
explained at Levels 2 and 3 were 22.7% and 15.3%, 
respectively. Those values also represent heterogeneity 
due to studies (I3

2 = 15.3%) and the effect sizes from the 

same study (I2
2 = 22.7%) (Raudenbush & Bryk, 2002; 

Van Den Noortgate et al., 2015). This indicates that data 
had a low level of heterogeneity at the effects size level 
when the sources of variability are partitioned across the 
three levels (Higgins, Thompson, Deeks, & Altman, 
2003). Data were also heterogeneous, QT 
(170) = 644.56, p < .001, on the basis of Cochrane’s 
homogeneity test.

The next analyses included moderators to explain 
the variability in the effect sizes. Some in the first-born 
category had no siblings (“only-child”), which was 
included as a moderator (first-born with a sibling vs. 
first without a sibling or “only-child”). Some studies 
had middle-born and last-born as part of the later-born 
group, whereas some did not specify the nature of the 
later-born category. We used this distinction as 
another moderator with three categories: later-middle, 
later-last/youngest, and later-unknown. Based on this, 
the tested moderators included year of publication, 
country, gender, age, type of control group (first-born 
vs. single child), type of target group (middle-born, 
last-born, or unspecified), type of divergent thinking 
test, index of DT, and task modality. We found that 
Gender–Male (vs. Female) (b = −.341, SE = .147, 
p = .022) and Task Modality-Figural (vs. Verbal) 
(b = −.209, SE = .102, p = .042) were significant. 
Then, we included gender*task modality interaction 
into the model. This model, including the interaction 
effect, is reported here as the final full model (see Table 
4). Among the study moderators, the only significant 
moderator was the gender*task modality interaction 
(b = −.436, SE = .194, p = .026). None of the other 
moderators were significant, including gender or task 

Figure 2. Funnel plot of standard error by Hedges’ g (first-borns vs later-borns dataset).

Table 3. Unconditional models.
Unconditional Model for the First-Born vs Later-Born Comparison (k = 24; 
j = 171)

Estimates SE t

Fixed effects
Intercept −0.165** 0.078 −2.12

Variance Components Z
Second level 0.110** 0.044 2.53
Third level 0.074** 0.017 4.36

Unconditional Model for the First-Borns with vs Without Siblings (k = 6; 
j = 17)

Fixed effects
Intercept −0.229 0.078 −2.12

Variance Components Z
Second level 0.295* 0.143 2.07
Third level 0

Unconditional Model for the Middle-Born vs Last-Born Comparison (k = 12; 
j = 34)

Fixed effects
Intercept −0.180** 0.133 −1.36

Variance Components Z
Second level 0.097** 0.040 2.43
Third level 0.118 0.077 0.57

*p < .05; **p < .01. 
Median sampling variances were calculated as .0299, 0.099, and 0.104 for the 

above models, respectively.
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modality main effects. Table 4 shows all moderators 
and dummy coded categories tested in the model, 
including Gender–Mixed (vs. Female) and Task 
Nature – Mixed (vs. Verbal). None of the other mod
erators, including Task Modality and Gender main 
effects, was significant.

Adding the moderators at Level 3 (i.e., year of pub
lication, country) and Level 2 (i.e., gender, age, type of 
control group, type of target group, type of divergent 
thinking test, index of DT, and task modality), including 
the interaction effect, reduced Level 2 variance to .067. 
This is a 9.5% increase in explained variance, while Level 
3 variance rose to 0.145 (from 0.074) after adding the 
moderators. To make sense of the nature of the interac
tion effect, the mean effect sizes for the four conditions 
were: male–figural, male–verbal, female–figural, and 
female–verbal. The mean effect sizes were, g = −0.463, 
95% CI [−0.745, −0.185], p = .001 for male–figural, 
g = −0.047, 95% CI [−0.261, 0.355], p = .764 for male– 
verbal, g = 0.018, 95% CI [−0.267, 0.303], p = .900 for 
female–figural, and g = 0.114, 95% CI [−0.225, 0.451], 
p = .513 for female–verbal.

Combining those findings, DT was significantly lower 
for later-born individuals than for first-borns in the 
samples studied. Interestingly, this trend was most pro
nounced in a specific case, which was male participants 
when their DT performance was measured with figural 

tasks. The mean effect size was significantly lower 
among later-born than first-born individuals among 
males whose DT abilities were measured by figural, 
rather than verbal, tasks. This effect remained unin
fluenced by whether the first-born was a single child or 
not, or whether the later-born is a middle or the last- 
born child.

First-born with sibling(s) vs. without sibling(s) (only 
child)

Next, we compared first-born children with and without 
siblings (i.e., only child) with 17 effect sizes from 6 studies 
(N = 1,304). The fail-safe N value was 25. Because Egger’s 
regression test was not significant, b = 2.56, SE = 2.39, 
p = .30, publication bias does seem to be a significant threat 
to the results (See Figure 3). The mean effect size was 
negative, yet non-significant, g = −.229, 95% CI [−.53, 
.07], p = .159. Level 3 variance was 0, and Level 2 variance 
was 0.295 (SE = 0.747). Those values imply a high level of 
heterogeneity at Level 2 (I2

2 = 74.7%) with median sam
pling variance (Level 1) of .10 (25.3%). Those values over
lap with Cochrane’s test, QT(16) = 60.08, p < .001. Because 
of the small number of studies and effects, we did not 
conduct moderator analyses.

Middle vs last-born

The final set of analyses was focused within the “later- 
born” group and compared middle- and last-borns. 
There were 34 effect sizes from 12 studies (N = 1,829). 
The unconditional multilevel analyses yielded a negative, 
yet non-significant mean effect size, g = −.180, 95% CI 
[−.44, .08], p = .198. Due to small study size, Level 3 
variance was not significant although it indicated a high 
level of heterogeneity (I3

2 = 37%). Heterogeneity due to 
effect sizes was I2

2 = 30.4%. Data were heterogeneous also 
based on Cochrane’s test, QT(33) = 134.54, p < .001. The 
fail-safe N value was 17. Egger’s regression test was signifi
cant, b = −3.44, SE = 0.67, p < .01, thus, publication bias 
may have influenced the results. Figure 4 presents the 
funnel plot for this set of analyses.

After adding the moderators, the variance explained at 
Level 2 diminished to 0.005 (from 0.097), with an R2 

change of 28.2%, whereas Level 3 variance was almost 
identical. The full model that included the moderators 
(See Table 5) indicated that the mean effect size signifi
cantly varies by Gender–Male (vs. Female), (b = 1.471, 
SE = 0.220, p = .023) and Age–Elementary (vs. Adults), 
(b = −2.413, SE = 0.645, p = .049) (See Table 5 for all 
dummy coded moderator categories including gender and 
age). The mean effect size was significantly larger for males, 
g = −.628, 95% CI [−1.57, .31], p = .190, than females, 

Table 4. First vs later-born – full model.
Estimate SE t p

Intercept 0.483 0.266 1.81 .081
Yeara 0.009 0.008 1.26 .220
Country–Non-US (vs. US) −0.291 0.261 −1.11 .280
Gender–Male (vs. Female) −0.030 0.199 −0.15 .879
Gender–Mixed (vs. Female) −0.163 0.155 −1.05 .296
Age–Preschool (vs. Adults) −0.120 0.291 −0.41 .686
Age–Elementary (vs. Adults) −0.154 0.239 −0.64 .528
Age–Middle (vs. Adults) −0.262 0.269 −0.97 .345
Age–Mixed (vs. Adults) 0.176 0.378 0.47 .648
Control group–First-born (vs. Only) −0.084 0.083 −1.01 .314
Experimental group–Middle-born (vs. 

Unknown)
−0.054 0.181 −0.30 .766

Experimental group–Last-born (vs. 
Unknown)

−0.148 0.181 −0.82 .419

DT Test – Wallach Kogan (vs. TTCT) −0.369 0.223 −1.65 .114
DT Test – Other (vs. TTCT) −0.207 0.246 −0.84 .409
DT Subscale – Flexibility (vs. Fluency) −0.028 0.099 −0.29 .776
DT Subscale – Originality (vs. Fluency) −0.074 0.083 −0.88 .378
DT Subscale – Elaboration (vs. Fluency) −0.025 0.146 −0.17 .865
DT Subscale – Composite (vs. Fluency) −0.105 0.153 −0.69 .492
Task Nature – Figural (vs. Verbal) −0.095 0.112 −0.85 .399
Task Nature – Mixed (vs. Verbal) 0.050 0.237 0.21 .833
Gender-Male*Task Modality −0.436 0.194 −2.25 .026
Variance Components
Second level 0.067 0.017 3.97 .001
Third level 0.145 0.067 2.14 .016

Reference group for each dummy-coded moderator was presented in 
parenthesis. 

US = United States; TTCT = Torrance Tests of Creative Thinking. 
aMean-centered variable.
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g = −.248, 95% CI [−.48, −.02], p = .032 and mixed gender, 
g = 0.007, 95% CI [−.10, .11], p = .891. For age, the mean 
effect size was significantly higher for the elementary 
schoolers, g = −.512, 95% CI [−.98, −.43], p = .032, than 
preschoolers, g = −.082, 95% CI [−.32, .15], p = .497, middle 
schoolers, g = 0.013, 95% CI [−.32, .35], p = .937, and mixed 
age, g = 0.154, 95% CI [.01, .30], p = .031.

Discussion

The current investigation examined the relationship of 
birth order with DT. More specifically, this study sought 

to answer the following questions: (1) among different 
ordinal positions (i.e., only-, first-, middle-, or later- 
born children), who performs best on DT tests, and (2) 
do culture, gender, age, DT tests (e.g., TTCT, Guilford, 
Wallack and Kogan), DT subskills (i.e., fluency, flexibil
ity, originality, and elaboration), and task modality (i.e., 
verbal vs figural) explain some variability in the mean 
effect size?

Three datasets were analyzed using a multilevel 
approach. Analyses compared (1) first-born vs. later- 
born children, (2) single children vs. children with sib
lings, and (3) middle-born vs. later-born children. The 
results from the first dataset indicated that first-borns 
possess higher DT skills than later-born individuals. 
This effect size is considered small by the standards 
presented by Cohen (1992). Moderator analyses showed 
that differences were not affected by whether the later- 
born was the middle, youngest, or unknown (for studies 
that did not specify the exact ordinal position for the 
later-born participants). This finding is consistent with 
several previous (non-meta-analytic) studies, which also 
concluded that first-born children scored higher in DT 
than middle- and later-born children (e.g., Aldous, 1970; 
Jawa, 1971; Srivastava & Thomas, 1991). Several expla
nations for this have been offered: (1) first-borns may 
receive greater intellectual stimulation from their 
families; (2) first-borns may receive more attention and 
resources from their parents; and (3) first-borns tend to 
develop personality traits that may support DT, such as 
autonomy, unlike later-borns who are less autonomous, 
often relying on their older siblings (Boling et al., 1993; 
Eisenman, 1987; Jarial, 1982; Lichtenwalner, 1968; 
Runco & Bahleda, 1987; Srivastava & Thomas, 1991). 

Figure 3. Funnel plot of standard error by Hedges’ g (first-borns vs single child dataset).

Table 5. Middle vs last-born – full model.
Estimate SE t p

Intercept −1.389 0.482 2.88 .058
Yeara −0.236 0.063 −3.72 .114
Country–Non-US (vs. US) −3.643 1.444 −2.52 .150
Gender–Male (vs. Female) 1.471 0.220 6.70 .023
Gender–Mixed (vs. Female) 2.258 0.632 3.57 .089
Age–Preschool (vs. Adults) 2.115 1.237 1.71 .271
Age–Elementary (vs. Adults) −2.413 0.645 −3.74 .049
Age–Middle (vs. Adults) 9.255 2.856 3.24 .144
Age–Mixed (vs. Adults) −2.091 1.142 −1.83 .200
DT Test – Wallach Kogan (vs. TTCT) 2.001 0.852 2.35 .167
DT Subscale – Flexibility (vs. Fluency) 0.028 0.150 0.19 .861
DT Subscale – Originality (vs. Fluency) 0.043 0.133 0.32 .760
DT Subscale – Elaboration (vs. Fluency) 0.127 0.297 0.43 .673
DT Subscale – Composite (vs. Fluency) −0.042 0.325 −0.13 .899
Task Nature – Figural (vs. Verbal) 0.121 0.140 0.86 .447
Task Nature – Mixed (vs. Verbal) 0.583 0.867 0.67 .572
Variance Components
Second level 0.005 0.033 0.14 .444
Third level 0.119 0.208 0.57 .284

Reference group for each dummy-coded moderator was presented in 
parenthesis. 

US = United States; TTCT = Torrance Tests of Creative Thinking 
aMean-centered variable
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As discussed in the introduction, similar explanations 
are offered in the intelligence and birth order literature 
for first-borns being more intelligent than later-borns; 
thus, it seems that birth order may have a similar influ
ence on individuals’ cognitive abilities.

In the present investigation, moderator analyses 
showed a significant interaction between gender and 
task modality, with later-born males scoring lower 
than first-born males on figural, but not verbal, DT. 
Only one previous study reported such a difference. 
Guo et al. (2018) administered a figural DT test (Line 
Meaning) and a verbal DT test (Real-World 
Problems) and reported that single children exhibited 
higher visual ability as assessed by the Line Meaning 
test. However, this only applies to only children (not 
first-born). Guo et al. (2018) also found that only 
daughters (not sons) scored higher than male parti
cipants in both verbal and visual tests; thus, future 
research might investigate such a drop in figural DT 
skills among later-born males.

The literature on gender differences in cognitive abil
ities provided some evidence that males outperform 
females on visuospatial abilities (De Frias, Nilsson, & 
Herlitz, 2006; Maccoby & Jacklin, 1974; Voyer, Voyer, & 
Bryden, 1995). Fairweather (1976) and Holmgren, 
Molander, and Nilsson (2006) also underlined the role 
of birth order as influencing performance on visuospa
tial tasks. Sherman (1974) reported that among males, 
oldest siblings performed higher than later-borns on 
field articulation – a special form of spatial ability 
(Witkin, 1949), whereas it was the opposite for females. 
The decline in male performance on visuospatial tasks 
by birth order is consistent with our findings and also 

seems to be applicable to DT. It could be argued that the 
male advantage over females on visuospatial abilities is 
applicable to DT performance, but it tends to dissipate 
with ordinal position.

The second dataset compared first-born children who 
have sibling(s) with only children. Although the results 
showed that the only children scored higher on DT 
compared with children with siblings, this difference 
was not significant. This might be due to the small 
number of available effect sizes (k= 17). Previous 
research has shown mixed findings for such 
a comparison. For instance, while Runco and Bahleda 
(1987) found that children with many siblings scored 
higher on DT than children with one sibling, Yang et al. 
(2017) concluded that only children scored higher on 
flexibility compared with children who had siblings. 
Guo et al. (2018) found that only children exhibited 
higher DT than children with siblings. The latter two 
studies were conducted in an Eastern culture (i.e., 
China); therefore, future studies may examine the dif
ference between single children and children with sib
lings in other cultures, or perhaps compare cultures in 
this regard.

Finally, the comparison between middle and young
est children revealed a non-significant difference in DT 
scores. However, moderator analyses indicated gender 
and age differences between the two groups, with per
formance on DT dropping more significantly for the 
middle- to last-born among males than for the females. 
As for age, the result indicated that the drop from the 
middle to late born children was significantly higher 
during elementary school years. Unfortunately, no 
explanations for such differences could be found in 

Figure 4. Funnel plot of standard error by Hedges’ g (middle-born vs youngest dataset).
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previous studies. This is another area that might be 
investigated in future research.

In addition to what has been suggested above, future 
research on the relevance of parental education, parent
ing styles, family size, age interval between children, and 
socioeconomic status might contribute to our under
standing about the relationship of birth order with DT. 
As suggested above, cross-cultural studies might identify 
possible differences in how birth order influences DT 
and creative potential.

Limitations of the current investigation include, first, 
that family size and age interval could not be considered. 
With few exceptions (Baer, Oldham, Hollingshead, & 
Jacobsohn, 2005; Gaynor & Runco, 1992; Runco & 
Bahleda, 1987), the studies identified for inclusion in 
the current analyses did not report information about 
family size and age gap. These two variables are essential 
for a complete understanding of the effect of birth order 
on DT; hopefully, they will be more broadly recognized 
in the future. A second limitation is the small number of 
effect sizes in the only children vs. children with siblings 
and middle vs. youngest datasets. Third, some of the 
research included in the current analyses is dated. Only 
a few studies have been published in the last 20 years 
(Baer et al., 2005; Guo et al., 2018; Yang et al., 2017), and 
most of the studies included in the current meta-analysis 
are from the 1990s and before. Considering the changes 
in parenting style and level of exposure to technology in 
the last two decades, parent-child relation and the role of 
birth order may not be the same for millennials and 
earlier generations.

From a methodological standpoint, although a solid 
statistical approach to control dependency among effect 
sizes was used here, the full dataset required splitting 
into three subsets. A more homogenous dataset would 
have allowed a different statistical approach. An alter
native method that could be applied is network meta- 
analysis, which would allow obtaining indirect evidence 
between the comparison groups (Lumley, 2002; White, 
2015).

There are practical implications to the current results. 
First, parents might be encouraged to insure that there 
are equal opportunities and intellectually stimulation for 
their later-born children. The advantage of first-born 
children having higher DT than later-born children is 
likely a reflection of the home environment where first- 
born children receive more intellectual stimulus, perso
nal attention, and resources from their parents. This 
puts more responsibility on parents than any other fac
tor/source. Parents might also encourage the personality 
traits that are related to creativity and creative thinking 
in later-born children, especially independence and risk 
taking, as some studies (e.g., Rohrer et al., 2015) 

reported that later-born children might rely on their 
older siblings. Educators could also be made aware of 
likely differences between first- and later-born children 
in their DT skills. Such an awareness is more important 
when DT tests are used to admit students for special 
programs such as gifted programs. Moreover, teachers 
might consider both verbal and figural DT tests for the 
purpose of identifying students for a special program, 
especially for male students, given that the current 
results found that later-born males’ scores were lower 
than first-borns’ scores in figural DT.
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