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Methods for testing individual-level interactions in meta-analyses have not existed until re-

cently, and past meta-analyses often attempted to approximate interaction tests using biva-

riate approaches that yield results of unknown accuracy. Focusing on one of the most prom-

inent interaction-based hypotheses in psychology, the integration hypotheses, we test to 

what extent results from meta-analyses using four such bivariate approximations (the sum-

mative approach, the multiplicative approach, Euclidean distance, the midpoint split ap-

proach) diverge from a state-of-the art meta-analytical test of individual-level interaction 

(multivariate approach). A re-analysis of two datasets previously used in meta-analyses (total 

k = 57, total N = 7,512) revealed that variance explained by interaction proxies from bivariate 

approaches oscillates around 2%, while variance explained by a correct test of interaction 

tends toward zero, with f2 < .009 (average effect size for interaction in psychology). Thus, re-

sults from bivariate approximations of an interaction test, employed in past meta-analyses of 

the integration hypothesis, are largely inflated.  
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1. INTRODUCTION 

Many theories and hypotheses in psychology 

assume an interaction, that is, a relationship 

between two variables that changes at differ-

ent levels of a third variable (Cox, 1984). In pri-

mary studies with continuous variables, testing 

such relationships requires a multivariate ap-

proach, typically a multiple regression includ-

ing the main effects of the predictor and the 

moderator and a multiplicative interaction 

term (Aguinis & Gottfredson, 2010; Baron & 

Kenny, 1986). This approach, however, is diffi-

cult to translate to meta-analysis, as it requires 

individual-level data while meta-analysis usu-

ally deals with data aggregated at the study 

level. Only recently, advances in meta-analyti-

cal structural equations modelling (MASEM; 

Cheung, 2015a; Hagger et al., 2022) led to the 

introduction of multivariate methods that al-

low for accurately meta-analysing individual-

level interactions. Prior to that, in the absence 

of better alternatives, attempts to meta-analyt-

ically test hypotheses that involve individual-

level interactions, such as the integration hy-

pothesis (Berry, 1997; Berry et al., 2006), relied 

on non-validated bivariate methods operation-

alising the interaction as a single variable (e.g., 

a score resulting from adding or multiplying 

two predictor scores) and computing bivariate 

correlations of this single variable with an out-

come (e.g., Abu-Rayya et al., 2023). Such ap-

proaches produced results of unknown accu-

racy and might have led to misguided conclu-

sions.  

In this paper, we aim to re-evaluate the accu-

racy of results obtained from bivariate approxi-

mations of individual-level interactions by 

comparing them to results from state-of-the-

art multivariate tests (Hagger et al., 2022). We 

do so on the example of the integration hy-

pothesis (Berry, 1997; Berry et al., 2006), argua-

bly one of the most prominent interaction-

           
1 To the best of our knowledge, the only exception was Berry et al. (2022), who applied a typologi-
cal approach (i.e., measures tapping into integration directly, using items such as ‘I prefer social 

 

based hypotheses in psychology, that has been 

repeatedly meta-analysed using bivariate ap-

proximations of interactions (Abu-Rayya & Sam, 

2017; Abu-Rayya et al., 2023; Bierwiaczonek & 

Kunst, 2021). For reasons that we will discuss 

later, this paper is not intended as a test of the 

integration hypothesis. Instead, the question 

we are concerned with is whether past meta-

analyses of the integration hypothesis (and 

other interaction-based hypotheses) using bi-

variate approximations can really be consid-

ered valid evaluations of this hypothesis.  

1.1 Past Meta-Analyses of the Integration Hy-
pothesis  

The integration hypothesis (Berry, 1997; Berry et 

al., 2006) suggests that migrants and ethnic mi-

nority group members must navigate the ex-

tent of their engagement with both the main-

stream culture and their heritage culture. Opti-

mal adaptation outcomes, such as psychologi-

cal health and socio-cultural competence, are 

thought to be associated with engaging with 

both the heritage and mainstream cultures 

(the integration strategy), rather than solely the 

heritage culture (separation strategy), the 

mainstream culture (assimilation strategy), or 

neither (marginalisation strategy).  

Thus, integration is best operationalised as an 

interaction between mainstream-culture ori-

entation and heritage-culture orientation 

where the strongest positive association with 

adaptation is expected at high levels of both 

(Rudmin, 2006; Ward & Kus, 2012). Indeed, many 

primary acculturation studies measure main-

stream and heritage orientation separately 

(Celenk & van de Vijver, 2014; Safa & Umaña-Tay-

lor, 2021), allowing for an interaction test (Baron 

& Kenny, 1986). Yet, the interactional basis of the 

integration hypothesis has not been addressed 

directly in any of the existing meta-analyses of 

the link between integration and adaptation 

outcomes. Most meta-analyses1 so far 
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operationalised integration by combining the 

two cultural orientations into one integration 

score using one of four approaches: midpoint 

split, summative scores, multiplicative scores, 

or Euclidean Distance (ED; Abu-Rayya & Sam, 

2017; Abu-Rayya et al., 2023; Bierwiaczonek & 

Kunst, 2021). This integration score was then 

used to calculate bivariate correlations with ad-

aptation outcomes, which meta-analysts 

pooled to obtain the average effects.  

However, a correct test of interaction effects re-

quires controlling for main effects of the pre-

dictor and the moderator (Baron & Kenny, 

1986), which in meta-analysis is, to date, only 

possible using meta-analytical structural equa-

tions modelling (MASEM; Cheung, 2015a, 

Hagger et al., 2022). None of the bivariate ap-

proaches listed above allows for it, hence they 

cannot be considered accurate tests of interac-

tion between cultural orientations that the in-

tegration hypothesis calls for. Additionally, 

each method carries its own methodological 

drawbacks that we describe below. By conse-

quence, although meta-analyses based on 

these approaches claim to test the integration 

hypothesis, it is unknown how much they really 

tell us about the interaction between the main-

stream- and the heritage-culture orientation.  

1.2 Drawbacks of Bivariate Approaches  

In the Midpoint Split Approach (Figure 1a; e.g., 

Bierwiaczonek & Kunst, 2021), researchers di-

chotomise scores for each cultural dimension 

into low and high categories, creating a binary 

integration score where high scores in both di-

mensions are coded as 1, and others as 0. Di-

chotomisation may be performed using me-

dian, mean, or theoretical midpoint splits, with 

the theoretical midpoint (the middle of the 

scale, such as 3 on a 1-5 scale) being preferable 

(Arends-Toth & van de Vijver, 2006a). While the 

midpoint split approach preserves the core no-

tion of interaction that integration requires 

           
activities which involve both [national] members and [ethnic] members’) to meta-analyse studies 
from the MIRIPS project, finding a correlation of .15. Some meta-analyses (e.g., Nguyen & Benet-
Martínez, 2013) seem to have used a mixed approach involving some typological measures.  

high engagement with both cultures, it has low 

sensitivity and has thus been criticised for los-

ing information on individual variation (Abu-

Rayya et al., 2023). 

With the Summative Approach (Figure 1b), 

scores on each cultural orientation are 

summed to create an integration score, with 

higher scores indicating greater integration 

(e.g., Abu-Rayya & Sam, 2017; Smokowski et al., 

2010). Problematically, however, summation 

goes against the definition of interaction, which 

states that the effects are not simply additive 

(Cox, 1984). Indeed, the summative approach 

assumes independent influences of each cul-

tural orientation on adaptation (West et al., 

2017), meaning that a higher score can be 

driven by either one orientation rather than by 

both (Rudmin, 2006). For example, one person 

scores above the scale midpoint (3.5 on a 5-

point Likert scale) on both cultural orientations, 

resulting in a summative score of 7, while an-

other scores above the midpoint (5) on main-

stream culture orientation and below the mid-

point (2) on heritage culture orientation, result-

ing in the same summative score of 7. Even 

though the former fits the definition of integra-

tion and the latter that of assimilation, the sum-

mative approach gives both individuals the ex-

act same score. Consequently, a meta-analyti-

cal result based on the summative approach 

might represent the association between ei-

ther of the two dimensions and adaptation. 

In the Multiplicative Approach (Figure 1c), an 

integration score is derived as the product of 

mainstream and heritage orientation scores 

(e.g., Abu-Rayya & Sam, 2017). This product is 

then entered into a bivariate correlation with an 

adaptation outcome; differently than in the 

multivariate approach with MASEM (Cheung, 

2015a, Hagger et al., 2022), main effects of both 

cultural orientations are not controlled for. As 

the comparison of Figure 1b and 1c shows, the 
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Figure 1 

Illustration of the four bivariate approaches: Midpoint split (a), summative (b), multiplicative (c), 

and Euclidean Distance (d), for two hypothetical participants: Person A (scoring 3.3 on both cultural 

orientations) and Person B (scoring 5 on mainstream orientation and 2.7 on heritage orientation). 

 

 

Note. The red line represents a theoretical continuum from marginalisation to ideal integration (i.e., 

maximum scores on both cultural orientations). 
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multiplicative approach displays the same 

problems as the summative approach, namely, 

answers above the scale midpoint on both ori-

entations (consistent with integration) can re-

sult in the same or lower score as answers be-

low the midpoint on one orientation and above 

the midpoint on the other (consistent with as-

similation or separation). Thus, the resulting ef-

fect size can be inadvertently driven by only 

one dimension rather than both (Rudmin, 

2006).  

The ED Approach (Figure 1d; e.g., Abu-Rayya et 

al., 2023; Arends-Toth & van de Vijver, 2006b) 

places scores from two cultural orientations on 

a two-dimensional matrix and calculates the 

participant’s distance from the ideal integra-

tion score (i.e., the highest score on both axes). 

It is calculated as: 

√(Q1 −  P1)2 + (Q2 −  P2)2 

where P1, P2 represent the extreme score, and 

Q1, Q2 represent a person's score on the corre-

sponding dimension. Again, this approach fails 

to fully translate the idea of integration as high 

scores on both cultural orientations. To illus-

trate it, consider the answers 3.3 on both orien-

tations (Person A) versus answers 2.7 on herit-

age orientation and 5 on mainstream orienta-

tion (Person B, see Figure 1). The resulting ED 

scores are, respectively, 2.4 and 2.3, meaning 

that Person B is closer to the ideal integration 

score, thus more integrated, whereas concep-

tually the opposite should be the case. Further, 

ED scores are, by definition, nonlinear, thus not 

necessarily compatible with the linear integra-

tion hypothesis.     

Despite these variations in operationalising in-

tegration, previous meta-analyses found rela-

tively consistent small correlations between in-

tegration and adaptation (Kunst, 2021). For ex-

ample, Bierwiaczonek and Kunst (2021) meta-

analysed 19 longitudinal studies using the mid-

point split approach and found cross-sectional 

correlations ranging from .02 to .11. Abu-Rayya 

and Sam (2017) found positive correlations 

ranging from .07 to .21 with the multiplicative 

approach applied to the ICSEY dataset. Subse-

quently, Abu-Rayya et al. (2023) found positive 

correlations ranging from .06 to .17 using the ED 

approach on the same dataset, and from .07 to 

.23 using the summative approach (referred to 

as Cultural Involvement, or CI). The similarity of 

these results might not only be due to using the 

same dataset (except for Bierwiaczonek & 

Kunst, 2021), but also to similar biases arising 

from the above-described problems with biva-

riate approaches to integration.  

1.3 The Current Studies 

In sum, none of the approaches used in meta-

analyses of integration effects so far is without 

problems: The midpoint split approach lacks 

sensitivity, whereas the remaining three ap-

proaches risk confusing the effects of integra-

tion with the effects of either of the two cultural 

orientations. Thus, such approaches can be 

considered proxies of an interaction test at best. 

It remains unknown to which extent using 

these methods has biased the results of previ-

ous meta-analyses of integration and, by con-

sequence, whether these results can be consid-

ered trustworthy.  

Here, we address these questions by assessing 

how much the results from the four bivariate 

approaches described above diverge from the 

results of a state-of-the-art meta-analytical test 

of interaction effects, conducted by fitting a full 

moderation model including both the main ef-

fects of each orientation and their interaction 

term (Hagger et al., 2022; Jak & Cheung, 2020). 

To do so, we use two existing meta-analytical 

datasets: a smaller dataset that previously 

showed relatively small effects (Bierwiaczonek 

& Kunst, 2021, Study 1), and a larger dataset that 

previously showed slightly larger effects (ICSEY, 

Berry et al., 2006, Study 2). Both datasets were 

obtained directly from the (co-)authors of the 

original studies with permission to reuse them.  

Below we report results obtained by combining 
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psychological and socio-cultural adaptation 

into one outcome, an approach also employed 

by other meta-analysts in the field (e.g., Bier-

wiaczonek & Kunst, 2021; Nguyen & Benet-Mar-

tínez, 2013). Separate analyses for psychological 

adaptation and socio-cultural adaptation are 

available in the supplementary materials (Ta-

ble S3, S4, Figure S1, S2 for Study 1; Table S5, S6, 

Figure S3, S4 for Study 2). Supplementary ma-

terials, data and analysis code are available 

online via OSF,  https://osf.io/ytkez/. The aggre-

gated meta-analytical datasets used in Study 1 

and Study 2 have been published with permis-

sions from the authors of the original studies. 

2. STUDY 1 

2.1 Methods  

In Study 1, we re-analysed Bierwiaczonek and 

Kunst’s (2021) data consisting of 19 primary 

studies examining the relationship between in-

tegration and adaptation outcomes. Please re-

fer to Bierwiaczonek and Kunst (2021) for full 

details of the search procedures, coding, and 

sample descriptions. Since calculating four dif-

ferent operationalisations of integration re-

quired full data including both mainstream-

culture orientation and heritage-culture orien-

tation, as well as adaptation outcomes, we 

used a subset of 110 effect sizes from nine stud-

ies for which such data were available. The de-

tailed description of this subset is available in 

the supplementary materials (Table S1).   

All included studies were longitudinal, with 

each primary study comprising 2-4 waves of 

data collection. For the current study, we in-

cluded all effect sizes within different waves 

(e.g., acculturation at T1 and outcomes at T1) 

but excluded lagged effects (e.g., acculturation 

at T1 and outcomes at T2). Within-study de-

pendency was accounted for in the analysis by 

using a multilevel approach.  

2.1.1 Data Preparation 

We transformed all measures to a 1-5 Likert 

scale for the sake of comparability. This trans-

formation does not affect the relationships 

between cultural orientations and outcomes 

but facilitates the characterisation of the da-

taset (e.g., means, standard deviations). Where 

necessary, scores were reversed to ensure that 

higher scores indicated a higher level of the 

construct of interest. For example, since we 

were interested in adaptation rather than the 

lack thereof, any negative indicators of adapta-

tion such as depression were reversed so that 

higher scores correspond with better adapta-

tion. 

2.1.2 Analytical Procedures 

Bivariate approaches: Integration scores. Fol-

lowing previous meta-analyses in the field, we 

computed, in each primary dataset, four varia-

bles corresponding with the four bivariate ap-

proaches to operationalising integration (i.e., 

four integration scores): 

• summative: sum of mainstream-culture and 

heritage-culture orientation values. 

• multiplicative: product of mainstream-cul-

ture and heritage-culture orientation values. 

• Euclidean Distance (ED): Euclidean Distance 

from the maximum value of 5, multiplied by 

-1 for higher scores to indicate better integra-

tion. 

• midpoint split: a binary indicator (1 if both ori-

entations ≥3, 0 otherwise). 

We then calculated the correlation with adap-

tation outcomes and the corresponding vari-

ance for each operationalisation of integration. 

For summative, multiplicative, and ED opera-

tionalisations, we used Pearson’s correlation. 

For the midpoint split operationalisation, we 

calculated biserial correlation with adaptation 

and its corresponding variance using Soper’s 

method (Soper, 1914; see also Jacobs & Viecht-

bauer, 2017), as biserial correlation is statistically 

equivalent and comparable to Pearson’s corre-

lation.   

For each operationalisation (summative, multi-

plicative, ED, midpoint split), we conducted 

https://osf.io/ytkez/


7 advances.in/psychology 

 

 

Comparison of meta-analytical interaction approaches Vu & Bierwiaczonek, 2025 

three-level meta-analyses on the correlation 

with adaptation using the metafor 4.6 R pack-

age (Viechtbauer, 2010). In these analyses, Level 

1 corresponded with variation between partici-

pants, Level 2 with the variation of effect within 

each independent sample, and Level 3 with the 

variation of effects between independent par-

ticipant samples. We then compared the re-

sulting effect sizes (variance explained R2) from 

each operationalisation to each other and to 

the full interaction model. 

Multivariate approach: Interaction test. Prior 

to analyses, we calculated an interaction term 

as the product of standardised (z-score) main-

stream-culture and heritage-culture orienta-

tion scores in each primary dataset. We then 

calculated Pearson’s bivariate correlations be-

tween each pair of variables, namely: main-

stream-culture orientation and adaptation, 

heritage-culture orientation and adaptation, 

mainstream-culture and heritage-culture ori-

entation, mainstream-culture orientation and 

interaction term, heritage-culture orientation 

and interaction term, interaction term and ad-

aptation.  

To test for interaction between mainstream-

culture orientation and heritage-culture orien-

tation, we used a two-stage MASEM. In Stage 1, 

we used the three-level meta-analytical ap-

proach (similar as in bivariate analyses) to ob-

tain a total of six pooled correlations (i.e., main-

stream-culture orientation and adaptation 

outcome, heritage-culture orientation and ad-

aptation outcome, mainstream-culture and 

heritage-culture orientation, mainstream-cul-

ture orientation and interaction term, heritage-

culture orientation and interaction term, and 

interaction term and adaptation outcome). 

These effects formed a pooled correlation ma-

trix. These analyses were conducted using the 

metafor 4.6 package for R (Viechtbauer, 2010). 

In Stage 2, two structural equation models 

were fitted to the pooled correlation matrix us-

ing the metaSEM 1.3.1 package for R (Cheung, 

2015b). First, we fitted the model including only 

main effects of the two acculturation orienta-

tions (Model 1.1):  

Adaptation ~ Mainstream-culture orientation + 

Heritage-culture orientation 

Then, we fitted a model including the main ef-

fects and the interaction term (Model 1.2): 

Adaptation ~ Mainstream-culture orientation + 

Heritage-culture orientation + Mainstream-

culture orientation * Heritage-culture orienta-

tion 

Note that, since these models were fully satu-

rated (i.e., all parameters were calculated), 

model fit indices were not applicable.  

Finally, to assess whether adding the interac-

tion term to the model improved the predic-

tion, we compared variance explained by the 

full interaction model to that of the main effect 

model that excluded the interaction term (ΔR²). 

We also calculated the f2 statistic, which repre-

sents the ratio of systematic variance ac-

counted for by the interaction effect relative to 

unexplained variance (Aiken et al., 1991). Accord-

ing to a review by Aguinis et al. (2005), which 

examined 30 years of research using moder-

ated multiple regression to detect interaction 

effects in psychological studies, the mean ef-

fect size for f2 was 0.009. We compared the f2 

statistic from our study to this mean effect size 

to evaluate its relative magnitude. 

2.2 Results and Discussion 

2.2.1 Bivariate Approaches 

Detailed results for each bivariate approach, in-

cluding the average effect sizes as well as their 

precision and heterogeneity, are provided in Ta-

ble 1. Meta-regression results showed no signif-

icant difference between the effect of integra-

tion operationalised using the ED approach (r = 

.15, p < .001) and the effects using the summa-

tive (B = .01, p = .453, 95% CI [-.011, .024]) and mul-

tiplicative approaches (B = .01, p = .480, 95% CI [-

.011, .024]). However, the effect obtained using 

the ED approach was significantly larger than 
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Table 1 

Average Associations Between Adaptation and Four Different Operationalisations of Integration for Bierwiaczonek and Kunst’s (2021) Data. 

 
  N  k studies k effects R2 r p(r) 95% CI 95% PI Q p(Q) τ2 lv 3 τ2 lv 2 I2 lv 3 I2 lv 2 I2 total 

ED 1 851 9 110 2.36% .15 <.001 [.11, .20] [-.03, .32] 256 <.001 0.00 0.00 25.59% 36.26% 61.85% 

Summative 1 851 9 110 2.40% .16 <.001 [.11, .20] [-.04, .34] 293 <.001 0.00 0.01 29.10% 36.85% 65.96% 

Multiplicative 1 851 9 110 2.42% .16 <.001 [.11, .20] [-.03, .33] 276 <.001 0.00 0.01 27.21% 37.18% 64.39% 

Midpoint split 1 851 9 110 1.58% .13 .006 [.04, .21] [-.11, .37] 265 <.001 0.02 0.00 60.15% 8.65% 68.79% 

Note. ED = Euclidian distance. 
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Figure 2 

Two-Stage MASEM Results on How Mainstream- and Heritage-Culture Orientations Interact to 

Predict Adaptation in Bierwiaczonek and Kunst’s (2021) Data. 

 

Note. Standardised coefficients are presented with 95% CIs in square brackets.
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the effect measured using the midpoint split 

approach (B = -.05, p < .001, 95% CI [-.070, -.027]). 

2.2.2 Multivariate Approach 

In Stage 1 of MASEM, pooled bivariate correla-

tions showed that both mainstream-culture 

orientation and heritage-culture orientation 

were significantly related to adaptation (rmain-

stream = .18, R²
mainstream = 3.19%, pmainstream < .001, 95% 

CImainstream [.123, .233]; rheritage = .06, R²heritage = 

0.38%, pheritage = .024, 95% CIheritage [.008, .115]). 

In Stage 2 of MASEM, when both cultural orien-

tations were included without the interaction 

term (Figure 2, Model 1.1), only mainstream-cul-

ture orientation was significantly positively re-

lated to adaptation while heritage-culture ori-

entation was not. The total variance explained 

by the model was 3.31%. When the interaction 

term was added to the model (Figure 2, Model 

1.2), there was no significant interaction be-

tween mainstream- and heritage-culture ori-

entation on adaptation. The relationship be-

tween both cultural orientations and adapta-

tion remained the same as in Model 1.1. Adding 

the interaction only explained an additional 

0.01% of the variance in adaptation outcomes, 

with an f2 = .0001, thus not reaching the aver-

age interaction effect size (Aguinis et al., 2005). 

To sum up, results from the bivariate ap-

proaches indicate that, when interaction is not 

explicitly considered (as in summative, multi-

plicative, or ED approaches), the effect sizes 

tend to be similar and oscillate around .16 in the 

current dataset. The midpoint split approach, 

which adheres to the core idea of interaction 

by requiring participants to engage in both cul-

tural dimensions to be considered integrated, 

appears to yield a significantly smaller effect. 

However, when employing a multivariate ap-

proach and conducting a full interaction test, 

the effect of interaction between mainstream- 

and heritage-culture orientations on adapta-

tion is even smaller and non-significant, with 

adaptation being driven by mainstream-cul-

ture orientation. 

3. STUDY 2 

3.1 Method  

This study uses a subset of the ICSEY dataset 

(Berry et al., 2006), considered the most com-

prehensive comparative study of acculturation 

to date (Abu-Rayya et al., 2023). Similar to Study 

1, we only included data from international mi-

grants, requiring both mainstream-culture and 

heritage-culture orientation measures, along 

with adaptation outcomes. Details of these 

measures, as described by Abu-Rayya and Sam 

(2017), can be found in the supplementary ma-

terials (Table S2). In total, we used 240 effect 

sizes nested within 48 samples across 13 coun-

tries. Within-study dependency was accounted 

for in the analysis by using a multilevel ap-

proach. Data preparation and analytical proce-

dures were identical as in Study 1. 

3.2 Results and Discussion 

3.2.1 Bivariate Approaches 

Detailed average effect sizes for each of the four 

bivariate approaches are provided in Table 2. 

Again, meta-regression results showed no sig-

nificant difference between the effect of inte-

gration operationalised using the ED approach 

(r = .12, p < .001) and the effects using the sum-

mative (B = .01, p = .271, 95% CI [-.007, .025]) and 

multiplicative approaches (B = .00, p = .701, 95% 

CI [-.013, .019]). However, midpoint split ap-

proach yielded a significantly smaller effect (B = 

-.02, p = .022, 95% CI [-.041, -.003]).  

3.2.2 Multivariate Approach 

Similar to Study 1, in Stage 1 of MASEM, bivariate 

correlations indicated that both mainstream- 

and heritage-culture orientations were signifi-

cantly related to adaptation (rmainstream = .11, 

R²mainstream = 1.14%, pmainstream < .001, 95% CImainstream 

[.083, .131]; rheritage = .07, R²heritage = 0.50%, pheritage < 

.001, 95% CIheritage [.045, .097]). In Stage 2, before 

adding the interaction to the model (Figure 3, 

Model 2.1), both orientations remained signifi-

cant predictors of adaptation, collectively ex-

plaining 1.68% of the variance of adaptation 

outcomes. Adding the interaction term to the 
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Table 2 

Average Associations Between Adaptation and Four Different Operationalisations of Integration for the ICSEY dataset (Berry et al., 2006). 

 
  N  k studies k effects R2 r p(r) 95% CI 95% PI Q p(Q) τ2 lv 3 τ2 lv 2 I2 lv 3 I2 lv 2 I2 total 

ED 5 661 48 240 1.38% .12 <.001 [.09, .14] [-.11, .33] 557 <.001 0.01 0.01 25.81% 34.05% 59.86% 

Summative 5 661 48 240 1.60% .13 <.001 [.10, .15] [-.11, .35] 589 <.001 0.01 0.01 23.14% 38.37% 61.52% 

Multiplicative 5 661 48 240 1.44% .12 <.001 [.09, .15] [-.11, .34] 578 <.001 0.01 0.01 25.47% 35.71% 61.17% 

Midpoint split 5 661 48 240 0.92% .10 <.001 [.07, .13] [-.08, .27] 392 <.001 0.01 0.00 25.67% 17.57% 43.24% 

Note. ED = Euclidian distance. 
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Figure 3 

Two-Stage MASEM Results on How Mainstream- and Heritage-Culture Orientations Interact to 

Predict Adaptation in the ICSEY dataset (Berry et al., 2006). 

 

Note. Standardised coefficients are presented with 95% CI in square brackets.
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Figure 4 

Simple slope analysis showing the association between mainstream orientation and adaptation at different levels of heritage orientation (3a) 

and between heritage orientation and adaptation at different levels of mainstream orientation (3b) in the ICSEY dataset (Berry et al., 2006). 

 

Note. Standardised coefficients are presented with 95% CI in square brackets. 
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model (Figure 3, Model 2.2) slightly (by 0.08%, f2 

= .0008) yet significantly increased variance ex-

plained by the model. To further explore the 

significant interaction, we conducted simple 

slope analysis (Figure 4). Contrary to the pre-

diction, this analysis showed that mainstream-

culture orientation had a stronger association 

with adaptation at the lowest level of heritage-

culture orientation, and vice-versa, heritage-

culture orientation had a stronger association 

with adaptation at the lowest level of main-

stream-culture orientation. 

In sum, regarding the bivariate approaches, 

the results were consistent with Study 1 in that 

the effect sizes were small across the four op-

erationalisations of integration, and similar 

when interaction was not explicitly considered 

(i.e., the summative, multiplicative and ED ap-

proaches). Again, the midpoint split approach 

yielded a smaller effect size. Regarding the 

multivariate approach, this time we found a 

significant interaction between mainstream- 

and heritage-culture orientations. This finding 

may be due to the larger sample size of the 

ICSEY dataset than in Bierwiaczonek and 

Kunst’s (2021) data used in Study 1, allowing for 

the detection of relatively small effects. How-

ever, there are two important points to con-

sider: first, incremental variance in adaptation 

outcomes explained by interaction was mini-

mal, below 0.1%. Second, simple slope analysis 

suggested that mainstream-culture orienta-

tion only contributes to adaptation when herit-

age-culture orientation is low but not when it 

is high, and vice-versa. If that is the case, 

strongly endorsing both orientations (integra-

tion) presents no advantage over strongly en-

dorsing one orientation only.  

We additionally validated these findings in a 

simulation study (total k = 30,000, total N = 

8,981,481; see Supplementary Materials). This 

simulation confirmed that the difference in re-

sults between Study 1 and 2 was only due to 

statistical power rather than any other mean-

ingful differences in study parameters, and 

suggested that significant interaction effects, 

when detected, are negligeable in size and pri-

marily driven by mainstream-culture orienta-

tion. 

4. GENERAL DISCUSSION 

In the absence of methods to meta-analytically 

test hypotheses based on individual-level inter-

actions, it is understandable that many meta-

analysts recurred to approximative operational-

isations of the interaction of interest. The set of 

studies reported here clearly shows that using 

such approximations can be highly problem-

atic. Specifically, results obtained from bivariate 

approaches used in meta-analyses of the inte-

gration hypothesis appear to be considerably 

inflated when compared to a correct multivari-

ate test. It must be noted, however, that this pa-

per is not intended as a test of the integration 

hypothesis and should not be read as such. The 

main reason has to do with the limitations of 

the datasets we used here: Study 1 includes only 

122 effects; and the dataset in Study 2 is derived 

from a single project, making it more adequate 

for a multilevel analysis than a meta-analysis. 

Thus, neither of the studies is representative for 

the entire acculturation field. Instead, our goal 

here was to alert the acculturation field to the 

fact that previous meta-analyses used flawed 

methodological approaches that might have 

produced inflated results, leading to misguided 

conclusions.  

Across the two studies presented here, the re-

sults were consistent, even though they used 

datasets that had previously yielded opposite 

results: in the case of the ICSEY data, support-

ing the integration hypothesis (Abu-Rayya & 

Sam, 2017; Abu-Rayya et al., 2023), and in the 

case of Bierwiaczonek and Kunst’s (2021) data, 

failing to support it. Overall, bivariate ap-

proaches yield similar average effect sizes, 

ranging from .10 to .15, regardless of the method 

employed. Even with the midpoint split ap-

proach, the effects, although consistently 

smaller, remained comparable. The bivariate 

analyses thus appeared to yield convergent, 
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convincing results. However, when interaction 

was correctly tested using state-of-the-art 

methods (Cheung, 2015a, Hagger et al., 2022), 

the interaction effect itself was minimal and 

the divergence between both approaches be-

came evident: Variance explained decreased 

from around 2% (bivariate approaches) to less 

than 0.10% (multivariate approach).  Further, 

the pattern of results showed that using bivari-

ate approaches could lead to mistaking vari-

ance explained by main effects of one or both 

predictors for variance explained by the inter-

action between them. Here, specifically, vari-

ance in adaptation was explained mostly by 

mainstream-culture orientation, while herit-

age culture orientation seemed to contribute 

very little, a pattern found previously in an anal-

ysis of the heterogeneity of integration effects 

(Bierwiaczonek et al., 2023). Thus, bivariate ap-

proaches do not only consistently inflate the ef-

fect sizes but can also obscure the specific role 

of individual predictors.2 

4.1 Methodological Takeaways 

Considering these results, we call for abandon-

ing bivariate approximations and using a cor-

rect multivariate approach to testing individ-

ual-level interactions in meta-analysis. We 

acknowledge, however, that this approach has 

one critical limitation: It requires full participant 

data. Note that this is not an added require-

ment as compared to the problematic bivari-

ate approaches. Individual scores are also 

needed to calculate an approximative interac-

tion score based on a midpoint split, summa-

tive, multiplicative, or ED approach, and apply-

ing the correct multivariate approach does not 

pose additional challenges in this regard. Nev-

ertheless, accessing full participant data may 

be difficult for meta-analysts who usually only 

have access to aggregated information from 

           
2 Note that the results from a typological approach reported by Berry et al. (2022, r = .15) are more 
consistent with the bivariate approaches than with our multivariate approach. However, similarly 
to bivariate approaches, the typological approach has been criticised for its inability to directly 
capture the interaction effect and distinguish it from impacts of each cultural orientation inde-
pendently (Arends‐Tóth & van de Vijver, 2007; Celenk & van de Vijver, 2014), which might explain 
why it produces similar results. 

research reports (e.g., correlation matrices, 

means, standard deviations). Despite repeated 

calls for open science practices, data sharing, 

though more common now than before, is not 

yet the standard practice (see Colavizza et al., 

2020 for a general overview, and Vu et al., in 

press, for cross-cultural adaptation research). 

Alternative methods to directly analyse interac-

tions exist (e.g., meta-analysing interaction 

terms reported in primary studies; see Aguinis 

et al., 2011; Murphy & Russell, 2017), but they may 

also be difficult to implement in practice due to 

missing information in primary papers. How-

ever, our simulation study (see Supplementary 

Materials) suggests that the multivariate ap-

proach to meta-analysing interactions pro-

duces relatively reliable results even with a rel-

atively low number of studies (k = 20), and it is 

clearly preferable over bivariate approaches 

even under conditions of lower power. Thus, 

meta-analysts should prioritise the multivariate 

approach even if it means that they can include 

fewer studies.  

Importantly, while the current set of studies fo-

cused on the integration hypothesis, interac-

tion-based hypotheses are common in psychol-

ogy, and bivariate methods were used to exam-

ine interactions in several meta-analyses on 

other topics (e.g., the interaction between cog-

nitive ability and motivation on performance, 

Van Iddekinge et al., 2018; or the interaction be-

tween adaptive and maladaptive perfection-

ism, Stoeber et al., 2020). Thus, the implications 

of our studies go far beyond the field of accul-

turation. Bivariate approximations of interac-

tions may lead to inflated results and erroneous 

conclusions, further translating into incorrect 

theory, misguided policy and ineffective inter-

ventions in real-world settings. Therefore, the 

acculturation field and other fields in which 
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meta-analyses have used similar methodologi-

cal workarounds would be well-advised to crit-

ically re-evaluate the results obtained this way.  

5. CONCLUSION 

Analysing individual-level interaction effects in 

meta-analyses requires a multivariate ap-

proach, where main effects of predictors are 

tested together with the interaction term 

(Hagger et al., 2022). However, because these 

methods are relatively new, many past meta-

analyses have relied on bivariate approxima-

tions of interactions, likely resulting in biased 

results and erroneous conclusions. For in-

stance, previous meta-analyses of the integra-

tion hypothesis found small effects that they 

attributed to the interaction between main-

stream and heritage culture orientations (i.e., 

integration) in predicting adaptation out-

comes. However, when tested with a state-of-

the-art multivariate method, this interaction 

turned out to be negligeable in size and pri-

marily driven by mainstream culture orienta-

tion.  

This discrepancy in the case of the integration 

hypothesis highlights a broader issue: Bivariate 

approaches to testing individual-level interac-

tion in meta-analysis produced inflated effects 

and obscured the roles of individual predictors. 

Such methodological workarounds should be 

avoided, and past meta-analyses using these 

approaches should be re-evaluated.  
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