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Recent large-scale replication efforts have raised the question: how are we to interpret failures to replicate?
Many have responded by pointing out conceptual ormethodological discrepancies between the original and rep-
lication studies as potential explanations for divergent results as well as emphasizing the importance of contex-
tual moderators. To illustrate the importance of accounting for discrepancies between original and replication
studies as well as moderators, we turn to a recent example of a failed replication effort. Previous research has
shown that individual differences in need for cognition interact with amessage's argument quality to affect eval-
uation (Cacioppo, Petty, & Morris, 1983). However, a recent attempt failed to replicate this outcome (Ebersole et
al., 2016).We propose that the latter study's null result was due to conducting a non-optimal replication attempt.
We thus conducted a new study that manipulated the key features that we propose created non-optimal
conditions in the replication effort. The current results replicated the original need for cognition × argument
quality interaction but only under the “optimal” conditions (closer to the original study's method and accounting
for subsequently identifiedmoderators). Under the non-optimal conditions, mirroring those used by Ebersole et
al., results replicated the failure to replicate the target interaction. These findings emphasize the importance of
informed replication, an approach to replication that pays close attention to ongoing developments identified in
an effect's broader literature.

© 2016 Elsevier Inc. All rights reserved.
Keywords:
Replication
Reproducibility
Need for cognition
Elaboration likelihood model
1. Introduction

As any comment on replicationmust acknowledge, reproducibility is
integral to the scientific enterprise. Recently, however, several large-
scale efforts to replicate previous findings in psychology have claimed
failure to find evidence for many of the original effects (e.g., Ebersole
et al., 2016; Klein et al., 2014; Open Science Collaboration, 2015).

One response to such failures is to highlight elements that differed
between the original and replication studies. For example, Gilbert,
King, Pettigrew, and Wilson (2016) suggested that the materials used
in some prominent replication attempts (e.g., Open Science
Collaboration, 2015) were not very faithful to those of the original stud-
ies and that these discrepancieswere associatedwith replication failure.
Being faithful to the original study, however, can be defined in at least
three ways. First, a replication could be criticized for failing to exactly
replicate the original study, omitting or modifying critical elements in
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the methodology (cf. Brandt et al., 2014; Simons, 2014). Second, a rep-
lication could be criticized for failing to conceptually replicate the
study (e.g., Crandall & Sherman, 2016; Fabrigar & Wegener, 2016).
That is, sometimes adhering too strictly to original materials and proce-
dures may fail to capture the key psychological concepts of interest in a
new sample or setting. Third, replication efforts can also fail to account
for theoretically relevant moderators even if concepts are operational-
ized appropriately. The original effect may not be false—it just occurs
under particular conditions (e.g., Cesario, 2014; Dijksterhuis, 2014;
Van Bavel, Mende-Siedlecki, Brady, & Reinero, 2016).

Typically, this is where discussions of replication failures end. Rarely,
if ever, is a new study conducted to show that a replication will be suc-
cessful if it employs optimal procedures but will fail if it uses the non-
optimal procedures for which a failed replication study was criticized.
Indeed, some have argued that criticisms of replication studies are
mostly post-hoc and speculative, noting that such critiques instead
present testable claims and that researchers should conduct a study
“to demonstrate that they can reproduce the effect and make it vanish”
(Simons, 2014, p. 77). We aim to do just that.

The effect in question is the interaction between individuals' enjoy-
ment of effortful thinking—as assessed with the need for cognition
(NFC) scale—and argument quality (AQ) on the perceived convincingness
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2 The sample size was determined as follows. The critical NFC × AQ interaction effect
size in CPMwas equivalent to f 2= 0.20.We submitted amore conservative effect size es-
timate (f 2 = 0.10) to an a priori power analysis (Faul, Erdfelder, Buchner, & Lang, 2009),
setting power to 0.90 at α = 0.05. The resulting sample size (n = 108) to obtain the
key interaction under the optimal conditionswas then doubled to account for the non-op-
timal conditions. In other words, we computed the sample size needed to detect the key
interaction under optimal conditions and used the same sample size for the non-optimal
condition to keep the number of people per cell roughly equal. A potentially better way
to estimate the effect size expected for the optimal condition is to use the effect size re-
ported in a meta-analysis. Cacioppo et al. (1996) analyzed five studies testing the
NFC × AQ interaction and computed an effect size equivalent to f2 = 0.07. Entering this
as the expected effect size in the same power analysis shows that N = 115 is sufficient
to achieve 0.80 power (N=153 for 0.90 power), which is consistent with the sample size
arrived at in our original analysis. Notably, we based these power analyses on the size of
the NFC × AQ interaction because the key prediction is only that AQ will have a larger ef-
fect on message evaluation at increasing levels of NFC. This could mean, for example, that
AQ will have zero effect at lower levels of NFC or just that AQwill have a smaller effect at
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of a persuasive message. Cacioppo et al. (1983), hereafter called “CPM,”
first demonstrated that AQ (strong vs. weak) produced a larger impact
on ratings of message persuasiveness for people high versus low in NFC.
This finding is consistent with the Elaboration Likelihood Model (ELM;
Petty & Cacioppo, 1986) and has been shown several times since the orig-
inal study (for meta-analyses, see Cacioppo, Petty, Feinstein, & Jarvis,
1996; Carpenter, 2015).

A recent attempt to replicate the CPM result, part of the “Many Labs 3”
project (Ebersole et al., 2016), hereafter called “ML3,” failed to produce the
NFC × AQ interaction, only finding a main effect of AQ. As Petty and
Cacioppo (2016) noted in their comment onML3, however, there are sev-
eral discrepancies between the original study and the replication effort.
Four features of ML3's materials and analysis were highlighted. First,
their messages were unusually brief—about half as long as those used by
CPM, and even shorter than those typically used in similar research. Sec-
ond,ML3 clearly stated that the advocatedproposalwas targeted at partic-
ipants' own universities for immediate adoption, a feature absent from
CPM. Third,ML3used anunvalidated6-itemNFC scale rather than the lon-
ger validated scales used in most prior studies. Finally, ML3 did not ade-
quately account for a potential confound noted by CPM in which NFC
was linked to initial attitudes on the senior comprehensive exams topic
used (i.e., higherNFCwas associatedwithmore favorable attitudes toward
the exams). To address this, CPM recruited high and low NFC participants
who reported similar attitudes toward the issue in a pretest whereasML3
did not control for initial attitudes in any way.

These differences are not trivial and plausibly contributed to the failed
replication. First, because themessages used inML3were very short, they
may have appeared quite easy to process. Research since CPM has shown
that people low in NFC, who otherwise are relatively low in their motiva-
tion to think, can becomemore motivated to think when the information
seems simple to process. In contrast, high NFC individuals become less
motivated to process informationwhen it seems simple and therefore un-
challenging (See, Petty, & Evans, 2009; Wheeler, Petty, & Bizer, 2005). To
the extent that these effects are an outcome of using a very brief message,
theNFC×AQ interactionwouldbe less likely to occur. Second, because the
issue was made highly relevant in the ML3 replication attempt, people
could be motivated to process the message carefully, regardless of their
NFC (Petty & Cacioppo, 1979, 1990). Indeed, when situational variables
prompt greater elaboration, NFC is no longer related to outcomes of inter-
est in the typical way (e.g., Calanchini, Moons, & Mackie, 2016; Smith &
Petty, 1996). Third, using short forms of established scales, even when in-
formed by some empirical criteria, can pose a threat to the scale's reliabil-
ity and validity, therefore making reported effects of the scales more
difficult to observe (Widaman, Little, Preacher, & Sawalani, 2011).Notably,
some recent research has demonstrated greater predictive ability for lon-
ger than shorter formsof theNFCandother scales (Bakker& Lelkes, 2016).
Finally, without accounting for initial attitudes toward the policy, it is pos-
sible that participants low in NFC might be motivated to elaborate on the
message simply because they oppose the policymore than those higher in
NFC (i.e., counterattitudinal messages can provoke more processing than
proattitudinal ones; cf. Cacioppo & Petty, 1979; Clark & Wegener, 2013).
If so, this too would reduce the likelihood of observing the NFC × AQ
interaction.

In essence, as Petty and Cacioppo (2016) argued, ML3's replication of
CPM was not optimal.1 These are only conceptual arguments, however.
It remains unclear whether these factors really matter. The present
study aimed to address these issues by conducting a replication of the
NFC × AQ interaction under two conditions: non-optimal, mirroring
those used by ML3, and optimal, accounting for the critique made by
Petty and Cacioppo (2016). The Petty and Cacioppo critique considered
differences in procedures between CPMandML3 aswell as developments
on this topic following the original CPMpublication. As such, thematerials
1 Petty and Cacioppo also noted other differences such as ML3's use of weak arguments
that were not as specious as in CPM. This also could have influenced the failure to replicate
but we do not address that here.
in the optimal condition of the present study do not exactly match those
used in CPM but instead reflect what Petty and Cacioppo argued were
the optimal conditions for finding the effect (i.e., lengthier messages, ex-
plicitly low personal relevance, a validated full NFC scale, and accounting
for initial attitudes). We anticipated that the NFC × AQ interaction ob-
served by CPM would replicate under the optimal conditions, but not
under the non-optimal conditions employed by ML3.

2. Method

2.1. Participants and design

Two-hundred fourteen Ohio State University undergraduates (98
male, 115 female, 1 unreported;Mage = 19.32, SD= 2.16) participated
in partial fulfillment of an Introductory Psychology requirement.2 Each
participant was randomly assigned to one of the four conditions com-
prising the 2 (Argument Quality: Weak vs. Strong) × 2 (Replication
type: Optimal vs. Non-optimal procedures) between-subjects factorial
design. NFC was measured.

2.2. Procedure

The study followed the basic procedure used by CPM and ML3 and
was administered as an online survey. Participants first completed the
NFC scale and reported their initial attitudes toward a policy that
would require college seniors to take a comprehensive exam in order
to graduate. They then read a message arguing in favor of the proposed
policy. Half of the participants saw a message containing strong argu-
ments whereas the other half saw a message containing weak argu-
ments. For participants in the non-optimal condition, the message was
relatively short and highly personally relevant (mirroring the condi-
tions of ML3), and for participants in the optimal condition, themessage
was relatively lengthy and less personally relevant. Finally, participants
reported their evaluations of the message on the scales used by both
CPM and ML3. All materials are provided in the Online supplement.

2.3. Independent variables

2.3.1. Replication type: non-optimal vs. optimal procedures
In the non-optimal condition, the topic wasmade especially relevant

by specifying that the senior comprehensive exam policy would be im-
plemented immediately at the participants' university. Whereas ML3's
message included this information in themessage text, we also included
it in themessage's introduction. Themessageswere also relatively short
(approximately 165 words) and indeed were the same messages used
by ML3. In the optimal condition, the topic was made less relevant
lower than at higher levels of NFC. Thus, the NFC× AQ interactionwas the focal test in this
study and power analyses were conducted as such. We acknowledge, however, that other
perspectives hold that power should consider specific predicted simple effects and n per
cell in addition to an overall interaction (Simonsohn, 2014; Simonsohn, Nelson, &
Simmons, 2014).
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(i.e., the policy was said not to be implemented for another 10 years)
and the messages were relatively long (approximately 900 words).
These messages were adapted from Petty and Cacioppo (1986).

It is important to note that the messages used in the optimal condi-
tionwere not identical to those used byCPM. First, CPMhadparticipants
read “an approximately 300-word message” (p. 812), which is about
twice as long as the messages used by ML3 but still shorter than the
messages used in this study. The CPMmessages are no longer available
and it was therefore impossible to use them.3 Thus, in the optimal con-
ditionwe chose to use the full strong andweakmessages that Petty and
Cacioppo reprinted in their 1986monographwithminor modifications.
These messages have been extensively pretested and have been avail-
able to the field for the past 30 years. Second, CPM did not explicitly
state when the exam policy would go into effect. In the present mate-
rials, we incorporated this element as it was contained in ML3's mate-
rials. Although these aspects of the messages differed from CPM, they
were included to make the conditionmore explicitly “optimal” for find-
ing the NFC × AQ interaction, as outlined previously.

2.3.2. Argument quality: strong vs. weak
To manipulate AQ, in both the optimal and non-optimal conditions,

we adapted the gist of the commonly used strong and weak arguments
in favor of senior comprehensive exams provided by Petty and Cacioppo
(1986). In the non-optimal condition, the content of the messages was
taken directly from ML3's materials, whereas in the optimal condition,
theywere taken from Petty and Cacioppo (1986)with veryminormod-
ifications mostly for readability.4 The only substantive change was that
the argument in the weak version linking failure to implement the
exams to racial discriminationwas changed to instead reference gender
discrimination.

2.3.3. Need for cognition
All participants responded to the 18-item NFC Scale (Cacioppo,

Petty, & Kao, 1984).5 ML3 only used six items to measure NFC, which
they selected on the basis of item factor loadings from unpublished
data. Five of the items used in ML3's reduced scale were included in
the validated 18-item scale, so we also computed NFC scores based
only on those five items. The 6th item used by ML3—“More often than
not, more thinking just leads to more errors”—was a question from the
original, longer version of the NFC scale (Cacioppo & Petty, 1982) that
was not retained in the 18-item short measure. Thus, we could not in-
clude this item in our analyses.6 Internal reliability was good for both
the full scale (α = 0.90) and for the 5-item reduced scale (α = 0.70).
3 The original publication did not provide the full text of themessages nor arewe aware
of any records that remain from that study, but CPM noted that that the set of arguments
used “were essentially those described as the ‘strong’ and ‘very weak’ communications in
[Petty, Harkins, and Williams] (1980)” but also emphasized that those original messages
from Petty, Harkins, and Williams (1980) had been further altered based on pre-testing
(p. 808). Nevertheless, Petty et al. (1980) did not provide the fullmessages either, but they
reported a summary of the arguments contained in themessages used (see Supplementa-
ry materials), which are somewhat different from the messages used in the optimal con-
dition and by CPM.

4 For example, the original messages included the phrase “At comparable schools with-
out the exams…” The messages used in the present study merely clarified this, instead
writing, “At comparable schools that did not implement the exams…”

5 CPM used the original 34-item NFC scale (Cacioppo & Petty, 1982); however, the
shorter 18-item scale has since become the standard measure.

6 We only became aware of this issue after data collection. In their article, ML3 did not
report the specific items used in their 6-item scale, so we initially modeled their selection
process and chose as the first six items of the scale those statements which showed the
highest correlations with total NFC scores and highest factor loadings in the scale's first
published report (Cacioppo & Petty, 1982, Study 1). These were presented on one page
of the online survey and the remaining 12 items were presented on the next page. Our
original approachwas to use these six items (α=0.84) to test the impact of using reduced
scales. Upon the editor's request, we contacted Ebersole et al. to obtain the specific items
they used and discovered that one of the itemswas not included in the scalewemeasured.
We thus present resultswith a 5-item reduced scale tomost closely approximate the exact
scale used in ML3. See Supplementary materials for analyses with the originally intended
6-item reduced scale.
2.4. Dependent variable: message evaluation

Participants rated the perceived quality of the persuasive message
using the same five items employed by both CPM and ML3 (e.g., “to
what extent do you think the communication made its point effective-
ly?” from “not at all” to “completely”). Responses were given on 9-
point scales (α=0.92) and averaged to form an index such that higher
numbers indicate a more favorable evaluation of the message.7

2.5. Covariate: initial attitudes

After reading a short general introduction to the issue but before read-
ing themessage, all participants reported their attitudes toward the exam
policy using a single itemmeasure (i.e., “To what extent would you favor
such a senior exam requirement?” with responses indicated on an 11-
point scale anchored at “strongly oppose” and “strongly favor”; M =
4.57, SD = 2.58). As noted above, our aim was to use this as a covariate
to control for initial attitudes, mirroring the procedure used by CPM.

3. Results

As suggested by CPM, greater NFC was associated with more favor-
able pre-message attitudes toward the exam policy, r(212) = 0.17,
p=0.02. To account for this, we included initial attitudes as a covariate
in the analyses, which also means that the results are more compatible
with those of CPM, who specifically recruited participants so as to make
NFC and initial attitudes independent.

Raw means and standard deviations of message evaluation within
each experimental condition are presented in Table 1.

3.1. Overall three-way interaction

Data were first submitted to a hierarchical multiple regression model
with message evaluation as the dependent variable. The first step of the
model included initial attitudes, AQ, replication type, and NFC (18 items)
as simultaneous predictors. AQ and replication type were effects coded
(−1: Weak Message/Non-optimal Condition; +1: Strong Message/Opti-
mal Condition). NFC was entered without mean-centering.8 All corre-
sponding two-way interaction terms were entered in the second step,
and the three-way interaction term was entered in the third step (Table
2). Results are interpreted from the first step in which they appear.

First, there was a main effect of AQ such that participants reported
more favorable evaluations of the message in the strong (M = 6.18,
SD=1.51) than in theweak (M=5.39, SD=1.62) arguments condition,
B= 0.38, t(209) = 3.64, f2 = 0.06, p b 0.001, 95% CI: [0.18, 0.59].9 There
was also a main effect of NFC such that higher NFC was associated with
less favorable post-message evaluations, B = −0.36, t(209) = −2.15,
p=0.03, f2 = 0.02, 95% CI: [−0.69,−0.03]. Finally, there was a main ef-
fect of initial attitudes such that more positive initial attitudes correspond
to more positive evaluations of the pro-policy message, B = 0.12,
t(209) = 2.89, f2 = 0.04, p= 0.004, 95% CI: [0.04, 0.20].

Most importantly, the data supported the expected three-way inter-
action, B=0.37, t(205)= 2.20, f2 = 0.02, p=0.03, 95% CI: [0.04, 0.70]
(see Fig. 1).10 This effectwas such that theNFC×AQ interactionwas not
7 Like ML3, some work following CPM has continued to use these items to test for the
NFC× AQ interaction (see Cacioppo et al., 1996), but other work has used ameasure of at-
titudes toward the issue (e.g., senior comprehensive exams) instead and looked for the
same interaction (see Carpenter, 2015, for a review).

8 The choice not to mean-center NFC scores followed from recommendations by Hayes
(2013). Although it is common tomean-center variables inmultiple regression analyses, it
does not affect the significance level of the target effects.

9 Reportedmeans are the rawmeans and all confidence intervals are around the regres-
sion coefficients (B), unless otherwise noted.
10 When not controlling for initial attitudes, the three-way interaction (p = 0.06) is
somewhat weaker, but the NFC × AQ interaction still emerges under the optimal condi-
tions (p=0.02), but not the non-optimal conditions (p=0.78). See Supplementary anal-
yses for a full report.



Table 1
Mean and standard deviations of message evaluation by argument quality and replication
type.

Weak arguments Strong arguments

M SD M SD

Non-optimal condition 5.29 1.58 5.88 1.66
Optimal condition 5.49 1.66 6.46 1.31
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significant in the non-optimal (replication of ML3) condition,
B = −0.12, t(205) = −0.53, f2 = 0.001, p = 0.60, 95% CI: [−0.56,
0.33], but the same interaction was significant in the optimal condition,
B=0.62, t(205)= 2.50, f2= 0.03, p=0.01, 95% CI: [0.13, 1.11].Within
the non-optimal condition, there was only an effect of AQ, estimated at
themean value of NFC, B=0.30, t(205)=2.02, f2= 0.02, p=0.05, 95%
CI: [0.01, 0.60], with strong arguments producingmore positive evalua-
tions than weak (see bottom panel of Fig. 1). Within the optimal condi-
tion, the significantNFC×AQ interactionwas such that therewas noAQ
effect at relatively low (1 SD below the mean) NFC, B= 0.14, t(205) =
0.71, p=0.48, 95% CI: [−0.25, 0.53], but strong arguments led to more
favorable evaluations than weak arguments at relatively high (1 SD
above the mean) NFC, B = 0.93, t(205) = 4.00, p b 0.001, 95% CI:
[0.47, 1.39], replicating the result reported by CPM (see top panel of
Fig. 1). As in the non-optimal condition, there was also an effect of AQ,
estimated at the mean value of NFC, B = 0.54, t(205) = 3.63, f2 =
0.06, p b 0.001, 95% CI: [0.25, 0.83], again showing that strong argu-
ments led to more favorable evaluations than weak.
Fig. 1. A three-way interaction between need for cognition (NFC), argument quality (AQ),
and the replication type on message evaluation. The key NFC × AQ interaction emerges
only under the optimal conditions (a relatively long message and one that is relatively
less personally relevant). Graphed lines are bound at one standard deviation above and
below the mean of NFC. Data points from participants with more extreme NFC scores
are not depicted. Confidence bands reflect 95% confidence intervals around estimates of
message evaluation from the regression model where initial attitudes are set to the
sample mean.
3.2. Analyses within the optimal condition only

In the previous analysis, the NFC × AQ interaction in the optimal
conditionwas tested in the context of the full regressionmodel examin-
ing the three-way interaction. That is, the effect was estimated in a re-
gression model that set replication type at “optimal” (+1) but that
still controlled for the other two-way interaction terms and the three-
way interaction term. Because the effect size (f2) is based on the unique
variance explained by the regression termwhile also accounting for the
variance explained by the whole regression model (Cohen, 1988), the
effect size is bound to be smaller in amodel with other potentially relat-
ed terms in it. In other words, by including replication type and the
other interaction terms, we might have underestimated the size of the
NFC × AQ effect under the optimal conditions.

Thus, we report a new analysis conducted on data from the optimal
condition only (n = 108). This would be commensurate to a focused
replication of the NFC × AQ effect under optimal conditions. Data
were submitted to a hierarchical multiple regression model predicting
message evaluation, entering initial attitudes, NFC, and AQ in Step 1,
and NFC × AQ in Step 2. Results are interpreted from the first step of
the model in which they appear. First, a marginal main effect of initial
Table 2
Multiple regression models predicting message evaluation.

Model 1 Model 2 Model 3

B p B p B p

Intercept 6.41 b0.001 6.55 b0.001 6.45 b0.001
Initial attitude 0.12 0.004 0.12 0.004 0.13 0.002
Argument quality 0.38 b0.001 −0.32 0.57 −0.40 0.47
Need for cognition −0.36 0.03 −0.41 0.02 −0.39 0.02
Replication type 0.19 0.08 0.61 0.28 0.75 0.18
AQ × NFC 0.21 0.20 0.25 0.14
AQ × replication type 0.12 0.28 −1.09 0.05
NFC × replication type −0.13 0.44 −0.17 0.31
AQ × NFC × replication type 0.37 0.03
attitudes appeared such that more positive initial attitudes toward the
policy were associated with more positive evaluations of the message,
B = 0.10, t(104) = 1.81, f2 = 0.03, p = 0.07, 95% CI: [−0.01, 0.21].
Therewas also amain effect of NFC such that higher NFCwas associated
with less positive evaluations of the message, B = −0.51,
t(104) = −2.02, f2 = 0.04, p = 0.05, 95% CI: [−1.00, −0.01]. Finally,
there was a main effect of AQ such that message evaluations were
more positive in the strong arguments (vs. weak arguments) condition,
B = 0.48, t(104) = 3.38, f2 = 0.11, p = 0.001, 95% CI: [0.20, 0.76].

Most importantly, there was a significant NFC × AQ interaction, B=
0.62, t(103) = 2.61, f2 = 0.07, p = 0.01, 95% CI: [0.15, 1.08]. The inter-
action was such that there was no AQ effect at relatively low levels of
NFC (1 SD below the mean), B = 0.12, t(103) = 0.60, p = 0.55, 95%
CI: [−0.27, 0.51], but at relatively high levels of NFC (1 SD above the
mean), strong arguments led to more positive evaluations of the mes-
sage than weak arguments, B = 0.84, t(103) = 4.30, p b 0.001, 95% CI:
[0.45, 1.23]. This analysis within just the optimal conditions produces
an effect size for the keyNFC×AQ interaction (f2=0.07) that is roughly
twice the size estimated from the earlier analysis controlling for all con-
ditions and interactions (f2 = 0.03).

Image of Fig. 1
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3.3. Using a reduced need for cognition scale

To testwhetherML3's use of a reducedNFC scalemay have impacted
their ability to replicate CPM, datawere submitted to the samemodel as
before, replacing NFC with scores on the reduced (5 item) NFC scale.11

Using this reduced scale also produces a significant three-way interac-
tion, B = 0.31, t(205) = 2.06, f2 = 0.02, p = 0.04, 95% CI: [0.01, 0.61],
such that the NFC × AQ interaction remains nonsignificant in the non-
optimal condition, B = −0.15, f2 = 0.002, p = 0.45, but significant in
the optimal condition, B = 0.48, f2 = 0.02, p = 0.04, though the effect
size is slightly smaller than when using the full scale.12

We also tested the NFC (5 item)× AQ interactionwithin the optimal
conditions only, just aswe didwith the 18-itemNFC scale. Results show
that the two-way interaction is significant and somewhat larger than
when tested in the context of the full model, B = 0.48, t(103) = 2.13,
f2 = 0.04, p = 0.04, 95% CI: [0.03, 0.93], but still smaller than when
using the full scale (f2 = 0.07). Overall, although the resulting effect
sizes are smaller in analyses using the 5-item, rather than the 18-item,
NFC scale, it does not appear that using a reduced scalewas a critical fac-
tor in ML3's replication failure.

4. Discussion

This study aimed to compare a replication effort that was critiqued
as non-optimal with conditions that were suggested as more optimal.
We found that theNFC×AQ interactionfirst reported byCPM replicated
under conditions that prior research and theory suggest are optimal for
finding it. Under the non-optimal conditions used in the recent ML3
replication attempt, however, the NFC × AQ interaction did not emerge,
effectively replicating theML3 failure to replicate. Our strategy of show-
ing that a replication effort can either succeed or fail depending on iden-
tified moderators (message length, personal relevance of topic) is
relatively rare in the replication literature where only successes or fail-
ures are reported.

One aspect of ML3, however, did not seem to make an appreciable
difference in the effect's replicability: the use of a reduced NFC scale. Al-
though the 5-item NFC scale based on ML3's measure showed weaker
internal reliability than the full 18-item scale and resulted in smaller ef-
fect sizes, it nonetheless significantly interacted with AQ under the op-
timal conditions. Put simply, using the larger NFC scale could not
produce the NFC × AQ interaction under the non-optimal conditions,
but using the short scale did not make the interaction go away under
the optimal conditions. Nevertheless, it can be risky to use reduced
scales in replication efforts. Indeed, other research has failed to produce
predicted NFC effects using a 2-item version of the scale, but the effects
emerged with a longer version (e.g., Kam, 2005; cf. Bakker & Lelkes,
2016).

A discussion of replication also warrants a comment on effect sizes
and their consistency across different studies. Note that the effect sizes
for theNFC×AQ interaction under the optimal conditions in thepresent
study (f2=0.03 from the full analysis; f2= 0.07 from the analysis of the
optimal condition only) are larger than the effect size found by ML3 for
11 Another way to address the previous discrepancies in the scales used to assess NFC is
to run an analysis in which people in the non-optimal condition have an NFC score based
on the reduced 5-item scale and people in the optimal condition have an NFC score based
on the full 18-item scale. Overall, this had little effect on the conclusions that can be drawn
from the data. The three-way interaction was still significant, B = 0.38, t(205) = 2.44,
p = 0.02. The NFC (18 items) × AQ interaction in the optimal condition is significant, as
in the previously reported analysis, B = 0.62, t(205) = 2.49, p = 0.01, and the NFC (5
items) × AQ interaction in the non-optimal condition is still nonsignificant, B = −0.15,
t(205) = −0.76, p = 0.44.
12 Another difference between ML3 and CPM is that the former treated NFC as a contin-
uous variable and the latter treated it as categorical, focusing on individuals at the extreme
ends of the scale. In the current data, there is a trend for larger effect sizes in the optimal
condition when focusing on participants with extreme NFC scores (i.e., treating people
who score in the lower and upper tertiles or quartiles of NFC as “low NFC” and “high
NFC” groups, respectively). See Supplementary analyses for a full report.
the same interaction (f2 = 5.46 e−5), but smaller than the effect size
originally found by CPM (f2 = 0.20). Despite being smaller than the ef-
fect size from the original study, however, the NFC × AQ effectwe found
under optimal conditions is comparable to the meta-analytic effect size
from 5 studies testing this hypothesis reported by Cacioppo et al. (1996;
f2 = 0.07) especially in the analyses of participants in the optimal con-
dition only (f2= 0.07).13 Furthermore, using the SPSSmacros accompa-
nying Smithson (2001), a 95% confidence interval could be computed
around the effect size (f2) in CPM, based on the F-value and degrees of
freedom for the two-way interaction. The resulting confidence interval,
[0.06, 0.41], includes the effect size found in the present study's analysis
of the optimal condition only—the analysis most consistent with a
straightforward replication.14

It is worth reiterating that the “optimal” condition in the present ex-
periment was not intended to be identical to the materials and proce-
dure of the original CPM experiment. We used longer messages,
specified that the policy would take effect 10 years in the future, and
used specific arguments that were different from CPM (whose argu-
ments were no longer available). Also, the arguments were not specifi-
cally tailored to the participant population as they were in CPM. The
current arguments were more comparable in content to ML3 and
other persuasion research using the comprehensive exam topic. Any
of these differences might explain why the effect size for the
NFC × AQ interaction in our optimal condition is smaller than in the
original experiment. In addition, the fact that we used an 18-item NFC
scale rather than the original 34-item scale could also play a role as
could the fact that we used NFC as a continuous measure rather than
using the CPM procedure of relying on the upper and lower thirds of
the distribution (see the Online supplement). However, our goal was
not to replicate the original CPM study exactly, but was instead to in-
stantiate optimal conditions for finding the interaction effect based
not only on CPMbut on developments in the literature since the original
publication. The fact that our optimal conditions succeeded in produc-
ing the NFC × AQ interaction suggests that some of the procedures im-
plemented by ML3 that did not follow CPM nor take advantage of the
subsequent literature worked against finding the effect, thoughwe can-
not say which feature or features of our multifaceted optimal condition
were responsible.

These results have clear implications for replication efforts more
broadly. Given our evidence that original effects can replicate under op-
timal conditions suggested by existing theory and research, we advo-
cate for the practice of informed replication—considering the full body
of research conducted since the original study to inform replication ef-
forts. This approach is generally lacking in contemporary replication
programs. For example, commenting on the known moderators of
priming effects, Dijksterhuis (2014) wrote: “it is unfortunate that
these well-known moderators have not been taken into account in
most replication efforts” (p. 74). Notably, however, moderators may
not be explicit in the original study's report, and in fact, may not have
been identified until after the original study was published. This
means that even following an original procedure exactly or conceptual-
ly may overlook important features that have been documented
13 Although the present study focused onmessage evaluation as the dependentmeasure
because it was the focus of ML3 and CPM, it is worth considering any possible differences
between this approach and the other dominant approach in persuasion research:measur-
ing people's evaluations of the topic of the message (rather than evaluations of the mes-
sage itself). Notably, Cacioppo et al. (1996) also estimated the NFC × AQ effect using 11
studies that treated attitudes toward the topic of amessage as the key dependentmeasure,
and the resultingmeta-analytic effect size is smaller (f2= 0.02) than whenmessage eval-
uation is the dependentmeasure (f2= .07). This differencemay be of interest to future at-
tempts to demonstrate the NFC × AQ interaction.
14 Cacioppo et al. (1996) did not report a confidence interval for their meta-analytic ef-
fect size estimate, nor did they report additional information to compute one. However,
an analysis of the four other studies included in their meta-analysis shows lower bounds
of the 95% confidence intervals around f2 of 0.01, 0.00, 0.01, and 0.002, and upper bounds
of 0.15, 0.09, 0.34, and 0.20, respectively. Thus, the effect size found in the present study is
encompassed by all of these confidence intervals.
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elsewhere. Thus, an informed replication is one that considers the full
knowledge of an established literature and uses conditions under
which an effect is known to occur. We encourage scholars disappointed
by failures to replicate to conduct informed replications in which they
compare optimal conditions with those implemented by the failed rep-
lication attempt.
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