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Intergroup contact has been promoted as a powerful means to improve intergroup relations, but causal
evidence for the effectiveness of contact in affecting outgroup attitudes is scarce. One important and
increasingly used approach to estimate causal effects in contact research relies on naturalistic
longitudinal survey data. However, causal inference based on longitudinal data depends strongly on the
control of (un)observed confounders. The cross-lagged panel model (CLPM), commonly used in contact
research, is an analytical model that has been criticised for biasing causal inference by insufficiently
accounting for unobserved confounders, and advanced statistical models have been proposed,
including the full-forward (FF-CLPM) and random-intercept CLPM (RI-CLPM). To explore the extent of
potential bias between the three models introduced by the varying level of control for unobserved
confounders, we investigated the robustness of longitudinal positive and negative contact-attitude
effects in a systematic re-analysis using 31 datasets from 21 published studies (N = 33,348). Using
internal meta-analysis, we found substantial discrepancies between the models: While the CLPM
provided significant longitudinal effects of both non-valenced/positive and negative intergroup contact
on outgroup attitudes, analytical models that more strongly controlled for the effects of unobserved
confounders found no such longitudinal evidence (FF-CLPM and RI-CLPM), but substantial between-
person correlations which cannot be causally interpreted (RI-CLPM). Thus, the potential of intergroup
contact to longitudinally affect outgroup attitudes in naturalistic survey data remains questionable. We
discuss theoretical andmethodological implicationsof these resultsandoutlinepotential routes for future
research to develop a more robust and informative longitudinal (contact) research.

In social psychology, intergroup contact is considered one of the most
promising approaches to improve intergroup relations1. The contact
hypothesis suggests that encounters between members of different groups
improve attitudes towards the contacted outgroups2. Contact research has

historically focused on the effects of non-valenced or (implicitly or expli-
citly) positive contact, with intergroup friendships3,4 as most optimal
instances of intergroup contact which showstrong impact on outgroup
attitudes. Intergroup contact has demonstrated its effectiveness not only for
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unknown outgroups in peaceful societies, but also in instances of persisting
segregation, severe intergroup conflict and animosity, for instance, in post-
conflict settings5–7. Importantly, in contrast to the positive impact of non-
valencedor positive contact, negative intergroup contact has been identified
as a distinct phenomenon in contact research affecting attitudes especially
strongly and negatively8,9.

The contact hypothesis has received comprehensive empirical
support10, but most published contact research is cross-sectional, and
thereby only informs readers that individuals withmore positive intergroup
contact tend to have more favourable outgroup attitudes compared to
individuals with less contact11 (i.e., rank-order correlations). However, this
non-directional association does not allow us to infer that when an indivi-
dual experiences increased intergroup contact, their attitudes will change
accordingly, i.e., that contact causally affects attitudes12. Such causal evidence
for contact-attitude effects is required both for valid theory building and to
provide practitioners and policy-makers with optimal scientific
evidence13,14. Experimental designs with random assignment, including
laboratory15 and field experiments16, are most informative for causal
inference17 due to the assumed complete control for (unobserved) con-
founding influences on the contact-attitude effect through randomisationof
participants to experimental conditions17. Typically, experimental research
generates between-person differences (comparing participants in an inter-
vention group with participants in a control group) that serve as a base to
estimate the average causal effect of contact on attitudes. While experi-
mental contact research is scarce, such studies typically provide supportive
evidence for the contact hypothesis13. However, experimental studies are
mostly unable to reflect how “real-life”, naturalistic contact experiences
unfold and affect attitudes over time from an individual perspective18. For
this purpose, longitudinal data, especially naturalistic panel data, are
increasingly used in contact research as a complementary approach to
describe the dynamic relations of naturally occurring contact and attitudes19

or to identify causes of attitude change (in line with a notion of causality
which focuses strongly on the temporal precedence of the cause and change
in the effect20). One prominent statistical model for causal inference in
longitudinal data is the cross-lagged panel model21 (CLPM; see Fig. 1 Panel
A for an illustration). In a CLPM, causal evidence of contact affecting
attitudes is drawn from the cross-lagged effect of contactT1 affecting
attitudesT2 while controlling for the effects of attitudesT1 (i.e., predicting the
change in attitudes over time). The CLPM features prominently in existing
longitudinal contact studies22–34, and therefore, current knowledge of
longitudinal contact-attitude effects is largely based on this statisticalmodel.

However, to provide unbiased causal estimates, it is required to care-
fully control for (un)observed confounders, i.e., measured and unmeasured
variables that influence both the assumed cause (intergroup contact) and
effect (outgroup attitudes)35. Many of such potentially confounding influ-
ences of the contact-attitude relationship are known. Inter alia, both contact
and attitudes are related to personality36,37 and intergroup ideologies38 – for
instance, an individual high in right-wing authoritarianism (RWA) tends to
have unfavourable attitudes towards outgroups39,40 and also to have low
levels of intergroup contact41. As RWA is related both to contact and atti-
tudes, it potentially confounds the longitudinal contact-attitude effects
because a potentially observed link between a person having low contactT1
and unfavourable outgroup attitudesT2 might be explained by that person
being persistently high in RWA. Problematically, it has long been shown
that the CLPM produces biased causal estimates in the presence of
unmeasured confounders at all measurement waves. That is, if the RWA
level of participants affects their intergroup contact and outgroup attitude
levels at all measurement waves, the CLPMwill most likely produce biased
estimates of the longitudinal contact-attitude effect. Consequently, the
causal evidence provided by CLPM is questionable21,42–46 (for a technical
explanation of bias in causal estimates inCLPM,we recommendMurayama
& Gfrörer, 2024).

Recently, two extensions of CLPM have been proposed that address
this issue in different ways and thus might produce less biased causal esti-
mates: CLPMwith higher-order lagged effects, hereafter called full-forward

CLPM (FF-CLPM42,43), and the random-intercept CLPM (RI-CLPM44) (for
a technical explanation of the ways that the FF-CLPM and the RI-CLPM
address issues identified in causal inference using CLPM, we recommend
Murayama & Gfrörer, 2024). The FF-CLPM extends the conventional
CLPM by including higher-order lags in the auto-regressive and cross-
lagged coefficients (e.g., in the case of three measurement-waves, lag-2
stability and cross-lagged effects from contactT1 and attitudesT1 on
contactT3andattitudesT3, respectively; seeFig. 1PanelB). Suchhigher-order
lagged effects have sometimes been interpreted substantially as delayed
effects47,48, but theirmain advantage from a causal inference perspective is of
amethodological nature, as higher-order lagged effects allow for controlling
indirect confounding effects from time-invariant (i.e., stable) unobserved
confounders in the ultimate measurement interval by accounting for prior
exposure as a measured potential source of bias35,42,43,46. Using the example
above, if RWA serves as an unobserved time-invariant confounder affecting
contact and attitude levels at all timepoints, higher-order stability and lagged
effects reflect the accumulated history of intergroup contact experiences and
attitude formation (which has already been exposed to the confounding
effect of RWA). Thus, the FF-CLPM assumes to capture unobserved con-
founding effects of RWA on contact and attitudes by controlling for the
initial (in addition to the previous) levels of both variables when estimating
the cross-lagged effect.

Importantly, both CLPM and FF-CLPM do not explicitly separate
within-person (i.e., fluctuations over time within individuals) and between-
person (i.e., stable differences between individuals) sources of variance,
althoughboth sources of variance are included in themulti-level structure of
longitudinal data (i.e., observations nestedwithin participants)44. This is not
a problem for causal inference per se42,49, but it results in difficulties in the
interpretation of longitudinal contact-attitude effects, because such effects
could either indicate a) an effect of an individual changing their contact
levels and subsequently changing their attitudes (within-person effect), b)
an effect of some individuals havingpersistentlyhigher levels of contact than
others and accompanying more favourable outgroup attitudes (a between-
person effect), or c) a mixture of both effects44,50–53. The contact hypothesis
can basically be understood as a within-person process, in which an indi-
vidual who experiences a change in intergroup contact (i.e., for the first time
or more intensively than before) is expected to change their outgroup
attitudes accordingly50,51. Thus, within-person longitudinal contact-attitude
effects would be most consistent with the theoretical conceptualisation of
the contact hypothesis50,51,54.

The RI-CLPM addresses this issue by extending the CLPM to com-
pletely decompose all variables into either stable between-person variance
(called random intercepts) or situationalwithin-person variance44 (see Fig. 1
Panel C). The within-person associations produced in the RI-CLPM are
most relevant for contact theory, as they indicate how an individual having
more contact than their individual average level of contact subsequently
changes in attitudes compared to their average level in attitudes. These
effects are modelled separately from stable between-person differences,
which might account for time-invariant (i.e., stable) (un)observed con-
founders of the contact-attitude relationship19,44,55, such as inter-individual
differences in RWA levels if the observed longitudinal effects of such con-
founders do not vary over time46. Using the example above, in an RI-CLPM,
the time-invariant confounding influence of RWA ismodelled as part of the
stable between-person differences in intergroup contact and outgroup
attitudes (or their covariation), which aremodelled statistically independent
from the estimation of the longitudinal contact-attitude effects. Thus, the
RI-CLPM produces within-person longitudinal contact effects (which are
interpreted as the effect of situational deviations fromthe individualmeanof
contactT1 on situational deviations from the individual mean of
attitudesT2

19), which are potentially less biased in terms of causal inference
through the analytical separation of stable between-person differences,
which might include the effects of (un)observed confounders.

Although both extensions of the CLPM are not without critique, they
rely on the same statistical assumptions, andmany scholars argue that both
statistical models provide less biased causal estimates than the conventional
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CLPM42,45,46. Consequently, it is essential to investigate the level of corre-
spondence between the traditionally used CLPM and its recent alternatives
to refine our understanding of longitudinal contact-attitude effects and
specifically assess potential bias in the estimation of causal effects based on
longitudinal data, whichmight have been introduced by the historical usage
of the CLPM in contact research22–34.

Applications of the FF-CLPM in intergroup contact research have only
emerged recently56, and have provided supporting evidence for longitudinal
contact-attitude effects. In contrast, RI-CLPM have been used increasingly
to investigate longitudinal contact-attitude effects24,50,51,53,57–60, with most
studies presenting null findings for longitudinal contact-attitude effects on
the within-person level. Additionally, two works have directly compared
CLPM and RI-CLPM results24,50 and found partially conflicting results
between the models, with notably less evidence for longitudinal contact-
attitude effects when applying RI-CLPM. These divergences and null
findings strongly challenge universally acceptedfindings and conclusions in
intergroup contact research and led scholars to doubt the potential of
contact as an effective means to improving attitudes in naturalistic
settings51,52.

However, these findings are based on a small selection of long-
itudinal data hardly representative for the complete field of longitudinal
intergroup contact research. Additionally, these findings are inconsistent
with the overall results of more than 70 years of contact research (including
randomised experiments). In this work, we therefore aim to systematically

investigate the extent to which evidence for longitudinal contact-attitude
effects might vary in different statistical models based on a comprehensive
re-analysis of previously published data. We do so by presenting a com-
parison of the findings of conventional CLPM with its more recent exten-
sions FF-CLPM and RI-CLPM based on 31 datasets from 21 published
studies (N = 33,348 participants), including diverse age groups, geographic
backgrounds, and using multiple operationalisations of contact and atti-
tudes. We explore differences in model-fit and the consistency of the
direction and significance of longitudinal contact-attitude effects across the
three statistical models.

Methods
This re-analysis was pre-registered on January 06th, 2022, on the Open
Science Framework (OSF; https://osf.io/dt286/overview), and a list ofminor
deviations of the final manuscript from the original preregistration is pro-
vided in Supplementary Table 1. We did not preregister the testing for
stationarity, the model-fit comparison between the CLPM and the RI-
CLPM and the internal meta-analysis to summarise our results. All sup-
plementary information is provided on the OSF project page (https://osf.io/
s5u3k/), where we also provide open code and full analysis results for all re-
analyseddatasets in the formofR-Markdowndocuments, aswell as the data
and full analysis results of the internal meta-analysis. This manuscript was
written (and the underlying data analysed) without the use of artificial
intelligence tools. No ethics vote was sought for this re-analysis because the

Fig. 1 | Simplified Graphical Depiction of the
Cross-Lagged PanelModel (CLPM), Full-Forward
CLPM (FF-CLPM), andRandom-Intercept CLPM
(RI-CLPM). Rectangles indicate observed variables,
ellipses indicate unobserved latent variables. A =
Attitudes, C = Contact, RI = Random-Intercept/
between-person component (depicted in dark blue),
within = within-person component (depicted in
bright blue). Panel A depicts a conventional cross-
lagged panel model (CLPM), Panel B a full-forward
cross-lagged panelmodel (FF-CLPM), andPanelC a
Random-Intercept Cross-Lagged Panel Model
(RI-CLPM).
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local ethics committee does not require approval for the re-analysis of
published data. The underlying original studies report individually on the
ethics of their data collections. We also refer readers to the original pub-
lications for information about the detailed study procedure, measurement
instruments, participants’ consent, participants’ compensation, sample size
rationales and justifications, as well as the number of and reason for
excluded observations.

Systematic literature review
In October 2022, we conducted a systematic literature search using var-
iations of the keywords intergroup contact and longitudinal without
additional restrictions or filters in the databases PsycINFO, Psy-
cARTICLES and PSYINDEX via the platform EBSCOhost (for details, see
Fig. 2 and Supplementary Data 1). Additionally, we surveyed the cited
literature of the found articles for further longitudinal studies. We iden-
tified a total of 145 longitudinal contact studies. To be included in the re-
analysis, studies had tomeet the following inclusion criteria: (I) Assess any
form of direct intergroup contact as independent variable (e.g., quantity/
quality of [non-valenced/positive/negative] contact or intergroup
friendship assessed via rating scales, social network nominations, or any
other kind of measure on an individual level); (II) assess any form of
outgroup attitudes or a related construct (i.e., individual-level cognitive,

affective and behavioural[-intentional] measures related to an outgroup)
as dependent variable under the condition that theoretically-based pre-
dictions about the construct’s relation with intergroup contact could be
derived; (III) include at least three timepoints to allow for themodelling of
the RI-CLPM and the FF-CLPM, which both require at least three mea-
surementwaves43,44; (IV) includeN ≥ 100 participants (see below formore
information concerning sample size and power considerations); (V)
include no form of contact intervention to focus singularly on self-
reported naturalistic levels and changes in contact; and (VI) be published
before the beginning ofOctober 2022 in peer-reviewed journals in English
language. We explicitly focused on published literature and discarded
unpublished literature and additional data sources as potential metho-
dological bias would have themost severe effects on the interpretability of
published literature.

Twenty-six publications identified in the systematic literature review
met our inclusion criteria. We contacted the corresponding authors of all
studies and scanned for openly available data, gaining access to datasets
from 17 publications23,24,26,29,31,32,61–71. Additionally, we used the information
on item intercorrelations and standard deviations reported in four
publications33,72–74 to create variance-covariance matrices, which we used as
an alternative input for our analyses. All 21 publications included in the re-
analysis are presented in Table 1.

Fig. 2 | PRISMA Diagram Depicting the Results of the Systematic Literature Review.
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Please note that we found one publication70 to have an incomplete fit
with our inclusion criteria because it was not entirely clear whether the data
of the independent variable (friendship nominations) included only inter-
group friendships or friendships in general. We have included this pub-
lication in our analysis, but report results for themeta-analysis excluding the
publication in question (Supplementary Table 5).

Samples and measurements
We adhered to the original study as closely as possible, meaning that, if
feasible, we applied the samedata exclusion criteria, defined scales and (sub-
)samples similarly, and included all data and constructs used in the original
publication (exceptions are indicated in Table 1). Information on the re-
analysed samples and measures per included study is provided in Table 1.

In total, we re-analysed 31 datasets with a total sample of N = 33,348
participants. These datasets included population-representative (k = 10)
and convenience samples (k = 11) of adults (k = 5), school or university
students (k = 15), and parents-children dyads (k = 1), as well as advantaged
(k = 20) and disadvantaged group samples (k = 8) from various Asian
(k = 1), African (k = 1), European (k = 12), Latin and North American
(k = 5), and Oceanian (k = 1) contexts. The data included self-report mea-
sures of general (k = 2) and valenced (k = 10) contact, friendship networks
(k = 3), and self-report measures of the number of interethnic friendships
(k = 9), roommates (k = 1), and romantic partners (k = 1). Attitudes were
measured beyond others as self-reported outgroup warmth (k = 7), pre-
judice (k = 7), general evaluation (k = 5), or intergroup anxiety (k = 4). The
measurement intervals varied between six weeks and two years, with a total
study period between four months and four years. The studies included
either three (k = 10), four (k = 6) or five (k = 5) measurement-waves. Thus,
we observed large heterogeneity in study-design features (e.g., length of
measurement interval),measures for intergroup contact and outcomes (e.g.,
contact quantity with members of an outgroup versus number of outgroup
friends), examined populations (e.g., adolescents versus adults), and con-
texts. The original publications of these datasets in some cases used
CLPM23,26,29,32,33, but also other statistical approaches, such as regression-
basedmodels66–68, latent growth curvemodels61,63,65,69 and longitudinal social
network analysis62,71,73. Since we were interested in the estimation of the
causal longitudinal contact-attitude effect and the comparison of the results
of the different statistical models, we did not conduct a direct replication of
the original analyses.

Analysis strategy
We conducted data preparation in SPSS (Version 29) and all substantial
analyses in R Studio using the lavaan75 and other R packages. Whenever we
received access to the original dataset, we ran analyses using robust max-
imum likelihood estimation (MLR) and estimatedmissing values using Full
Information Maximum Likelihood (FIML). In case the original data was
unavailable, we used the covariance matrix reported in the original pub-
licationas input information for our analyses, inwhichcaseMLRestimation
could not be used because information on missing values was unavailable.
Instead, conventional maximum likelihood estimation (ML) was used. We
defined adequate model-fit based on the following criteria76: RMSEA ≤0.08,
CFI ≥0.95, SRMR ≤0.10. Additionally, we compared nested models (i.e.,
stationarity assumptions in the RI-CLPM and the CLPM, model-fit com-
parisons between the CLPMand the RI-CLPM;Hamaker et al., 2015) using
the (MLR-corrected) χ2-difference test77.

We used observed single- or multi-item measures for contact and
attitudes, whose reliability (formulti-itemmeasures) we report in Table 1 as
reported in the original publication. In case of multi-item measures, we
tested for metric measurement invariance over time before computing
mean-value scales (for results, see Supplementary Table 2). We tested for
stationarity (i.e., equality of stability and cross-lagged effects across mea-
surement intervals78) for the CLPM and the within-person part of the RI-
CLPM and interpreted the most parsimonious model (comparison) that
could be assumed (for results, see SupplementaryTable 3). As the FF-CLPM
conceptually assumes differences between the stability and cross-lagged

parameters in different measurement intervals, we did not implement sta-
tionarity for the FF-CLPM43. In case the re-analysed datasets includedmore
than one contact and/or attitudes variable, we conducted both bivariate and
multivariate analyses.

Contact and attitude variables were first entered into a conventional
CLPM, which included lag-1 stability and cross-lagged regression coeffi-
cients for all constructs as well as (residual) covariances between the con-
structs within the same measurement-wave (see Fig. 1A). The resulting
model was examined concerning model-fit as well as the direction and
significance of all cross-lagged contact-attitude effects.

To model the FF-CLPM, we extended the conventional CLPM to
include all possible higher-order lags. Specifically, in the case of three
measurement-waves, we added auto-regressive and cross-lagged effects
fromT1 toT3 for all constructs (for a graphical depiction, please see Fig. 1B).
In the case of more than three measurement waves, additional higher-level
effects were added (e.g., from T2 to T4 and T1 to T4). We could not evaluate
the model-fit of the FF-CLPM because this model is just-identified by
default (given that all possible structural paths between the different con-
structswere freely estimated) and therefore featuresperfectmodel-fit. In line
with the logic of the FF-CLPM, in which the higher-order lags control for
prior exposure to unobserved confounders, we examined the direction and
significance only for the lag-1 cross-lagged contact-attitude effect in the last
measurement interval (e.g., in a three-measurement-wave study, we only
examined the contactT2-attitudeT3 effect), which shows the most intensive
control for indirect influences of unobserved confounders43.

We also modelled the RI-CLPM, which distinguishes stable between-
person differences in all constructs from temporal within-person fluctua-
tions around a stable individual mean. The RI-CLPM completely separates
the observed variance into these two sources of variance (i.e., the observed
variables are modelled without measurement error). Between-person dif-
ferences were represented in one random intercept per construct, which
indicated the stable rank-order between participants across the entire
observed period. More importantly, such random intercepts might also
capture the variance that might be introduced by time-invariant (un)
observed confounders19,49,55, and therefore, we assume the longitudinal
contact-attitude effects on the within-person level to be more strictly con-
trolled for time-invariant confounding effects compared to conventional
CLPM. The longitudinal effects are estimated purely on a within-person
level and are interpreted as a relation between deviationsT from an indivi-
dual’s average intergroup contact level and deviations T+1 from the same
individual’s average outgroup attitudes level. To this end, time-point-
specific within-person deviations were used to model a cross-lagged panel
model (i.e., adding auto-regressive and cross-lagged regression parameters
as well as (residual) covariances between constructs within the same mea-
surement-wave). Thus, the within-person part of the RI-CLPM can be
interpreted as stability and cross-lagged effects similar to a CLPMwith unit
effects, whichmodels temporal deviations froman individual'smean.While
the random intercepts of different constructs were allowed to covary, they
weremodelled independently from the within-person differences (i.e., their
correlation was set to zero; for a graphical depiction, please see Fig. 1C).
Again, we examined the resulting model concerning model-fit, direction
and significance of all cross-lagged contact-attitude effects, as well as the
covariation between the between-person differences.

To summarise the overall longitudinal causal contact-attitude effect of
the different statistical models, we conducted an internal meta-analysis79

based in the freely estimated bivariatemodels. In the internalmeta-analysis,
we treated non-valenced contact, positive intergroup contact and cross-
group friendships separately from negative intergroup contact, as the pro-
cesses are quite distinct and affect outgroup attitudes in opposing directions.

Statistical power considerations
At the time of the preregistration, there was scarce information available to
determine the statistical power of the used (RI-/FF-)CLPM. What is more,
as a data re-analysis, we had to rely on the existing data pool to address our
research questions, and therefore defined a (rather liberal) minimum
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sample size of N ≥ 100 participants to include as many existing studies as
possible. Importantly, as listed in Table 1, almost all included datasets
substantially exceeded this criterion (average N = 1710, min N = 125, max
N = 17,398). Given the substantial interim developments concerning power
analysis in SEM generally80 and RI-CLPM specifically81, we retrospectively
ran a posteriori power analyses for the three different models with different
specifications concerning sample size, number of measurement waves, and
size of the longitudinal contact-attitude effects. We present the results in
Supplementary Table 4. Generally, we observed very low statistical power
for sample sizes belowN = 1000participants,with acceptable power levels of
1 – β = 80% being achieved only with sample sizes exceeding 2000 partici-
pants (in the case of the CLPM and FF-CLPM) or even substantially more
(in case of the RI-CLPM). The number of measurement waves had little
influence on the results. Overall, the results indicate that only about 25% of
the data re-analysed here promised sufficient power to find the small
parameter sizes usually observed in longitudinal contact-attitude effects.

Results
We present a summary of the essential findings in Table 2. Detailed model-
fit information for all models and studies, including stationarity tests, is
provided in Supplementary Table 3. Additionally, to ensure open and
replicable code, as well as the presentation of complete analysis results, we
provide R-Markdown documents for all reanalysed studies on OSF.

Table 2 shows that, summarising across all re-analysed studies, the
conventional CLPM showed mostly inadequate model-fit. This indicates a
discrepancy between the assumed analytical model and the empirical data,
which questions the trustworthiness of the found effects54. At the same time,
the CLPM found significant cross-lagged contact-attitude effects in support
of contact theory in about half the cases (especially those in which statio-
narity could be assumed) and only a negligible number of significant cross-
lagged effects not in accordance with contact theory (e.g., significant
negative cross-lagged effects from positive intergroup contact on positive
outgroup attitudes).

In comparison, the FF-CLPM, being just-identified, did not feature
interpretable model-fit information. The cross-lagged contact-attitude
effects of the last measurement interval showed significant cross-lagged
contact-attitude effects supporting contact theory in about one-third of all
cases. The number of significant cross-lagged effects not in accordancewith
contact theory is comparable to the CLPM.

The RI-CLPM showed acceptable model-fit in almost all cases, and
global model-fit was significantly improved compared to the conventional
CLPM.This indicates that in terms of applicability of the analyticalmodel to
the empirical data, the RI-CLPM should be preferred to the conventional
CLPM, as they better represent the empirically observed variance-
covariance matrices of the given data54. This is oftentimes the case, also in
applications outside contact research, because the CLPMcan be considered
a more restrictive version of the RI-CLPM in which the between-person
factors and their covariance have been restricted to be zero44, which might
impede model-fit. Still, we wish to emphasise that in empirical research,
there are a number of criteria for the selection of a specific analytical model
besides model-fit, including theoretical considerations about the effect
under investigation49. Thus, we do not recommend the usage of the RI-
CLPM as a default based solely on model-fit. The within-person cross-
lagged effects, which represent the estimates of the causal longitudinal
contact-attitude effects, are interpreted as the effect of deviationsT from the
individual mean of contact on deviations T+1 from the individual mean of
attitudes while controlling for stable inter-individual differences in contact
and attitudes (potentially including the effects of time-invariant unobserved
confounders) that are captured in the random intercepts on the between-
person level19,44,45. We observed significant within-person cross-lagged
contact-attitude effects in accordance with contact theory in about one case
out of eight, which is, on a descriptive level, substantially less than in the
CLPM and FF-CLPM. We found significant cross-lagged contact-attitude
effects not in accordancewith theory, comparablewith the othermodels.On
the level of the between-person associations, the random intercepts of

contact and attitudes correlated significantly and in line with contact theory
in about two-thirds of all cases (and in no cases in conflict with contact
theory). These effects should be interpreted as cross-sectional/correlational
associations, which are therefore uninformative in terms of causality.
Looking at the variance decomposition into between-person and within-
person effects, results showed that for the contact measures, on average, the
variance distribution is about 35% on the between-person level and 65% on
the within-person level. For the attitude measures, on average, the variance
distribution is 37% on the between-person level and 63% on the within-
person level (for more information, see Supplementary Data 2). Lastly, the
RI-CLPMgenerated twomodelswith implausible parameter estimates (e.g.,
standardised factor loadings or correlations > 1), which reduced the trust-
worthiness of the parameter estimates in these models.

We additionally used internal meta-analysis79 to summarise the
models’ estimates. The used summary data and R-based analysis codes are
available onOSF. The results are presented inTable 3 (for non-valencedand
positive contact) and Table 4 (for negative contact) and present further
support for the pattern reported above: Only results of the CLPM showed
significant contact-attitude effects in line with the contact hypothesis for
bothpositive/non-valenced andnegative intergroupcontact effects,whereas
results of the FF-CLPM and RI-CLPM provide no evidence for a sig-
nificant causal longitudinal effect of intergroup contact on outgroup atti-
tudes (independent of contact valence). In RI-CLPM, the cross-sectional
correlations of the random intercepts (i.e., between-person effects) of con-
tact and attitudes showed significant effects in line with the predictions of
contact theory for both non-valenced/positive and negative contact. The
sizes of the effects did not vary substantially between positive and negative
contact. Importantly, the internalmeta-analyses showedhugeheterogeneity
in the estimates of the contact-attitude effects between the different datasets
for all three statisticalmodels. This heterogeneitymay reflect the differences
in study-design features, such as the length of themeasurement interval, the
used indicators for intergroup contact and outgroup attitudes, and the
examinedpopulations and contexts. This indicates that differences in results
are not only dependent on the used statistical method, but also depend on
additional features of the studies.

To summarise, our results indicate that the CLPM often featured
unacceptable model-fit while at the same time presenting a substantial
number of significant longitudinal contact-attitude effects,which resulted in
significant meta-analytical effects for both non-valenced/positive and
negative contact independent of the assumption of stationarity. FF-CLPM
did not present interpretable model-fit and indicated a somewhat lower
number of significant longitudinal contact-attitude effects, resulting in non-
significant effects in a meta-analytic summary. Using the RI-CLPM, we
observed even fewer significant longitudinal contact-attitude effects, leading
to anon-significantmeta-analytical effect, with comparable results for freely
estimated and stationary models. We did, however, observe significant
correlations between contact and attitudes in line with theoretical expec-
tations on the level of the stable between-person effects (random intercepts).
We also observed a substantially improvedmodel-fit of the RI-CLPM, both
globally and directly compared to the CLPM. To conclude, the longitudinal
evidence for a causal longitudinal contact-attitude effect ismixed and found
only when applying conventional cross-lagged panel models which insuf-
ficiently control for unobserved confounders.

Discussion
Intergroup contact has long been considered an effective tool to improve
intergroup relations. While most empirical support for the contact
hypothesis is based on cross-sectional correlational research, research that
informs about the causal effect of intergroup contact on outgroup attitudes
is less frequent and oftentimes relies on (quasi-)experimental research.
Recently, longitudinal data have become more essential in contact
research11,82 (and beyond) to describe naturalistically occurring processes,
and importantly, to estimate the causal effect of intergroup contact on
outgroup attitudes. Causal inference based on naturalistic longitudinal data
depends strongly on the ability to control for unobserved confounders, and
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is affected by the choiceof the statisticalmodel, since statisticalmodels differ
in the degree of control for unobserved confounders (and their underlying
assumptions concerning the influence of such confounders)46: The CLPM,
which has often been applied in contact research, potentially generates
biased causal estimates if unobserved confounders exist21,42–46. Recent
alternative models, such as the FF-CLPM and the RI-CLPM42–44, provide
stronger control for unobserved confounders, but have been shown to
produce diverging results compared to the CLPM24,50. Thus, we system-
atically investigated the longitudinal evidence for causal intergroup contact-
attitude effects by applying and comparing the three statisticalmodels on 31
longitudinal datasets from 21 publications (N = 33,348 participants). We
found substantial discrepancies between the results of CLPM, which pro-
vided meta-analytical evidence for longitudinal contact-attitude effects
supporting contact theory, and the FF-CLPMandRI-CLPM,which showed
longitudinal null effects in our meta-analysis. These findings were observed
consistently for non-valenced/positive and negative contact experiences.
These results replicate previous findings from contact literature24,50 and
other psychological fields83 and support simulation-based methodological
findings about the susceptibility to bias of the conventional CLPM due to
insufficient control for unobserved confounders42,45. Moreover, the results
also leave researchers in doubt as to whether intergroup contact has the
potential to affect outgroup attitudes in naturalistic settings.

Implications for future longitudinal contact research
Rather than interpreting our findings as challenging long-held assumptions
proposed by intergroup contact theory, we argue that, for various reasons,
our study was not an optimal test for the robustness of contact theory in
longitudinal data and that our results primarily point to various knowledge
gaps and resulting future researchquestions in contact research andbeyond.
Firstly, there is a substantial lack of theorising on how contact affects atti-
tudes over time: We assume that initial contact experiences provoke
stronger attitude changes than subsequent ones3,84 and that cumulative,
everyday and exceptional (e.g., resulting frommajor changes or life events)
contact experiences may show different (longitudinal) effects on outgroup
attitudes with exceptional changes in contact levels (so-called “ruptures”)
being especially effective in changing outgroup attitudes53,85,86. Given that
most of ourdata assessednaturalisticfluctuations in stable contact situations
without measuring initial contact or expected major life changes (i.e.,
experiences that could bedescribed as “habitual contact”86), thismight result
in small, difficult-to-detect effects53, especially when controlling more
strongly for stable unobserved confounders. Recent research on trajectories
of change in contact and attitudes in naturalistic survey data support this
interpretation by demonstrating the consistent absence of latent subgroups
of survey respondents that show substantial change in naturalistic contact
experiences (and corresponding attitude change) over time87. Following this
logic, the largest longitudinal effects should be expected when observing
initial intergroup contact experiences or sudden ruptures in contact pat-
terns, for instance in the context of recent immigration59,65,88,89, entrance in
academic institutions and academic sojourning experiences64,66–69,85,90, or
when experiencing first-time contact with minorities with invisible iden-
tities (e.g., sexual or gender identities, persons suffering frommental health
issues)91,92.

Additionally, participant- and (inter-)group-level, situational and
contextual variables might moderate the strength of longitudinal contact-
attitude effects18. For instance, stronger longitudinal effects have been
observed in younger participants during adolescence72,93. Less is known
about how other characteristics (e.g., salience of outgroup membership,
status, historical influences, or intersectionality) affect longitudinal contact-
attitude effects.

Also, contact literature provides little information about the ideal
measurement interval for detecting subsequent attitude changes54,94: Does
attitude change unfold on a situational basis withinminutes18 or hours after
experiencing contact (as indicated by recent works using intensive long-
itudinal data finding substantial contemporaneous co-variation89,95), or
more slowly with a longer time-frame which could be detected by the

longitudinal survey data applied here? As a first orientation to answer this
question, recent research based on the RI-CLPM found no difference
between daily, weekly and monthly measurement intervals in the long-
itudinal (null) effects of contact and attitudes53. We also lack knowledge of
howother time-relatedmethodological aspects (e.g., the total durationof the
study, time-frame of the measurement instruments, number of measure-
ment-waves) affect longitudinal contact-attitude effects54,84. Both aspects
require systematic investigation with empirical and meta-analytical
approaches. To conclude, we believe that both the limited available
empirical database and the substantial gaps in knowledge about detecting
longitudinal causal contact-attitude effects at their greatest effectiveness
might have resulted in a less-than-optimal test of the general potency of
naturalistic intergroup contact to affect “real-life” intergroup relations in the
given database. Consequently, our results should be interpreted carefully
with this qualification in mind.

Limitations
There are some qualifications associated with our work. For one, we chose
only three cross-lagged analytical models out of a huge variety of
models19,42,46,96,97.While thesemodels represented the statisticalmodels used
historically and more recently in intergroup contact research, all of these
models have been criticised42,45,98–101 and alternative models could also have
been considered102,103. Moreover, our database does not include all available
longitudinal contact data due to non-response of corresponding authors or
the non-availability of open data. Both aspects reduce the scope of our re-
analysis.

Additionally, the datasets included in our re-analysis differed greatly in
terms of sample (e.g., age, status, groupmembership and salience, contexts)
and design characteristics (e.g., number of measurement waves, measure-
ment intervals, data collection procedures, constructs and measurements).
These aspects were mostly imbalanced and our database was overall too
small to systematically investigate the effects of such heterogeneity on the
size of longitudinal contact-attitude effects in our different analytical
models. Such explorations (e.g., as moderating variables in meta-analyses)
require a substantially larger database and are therefore a promising route
for future research.

Based on the a posteriori power analysis, we also expect many of the
studies included in this re-analysis not to have sufficient statistical power to
detect the small longitudinal effects usually observed in contact research.
However, as the data included in this re-analysis is a rather comprehensive
selection of the existing longitudinal contact literature, this is an issue
that concerns not just our work at hand, but the whole field of intergroup
contact research. However, the individual longitudinal contact-attitude
effects were entered in an internal meta-analysis, which relies on a sub-
stantial total sample size of N = 33,348 participants. Therefore, we believe
that the summative effects provided by the meta-analysis are reliable and
robust.

Finally, it is important to acknowledge that all three statistical models
(as well as alternative models) rest on relatively strong assumptions for
causal identification and only provide non-biased estimates of the (true)
causal effect if the data is indeed generated in the way the statistical models
assume42,46,49. Unfortunately, the data-generating mechanism is typically
unknown and thus, there is always some uncertainty about the amount of
bias in causal inference based on longitudinal data42,46,49. From a causal
inference perspective, experimental work would be most informative. Like
many other fields in social sciences, intergroup contact research presents a
scarcity of rigorous, informative experimental work13 and therefore needs to
invest more into well-designed, thoroughly implemented randomised
experiments. However, designing experiments which not only provide high
internal, but also show ecological validity by tapping into the complexity of
intergroup contact in everyday life, remains a tremendous challenge. For
this reason, and to investigate long-termeffects of contact experienceswhich
are usually not investigated in experimental research13, we deem it necessary
to continue supplementing experimental work with the rich data reported
from everyday life in longitudinal data.
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Conclusion
While this work focused strongly on intergroup contact, we believe that
many aspects apply equally well to other fields of psychological literature, as
evidenced by the single comparative application of the three used statistical
models fromotherfields of psychologywe are aware of 83.We thereforewish
to broaden our outlook on future research by agreeing with recent views on
longitudinal (psychological) research in general49,54. They call for a broader
perspective on and more detailed acknowledgement of theoretical, study-
design and analytical aspects when developing a comprehensive under-
standing of causal longitudinal (contact-attitude) effects. This requires
muchmore than adebate about the “correct” analyticalmodel - nonetheless,
a conscious, informed and transparent decision for specific statistical
models is essential. But what is more, researchers need to be aware of the
underlying assumptions, pre-conditions and methodological uncertainties
that accompany statistical modelling choices, explicitly align research
questions with specific statistical parameters, and justify their choices of
statistical models to increase the methodological quality of future research.
Researchers should also consider testingmultiple equally-suitable statistical
models to answer their given research question49,54. Thus, we believe that
future research on causal longitudinal contact-attitude effects could be
greatly improved by harmonising theoretical foundations, study-designs,
and statistical models to ensure that research is best suited to investigate the
phenomena and research questions of interest to researchers.

Data availability
This re-analysis did not involve any primary data collection, and the
ownership of the re-analysed data lies with the authors of the underlying
original publications. Access to the re-analysed datasets can be requested
from the corresponding authors of the original publications or the
descriptive statistics and correlation tables reported in the original pub-
lications. Summary data used for the internal meta-analysis is provided on
the OSF project page (https://osf.io/s5u3k/).

Code availability
All analysis codes and full results are provided on the OSF project page
(https://osf.io/s5u3k).
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