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Are go/no-go tasks preferable to two-choice tasks in response time
experiments with older adults?
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aDepartamento de Metodología and ERI-Lectura, Universitat de València, Spain; bBCBL. Basque Center on Cognition, Brain, and
Language, Donostia, Spain; cPsychology Department, DePaul University, Chicago, IL, USA

ABSTRACT
Recent research has shown that, in response time (RT) tasks, the go/no-go response
procedure produces faster (and less noisy) RTs and fewer errors than the two-choice
response procedure in children, although these differences are substantially smaller in
college-aged adults. Here we examined whether the go/no-go procedure can be
preferred to the two-choice procedure in RT experiments with older adults (i.e. another
population with slower and more error-prone responding than college-aged
individuals). To that end, we compared these response procedures in two experiments
with older adults (Mage = 83 years): a visual word recognition task (lexical decision) and
a perceptual task (numerosity discrimination). A group of young adults (Mage = 31
years) served as a control. In the lexical decision experiment, results showed a go/no-
go advantage in the mean RTs and in the error rates for words; however, this was not
accompanied by less noisy RT data. The magnitude of the word-frequency effect was
similar in the two response procedures. The numerosity discrimination experiment did
not reveal any clear differences across response procedures, except that the RTs were
noisier in the go/no-go procedure. Therefore, we found no compelling reasons why the
go/no-go procedure should be preferred over the two-choice procedure in RT
experiments with older adults.
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It was nearly 150 years ago when Franciscus
Donders started the study of mental chronometry.
In his influential paper “On the speed of mental
processes,” Donders (1868/1969) distinguished
between choice and go/no-go tasks. In Donders’
original choice task, participants were presented
with one of several syllables (ka, ke, ki, ko, ku) and
were asked to pronounce (repeat) the syllable (i.e.
“say ‘ka’ if you hear ‘ka’, say ‘ke’ if you hear ‘ke’
… ”). In the go/no-go task, participants were also
presented with one of several syllables (ka, ke, ki,
ko, ku), but they were asked only to respond to
one of them (i.e. “say ‘ka’ if you hear ‘ka’, but do
not respond if you hear another syllable”). Donders
(1868/1969) found faster response times (RTs) in
the go/no-go task than in the choice task and
argued that this was due to a simpler “response
organisation” stage in the go/no-go task (see
Gordon, 1983, for a similar reasoning). While the

participants in the Donders experiment were asked
to pronounce a syllable, the typical scenario in con-
temporary choice and go/no-go RT experiments
involves pressing one or two keys. For instance, in
the two-choice version of the lexical decision task
(i.e. the most popular task in visual word recog-
nition), participants are instructed to press a key
for words and another key for nonwords, whereas
in the go/no-go lexical decision task, participants
are instructed to press a key for words and to
refrain from responding to nonwords.1

Currently, the vast majority of RTs experiments
with older adults employ two-choice rather than
go/no-go response procedures (e.g. see Ratcliff,
Thapar, & McKoon, 2007, for review). Given that RTs
and error rates are typically higher in older adults
than in college-aged adults, a theoretically and
methodologically interesting question to ask is
whether the go/no-go procedure, due to its simpler
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1In some go/no-go lexical decision experiments, participants are asked to press a key for nonwords and refrain to respond to words (e.g., Perea,
Gomez, & Fraga, 2010; Perea, Rosa & Gómez, 2005).
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response organization, could be preferable to the
two-choice procedure in RT experiments with older
adults. Indeed, a parallel case has already been
made for RT experiments with children (i.e. another
population with slower and more error-prone
responding than college-aged adults). In children,
RTs in lexical decision are substantially shorter (and
less noisy) with the go/no-go response procedure
than with the two-choice response procedure; fur-
thermore, this goes accompanied by lower rates of
omissions and false alarms (e.g. see Gomez &
Perea, 2012; Moret-Tatay & Perea, 2011; Perea,
Soares, & Comesaña, 2013). For instance, Moret-
Tatay and Perea concluded: “the go/no-go lexical
decision task should be the preferred choice when
conducting lexical decision experiments with
young readers” (p. 131). As a result, the go/no-go
response procedure is now becoming the standard
method in RT experiments with children (e.g. Perea,
Abu Mallouh, & Carreiras, 2013; Soares, Perea, &
Comesaña, 2014; Wang, Castles, & Nickels, 2012).

The present experiments have both theoretical
and methodological goals. The main theoretical
goal is to examine the nature of the impact of the
response procedure on standard RT tasks with
older adults. Three outcomes are plausible: (i) per-
formance across different RT tasks is similarly
affected by the introduction of the two-choice
response procedure relative to the (allegedly
simpler) go/no-go procedure, hence supporting
the idea that the “response organisation” stage
plays an important role in RT experiments; (ii) per-
formance across different RT tasks is unaffected,
thus suggesting that “response organisation” is
mostly automatic and task-independent; and iii) per-
formance is affected in some RT tasks but not in
others, hence suggesting that “response organis-
ation” interacts with the core processes of such tasks.

The methodological goal is to explore if the go/
no-go procedure should be preferred over the
two-choice procedure in RT experiments with older
adults. To choose between the two procedures, we
considered four criteria (see Perea, Rosa, & Gómez,
2002, for discussion): (i) the speed of RTs (i.e. the
faster the RTs, the less likely they can be affected
by ancillary, task-specific processes); (ii) the noise
in the RT data (i.e. the less variability in the data,
the higher the sensitivity of the task); (iii) the
number of omission errors and false alarms (i.e. the
fewer the errors, the most likely that the effects of

the critical factors are reflected in the RTs); and (iv)
sensitivity to theoretically relevant experimental
manipulations—note that it has been claimed that,
because of its simpler “task-specific decisional/
motor demands” (Perea, Abu Mallouh, & Carreiras,
2014, p. 493), the go/no-go procedure can be
more sensitive to small-sized effects than the two-
choice procedure (see Bacon-Macé, Kirchner,
Fabre-Thorpe, & Thorpe, 2007; Grice & Reed, 1992).

Only a few RT experiments have directly com-
pared the two-choice procedure and the go/no-go
procedure with older adults (Allen, Madden,
Weber, & Groth, 1993; Allen, Weber, & Madden,
1994). In a lexical decision experiment with older
adults (Mage = 70 years), Allen et al. (1993) found
faster RTs in the go/no-go procedure than in the
two-choice procedure—note that this go/no-go
advantage was larger with older adults than with a
group of young adults (120 vs. 38 ms, respectively).
The effect under investigation (i.e. the effect of
word-frequency: high- vs. low-frequency words)
did not interact with response procedure. Despite
the fact that RTs were substantially faster in the
go/no-go than in the two-choice procedure, the
across-participants RT variability (i.e. a marker of
noise in the latency data) was similar in the two pro-
cedures (older adults: 136 vs. 154 ms, respectively).
In addition, error rates on words were only slightly
higher in the two-choice procedure than in the go/
no-go procedure (1.2% for older adults and 2.6%
for young adults)2. Allen et al. (1993) interpreted
these differences in terms of greater “response
selection load” in the two-choice than in the go/
no-go procedure. In a visual search experiment
(e.g. “does the target contain a K?”), Allen et al.
(1994) also found faster RTs in go/no-go procedure
than in the two-choice procedure—again, the go/
no-go advantage was larger with older than with
young adults (169 vs. 109 ms, respectively). The
effect size of the “target redundancy gain” (i.e. the
effect under investigation in their study) was larger
for older than for young adults, and it was also
larger in the go/no-go procedure than in the two-
choice procedure, but age and task procedure did
not interact. The across-participant variability in
the group of older adults was smaller in the go/no-
go than in the two-choice procedure (95 vs. 144
ms, respectively). Error rates were also lower in the
go/no-go procedure than in the two-choice pro-
cedure (3.0 vs. 7.3% in the groups of older and

2We thank Philip Allen for sharing these data with us.
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young adults, respectively). Taken together, the
experiments of Allen et al. (1993, 1994) suggest
that the go/no-go procedure produces an advan-
tage over the two-choice procedure in the mean
RTs and error rates. However, the evidence concern-
ing which response procedure is more sensitive to
the experimental manipulation is unclear: while
Allen et al. (1993) found a similar word-frequency
effect in the two procedures, Allen et al. (1994)
found a greater target redundancy gain in the go/
no-go procedure than in the two-choice procedure
(see also Grice & Reed, 1992, for a greater target
redundancy gain in the go/no-go procedure than in
the two-choice procedure with college-aged adults).

In addition, a number of RT experiments have
compared the go/no-go and two-choice procedures
in college-aged adults. In the lexical decision task,
the data have consistently revealed faster RTs and
fewer errors to word stimuli in the go/no-go than
in the two-choice procedure; however, the evidence
concerning the variability in the RT data and the
false alarm rate is inconclusive (e.g. see Gordon,
1983; Perea et al., 2002). To compare in detail the
intricacies of the go/no-go and two-choice pro-
cedures with college-aged students, Gomez, Ratcliff,
and Perea (2007) conducted a series of experiments
using a variety of tasks (lexical decision, recognition
memory, and numerosity discrimination). Further-
more, they examined if the differences across
response procedures involved changes in core deci-
sional processes or rather changes in ancillary pro-
cesses. To that end, they employed a widely used
mathematical model of RT tasks, namely, Ratcliff’s
(1978) diffusion model. On the basis of the accuracy
data and the RT distributions for correct/error
responses in each of condition, the diffusion
model provides parameter values of the underlying
cognitive processes in RT tasks: (i) core decisional
processes (i.e. the quality of information extraction
entering the decision process: drift rates in the diffu-
sion model); and ii) ancillary processes (i.e. time of
encoding and response execution (Ter in the
model) and decision criteria (i.e. a or z in the
model); see Gomez, Perea, & Ratcliff, 2013; Ratcliff,
Gomez, & McKoon, 2004, for extensive discussion)3.
Importantly, across the various tasks with the go/
no-go and two-choice response procedure, Gomez

et al. (2007) found that the differences across task
procedures occurred in the parameters related to
ancillary processes (i.e. decision criteria, Ter) rather
than in the parameter related to core processes
(i.e. drift rates) and concluded: “the go/no-go pro-
cedure has rather limited benefits compared with
the two-choice procedure” (p. 411). Nonetheless,
the story may be more complex in experiments
with other populations (e.g. children or older
adults), as college-aged adults presumably enjoy
optimal quality of information entering the decision
process (i.e. drift rates). There is evidence that shows
that drift rates in children are substantially smaller
than those in college-aged adults (Ratcliff, Love,
Thompson, & Opfer, 2012). Gomez and Perea
(2012) replicated this pattern (i.e. lower drift rates
for developing readers than for college-aged
adults). Importantly, Gomez and Perea found that,
in children, response procedure (go/no-go vs. two-
choice) affected core processes in two RT tasks
(lexical decision and numerosity discrimination):
drift rates were higher in the go/no-go than in the
two-choice procedure. However, with older adults,
the evidence concerning the modulation of drift
rates as a function of age is not conclusive and
seems to be domain-dependent. On the one hand,
Ratcliff, Thapar, and McKoon (2007) reported that
the drift rates remained intact (i.e. no decline) with
age in a number of two-choice-tasks including
lexical decision (i.e. drift rates were approximately
similar for 75- to 90-year-olds as for college-aged
students). On the other hand, Spaniol, Madden,
and Voss (2006) found higher values in the drift
rate parameter for younger than for older adults in
two recognition memory experiments.

In the current series of experiments, we examined
whether the go/no-go procedure is preferable to the
two-choice procedure in RT experiments with older
adults (Mage = 83 years). A group of young adults
served as a control (Mage = 31 years). Note that,
unlike other studies in which the comparison
group is a college-aged sample that participated as
a requirement in an undergraduate class, we used
a post-college sample that participated as volun-
teers, just like the older adults. To reach wide-
ranging conclusions, we compared the go/no-go
vs. two-choice procedures in two very different

3For instance, when there are changes in drift rate across conditions (e.g., high-frequency words vs. low-frequency words in lexical decision), the
slower condition (i.e., low-frequency words) shows a larger positive asymmetry and more errors than the faster condition (Gomez et al., 2007);
in contrast, when there are only changes in the time of encoding and response execution across conditions (e.g., masked repetition priming: iden-
tity vs. unrelated conditions; word rotation: 0° vs. 45°), there is only a shift in the RT distributions (see Gomez, Perea, & Ratcliff, 2013; Gomez & Perea,
2014).
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tasks (see Gomez et al., 2007, for a similar approach).
In Experiment 1, we employed the most popular task
in visual word recognition: lexical decision (“is the
item a word?”). To examine if response procedure
affects core processes during lexical access in older
adults, we also manipulated an index of difficulty
of lexical access: word-frequency (high-frequency
words vs. low-frequency words). In Experiment 2,
we employed a perceptual task: a numerosity dis-
crimination task (“are there more than 50 dots?”;
Espinoza-Varas & Watson, 1994; see also Gomez
et al., 2007; Ratcliff, Van Zandt, & McKoon, 1999).
To examine if response procedure affects the core
processes in the numerosity discrimination task
with older adults, we manipulated an index of task
difficulty: easy (27–35, 65–73 dots) vs. difficult (36–
44, 56–64 dots). As in previous research, task pro-
cedure (go/no-go vs. two-choice) was manipulated
within-subjects (e.g. see Allen et al., 1993; Gomez
et al., 2007; Perea et al., 2002).

Experiment 1 (lexical decision task)

The predictions for the current lexical decision
experiment are straightforward: if the pattern of
data with older adults is similar to that obtained
with children (i.e. faster RTs, less noisy RTs, fewer
omission errors, and fewer false alarms in the
go/no-go than in the two-choice procedure), the
go/no-go procedure should be the preferred
method in lexical decision experiments with
older adults—at least if the go/no-go procedure
is as sensitive to the effect under scrutiny (i.e.
word-frequency) as the two-choice procedure.
Alternatively, if the pattern of data with older
adults is similar to that obtained with college-
aged adults (i.e. faster RTs and fewer omission
errors, but no effect in the variability of the RTs
or in the rate of false alarms), the two-choice pro-
cedure should continue to be the preferred
method with older adults—note that, ceteris
paribus, the two-choice procedure provides more
data points than the go/no-go procedure and,
thereby it may be more constraining for theoreti-
cal models (see Gomez et al., 2007).

Method

Participants

16 older adults (11 female; Mage = 82.7 years; SD =
5.3; range: 71–93) and 16 young adults (10 female;

Mage = 31.3 years, SD = 3.4, range: 28–37) took part
voluntarily in the experiment and gave written
informed consent. All participants had normal (or
corrected-to-normal) vision, were native speakers
of Spanish, and reported reading on a daily basis.
The young adults were recent graduates from the
University of Valencia. The older adults had been
recruited in two retirement homes in Valencia,
Spain. None of the older adults had any cognitive
impairment, as deduced from the results of the
Spanish adaptation of the Mini-Mental-State-Exam-
ination (Folstein, Folstein, & McHugh, 1975; Lobo
et al., 1999) (M = 33.25; the maximum value is 35 in
the Spanish adaptation) and from the assessment
of two psychologists at the retirement homes. Par-
ticipants were also excluded if they had any
medical, psychiatric, or neurological problems,
including mood disorders or anxiety. To discard
any potential participant in a depressive mood, we
employed the Geriatric Depression Scale (Yesavage
et al., 1983; Spanish adaption by Martínez de la
Iglesia et al., 2002) (M = 4.3). None of the participants
had motor skills disorders in their arms or hands.
One of the participants in the “older adult” group
was replaced because did not follow the instructions
(error rates were above 40%).

Materials

We selected 120 Spanish words of five letters from
the B-Pal database (Davis & Perea, 2005): 60 high-fre-
quency words (M = 147 occurrences per million) and
60 low-frequency words (M = 10 occurrences per
million). We also employed 120 orthographically
legal pseudowords. This set of words/pseudowords
was the same as in experiment with developing
readers conducted by Moret-Tatay and Perea
(2011). Two lists of stimuli were created: 60 words
(30 low-frequency and 30 high-frequency words)
and 60 pseudowords were randomly assigned to
List 1. The remaining 60 words and 60 pseudowords
were assigned to List 2. Half of the participants were
assigned List 1 in the first block, and List 2 in the
second block; the other half was assigned the lists
in the reverse order. Each block was preceded by
16 practice trials to familiarise participants with the
task.

Procedure

The experiment took place in a silent room with
groups of up to four participants. DMDX software
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(Forster & Forster, 2003) was employed to present
the stimuli and register the participants’ responses.
The sequence of a given trial was the following: (1)
a fixation point (+) was presented for 500 ms in
the centre of the screen; (2) a lowercase 14-pt
Times Roman item was presented in the centre of
the screen until the participant’s response—or
until 2500 ms had elapsed. In the go/no-go block,
participants were instructed to press the “sí” (yes)
button when the letter string was a Spanish word
and refrain from responding if the letter string was
not a word. In the two-choice block, participants
were instructed to press the “sí” (yes) button when
the letter string was a Spanish word, and to press
the “no” button when the letter string was not a
word. Both speed and accuracy were stressed in
the instructions. Responses to words were made
with the participant’s dominant hand. Stimulus pres-
entation was randomised for each participant. The
session lasted approximately 12–16 min.

Results and discussion

Incorrect responses and RTs shorter than 250 or
longer than 2000 ms (less than 0.7 and 0.1% for
word stimuli in the older and young adult groups,
respectively) were excluded from the RT analyses.
The mean and standard deviation RTs for correct
responses and the error rates for each condition
are displayed in Table 1. For the word data, analyses
of variance (ANOVAs) based on the participants’
mean RTs, standard deviation RTs, and percent
error were conducted on the basis of a 2 (response
procedure: go/no-go, two-choice) × 2 (word-fre-
quency: high, low) design4. For the nonword data,
ANOVAs based on the participants’ percent error
were conducted on the basis of a single factor
with two levels (response procedure: go/no-go,
two-choice) design.

Word data

Lexical decision times were, on average, 331 ms
faster in the group of young adults than in the
group of older adults (552 vs. 883 ms, respectively),
F(1,30) = 47.49, η2 = .61, p < .001. In addition, lexical
decision times were, on average, 55 ms faster on
high-frequency words than on low-frequency
words, F(1,30) = 75.0, η2 = .71, p < .001. More

importantly, lexical decision times were, on
average, 80 ms faster in the go/no-go procedure
than in the two-choice procedure, F(1,30) = 17.43,
η2 = .37, p < .001. The effect of word-frequency was
comparable in the two procedures, as deduced
from the lack of interaction between these two
factors, F < 1. The interaction between Age and Pro-
cedure was significant, F(1,39) = 4.55, η2 = .12,
p = .04. This interaction revealed that the go/no-go
advantage was larger with older adults than with
young adults (121 vs. 39 ms; older adults: F(1,15) =
12.34, η2 = .45, p = .003; young adults: F(1,15) =
8.41, η2 = .36, p = .011).

The ANOVA on the standard deviation RTs
showed that there was more variability in the data
from the older adults than in the data from the
young adults, F(1,30) = 33.31, η2 = .53, p < .001. In
addition, there was more variability in the data
from low-frequency words than in the data from
high-frequency words, F(1,30) = 16.14, η2 = .35,
p < .001. The other effects/interactions did not
approach significance (all ps > .25).

The ANOVA on the error data for words revealed
that older adults committed more errors than the
young adults, F(1,30) = 11.53, η2 = .28, p = .002. Par-
ticipants committed more errors on low-frequency
words than on high-frequency words, F(1,30) =
8.01, η2 = .21, p = .008, and participants made com-
mitted errors in the two-choice than in the go/no-
go procedure, F(1,30) = 11.13, η2 = .27, p = .002. The
three-way interaction between Age, Procedure
and Word-frequency was significant, F(1,30) = 6.45,
η2 = .17, p = .019. This reflected that the effect of
word-frequency was greater in the two-choice

Table 1. Mean RTs (in ms), percentage of errors (in
parentheses), and mean standard deviation across
participants in the RT data (in ms, in italics) for the stimuli
in Experiment 1 (lexical decision task).

Word frequency

PseudowordsLow High

Younger adults
Go/no-go
procedure

556 (0.0) 119 508 (0.0) 74 – (0.5)–

Two-choice
procedure

591 (2.3) 117 552 (0.7) 89 617 (1.7) 111

Older adults
Go/no-go
procedure

851 (1.0) 195 793 (0.4) 181 – (15.3)–

Two-choice
procedure

978 (5.8) 170 908 (1.7) 204 1148 (15.0) 234

4Neither list (list 1, list 2) nor order (go/no-go → two-choice, two choice → go/no-go) had any impact on any of the dependent variables, and they
were not included in the reported ANOVAs.
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procedure than in the go/no-go procedure—note
that this was essentially due to a floor effect in the
go/no-procedure (see Moret-Tatay & Perea, 2011,
for a similar interaction with developing readers).

Pseudoword data

The ANOVA on the error rates on pseudowords (i.e.
false alarm rates) showed that older adults made
more errors than the young adults, F(1,30) = 10.39,
η2 = .26, p = .003. Neither the effect of task pro-
cedure not the interaction between the two factors
approached significant (both Fs < 1).

Overall, the current lexical decision experiment
showed that older adults had longer RTs, noisier
RT data, and more errors than young adults.
Leaving aside these differences, the go/no-go vs.
two-choice procedures produced a similar pattern
to that reported in previous experiments with
college-aged adults (e.g. see Gomez et al., 2007;
Perea et al., 2002): (i) RTs were faster in the go/no-
go procedure than in the two-choice procedure—
note that the go/no-go advantage in the mean RTs
was larger with older adults than with young
adults (see Allen et al., 1993, for a similar interaction);
(ii) there were fewer errors to word stimuli in the go/
no-go than in the two-choice procedure; (iii) there
were no differences across task procedures in the
error rates to pseudowords (i.e. false alarms); (iv)
there were no differences across task procedures
in the variability of the RT data; and (v) the magni-
tude of the word-frequency effect was similar in
the two task procedures. Taken together, the differ-
ences across response procedures can be readily
explained in terms of differences in ancillary, task-
specific processes in a diffusion model (e.g. time of
encoding and response execution; decision criteria)
rather than in core decisional processes (drift rates;
see Gomez et al., 2007). We defer a more in-depth
analysis of this issue, including the analysis of the
RT distributions, until the General Discussion.

The question now is whether the differences
between the go/no-go vs. two-choice procedures
also arise when using a non-verbal, perceptual
task: the numerosity discrimination task (“are there
more than 50 dots?”). This is the goal of Experiment
2. We also manipulated the difficulty of the task
(“easy” trials [27–35, 65–73 dots], “difficult” trials
[36–44, 56–64 dots]). If the go/no-go advantage
were due to a simpler “response organisation” that
does not interact with the specific RT task, one
would expect faster RTs in the go/no-go version of

the numerosity discrimination task than in the
two-choice version of the task. Nonetheless, in a
numerosity discrimination experiment with
college-aged adults, Gomez et al. (2007) did not
find any differences due to response procedure
(go/no-go vs. two-choice) in the mean RTs or in
the RT distributions—the only difference was that
the go/no-go procedure produced fewer errors
than the two-choice procedure, particularly for
“go” responses.

Experiment 2 (numerosity discrimination
task)

Method

Participants
The participants were the same as in Experiment
1. Half of them had participated in Experiment 1
the previous month and the other half took part in
Experiment 1 one month later.

Materials
For the condition with a “low” number of dots (i.e. less
than 50 dots in a 10 × 10 grid), the number of dots
was generated by randomly sampling from a
uniform distribution with end points 27 and 44—
there were 72 “low” trials. For the condition with a
“high” number of dots (i.e. more than 50 dots in a
10 × 10 grid), the number of dots was selected by ran-
domly sampling from a uniform distribution with end
points 56 and 73—there were 72 “high” trials. For
comparison purposes with Experiment 1, we col-
lapsed the data into two groups (interval size = 9):
“easy” trials (27–35 and 65–73 dots) and “difficult”
trials (36–44 and 56–64 dots).

Procedure
Participants were tested, in groups of up to four indi-
viduals, in a quiet room. We employed DMDX
(Forster & Forster, 2003) to present the stimuli and
register the participants’ responses. This is the
sequence of a given trial: (1) there was a fixation
point (“+”) at the centre of the computer screen
for 500 ms; (2) a matrix of dots was presented in a
10 × 10 grid until the participant responded or
until 2000 ms had passed. In the go/no-go block,
participants were instructed to press the button
labelled as “+” when the number of dots was high
(more than 50) and refrain from responding when
the number of dots was low (less than 50). In the
two-choice block, participants were instructed to
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press a key labelled as “+”when the number of dots
was high (more than 50) and to press a key labelled
as “−” when the number of dots was low (less than
50). As in previous experiments with this task (e.g.
Gomez et al., 2007), participants received accuracy
feedback after each trial. The “+” responses were
made with the participant’s dominant hand. All par-
ticipants received the two task procedures in same
experimental session: half of the participants per-
formed the go/no-go block first, while the other
half performed the two-choice block first. The
entire session took around 14–18 min.

Results and discussion

Incorrect responses and RTs shorter than 250 ms or
longer than 2000 ms were excluded from the
latency analyses (less than 1.2% for the older
adults, less than 0.1% for the younger adults). The
mean and standard deviation RTs for correct
responses and the error rates are displayed in
Table 2. ANOVAs based on the participants”
response latencies (both mean RTs and standard
deviation RTs) for the “high number of dots’
responses were conducted on the basis of a 2
(response procedure: go/no-go, two-choice) × 2 (dif-
ficulty: easy, difficult) design. The statistical analyses
on the error data were similar to the RT analyses,
except that “number of dots” (low, high) was also
included as a factor in the design.

Latency data (high number of dots)

The ANOVA on the mean RTs showed that young
adults were, on average, 243 ms faster than the
older adults, F(1,30) = 22.60, η2 = .43, p < .001. In
addition, RTs were, on average, 70 ms faster in the
easy trials than in the difficult trials, F(1,30) =
107.93, η2 = .78, p < .001. None of the effects/inter-
actions approached significance, all ps > .14.

The ANOVA on the standard deviation RTs
revealed that there was more variability in the data
from the older adults than in the data from the
young adults, F(1,30) = 16.40, η2 = .35, p < .001. In
addition, there was more variability in the RT data
from difficult trials than in the RT data from easy
trials, F(1,30) = 57.01, η2 = .66, p < .001. Furthermore,
there was more variability in the go/no-go pro-
cedure than in the two-choice procedure, F(1,30) =
4.32, η2 = .13, p = .046. None of the other effects/
interactions approached significant, all ps > .29.

Error data

The ANOVA on the error data revealed that older
adults made more errors than young adults, F
(1,30) = 7.27, η2 = .20, p = .011. There were no signs
of a difference between the number of errors in
the go/no-go and two-choice procedures, F < 1. In
addition, participants committed more errors for
the difficult trials than for the easy trials, F(1,30) =
98.05, η2 = .77, p < .001. The effect of difficulty was
greater for the older adults than for the young
adults (10.4% vs. 4.5%, respectively), as deduced
from the interaction between Difficulty and Age, F
(1,30) = 15.19, η2 = .34, p = .001. None of the other
interactions was significant (all ps > .10).

To summarise, results from Experiment 2 showed
that, in a numerosity discrimination task, mean RTs,
standard deviation RTs, and error rates were higher
in older than in young adults. More importantly for
our goals, the numerosity discrimination task did
not reveal any signs of a difference in the mean
RTs across response procedures; furthermore, the
two procedures were equally sensitive to the effect
of difficulty. Note, however, that for older adults,
accuracy was slightly higher in the go/no-go pro-
cedure for all conditions. Finally, the variability in
the RT data was higher (not smaller as expected)
in the go/no-go procedure than in the two-choice
procedure.

General discussion

The present experiments had (inter-related) meth-
odological and theoretical goals. In terms of the
main methodological aim, we examined if the go/
no-go procedure should be the preferred method
of data collection for RT experiments with older
adults. The go/no-go response procedure is becom-
ing the preferred method in RTs experiments with
children because it produces faster RTs, less noisy
data, and fewer error responses than the two-
choice procedure (e.g. Perea, Soares, et al., 2013;
Soares et al., 2014; Wang et al., 2012). Would the
same principles apply to older adults (i.e. another
population that yields longer RTs and more errors
than college-aged adults)? We conducted two RT
experiments with older adults: a word recognition
task (lexical decision task) and a perceptual task
(numerosity judgment task). In the lexical decision
task (Experiment 1), responses to words were
faster and more accurate in the go/no-go procedure
than in the two-choice procedure—this effect was
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greater for older adults than for young adults, thus
replicating the pattern reported by Allen et al.
(1993). Importantly, the effect under investigation
(i.e. the word-frequency effect) was similar in mag-
nitude with the two response procedures. Further-
more, neither the variability in the RT data nor the
false error rates (i.e. “word” responses to pseudo-
words) was affected by response procedure. In the
numerosity discrimination task (Experiment 2), we
found no differences in the mean RTs or error
rates across response procedure. The effect of diffi-
culty (number of dots close to 50 vs. distant from
50) was of similar magnitude in the go/no-go and
two-choice procedures—this effect was greater for
older adults than for young adults in the error
data. Furthermore, in the numerosity discrimination
experiment, the go/no-go procedure yielded noisier
RT data than the two-choice procedure. Taken
together, results did not support the notion that
the go/no-go response procedure should be pre-
ferred to the two-choice response procedure in
older adults.

The main theoretical aim was to determine if, in
older adults, the (alleged) increased demands due
to “response organisation” in the two-choice
response procedure would affect the core processes
in a lexical decision task and in a (perceptual) numer-
osity discrimination task. Unfortunately, as is often
the case in psychology experiments, the answer to
this question is nuanced and tentative. While there
is a main effect of response procedure on lexical
decision performance, there is no sign of an effect
of response procedure on the numerosity discrimi-
nation task. The present results lead us to revisit
the Gomez et al. (2007) article that featured similar
experiments as those reported here, but with
college-aged adults. A feature of the data that was
not discussed by Gomez et al. (2007) was that the
numerosity discrimination experiments showed
effects of go/no-go vs. two-choice procedures that
were dramatically smaller than the effects obtained
in their lexical decision experiments. Indeed, the

only difference between the performance by older
adults in our numerosity experiment and in the
Gomez et al. (2007) experiment is that they found
greater accuracy (for “go” but not for “no-go”
responses) in the go/no-go procedure than in the
two-choice procedure. In the current experiment,
there was an overall improvement in accuracy, but
it was not statistically significant.

Notably, the pattern of data in the lexical decision
experiment with older adults was similar to that
obtained in experiments with college-aged adults
(e.g. Gomez et al., 2007; Perea et al., 2002): there
was an advantage of the go/no-go procedure in
the mean RTs and in the number of errors to
words (i.e. “nonword” responses to word stimuli).
However, the magnitude of the word-frequency
effect was approximately similar in the two pro-
cedures, and there were no differences in the varia-
bility of the RTs across procedures. To explore in
further detail the similarities/differences between
the two response procedures, we examined the RT
distributions (e.g. Ratcliff, 1978; see also Gomez
et al., 2007, for similar RT distributional analyses).
The group RT distributions in the lexical decision
task are displayed in Figure 1. Each column of dots
represents the five RT quantiles (.1, .3, .5, .7, and .9)
per condition, whereas the abscissas represent accu-
racy. Unsurprisingly, the asymmetry is larger for the
low-frequency words than for the high-frequency
words in the two procedures: this can be easily mod-
elled as a change in drift rates in the diffusion model
(see Gomez et al., 2007, for discussion). (Note that
changes in drift rate across conditions necessarily
imply that the RT distribution of the slower con-
dition is more asymmetric than the RT distribution
of the faster condition.) But the relevant point here
is that the shape of the RT distributions is similar
in the two procedures (i.e. there is just a shift in
the RT distributions). This is exactly the same
pattern of RT distributions reported by Gomez
et al. (2007) with college-aged students, the only
difference being that the go/no-go advantage in

Table 2. Mean RTs (in ms), percentage of errors (in parentheses and mean standard deviation across participants in the RT
data (in ms, in italics) for the stimuli in Experiment 2 (numerosity discrimination task).

“Low” number of dots “High” number of dots

Easy Difficult Easy Difficult

Young adults
Go/no-go procedure – (3.9) – – (9.4) – 490 (0.3) 98 550 (2.1) 143
Two-choice procedure 554 (2.4) 128 571 (7.6) 111 493 (1.2) 86 548 (6.6) 135
Older adults
Go/no-go procedure – (1.9) – – (14.6) – 702 (4.0) 156 748 (12.2) 222
Two-choice procedure 732 (3.8) 136 817 (17.0) 178 696 (5.2) 134 761 (12.7) 193
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RTs is greater with older adults than with young
adults (see also Allen et al., 1993, for a similar inter-
action). For simplicity’s purposes, we did not
conduct any fits on the diffusion model in the
present experiments. What we should note,
however, is that, pending some formal analyses,
the geometry of the model allows us to make
some basis predictions on the basis of the RT distri-
butions and the accuracy data.

Thus, as in the Gomez et al. (2007) lexical decision
experiments with college-aged adults, the differ-
ences between response procedures (go/no-go vs.
two-choice) with older adults can be accounted for
in terms of non-decisional time (i.e. time of encoding
and response execution) and changes in decision
criteria rather than in the evidence accumulation
process (i.e. the quality of extraction of information:
drift rates) in a diffusion model. This reasoning is con-
sistent with the claims that, in lexical decision, the
quality of extraction of information (i.e. drift rates)
is approximately similar in college-aged students
and in older adults (see Ratcliff et al., 2007). Specifi-
cally, Ratcliff et al. (2007) accounted for the

differences in RTs between young and older adults
in lexical decision in terms of differences in the
time of encoding and response execution (Ter) and
in the decision criteria (i.e. older adults are more con-
servative in their decision thresholds than the young
participants)—note that the scenario can be differ-
ent in RT experiments with children, as the quality
of extraction of information in children is lower
than in adults (Ratcliff et al., 2012; see also Gomez
& Perea, 2012).

Revisiting the diffusion model fits in the Gomez
et al. (2007) paper reveals that in the lexical decision
task, the effect of RT on the parameter termed Ter (i.e.
time of encoding and response execution) was three
times larger in the lexical decision task than in the
numerosity discrimination task. This difference was
overlooked by Gomez et al. (2007), and given that
there was an effect of response procedure in the
two experiments (even if it was very different in
size), it was attributed to the time of encoding and
response execution. We believe that this interpret-
ation should be reviewed: recent work suggests
lexical factors (e.g. word-frequency) influence the

Figure 1. The two panels show the Accuracy-Quantile plots for older adults (top panel) and young adults (bottom panel) in
the lexical decision experiment. The data from the go/no-go procedure tasks are in black and the data from the two-choice
procedure are in red. The x-axis represents the accuracy (probability of correct responses) while the y-axis represents the
latency. The columns of points are the latencies at the .1, .3, .5, .7, and .9 quantiles (in ms). The responses to the different
types of items are represented as follows: H = high-frequency words, L = low-frequency words, N = nonwords. Because
there are no latencies for nonwords in the go/no-go procedure, the accuracy is represented by the dotted line (at .847).
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Ter parameter (see Gomez & Perea, 2014). As indi-
cated earlier, this parameter is associated to shifts
in the RT distributions. To that end, we examined
the RT distributions for the numerosity discrimi-
nation task. As can be seen in Figure 2, the RT distri-
butions were similar in the two response procedures.
That is, in the present data and in the Gomez et al.
(2007) data, we found a large shift in the RT distri-
butions across response procedure in the lexical
decision task, but not in the numerosity discrimi-
nation task. Therefore, it appears that response pro-
cedure is influencing the time of encoding and
response execution (Ter) in the lexical (more abstract)
task to a larger degree than in the perceptual, non-
verbal task—note that the Ter parameter in the
lexical decision task can be affected not only by
early encoding processes but also, to a smaller
degree, by lexical processes like word-frequency
(Gomez & Perea, 2014), contrary to Ratcliff et al.’s
(2004) minimal assumption that only drift rate
would relate to lexical processes. Indeed, results in
the numerosity discrimination experiment failed to
show an advantage of the go/no-go over the two-
choice procedure in the mean RTs. This is entirely

consistent with the data from Gomez et al. (2007)
with college-aged adults. The only (nonsignificant)
difference is that, for the older adults, accuracy was
slightly higher in the go/no-go procedure in all con-
ditions—note that this difference was significant in
the Gomez et al. (2007) experiment with college-
aged adults but only for “go” responses. In a diffusion
model, this pattern can be readily accounted for in
terms of changes in the decision criteria (parameters
a and z) rather than by changes in the quality of infor-
mation (drift rates) or in the time of encoding and
response execution (Ter) (see Gomez et al., 2007, for
fits of themodel). That is, age differences in cognitive
tasks do not appear to be due to changes in the
demands imposed by response organisation.

In sum, the present experiments demonstrated
that the go/no-go procedure only has “limited
benefits” with respect to the (standard) two-choice
procedure in RT experiments with older adults (i.e.
faster responding and fewer errors to words in
lexical decision). Given that the two-choice pro-
cedure provides more data points than the go/no-
go procedure (i.e. RT data for the two types of
responses), the two-choice procedure may be

Figure 2. The two panels show the Accuracy-Quantile plots for older adults (top panel) and young adults (bottom panel) in
the numerosity discrimination experiment. The data from the go/no-go procedure are in black and the data from the two-
choice procedure are in red. The x-axis represents the accuracy (probability of correct responses) while the y-axis represents
the latency. The columns of points are the latencies at the .1, .3, .5, .7, and .9 quantiles (in ms). The responses to the different
types of items are represented as follows: E = Easy trials with many dots, D = Difficult trials with many dots, e = easy trials
with few dots, d = difficult trials with few dots). Because there are no latencies for “few dots” in the go/no-go procedure,
the accuracies are represented by the dotted lines (for the difficult condition at .854, and for the easy condition at .981).
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more constraining for theoretical models than the
go/no-go procedure (see Gomez et al., 2007, for dis-
cussion). Therefore, at a methodological level, we
found no compelling reasons why the go/no-go pro-
cedure should be preferred over the two-choice pro-
cedure in RT experiments with older adults. Finally,
given that task (go/no-go vs. two-choice) affected
performance in a lexical decision, but not in a
numerosity discrimination task, the effect of
“response organisation” seems to depend on
which core process is being performed (lexical vs.
concrete). Further research is necessary to examine
in detail the time course of processing in RT tasks
using go/no-go and two-choice procedures in
young and older adults (e.g. by measuring the ERP
waves).
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