
Recently many papers have appeared in
the literature that point to a crisis of
confidence in psychology and many

other disciplines: it is now recognised that
published results often cannot be replicated
by independent investigators. Although an
exact success rate for replication studies
cannot be given overall, recent studies com-
monly suggest that fewer than half of all
replication attempts succeed in reproducing
the original findings (see, e.g. Ioannidis,
2005; Ioannidis, 2012b; Neuliep, 1990;
Pashler & Wagenmakers, 2012; Pashler &
Harris, 2012; Ritchie et al., 2012). Although
Klein et al. (2014a) were able to replicate 10
of 13 recent studies in cognitive and social
psychology (77 per cent), this level of success
is unusually high. The PsychFileDrawer.org
website, which covers a wider range of con-
tent areas for the target studies, currently
reports only 25 successes in 84 attempts, a
success rate of 30 per cent. Furthermore, the
definitive study of reproducibility to date
reported success in only 39 out of 100 care-
fully conducted replication attempts, per-

formed by established researchers (Open
Science Collaboration, 2015). Although we
teach our students that psychology is a disci-
pline based on evidence, on closer inspec-
tion the evidence often appears to be
unreliable.

This untenable situation is worsened
because replication attempts are very seldom
published in the standard journals, leading
to the pervasive file-drawer problem, in
which unsuccessful replication attempts usu-
ally remain forgotten in the investigator’s
files (Rosenthal, 1979); the number of nega-
tive results published is actually shrinking
(Fanelli, 2011). When mandatory preregis-
tration of National Heart Lung, and Blood
Institute medical trials was introduced
recently, presumably eliminating the file-
drawer problem, the percentage of these car-
diovascular studies that reported significant
benefits abruptly dropped from 57 per cent
to 8 per cent (Kaplan & Irvin, 2015).

In the basic form of a replication study,
followed here, a new investigator chooses a
target paper that has been published in a
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peer-reviewed journal, attempts to perform
it again by fulfilling all details of the stated
protocol as closely as possible (or exceeding
them, e.g. regarding the number of partici-
pants), and analyses the resultant data on
the basis of the original statistical tests. This
comprises a direct replication, but alterna-
tively, the investigator may choose to per-
form a conceptual replication in order to test
the central idea of the target study while
employing, e.g. new materials or testing pro-
cedures. A direct replication is generally the
appropriate starting point, since a failure to
reproduce results in a conceptual replication
could be due either to flaws in the theory, or
in its generalisability.

An additional reason for performing the
team replications reported here was that
individual student term projects in an under-
graduate research methods class are all too
often deficient in their theoretical rationale,
methodology, and analysis, as well as having
an inadequate sample size (Frank & Saxe,
2012, p.601; Standing et al., 2014). A litera-
ture search does not reveal any previous
empirical studies which deal directly with
parallel student teams and replication.

An earlier paper has reported on a set of
four different replication studies performed
by teams of student experimenters, only one
of which confirmed the findings of the target
paper (Standing et al, 2014; Lane et al,
2012). The one success involved an exact
replication of Gailliot et al. (2007, Study 8),
which was therefore chosen to provide the
target study for the present work. This study
found that raising the participants’ level of
glucose will counteract the decrease in self-
control (or ‘ego-depletion’) that is produced
by previous efforts at self-control, supporting
the authors’ view of self-regulation processes
as similar to a mental muscle which with
exercise becomes tired, but then can be
replenished by providing a glucose drink to
provide an additional energy source. In a 2 ×
2 independent groups design, the self-con-
trol of experimental participants was first
drained, by requiring them to deal with
thoughts of their own mortality (whereas

control participants thought about dental
pain). All participants were then given either
a glucose drink or a placebo drink, and
shortly thereafter attempted to solve a word-
fragment task: the number of items left
uncompleted was taken as a measure of
impaired self-control. As predicted, their
results showed impairment of self-control
only for the mortality-placebo group, which
left about 55 per cent of word fragments
unsolved, whereas each of the other three
groups left approximately 17 per cent
unsolved (Gailliot et al., 2007, Figure 3).

The present study followed a comple-
mentary route to the earlier work of
Standing et al. (2014), by forming an under-
graduate research methods class into stu-
dent teams, each of which independently
attempted an exact replication of the same
target study. Our objective was to replicate
the results of Gailliot et al. (2007), and to
explore how well the different teams of
students would agree in their experimental
results. Although Gailliot et al. mention that
they studied 51 female and 22 male under-
graduates, they reported no data concerning
possible gender differences in the observed
behaviour, so we added gender as an inde-
pendent variable, which could be done
without changing the basic design.

The total number of participants here
was large enough to easily meet the criterion
derived by Simonsohn (2015) for a new
study to have an adequate chance of repli-
cating an earlier one, which is that it should
involve at least 2.5 times the number of par-
ticipants. The target study had 73 partici-
pants, so the minimum acceptable number
of participants for our replication was 183.

Method
Participants and testers
The participants were 306 unpaid volunteers
recruited from various undergraduate psy-
chology classes (with a mean age of approxi-
mately 20 years); 68 per cent were female. All
were fluent in English, but about 20 per cent
were bilingual francophones. Participants
were treated in accordance with a protocol
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approved by the campus Research Ethics
Board.

At an initial class meeting, all 20 mem-
bers of an undergraduate advanced research
methods class were first given the option to
create their own individual term project,
although none accepted the offer. They were
then randomly assigned by the experimenter
to form four teams of testers of five members
each; one member was designated as the
team Coordinator, with responsibilities for
day to day issues of subject recruitment, lab
booking, supplies, etc. Regular liaison
between the instructor and the Coordinators
was emphasised, although the teams worked
independently. Each team was first trained
by the experimenter in the experimental
protocol and given detailed written instruc-
tions for the specific steps needed to con-
duct the study. This training session also
involved some coaching as to the appro-
priate general conduct to maintain during
testing (no talking with the participants
during testing, for example), and included
practice runs where the teacher played the
role of the subject and dealt with student
questions about procedure. Each student
had previously written a detailed research
proposal in APA format as a graded assign-
ment, to outline the intended study,
ensuring that they were thoroughly familiar
with both the theory and the practical details
involved.

Materials1

A standard drink was used consisting of
410ml of lemonade, made from a sliced
lemon and water. This was sweetened with
either 36g of glucose powder for the experi-
mental condition, or a packet of Splenda for
the placebo condition (a sucralose-based
artificial sweetener with zero calories). The
drinks were served cool, in plastic cups.
Written measures of taste and liking for the
drink were obtained on three 5-point scales
(How pleasant was it for you while drinking
the beverage? How much would you like to

drink it again? How appealing is the appear-
ance of the drink?)

A sheet was provided on which partici-
pants were asked to write down their
thoughts either about what would happen to
their body after death (mortality salience
scenario), or about dental pain (control sce-
nario); it was assumed, on the basis of terror
management theory, that performing the
mortality salience task will drain a subject’s
self-control (Rosenblatt et al., 1989; Parry,
2015). A sheet of 20 simple word fragments
(e.g. _ _ATULA) to be completed by the par-
ticipant was employed; the number of frag-
ments that were left unsolved provided a
measure of the depletion of self-control. An
easy crossword puzzle was also used as a filler
task.

Procedure
Each participant, having signed a consent
form, was first randomly assigned to one of
the four cells of the 2 × 2 independent
groups design: Drink Type (glucose or
placebo) × Scenario (dental pain or mor-
tality writing task). They then consumed
their assigned drink, and completed the
appropriate scenario in writing. Next they
worked on a crossword puzzle and com-
pleted a filler questionnaire for six minutes.
This delay was designed to allow adequate
time for the stress of writing about death to
drain the participants’ self-control. Partici-
pants then were given the sheet of incom-
plete word fragments and asked to work at
solving them. No time limit was imposed.
(The Marlowe-Crowne Social Desirability
Scale, given at this point in the target study,
was not used, as it revealed no effect there).
Finally, participants estimated how many
calories they thought their drink had con-
tained, to check for any perceived difference
between the drinks which might influence
their persistence in the word-fragment task.
Testing was performed under double-blind
conditions, in that neither the testers nor the
participants knew whether a given subject
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consumed the glucose drink or the placebo.
However, it was not possible to blind testers
concerning the writing scenario that partici-
pants were assigned to.

Following testing, the Coordinators and
instructor collated the data and distributed
the total data set to the whole class, who then
analysed the scores with SPSS and wrote a
graded final report of the study in APA
format, with the option to collaborate with
fellow team members as joint authors.

Results
Overall effects of mortality salience
and glucose on self-control (2 × 2
ANOVA)
Using all participants, a 2 × 2 independent
groups ANOVA was performed on the
number of word fragments that were left
unsolved, as a function of the type of drink
consumed (glucose vs. placebo) and the
writing scenario (mortality vs. dental pain).
This showed that the mean proportion of
fragments left unsolved was lower with the
glucose drink overall, F(1, 302)=5.01, 
p=.026, indicating that self-control was
enhanced. The effects of the scenario and
the Drink Type × Scenario interaction were
both non-significant, F(1, 302)=0.014, 
p= .905, and F(1, 302)=.747, p=.388, respec-
tively. The mean proportions of word frag-
ments left unsolved are shown in Figure 1,
where they are compared with the results
obtained by Gailliot et al. (2007). This
overall result for the drink type variable
replicates the central result of the target
study, in that the glucose drink again
increased the participants’ self-control, the
key comparison being that the placebo-
mortality group left more fragments
unsolved than did the glucose-mortality
group, t(156)=2.33, p=.011. The lack of a
scenario effect does not contradict the
mental muscle theory, but it differs from
the pattern seen by Gailliot et al., since the
number of unsolved word fragments left,
averaged over glucose and placebo condi-
tions, was slightly (non-significantly) higher
under dental pain than mortality salience.

Thus there was no sign of mortality threat
here.

Male-female differences in 
self-control
The effect of the participants’ gender was
examined as some check on the generality of
the results. A 2 × 2 ANOVA (Drink Type ×
Gender), ignoring scenario since it had been
found nonsignificant, again replicated the
results of the target paper: glucose as com-
pared to the placebo drink produced more
self-control (fewer fragments left unsolved),
even though the trend showed only marginal
significance at the overall level, F(1, 290)=3.20,
p=.07. However, the female participants clearly
showed this enhancement of self-control
under glucose conditions, t(198)=2.75, 
p < .005, whereas for the males no effect of the
drink type was found, t(92)=2.84, p=.39. This
gender difference is illustrated in Figure 2.

Comparison of the results obtained by
the four teams
The mean level of self-control shown for
drink and scenario conditions was examined
as a function of the team which had tested
the subject. This three-way ANOVA (Drink ×
Scenario × Team) confirmed that more word
fragments were left unsolved under the
placebo than the glucose condition, F(1,
290)=5.61, p=.018, although it was not
affected by the scenario, F(1, 290)=.001, 
p=.976. This glucose-placebo difference was
seen with all four teams, as shown in Figure
3, although the trend reached only marginal
statistical significance within two teams
(p=.071 and .067) and was not significant for
the other two (p=.76 and .31). No interac-
tions were significant (all p > .4). The
ANOVA also showed that significant differ-
ences existed between the four teams
regarding overall proportions of fragments
left unsolved, pooled over drink and sce-
nario conditions, F(1, 290) 2.99, p=.031, and
the LSD procedure revealed that the scores
for Team 4 were lower than for Teams 1 and
2, p= .034 and .007, respectively. However,
these differences were not large, as the
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overall proportions of fragments left
unsolved, pooled over drink and scenario
conditions, for teams 1 to 4 were .58, .60, .56,
and .52, respectively.

The responses to the four treatments
(Drink × Scenario) obtained by each of the
four teams is illustrated in Figure 4, based on
all participants, showing fairly similar
although not identical patterns. These meas-
ures show good reliability, with an intraclass
coefficient of correlation, or ICC, of .928, as

shown by online computation (Chinese Uni-
versity of Hong Kong, 2014; Model 3,
meaned). An alternative index of inter-team
agreement was obtained by ranking the four
means (Drink × Scenario) obtained by each
team in order of relative magnitude. These
rankings yielded a Krippendorff’s alpha of
.906, as computed online (Freelon, 2015),
again indicating satisfactory reliability.

However, it is noteworthy that the
absolute level of these means for the propor-
tion of unsolved word fragments is about
three times higher than is shown for three
out of four groups in the target article (as
illustrated in Figure 1), i.e. values of about .6
rather than .2 were now seen, indicating that
for unknown reasons our participants
showed much less self-control overall than
did the participants of Gailliot et al. The
effect size (d) observed here for the glucose
drink compared to the placebo is 0.26, as
compared to a value of 0.65 that was
reported in the target paper, or 0.30 as
found by Standing et al. (2014). This change
represents a decline from a medium to a
small effect size (Cohen, 1992).

Discussion
At a basic level, the results of this study rep-
resent a successful replication of the key idea
in the target experiment, since more self-
control was shown by participants after they
had ingested glucose rather than a placebo
drink, although the absolute level of self-con-
trol shown here was lower than before (with
more word fragments left uncompleted),
and the treatment differences were smaller.
Accordingly, the present study was posted as
a successful replication on the PsychFile-
Drawer website (Astrologo, Benbow, Cyr-
Gautier, Williams, & Standing, 2015).
However it should be noted that the
enhancement of self-control by glucose,
although commonly observed (as argued in
a review by Gailliot, 2015), may still fail to
occur (Clohecy, Standing, & McKelvie,
2015).

Concerning the question of major interest
here, the four teams of testers were found to
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Figure 1. Self-control (proportion of word
fragments left unsolved) for all teams as a function
of writing scenario (dental pain vs. mortality
salience) and drink type (glucose vs. placebo),
compared below with the results of Gailliot et al.,
Study 8. Fewer word fragments left unsolved
indicate more self-control. Error bars show standard
error of the mean.
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produce a similar pattern of results across the
four Drink × Scenario combinations, for the
overall data. However, the participants unex-
pectedly showed no more ego-depletion when
tested with the mortality scenario as com-
pared to the dental pain scenario, suggesting
that death for them held no more terrors
than the dentist’s chair. While it was noted
that team 4 produced significantly higher self-
control scores than the others (pooled over
drink and scenario conditions), the differ-
ence was not great, and the relative pattern of
response across the treatment conditions was
fairly similar within each team’s results, indi-
cating adequate reliability.

Gender was not analysed in the target
study, which mentions only that 70 per cent
of the sample were female (Gailliot et al.,
2007, p.331), nor in the other eight experi-
ments within that paper, so this potential
moderator variable was left unexplored. The
present data show the predicted glucose
effect only for females, for reasons which are
unclear but merit further study, while the
failure of both males and females to respond
to mortality threat was unexpected in terms
of terror management theory (Rosenblatt et
al., 1989).

We may conclude from this initial study
that the use of parallel student teams to con-
duct a replication study was quite easy to

arrange, and gave consistent results. We feel
that we can recommend this approach in
teaching research methods at an interme-
diate level, although not for an introductory
course, and the students seemed to respond
positively to the experience of working in
small groups. Not only does this approach
acquaint students with some recent research
ideas, but it provides many potentially valu-
able teaching moments related to method-
ological issues such as the conduct of
double-blind testing, statistical power, and
effect sizes, as well as the importance of
being alert for potential moderator vari-
ables, such as the participants’ gender, which
can affect the data. The results obtained can
often be reported on the PsychFileDrawer
website, and thus should also benefit the dis-
cipline of psychology as a whole, as well as
encouraging students to take public respon-
sibility for their published work. Finally, an
instructor may be glad to see that a given
trend was obtained consistently by all the
teams and cannot be dismissed as due to
ineptitude or a simple fluke.

The problems encountered here appear
to include the inherently low reliability of
psychological findings in general, and the
failure of the previous experimenters to pro-
vide their data broken down according to
major demographic variables such as gender.
We would see the present approach as com-
plementary to the Many Labs Project (for
example), where a number of different labo-
ratories were all organised to attempt repli-
cations of the same papers, a project which
found good cross-tester reliability (Klein et
al., 2014a). Another valuable approach
involves the use of preregistered replication
reports, in which the details of the analysis
are specified in advance, and the results
must always be published whether or not
they are positive (Wagenmakers et al., 2015;
Kaplan & Irvin, 2015).

These various approaches are not mutu-
ally exclusive and may all have merit,
although the present one appears to us to be
the easiest and fastest to implement, as well
as providing pedagogical benefits to the
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students in terms of experience, critical
thinking about experimental control and sta-
tistical power, the analysis of data, and scien-
tific writing. Our impression was that the
students became involved in the study,
because it was ‘theirs’, and seemed inter-
ested in the controversy over replication
today. The flood of published papers in the
journals today would require massive
amounts of testing in order to validate them,
and classes of undergraduate or graduate
students potentially represent a vast and
almost untapped resource, as argued by
Grahe et al. (2012). Even though students
are relatively inexperienced in terms of
testing skills, Standing et al. (2014) provide
data which suggest that their success rate in
conducting replications is at least as high as
that seen with other groups of testers. Alto-
gether, we feel that there is now some empir-
ical support for the enthusiastic arguments
advanced in favour of student replications by
Frank and Saxe (2012), although the present
study represents no more than a start.

While an instructor might wish to enrich
the variety of the material covered by using

teams that tackle several different target
papers, as was done by Standing et al. (2014),
the use of parallel teams has the overriding
advantage that the combined N will be much
larger, with an associated increase in statistical
power. Power is a crucial consideration here,
particularly as it may be weakened due to
encountering an effect size that is lower than
the value reported in the target paper, as was
seen in the present study. The replication
attempts that are posted on PsychFile-
Drawer.org report the use of about the same
number of participants overall as were used in
the target studies (with median values of 99
and 90, respectively), but this is less than half
the number that is needed to provide enough
power for an adequate test of replicability,
according to the calculations of Simonsohn
(2010).

It must be recognised that there may be
subtle methodological issues with replication
studies, so that the possible goals of investi-
gators may be more diverse than simply to
obtain a statistically significant result, e.g.
they may wish to establish precisely an effect
size (Anderson & Maxwell, 2015). Again, a
combined series of studies does not neces-
sarily give a more precise estimate of effect
size (Nuijten, van Assen, Veldkamp, &
Wicherts, 2015). Nor do the results of repli-
cation study always fall into a simple yes/no
paradigm, but may require quite complex
levels of analysis (e.g. Rohrer et al., 2015).
There is also the recently-recognised
problem that a reported treatment effect,
e.g. the response of patients to cognitive-
behavioural therapy or a heart drug, may not
be constant but rather decline over time
(Johnsen & Friborg, 2015; Lehrer, 2010), so
that a replication study potentially may be
aiming at a moving target; issues such as
these are discussed by Klein et al. (2014b). It
should also be noted that replications may
carry only spurious credibility if they are per-
formed by the original investigators (Ioan-
nidis, 2012a), and that an exact rather than
a conceptual replication is normally the best
starting point. 

Despite these issues, surely the main
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Figure 3. Mean proportion of word fragments
left unsolved as a function of glucose versus
placebo drink, pooled over mortality and dental
pain scenarios, according to each of the four
teams of testers. (All participants). Error bars
show SEMs.
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Figure 4. Mean proportion of unsolved word
fragments left as a function of drink (glucose vs.
placebo) and writing scenario (dental pain vs.
mortality), as measured by each of the four
teams of testers. (All participants).
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