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Abstract

The ability to differentiate between rewards and losses is critical for motivated action, and aberrant reward and loss
processing has been associated with psychopathology. The reward positivity (RewP) and feedback negativity (FN) are
ERPs elicited by monetary gains and losses, respectively, and are promising individual difference measures. However,
few studies have reported on the psychometric properties of the RewP and FN—crucial characteristics necessary for
valid individual difference measures. The current study examined the internal consistency and 1-week test-retest
reliability of the RewP and FN as elicited by the doors task among 59 young adults. The RewP, EN, and their
difference score (ARewP) all showed significant correlations between Time 1 and Time 2. The RewP and FN also
achieved acceptable internal consistency at both time points within 20 trials using both Cronbach’s o and a
generalizability theory-derived dependability measure. Internal consistency for ARewP was notably weaker at both
time points, which is expected from two highly intercorrelated constituent scores. In conclusion, the RewP and FN
have strong psychometric properties in a healthy adult sample. Future research is needed to assess the psychometric

properties of these ERPs in different age cohorts and in clinical populations.

Descriptors: EEG/ERPs, RewP, FN, Doors task

The ability to respond differentially to positive outcomes (i.e.,
rewards) compared to negative outcomes (i.e., losses) represents a
critical mechanism of goal-oriented behavior and learning. Altera-
tions in the ability to detect and process rewards and losses have
been associated with multiple forms of psychopathology. For
example, increased sensitivity to reward has been associated with
substance abuse disorders (Baker, Wood, & Holroyd, 2016; Di
Chiara & Bassareo, 2007) and attention deficits (Holroyd, Baker,
Kerns, & Miiller, 2008), whereas a decreased sensitivity to reward
has been associated with depression (Forbes & Dahl, 2005). Recent
research has suggested that dysfunctional reward and loss process-
ing may actually be a precursor to the development of psychopa-
thology (Admon et al.,, 2012; Nelson et al., 2013; Treadway,
Buckholtz, & Zald, 2013). Thus, there is increasing effort to better
understand individual differences in neural response to reward and
loss.

The ERPs following the presentation of rewards and losses are
characterized by a relative positivity and negativity, respectively,
maximal at frontocentral sites between 250-350 ms after feedback.
The relative negativity following losses has been referred to as the
feedback negativity (FN), whereas the relative positivity following
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gains has been described as the reward positivity (RewP). In light
of recent evidence suggesting that variability in the ERP difference
between gains and losses may be driven by neural response to
rewards, we refer to the gain-loss difference as the ARewP (Bress
& Hajcak, 2013; Carlson, Foti, Mujica-Parodi, Harmon-Jones, &
Hajcak, 2011; Foti, Weinberg, Dien, & Hajcak, 2011; Holroyd,
Pakzad-Vaezi, & Krigolson, 2008).

The most common laboratory tasks used to elicit neural
responses to gains and losses are simple guessing tasks in which
outcomes are equally probable. One example is the doors task
(Proudfit, 2015), in which participants are presented with an image
of two doors and asked to select one; feedback indicating either
monetary gain or loss is subsequently delivered with equal proba-
bility. The simplicity of the doors task has made it feasible to use
in various clinical populations (e.g., Gong et al., 2014; Horan, Foti,
Hajcak, Wynn, & Green, 2012) and in children (e.g., Kessel et al.,
2016; Kujawa, Proudfit, & Klein, 2014), while still being a potent
probe in healthy adults (Weinberg, Riesel, & Proudfit, 2014). Fur-
thermore, this task has repeatedly been used in studies demonstrat-
ing associations between ERP measures and individual differences.
For instance, studies employing the doors task have found that a
blunted ARewP is associated with greater symptoms of depression
(e.g., Bress & Hajcak, 2013; Bress, Meyer, & Proudfit, 2015;
Bress, Smith, Foti, Klein, & Hajcak, 2012; Foti & Hajcak, 2009,
2010; Foti, Kotov, Klein, & Hajcak, 2011). Indeed, one study even
found that a blunted ARewP in adolescent girls, aged 15-17, pre-
dicted the development of first-onset depressive episodes and
increases in depressive symptoms at 2-year follow-up (Bress, Foti,
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Kotov, Klein, & Hajcak, 2013; Nelson, Perlman, Klein, Kotov, &
Hajcak, 2016). Taken together, these studies indicate that ERP
activity recorded during the doors task may be a clinically useful
probe for the assessment of individual differences in reward proc-
essing reflected in the ERP.

To date, few studies have reported on the psychometric proper-
ties of the FN or RewP. One study reported good short-term test-
retest reliability that was robust to varying psychological conditions
(Segalowitz et al., 2010), and another found good internal consis-
tency within 20 trials for young adults and within 50 trials for older
adults (Marco-Pallares, Cucurell, Miinte, Strien, & Rodriguez-
Fornells, 2011). However, both studies employed more complicat-
ed tasks than the doors task to elicit the FN and RewP. Only one
study—conducted in girls aged 8—13—has reported on the psycho-
metrics of ERPs from the doors task and found moderate test-retest
reliability over 2 years for the RewP and FN (rs =.67 and .64,
respectively), but relatively poor test-retest reliability of ARewP
(r=.18; Bress et al., 2015).

The current study aimed to fill in basic gaps in our understand-
ing of the psychometric properties of these ERP measures. Specitfi-
cally, we employed a commonly available sample (i.e., college
students) and a popular simple task (i.e., the doors guessing para-
digm) to assess psychometrics. We expect that, with this straight-
forward design, we will find that these ERP components reach
acceptable reliability levels. The current study examined the inter-
nal reliability and shorter-term (i.e., 1 week) test-retest reliability
of the FN, RewP, and ARewP elicited in the doors task in young
adults. Additionally, the psychometric properties of FN and RewP
were examined as a function of the number of trials contributing to
ERP averages (Marco-Pallares et al., 2011)—these analyses were
intended to provide guidance regarding how many trials are neces-
sary for a reliable FN and RewP.

Method
Study Design

In this study, participants completed a computer-based guessing
task, with task administrations spaced approximately 1 week apart
(mean time between testing = 6.81 = 1.24 days). EEG was contin-
uously recorded during task administration.

Participants

Sixty-eight Stony Brook University undergraduates were drawn
from the psychology department research participation pool, which
consisted of 1,528 undergraduates (65.7% female; M, = 20.3;
8D g0 = 2.66; 35.0% Asian, 8.4% African American, 40.0% Cau-
casian, 16.6% other). Of the 68 participants who enrolled, eight did
not return for the second testing session and one was excluded
from analysis due to poor EEG data quality. Thus, a total of 59 par-
ticipants were included in the final analysis. Participants received
research participation credit and were compensated for their partic-
ipation ($25 for completing both visits).

Tasks and Materials

The doors task. In the doors task, the image of two doors are pre-
sented on a computer screen at the beginning of each trial; partici-
pants are instructed to select one of the doors by clicking either the
left or right mouse button. Participants are told that one door will
result in winning money and the other will result in losing money.

A.R. Levinson et al.

In order to increase the salience of the task, participants are ensured
that they will receive their total winnings at the end of the task.
The task included three blocks of 20 trials (i.e., 60 trials total). The
blocks were separated by participant-timed breaks, during which
the instructions “Pause—Click mouse when ready to continue”
appeared on the screen until the participant clicked the left or right
mouse button. There were an equal number of win and loss trials
(30 each) that occurred in a randomized order. The sequence and
timing of the stimuli in each trial were as follows: (1) a fixation
cross is presented for 500 ms, (2) an image of two doors is pre-
sented until the participants make their selection by clicking the
left or right mouse button, (3) a fixation cross is presented for
1,500 ms, (4) an upward green arrow or a downward red arrow is
presented for 2,000 ms to indicate monetary gain or loss, respec-
tively, (5) a fixation cross is presented for 1,500 ms, (6) the words
“Click for next round” appear on the screen until the participant
clicks either mouse button. Because monetary losses are experi-
enced as twice as valuable as monetary gains (Tversky & Kahne-
man, 1992), gains were worth $.50 whereas losses were worth $.25
to equate the subjective value of gains and losses. The total dura-
tion of the task ranged between 5 and 7 min depending on how
long participants took between trials and blocks of trials. Finally,
all participants were paid their actual winnings at the completion of
the task (i.e., $7.50), as well as a $10.00 bonus for completing both
lab visits.

Psychophysiological Recording and Data Reduction

EEG was continuously recorded from a custom 34-electrode elastic
cap configured according to the 10/20 system, using the ActiveTwo
BioSemi System (BioSemi, Amsterdam, The Netherlands). Addi-
tional data were recorded from the mastoids, and the horizontal and
vertical electrooculogram was collected from electrodes placed
1 cm from the outer corners of the eyes and 1 cm above and below
the right eye, respectively. Recordings were amplified at the elec-
trode with a gain of one, and the data were digitized at 24-bit reso-
lution with a sampling rate of 1024 Hz using a low-pass fifth-order
sinc filter with a half-power cutoff of 204 Hz. EEG was measured
online with respect to a common mode sense active electrode,
forming a monopolar channel. BrainVision Analyzer (Brain Prod-
ucts, Munich, Germany) was used for offline analysis. Data were
rereferenced to the average of the recordings from the left and right
mastoid channels, and a band-pass filter with cutoffs of 0.1 Hz and
30 Hz was applied. Ocular artifacts were corrected using the Grat-
ton and colleagues procedure (Gratton, Coles, & Donchin, 1983).
Physiological artifacts were corrected using a semiautomated pro-
cedure with a maximum allowed voltage step of 50 uV between
sampling points, a maximal voltage difference of 300 1V in a given
trial, and a maximum allowed voltage of .5 uV within an interval
of 100 ms. Remaining artifacts were rejected manually based on
visual inspection of the data.

The EEG was segmented into feedback-locked epochs from
—200 to 800 ms separately for reward and nonreward feedback.
The baseline period (i.e., average activity 200 ms before feedback
presentation) was subtracted from all data points. The FN and
RewP were quantified as the mean activity from 250 to 350 ms
after loss and gain feedback onset, respectively, at FCz. Separate
loss and gain averages were created across all trials, as well as
split-half averages comparing odd trials and even trials. Moreover,
analyses also focused on psychometric properties of the FN and
RewP as increasing trials were included in averages. For these
analyses, the FN and RewP were scored on each trial. For example,
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Figure 1. This figure presents grand-averaged waveforms at electrode site FCz at Time 1 (a) and Time 2 (b) of the reward positivity (RewP; solid
black lines), feedback negativity (FN; solid gray lines), and their difference wave (ARewP; dashed black lines) calculated as RewP minus FN. The
vertical axis presents amplitude (in ¢V) and the horizontal axis presents time (in ms), where 0 ms represents the onset of feedback.

internal reliability of the FN for the 10-trial average was evaluated
in terms of Cronbach’s alpha considering only the first 10 loss trials
with good (i.e., artifact-free) data. Finally, we also report on inter-
nal reliability and test-retest reliability of the ARewP, defined as
the RewP minus the FN.

Data analysis. The majority of our statistical analyses were con-
ducted using SPSS (version 22.0). Using best existing estimates of
the reliability of these ERP components, we conducted power anal-
yses and found that our sample of 59 participants provides suffi-
cient power for the following psychometric analyses. Test-retest
reliability was assessed using Pearson’s r, a measure of interindivid-
ual stability, and interclass coefficients (ICCs), a measure of score
agreement. For ICCs, we used a two-way, mixed-effects model
(Model 3 in Shrout & Fleiss, 1979) with the more conservative
measure of absolute agreement. We also report 95% confidence
intervals (Cls) for ICCs. Additionally, we report generalizability
theory (G theory) measures of overall dependability that were com-
puted using the MATLAB (version R2016a) toolbox, ERA Toolbox
(Clayson & Miller, 2016a).

Internal consistency of the RewP and the FN was examined
using two approaches derived from classical test theory. First, we
computed split-half reliability by calculating the correlation
between averages based on odd- and even-numbered trials, cor-
rected using the Spearman-Brown prophecy formula (Nunnally,
Bernstein, & Berge, 1967). One of the benefits of this approach is
that it includes all available data. That is, all available data are
included in either the odd or even averages. The drawback of split-
half reliability analyses, however, is that it is specific to one possi-
ble way of splitting the data (i.e., odd-numbered vs. even-
numbered trials). Therefore, we also computed Cronbach’s o,
which is roughly equivalent to the mean of all possible split-half
correlations. The primary drawback of Cronbach’s o is that it
requires all participants to have the same number of trials. Thus, as
trial count increases, some participants are excluded from analyses.
All participants had a minimum of 25 good gain and loss trials.
Overall, we present mean amplitudes and internal reliabilities
(Cronbach’s as) at Time 1 and Time 2, and test-retest reliability of
the RewP and FN from Time 1 to Time 2 (i.e., Pearson’s r; mean
time between testing = 6.81 = 1.24 days), both overall and as a

function of increasing trials. The latter analyses provide a sense of
how many trials are required to achieve good psychometric values
for these ERP components. Recent work suggests that psychomet-
ric properties of ERPs may be better understood using G theory
estimates of dependability (Clayson & Larson, 2013; Clayson &
Miller, 2016b), as opposed to the more traditional classical test the-
ory measures. G theory analyses are able to simultaneously consid-
er multiple sources of error variance, and may be a useful tool in
understanding the contribution of each of these possible sources to
our data. Thus, for comparison, we included these measures.

The overall internal reliability of the difference score (ARewP)
was estimated using an adjusted o formula (Furr & Bacharach,
2013). Standard measures of reliability (i.e., split-half or Cron-
bach’s o) have been suggested to be inappropriate for difference
scores because the reliability of difference scores is influenced by
the reliabilities, variances, and intercorrelations of the two contrib-
uting measures (in this case the RewP and the FN). In contrast, the
Furr and Bacharach (2013) adjusted o formula' accounts for these
factors, providing a more accurate assessment of internal
reliability.

Results
Cross-Sectional Psychometrics of RewP and FN

ERP waveforms are depicted in Figure 1. At both Time 1 and Time
2, the mean amplitudes of the RewP and FN gradually stabilized
over the course of the task, leveling off after 10-20 trials (Figure
2). Classical test theory-derived measures showed that the RewP
and FN achieved good to excellent internal consistency at both
Time 1 and Time 2 (see Table 1), as assessed using both split-half
reliability (s ranged from .71-.89) and Cronbach’s o (os ranged
from .81-.88; Gliem & Gliem, 2003). Similarly, generalizability

1. The formula for adjusted alpha proposed by Furr & Bacharach
(2013) is

2 2 -
R sx, Rxx +sy Ryy —2rx,v,5x,5v,
= 2 2 _ ’
SXo + Syo ZrXOYo SX,5Y,
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Figure 2. This figure presents the average amplitude (in uV) of the
reward positivity (RewP) and the feedback negativity (FN) as a function
of the number of trials. Four separate lines are presented to show data
for (1) the FN at Time 1 (solid gray line), (2) the RewP at Time 1 (solid
black line), (3) the FN at Time 2 (dashed gray line), and (4) the RewP
at Time 2 (dashed black line). Time 1 (T1) and Time 2 (T2) are spaced
an average of 6.81 = 1.24 days apart.

theory-derived measures of overall dependability for RewP and FN
at each time point (Table 1) ranged from .79 to .88.

At Time 1, an acceptable internal consistency (Cronbach’s
o > .7) was reached and maintained for both the RewP and FN after
10 trials (Figure 3; final values based on 51 participants without
missing data). At Time 2, acceptable internal consistency for the
RewP (14 trials) and FN (20 trials) required slightly more trials
(Figure 3; final values based on the 53 participants without missing
data).” Similarly, at Time 1, minimum recommended dependability
scores of 0.7 or above (Clayson & Miller, 2016b) were reached for
FN and RewP after 10 trials, while at Time 2, this threshold was
reached for FN after 19 trials and for RewP after 15 trials. ARewP
showed lower internal consistency than either of the two constitu-
ent measures as assessed using adjusted o (Furr & Bacharach,
2013).

Test-Retest Reliability

As shown in Table 2, the FN, RewP, and ARewP? were all signifi-
cantly correlated from Time 1 to Time 2. The effect sizes of these
correlations were large, moderate, and small, respectively (Cohen,

2. It is possible that the reliability of these measures may shift over
the course of the session for many reasons, including fatigue, changes in
attention, or changes in the participant’s comfort. In order to assess for
these cross-session changes, we calculated Cronbach’s as separately for
the first and second half of trials at each session. At Time 1, first-half
gains (« =.80) and second-half gains (¢ =.78) were very close in reli-
ability values as were first-half losses (¢ =.80) and second-half losses
(o =.74). At Time 2, the first and second halves of trials differed some-
what more but still fell in a similar range. Specifically, first-half gains
(x=.75) and second-half gains (z=.67) were both near cutoff for
acceptability, as were first-half losses (x =.62) and second-half losses
(x="71).

3. While ERP difference scores are traditionally calculated by sub-
tracting one of the constituent ERPs from the other, recent studies have
begun to use residualized scores instead. Residualized scores may pro-
vide a more reliable estimate of change than either raw measures (i.e.,
RewP, FN) or subtraction-based difference scores (i.e., ARewP; Cron-
bach & Furby, 1970; DuBois, 1957; Meyer, Lerner, Reyes, Laird, &
Hajcak, in press). Therefore, we also examined the test-retest reliability
of the residualized RewP, calculated using linear regression as the resid-
ual response to gains adjusting for losses. Similar to our findings using
the subtraction-based RewP, this analysis found a small correlation
(r=.22) between the Time 1 and Time 2 residualized RewP, which
trended toward significance (p <.10).

A.R. Levinson et al.

Table 1. Cross-Sectional Measures of Reliability or Depend-
ability of ERPs to Gains, Losses, and the Difference Score at
Time 1 and Time 2

Measure FN RewP ARewP
Time 1 Split-half 0.89 0.89 -
Cronbach’s o 0.83 0.88 -
[95% CIs] [.75, .89] [0.82, 0.92]
Adjusted o - - 0.28
Dependability 0.88 0.87 -
[95% CIs] [0.84, 0.92] [0.83, 0.91]
Time 2 Split-half 0.71 0.82 -
Cronbach’s o 0.81 0.83 -
[95% CIs] [0.73, 0.88] [0.76, 0.89]
Adjusted o - - 0.38
Dependability 0.79 0.83 -
[95% CIs] [0.70, 0.86] [0.76, 0.89]

1992). Similarly, ICCs for the FN, RewP, and ARewP were classi-
fied as good agreement, moderate agreement, and poor agreement
(Portney & Watkins, 2009). In examining test-retest reliabilities of
the RewP and FN as a function of increasing trial counts (Figure 4),
test-retest reliability of the RewP stabilized at its maximum after
approximately 25 trials, while the test-retest reliability of the FN
continued to increase over the full 30 trials.

Discussion

This study used the doors task to examine the internal consistency
and test-retest reliability of the RewP and FN to monetary gains
and losses in a sample of young adults. Consistent with previously
reported findings (Bress et al., 2015), both the RewP and FN
achieved good to excellent internal reliability (all values > .7) with-
in 20 trials of the doors task at both assessments based on split-half
reliability, Cronbach’s o, and G theory measures of overall depend-
ability (Clayson & Miller, 2016b; Gliem & Gliem, 2003). The
overall 1-week test-retest correlations were high for both the RewP
and FN and increased as a function of the number of trials, stabiliz-
ing after roughly 15 trials. Similarly, test-retest ICCs showed mod-
erate to strong agreement, using the stringent absolute agreement
criteria.

For ARewP, internal consistency was notably lower than for the
FN and RewP at each assessment (values of .284 and .375; Bress
et al., 2015; cf. Marco-Pallares et al., 2011). In discussing the
adjusted o formula, Furr and Bacharach (2013) highlight that if the
constituent measures of a difference score are strongly intercorre-
lated or if they have unequal variances, the reliability of the differ-
ence score will necessarily be adversely affected. Given our
particular data set, both of these factors are likely contributing to
the poor internal consistency of ARewP.* Along similar lines, the
test-retest reliability of ARewP was smaller than the FN and RewP.

A current priority in mental health research is to identify and
standardize biomarkers of psychopathology (Insel, 2014). This
research may ultimately help with the accurate detection of psycho-
pathology and the planning of more targeted, personalized treat-
ments. As with any individual difference measure, in order to be
clinically useful, a biomarker must have good psychometric

4. At both Time 1 and Time 2, gains and losses were highly correlat-
ed with one another (rs = .82 and .72, respectively). At Time 1, varian-
ces for gain and loss trials were 44.17 and 29.80, respectively, while at
Time 2, variances for gain and loss trials were 34.91 and 27.99,
respectively.
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Figure 3. This figure presents the internal consistencies (measured using
Cronbach’s o) of the reward positivity (RewP) and the feedback negativ-
ity (FN) as a function of the number of trials. Four separate lines are
presented to show data for (1) the FN at Time 1 (solid gray line), (2)
the RewP at Time 1 (solid black line), (3) the FN at Time 2 (dashed
gray line), and (4) the RewP at Time 2 (dashed black line). Time 1 (T1)
and Time 2 (T2) are spaced an average of 6.81 = 1.24 days apart. The
accepted cutoff in the literature for acceptable reliability (Cronbach’s
o>0.7) is shown as a solid black horizontal line (Gliem & Gliem,
2003).
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Figure 4. This figure presents the test-retest reliability of the reward
positivity (RewP) and the feedback negativity (FN) as a function of the
number of trials. Separate lines are shown for the RewP (shown in
black) and the FN (shown in gray). Reliability is assessed using Pear-
son’s correlations () between Time 1 and Time 2. Time 1 and Time 2
are spaced an average of 6.81 = 1.24 days apart.

properties (Barch & Mathalon, 2011; Cronbach & Meehl, 1955).
The reliability of a measure can be thought to index how much
true score is contained within that measure—in other words, how
much of the variance in the measure is due to the phenomenon
being measured, as opposed to error variance. Thus, the internal
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consistency of a measure also puts a ceiling on how much true
score is available to be associated with other variables (e.g., clinical
correlates). The RewP, FN, and ARewP have all been examined as
potential candidate biomarkers of various forms of psychopatholo-
gy, including depressive symptoms, anxiety symptoms, and behav-
ioral problems (Bress et al., 2012, 2013; Foti & Hajcak, 2009;
Kessel et al., 2016; Kessel, Kujawa, Hajcak Proudfit, & Klein,
2015; Thoma, Edel, Suchan, & Bellebaum, 2015; Zhu et al., 2014).
The most established and replicated of these associations is
between depressive symptoms and the RewP or ARewP, but not
the FN (Bress et al., 2013; Foti & Hajcak, 2009, 2010; Foti, Kotov
et al., 2011). The current study suggests that both FN and RewP
have excellent psychometric properties in terms of both cross-
sectional and test-retest reliability. As has been found previously in
the literature, the difference score (ARewP) had lower reliability
scores. Thus, difference scores are more constrained in the amount
of true score available. A critical issue then is how much reliable
variance relates to other clinical variables. In the case of the
ARewP, although this measure may have less true score variance
than its constituent scores, it appears to relate as well or better than
the RewP or FN to individual differences in depression. This could
be the case if a larger portion of the ARewP true score than RewP
true score variance related to depression.

In the current study, we also found that increased trials were
needed at Time 2 compared to Time 1 in order to reach threshold
reliability. This indicates that, in the current dataset, there was an
increased error variance (i.e., noise) at Time 2. One possible expla-
nation for this finding is that participants may have been less
engaged in the gambling task at second administration. Neverthe-
less, reliability values at Time 1 and Time 2 are similar enough that
this between-session difference may also be spurious. Future
research is needed to replicate this difference between first and sec-
ond task administration.

Internal consistencies and test-retest reliabilities of the RewP
and FN in this sample were adequate and similar to previously
reported results (Bress et al., 2015; Segalowitz et al., 2010). To
date, two papers have previously reported on the internal reliability
of ARewP, and their results were widely divergent from one anoth-
er (Bress et al., 2015; Marco-Pallares et al., 2011). In the current
study and in line with the previous report that employed the doors
task (Bress et al., 2015), ARewP had relatively poor internal consis-
tency. In contrast to these findings, Marco-Pallares and colleagues
(2011) reported significantly higher internal consistency for
ARewP, which may be an artifact of the way in which they calcu-
lated internal consistency. Specifically, Marco-Pallares et al. calcu-
lated consistency (Cronbach’s o) by comparing two values:
ARewP averaged across the first n trials (where n increased from 1
to 59) and ARewP averaged across all 60 trials. However, as the

Table 2. Means, Standard Deviation, and Test-Retest Reliability for ERP Measures from the Doors Task at Time 1 and Time 2

Time 1 Time 2
95% CI 95% CI Time 1 to Time 2 comparison
Mean (SD) Lower bound Upper bound Mean (SD) Lower bound Upper bound Pearson’s r ICC [95% CT]
RewP 15.60 (6.78) 13.83 17.36 14.56 (6.04) 12.98 16.13 45%* .62 [.36, .77]
FN 10.42 (6.87) 8.63 12.21 9.55 (5.18) 8.20 10.90 T .81 [.68, .89]
ARewP 5.18 (4.12) 4.11 6.25 5.01 (4.25) 3.90 6.12 27* 43 [.04, .66]

Note. Qualitative cutoffs for ICCs are as follows: ICCs > .50: poor agreement, .50 < ICC < .75: moderate agreement, .75 < ICC < .90: good agreement,
ICC > .90: excellent agreement (Portney & Watkins, 2009). ICC = intraclass correlation coefficient; CI = confidence interval.

#p < .05. #*p < 01,
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subset of trials approaches the full 60 trials, these subaverages
become mathematically more similar (i.e., eventually identical) to
the overall average. Rather than assessing internal reliability, the
measure employed by Marco-Pallares and colleagues (2011) actu-
ally provides an estimate of how well subaverages based on fewer
trials relate to overall ERP averages.

Taken together, our data indicate that the RewP and FN, as eli-
cited by the doors task, have good psychometric properties in a
healthy adult sample within 20 trials. Furthermore, we find that the
particular analytical strategy employed did not produce great varia-
tion in our data. Specifically, both classical test theory reliability
measures and G theory dependability measures produced very sim-
ilar psychometric profiles of the data. The somewhat weaker psy-
chometric properties of ARewP are expected, given that
reliabilities are expected to be weaker for difference scores (Furr &
Bacharach, 2013; Williams & Zimmerman, 1977). Furthermore,
the strong correlations between the two constituent measures
(RewP and FN) and the unequal variances of those measures neces-
sarily yield a smaller o for ARewP (Furr & Bacharach, 2013). The
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influence of these factors is apparent in the substantially smaller
internal consistency at Time 1, when the RewP and FN were more
highly correlated and their variances were more unequal, compared
to Time 2. While the findings in the present sample indicate that, in
some cases, future research employing the doors task may be justi-
fied in reducing participant burden by employing fewer trials, the
number of trials required to obtain an acceptably reliable averaged
ERP value will vary from sample to sample. Future research might
further examine the psychometric properties of these ERPs in clini-
cal samples and in other age groups (children and older adults), as
psychometric properties may function differently in these popula-
tions. Furthermore, it is recommended that psychometric properties
of ERPs (i.e., internal consistency) are reported in each data set and
sample, as a standard practice in ERP research, especially for studies
examining the relationships between ERPs and other measures of
individual differences. Finally, we recommend that future research
employing these (or any) ERP components report the number of trials
used to compute averaged values, as this study illustrates how the
reliability of these measures shifts as a function of trial number.
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