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Abstract
Number order processing is thought to be characterised by a reverse distance effect whereby consecutive sequences (e.g., 
1–2–3) are processed faster than non-consecutive sequences (e.g., 1–3–5). However, there is accumulating evidence that the 
reverse distance effect is not consistently observed. In this context, the present study investigated whether the presence of 
the reverse distance effect depends on the familiarity of the sequences being processed. Supporting this proposal, Experi-
ment 1 found that the reverse distance effect was only present when the presented consecutive sequences were considerably 
more familiar than the presented non-consecutive sequences. Additionally, the sequence 1–2–3 has been suggested to play a 
pivotal role in the presence of the reverse distance effect due to being both the most familiar and fastest processed sequence. 
However, it is contested whether 1–2–3 is processed fast because it is familiar or simply because it can typically be verified 
as ordered from only its first two digits. Supporting the familiarity explanation, Experiments 2 and 3 found that 1–2–3 was 
processed characteristically fast regardless of whether it could be verified from its first two digits. Taken together, these 
findings suggest that sequence familiarity plays a critical role in the presence or absence of the reverse distance effect.

Introduction

Order processing is thought to play a prominent role in 
numerical development. For instance, the faster a person 
can verify whether or not a number sequence (e.g., 1–2–3) 
is in order, the better they are likely to perform on an arith-
metic task (e.g., Attout et al., 2014; Goffin & Ansari, 2016; 
Lyons & Beilock, 2011; Lyons et al., 2014; Xu et al., 2023). 
Moreover, deficits in this order verification capacity are fre-
quently observed in individuals with mathematical learning 
disabilities (e.g., Decarli et al., 2023; Morsanyi et al., 2018). 
Accordingly, identifying the strategies and mechanisms 
underlying order verification performance may be instructive 

for understanding order processing’s role in numerical devel-
opment (Devlin et al., 2022).

To investigate these strategies and mechanisms, we can 
consider how order verification performance varies based 
on the specific sequences being processed. For instance, 
ordered sequences (e.g., 1–2–3) are typically processed 
faster than non-ordered sequences (e.g., 1–3–2) (e.g., Orran-
tia et al., 2019; Sommerauer et al., 2020), ordered consecu-
tive sequences (e.g., 1–2–3) are typically processed faster 
than ordered non-consecutive sequences (e.g., 1–3–5) (e.g., 
Goffin & Ansari, 2016; Lyons & Ansari, 2015; Lyons & 
Beilock, 2013), ordered ascending sequences (e.g., 1–2–3) 
are typically processed faster than ordered descending 
sequences (e.g., 3–2–1) (e.g., Vos et al., 2017; Wong et al., 
2022), and ordered regularly spaced sequences (e.g., 2–4–6) 
are typically processed faster than ordered irregularly spaced 
sequences (e.g., 2–4–7) (e.g., Vos et al., 2021). It is there-
fore plausible that such faster-processed sequences are pro-
cessed using different strategies than such slower-processed 
sequences (Devlin et al., 2022).

One interpretation of this is that faster-processed 
sequences are predominantly processed using fast 
memory-retrieval strategies, whereas slower-processed 
sequences are predominantly processed using slower alter-
native strategies, such as sequential comparison (e.g., 5 > 3 
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and 3 > 1 when processing the triplet 5–3–1) (Devlin et al., 
2022; Vos et al., 2021). This is because these fast-pro-
cessed sequence types are assumed to be more familiar and 
thus more likely to be retrieved from long-term memory 
than these slower-processed sequence types. For exam-
ple, ordered, consecutive, ascending, and regularly spaced 
sequences are arguably more frequently encountered than 
non-ordered, non-consecutive, descending, and irregularly 
spaced sequences. Consistent with this, Dubinkina and 
colleagues (2021) found that memory-retrieval strategies 
were self-reported more often when processing ascending 
or consecutive sequences than when processing descend-
ing or non-consecutive sequences. Therefore, it is plausi-
ble that faster response times for certain sequence types 
may be mediated by familiarity and strategy selection.

Although this familiarity perspective may be viewed as 
an account of order verification performance in general, 
it is often applied more specifically to explain the reverse 
distance effect – the finding that consecutive sequences 
(e.g., 1–2–3) are typically processed faster than non-con-
secutive sequences (e.g., 1–3–5) (Vos et al., 2017). The 
reverse distance effect is often viewed as a central charac-
teristic of order verification performance (e.g., Wong et al., 
2022). Therefore, explaining its origin may be instructive 
for identifying the mechanisms underlying order verifica-
tion itself (Devlin et al., 2022). From the familiarity per-
spective, the presence of the reverse distance effect may be 
interpreted simply as a by-product of a more general famil-
iarity effect. That is, consecutive sequences are processed 
faster because they are more familiar; thus more likely to 
be processed using memory-retrieval strategies, and more 
easily retrieved from memory whenever such strategies 
are applied (Devlin et al., 2024; Vos et al., 2017, 2021).

An alternative explanation, however, is that the reverse 
distance effect is inherently about consecutiveness. For 
instance, it has been argued that the reverse distance effect 
results primarily from the processing of non-consecutive 
sequences being inhibited, rather than from consecutive 
sequences being facilitated (e.g., Gattas et al., 2021). This 
inhibition is thought to result from a conflict with an early-
formed intuition that “in-order” refers only to sequences 
that match the count-list (e.g., 1–2–3, 2–3–4, 3–4–5, and 
so on). This explanation is plausible since many children 
appear to possess such an intuition. For example, many 
children have been found to consistently reject non-con-
secutive sequences during order verification tasks, sug-
gesting they may not consider them as correctly ordered 
(Gilmore & Batchelor, 2021; Hutchison et al., 2022; see 
also Slipenkyj et al., 2024). Moreover, evidence of this 
count-list intuition has even been observed in an adult 
population (Gattas et al., 2021; but see Devlin et al., 2023). 
Therefore, establishing whether the reverse distance effect 
results from this count-list intuition or from a familiarity 

effect is critical for identifying the mechanisms underlying 
order verification performance.

In addition to establishing what drives the presence of 
the reverse distance effect, it is also necessary to consider 
what causes absences of this effect. In fact, in recent years, 
the reverse distance effect has been found to be frequently 
absent at the individual level. For instance, Sasanguie and 
Vos (2018) observed no reverse distance effects in both the 
majority of their first grade participants and approximately 
half of their second grade participants. Similarly, Vogel 
and colleagues (2021) observed reverse distance effects in 
less than half (i.e., 42%) of their adult participants. Moreo-
ver, although the reverse distance effect is seemingly more 
stable at the group level, group-level absences have also 
been observed (i.e., Brunner et al., 2024; Vos et al., 2021). 
Accordingly, to provide a coherent account of the mecha-
nisms underlying order verification performance, it is neces-
sary to explain what drives both the presence as well as the 
absence of the reverse distance effect (Devlin et al., 2022).

Devlin et al. (2024) attempted to explain these absences 
by reconceptualising the reverse distance effect as a spe-
cific instance of a more general familiarity effect. Under this 
view, although more familiar sequences are expected to be 
processed faster than less familiar sequences regardless of 
their distance, consecutive sequences are only expected to be 
processed faster than non-consecutive sequences when they 
are also more familiar. Consequently, most people would be 
expected to produce both a familiarity effect and a reverse 
distance effect because consecutive sequences are generally 
more familiar than non-consecutive sequences. However, 
some individual absences of the reverse distance effect 
would not be surprising as not all consecutive sequences 
are necessarily more familiar than all non-consecutive 
sequences. For example, 2–4–6 and 3–6–9 are arguably 
highly familiar despite being non-consecutive. Therefore, 
it is plausible that an individual may not present a reverse 
distance effect while still exhibiting a familiarity effect.

To test this proposal, Devlin et al. (2024) used a compara-
tive judgement approach to develop a measure of sequence 
familiarity independent of consecutiveness. This involved 
participants repeatedly comparing pairs of sequences and 
choosing the ones they considered to be more familiar from 
each pair. Notably, although consecutive sequences were 
generally judged as more familiar than non-consecutive 
sequences, there were exceptions to this. For example, 
1–3–5, 2–4–6, and 3–6–9 were all judged as highly famil-
iar despite being non-consecutive. Moreover, these famil-
iar non-consecutive sequences all elicited correspondingly 
fast response times. Crucially, although many participants 
(i.e., 29%) did not display a reverse distance effect, each 
and every participant appeared to display a familiarity effect 
(Devlin et al., 2024). In other words, although participants 
did not always process consecutive sequences faster than 
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non-consecutive sequences, all participants processed famil-
iar sequences faster than unfamiliar sequences. Accordingly, 
reconceptualising the reverse distance effect as a specific 
instance of a familiarity effect could plausibly account for 
individual absences of the reverse distance effect.

Vos and colleagues (2021) proposed a similar familiarity 
argument for why they did not observe group-level reverse 
distance effects in their study. In particular, they highlighted 
how the diverse set of sequences included in their order 
verification task led to certain highly familiar consecutive 
sequences (i.e., 1–2–3 and 2–3–4) being left out. As a result, 
their consecutive sequences were collectively less familiar 
than in a typical order verification task. Moreover, certain 
familiar non-consecutive sequences (e.g., 2–4–6) were still 
included. Arguably, therefore, this resulted in familiar-
ity being relatively balanced across their consecutive and 
non-consecutive sequences. Accordingly, from a familiarity 
perspective, the group-level absence of the reverse distance 
effect in Vos et al. (2021) is consistent with the proposal that 
one should only expect to observe a reverse distance effect 
when the included consecutive sequences are collectively 
more familiar than the included non-consecutive sequences 
(Devlin et al., 2022; Vos et al., 2021).

The present study aimed to test this hypothesis experi-
mentally. To do this, our first experiment used the familiar-
ity measure developed by Devlin et al. (2024) to create two 
order verification task conditions: one including the three 
most familiar consecutive sequences and the three least 
familiar non-consecutive sequences (i.e., enhanced famili-
arity condition), and one including the three least familiar 
consecutive sequences and the three most familiar non-con-
secutive sequences (i.e., balanced familiarity condition). 
This resulted in a large difference in familiarity between the 
consecutive and non-consecutive sequences in the enhanced 
familiarity condition and only a minimal difference in the 
balanced familiarity condition. Accordingly, if the reverse 
distance effect is inherently about consecutiveness, then 
one would expect consecutive sequences to be processed 
faster than non-consecutive sequences in both conditions. 
However, if the presence of the reverse distance effect is 
dependent on the familiarity of the included sequences, then 
one would expect to observe a reverse distance effect only in 
the enhanced familiarity condition, but not in the balanced 
familiarity condition.

An additional implication of this familiarity perspec-
tive is that the presence of the reverse distance effect may 
be strongly influenced by a few highly familiar consecu-
tive sequences such as 1–2–3. For instance, the omission 
of just 1–2–3 and 2–3–4 appeared sufficient to eliminate 
group-level reverse distance effects in the study by Vos 
et al. (2021). Similarly, Brunner and colleagues (2024) 
recently replicated such a group-level absence of the 
reverse distance effect simply by excluding the sequence 

1–2–3. Accordingly, highly familiar consecutive sequences 
such as 1–2–3 appear to play an influential role in the pres-
ence and absence of the reverse distance effect.

This seemingly pivotal role of 1–2–3 in the presence of 
the reverse distance effect is perhaps unsurprising given 
that 1–2–3 has repeatedly been demonstrated to be the 
fastest processed sequence (Devlin et al., 2024; Sella et al., 
2020). As such, it is inevitable that excluding 1–2–3 from 
an order verification task would increase overall response 
times for consecutive sequences and thus reduce the 
strength of the reverse distance effect. Nonetheless, this 
influence of 1–2–3 is consistent with the familiarity per-
spective because, in addition to being the fastest processed 
sequence, 1–2–3 was also judged by participants as being 
the most familiar (Devlin et al., 2024). Accordingly, from 
the familiarity perspective, one would expect the most 
familiar sequence to also be the fastest processed and thus, 
resultantly, to play an influential role in the presence and 
absence of the reverse distance effect.

A key limitation of this argument, however, is that 
1–2–3 is not necessarily processed fast because it is famil-
iar. Instead, this finding may result from 1–2–3 being able 
to be determined as ordered after processing only its first 
two digits. This is because, in typical order verification 
tasks, no digits smaller than “1” are considered and no 
digits are ever repeated within a single sequence. Conse-
quently, the third digit of a sequence beginning “1–2” will 
necessarily be greater than two; therefore, the sequence 
will necessarily be in order. In fact, this property of 
1–2–3 was indicated as the reason for why Brunner and 
colleagues (2024) excluded 1–2–3 from their order veri-
fication task. Crucially, therefore, explaining group-level 
absences of the reverse distance effect also requires deter-
mining why 1–2–3 is processed exceptionally fast. That 
is, is 1–2–3 processed fast because it is highly familiar, or 
simply because it can be verified after processing only its 
first two digits?

Accordingly, the second and third experiments of this 
study aimed to differentiate between these two explanations. 
In Experiment 2, participants completed two order verifica-
tion task conditions: one including sequences made from 
the digits 1–9 and one including sequences made from the 
digits 0–8. In the 1–9 condition, 1–2–3 could still be verified 
as ordered after processing its first two digits. However, in 
the 0–8 condition, all three digits necessarily needed to be 
processed for 1–2–3 to be verified as ordered; this is because 
1–2–0 was a possible sequence in this condition. Accord-
ingly, if 1–2–3 is processed fast because it is familiar, it 
would be expected to be processed comparably fast in the 
1–9 and 0–8 conditions. Alternatively, if 1–2–3 is only pro-
cessed fast because it can be verified after its first two digits, 
it would be expected to be processed faster in the 1–9 condi-
tion than in the 0–8 condition.
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Furthermore, in the 0–8 condition, the sequence 0–1–2 
was able to be verified as ordered from its first two digits 
while 1–2–3 was not. This is because there were no dig-
its smaller than “0” and no digits were repeated within a 
single sequence; therefore, any sequence beginning with 
“0–1” would necessarily be in order. Nonetheless, 0–1–2 
is arguably a relatively unfamiliar sequence – at least com-
pared to 1–2–3. Accordingly, if fast response times reflect 
high familiarity, then 1–2–3 would be expected to be pro-
cessed faster than 0–1–2. In contrast, if fast response times 
result from being able to verify a sequence after its first 
two digits, then 0–1–2 would be expected to be processed 
faster than 1–2–3.

Finally, Experiment 3 involved another two order 
verification task conditions: one in which no digits were 
repeated within a sequence, and another in which dig-
its were sometimes repeated (e.g., 3–4–3). In the stand-
ard condition, therefore, participants could still verify 
1–2–3 as ordered after its first two digits. However, in 
the repeated digits condition, all three digits necessarily 
needed to be processed before 1–2–3 could be verified 
as ordered, since 1–2-1 was a possible sequence in this 
condition. Accordingly, if 1–2–3 is processed fast because 
of its high familiarity, it should be processed comparably 
fast in the standard and repeated digits conditions. Alter-
natively, if 1–2–3 is only processed fast because it can be 
verified after its first two digits, then it would be expected 
to be processed faster in the standard condition than in the 
repeated digits condition.

Experiment 1: Method

Experiment 1 was pre-registered using AsPredicted (aspre-
dicted.org/Z95_XSY). All three experiments in this study 
received approval from Loughborough University’s eth-
ics committee. Data, materials, and analysis scripts for 
all three experiments are accessible via the Open Science 
Framework: osf.io/djsxf.

Participants

One  hundred  UK-based  pa r t i c ipan t s  (mean 
age = 40.57 years, SD = 12.79) were recruited online via 
Prolific.com. Each participant received £2.00 for partici-
pating. This number of participants was pre-registered 
based on an a priori estimation of required sample size 
which indicated that with an alpha of 0.05 and power set 
to 0.95, a minimum of 59 participants would be needed to 
detect a moderate effect size (f2 = 0.15) in a 2 × 2 repeated 
measures ANOVA.

Tasks

Participants completed two order verification task condi-
tions (enhanced familiarity condition, balanced familiarity 
condition) and an arithmetic verification task. The arithme-
tic task was administered only for exploratory purposes; all 
details of this task and the respective analyses are provided 
in the supplementary materials. The two order verification 
task conditions were always completed first, in a counterbal-
anced order, followed by the arithmetic verification task. 
Tasks for all three experiments were programmed using 
PsychoPy (Peirce et al., 2019) and presented to participants 
via Pavlovia.org.

Order verification task

The design of the order verification task was based on tasks 
used in previous studies (e.g., Bourassa, 2014; Dubinkina 
et al., 2023; Morsanyi et al., 2024). Three-digit sequences 
(e.g., 1–2–3) were presented in the centre of the screen and 
participants had to indicate whether they were in order or 
not using the “P” and “Q” keys on a standard QWERTY 
keyboard. Here, “P” always indicated “in order”, and “Q” 
always indicated “not in order”. Sequences remained on 
screen until a key press was registered. This was followed by 
a blank screen, a fixation cross, and then the next sequence 
(see Fig. 1 for example and timings).

Sequences for both conditions were selected using the 
familiarity scores generated by Devlin et al. (2024). For 
simplicity, only ascending sequences were considered. 
Additionally, all ordered sequences were regularly spaced 
and composed of three single digits. The enhanced familiar-
ity condition included the three most familiar consecutive 
sequences (mean familiarity score = 81.02) and the three 
least familiar non-consecutive sequences (mean familiarity 
score = 17.47) (see Table 1). The balanced familiarity condi-
tion included the three least familiar consecutive sequences 

Fig. 1   Example and timings of the order verification task
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(mean familiarity score = 48.58) and the three most familiar 
non-consecutive sequences (mean familiarity score = 46.15) 
(see Table 2). In both conditions, each ordered sequence also 
had a corresponding non-ordered sequence (e.g., 1–2–3 and 
1–3–2).

In each condition, each unique sequence was presented 
five times, resulting in 60 trials per condition and 120 trials 
in the full task. Additionally, before starting the task, partici-
pants completed ten randomly selected practice trials with 
on-screen feedback provided. No feedback was given during 
critical trials. Overall, the order verification task, including 
both conditions, lasted approximately six minutes.

Experiment 1: Results

Analyses for all three experiments were conducted using the 
statistical programming language R within RStudio (R Core 
Team, 2020; RStudio Team, 2022).

Order verification performance

We first checked participants’ accuracy on the order verifica-
tion task. In line with our pre-registered exclusion criteria, 
seven participants were excluded for either (i) overall accu-
racy three standard deviations below the mean or (ii) below 
70% accuracy on either consecutive or non-consecutive 
sequences. Additionally, one other participant was excluded 
for not completing the full task. Consequently, responses 
from 92 participants were included in the final analysis.

Each participant completed 60 order verification trials 
per condition, resulting in 11,040 responses collected across 
92 participants. Mean accuracy across both conditions 
was 96.64%. Because we were only interested in correct 
responses for ordered sequences, we first removed all non-
ordered trials (n = 5520; 50%) and all incorrect responses 
(n = 185; 3.35%). Then, as pre-registered, we removed 
responses longer than the mean plus three standard devia-
tions (mean = 1239 ms, SD = 4473 ms) (n = 2; 0.04%). We 
note that there were no responses shorter than 200 ms.

Following this trimming procedure, the distribution was 
still positively skewed (skewness = 4.27) and highly lepto-
kurtic (kurtosis = 46). Therefore, to account for this, we cal-
culated median response times for each participant for each 
unique sequence. After this, we calculated average median 
response times and standard deviations for all possible con-
dition (enhanced/balanced) and distance (consecutive/non-
consecutive) combinations (see Table 3). This distribution 
remained non-normally distributed, as indicated by a Shap-
iro–Wilk test (W = 0.82, p < 0.001); therefore, we also report 
non-parametric results for the main analyses below.

Next, we evaluated the influences of distance and famili-
arity on order verification speed. As pre-registered, we con-
ducted a 2 × 2 repeated measures ANOVA with one factor 
of distance (consecutive/non-consecutive) and one factor of 
familiarity condition (enhanced familiarity/balanced famili-
arity). The ANOVA indicated a significant main effect of 
distance, with consecutive sequences being processed 
faster than non-consecutive sequences, F(1, 91) = 56.75, 
p < 0.001, �2

p
 = 0.38. As well as a significant main effect 

of condition, with responses being faster in the balanced 

Table 1   All unique sequences in the enhanced familiarity condition

Left Centre Right Type Familiarity score

1 2 3 Consecutive 100
2 3 4 Consecutive 78
3 4 5 Consecutive 65.06
1 3 2 Non-ordered –
2 4 3 Non-ordered –
3 5 4 Non-ordered –
1 4 7 Non-consecutive 21.56
2 5 8 Non-consecutive 17.22
5 7 9 Non-consecutive 13.64
1 7 4 Non-ordered –
2 8 5 Non-ordered –
5 9 7 Non-ordered –

Table 2   All unique sequences in the balanced familiarity condition

Left Centre Right Type Familiarity score

5 6 7 Consecutive 49.67
7 8 9 Consecutive 49.60
6 7 8 Consecutive 46.46
5 7 6 Non-ordered –
7 9 8 Non-ordered –
6 8 7 Non-ordered –
2 4 6 Non-consecutive 51.44
1 3 5 Non-consecutive 43.75
3 6 9 Non-consecutive 43.25
2 6 4 Non-ordered –
1 5 3 Non-ordered –
3 9 6 Non-ordered –

Table 3   Means and standard deviations for all condition/distance 
combinations

Condition Distance Average median 
RT (ms)

SD

Enhanced Consecutive 939 283
Non-consecutive 1353 588

Balanced Consecutive 1097 310
Non-consecutive 1068 361
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familiarity condition (mean = 1083 ms, SD = 337 ms) than 
in the enhanced familiarity condition (mean = 1146 ms, 
SD = 506 ms), F(1, 91) = 8.29, p = 0.005, �2

p
 = 0.08.

Crucially, as expected, there was a significant interaction 
between distance and condition, indicating that the reverse 
distance effect was significantly larger in the enhanced famil-
iarity condition than in the balanced familiarity condition, 
F(1, 91) = 107.12, p < 0.001, �2

p
 = 0.54. Closer inspection via 

post-hoc paired-samples t tests revealed that although there 
was a significant reverse distance effect in the enhanced 
familiarity condition [t(91) = 9.77, p < 0.001], there was no 
significant difference in response times between consecutive 
and non-consecutive sequences in the balanced familiarity 
condition [t(91) = 1.69, p = 0.095] (see Fig. 2). Wilcoxon 
signed-rank tests produced the same pattern of results, indi-
cating a strong reverse distance effect in the enhanced famili-
arity condition (V = 1, padj < 0.001) and no distance effect in 
the balanced familiarity condition (V = 2742, padj = 0.133).

Notably, familiarity scores for consecutive and non-con-
secutive sequences were very similar in the balanced famili-
arity condition (48.48 vs. 46.15). Therefore, observing no 
distance effect in this condition is consistent with the famili-
arity perspective. In this context, we also considered the 
overall association between familiarity scores and median 
response times across both conditions. When considering 
both conditions, we observed a very strong negative cor-
relation whereby more familiar sequences were processed 
faster than less familiar sequences, r(10) = –0.88, p < 0.001 
(see Fig. 3).

Experiment 2: Method

Experiments 2 and 3 were also pre-registered via AsPre-
dicted (aspredicted.org/V8R_QP5).

Participants

A separate group of 101 par t icipants (mean 
age = 40.48 years, SD = 14.05) was recruited using Prolific.
com. Each participant received £1.20 for participating. A 
target of 100 participants was pre-registered based on an a 
priori estimation of required sample size, which indicated 
that with an alpha of 0.05 and power set to 0.80, a minimum 
of 90 participants would be needed to detect a small to mod-
erate effect size (Cohen’s d = 0.30) using a two-tailed paired 
samples t test. An additional participant was tested due to an 
error during data collection.

Tasks

Each participant completed two order verification task con-
ditions (1–9 condition, 0–8 condition) in a counterbalanced 
order.

Order verification task

This order verification task followed the same general design 
as the task used in Experiment 1 (see Fig. 1 for example). 
The only notable difference concerns the sequences pre-
sented to participants. For simplicity, only ascending con-
secutive (e.g., 1–2–3) and non-ordered sequences (e.g., 
1–3–2) were included in both conditions. In the 1–9 condi-
tion, sequences were composed of the digits 1–9. In the 0–8 
condition, sequences were composed of the digits 0–8. The 
range 0–8 was chosen over 0–9 simply to ensure the two 
conditions were of equal length. The full list of included 
sequences is provided in Tables S2 and S3 in the supple-
mentary materials.

In both conditions, each unique sequence was presented 
six times, resulting in 84 trials per condition and 168 trials 
in total. As a result, the experiment lasted approximately 
seven minutes.

Experiment 2: Results

Order verification performance

We first checked participants’ accuracy across both condi-
tions. In line with our pre-registered criteria, we excluded 
two participants who displayed overall accuracy more than Fig. 2   Response times by familiarity condition. Error bars denote 

95% confidence intervals
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three standard deviations below the mean. Consequently, 
responses from only 99 participants were included in the 
subsequent analysis.

Each participant completed 84 order verification tri-
als per condition, resulting in a total of 16,632 responses 
recorded across 99 participants. Mean accuracy across 
both conditions was 97.10%. Because we were only inter-
ested in correct responses for ordered sequences, we 
removed all non-ordered trials (n = 8316; 50%) and all 
incorrect responses (n = 252; 3.03%). Additionally, as pre-
registered, we removed responses that were shorter than 
200 ms (n = 2; 0.02%) or longer than the overall mean plus 
three standard deviations (mean = 943 ms, SD = 1,426 ms) 
(n = 6; 0.07%).

Following this trimming procedure, the distribution still 
appeared positively skewed (skewness = 3.04) and lepto-
kurtic (kurtosis = 21.93). Therefore, to account for this, we 
calculated median response times for each participant for 
each condition. Using these medians, we then calculated 
the average median response time across all sequences for 
each condition which was 859 ms (SD = 242 ms) for the 1–9 
condition and 839 ms (SD = 232 ms for the 0–8 condition. 
Median response times for each sequence across both con-
ditions are displayed in Fig. 4. The median response times 
remained non-normally distributed as indicated by a Shap-
iro–Wilk test (W = 0.90, p < 0.001); therefore, we also report 
non-parametric results for the main analyses below.

1–2–3 (1–9) vs. 1–2–3 (0–8)

We then considered whether response times for the sequence 
1–2–3 differed between the 1–9 and 0–8 conditions. To do 

Fig. 3   Median response times 
by familiarity score across both 
conditions
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this, we first calculated median response times for 1–2–3 for 
each participant for each of the two conditions. Then, as pre-
registered, we conducted a paired-samples t test that revealed 
there was no significant difference in response times for 
1–2–3 between the 1–9 (mean = 697 ms; SD = 195 ms) and 
0–8 (mean = 709 ms; SD = 202 ms) conditions, t(98) = 1.31, 
p = 0.193. This same pattern of results was indicated by a 
Wilcoxon signed-rank test, V = 2174, p = 0.294. These find-
ings are visualised in Fig. 5.

As an additional analysis, we conducted a Bayesian 
paired-samples t test using the BayesFactor (Morey et al., 
2022) package in R. This returned a Bayes Factor of 0.25, 
providing moderate support for the null hypothesis (i.e., no 
difference in response times between the two conditions) 
according to the classification by Jeffreys (1961).

0–1–2 vs. 1–2–3

We next considered whether response times differed between 
0–1–2 and 1–2–3 in the 0–8 condition. This was because, 
in this condition, 0–1–2 could be verified as ordered after 
only its first two digits whereas 1–2–3 could not. There-
fore, we evaluated whether 1–2–3 was processed faster 
or slower than 0–1–2 in this condition. To do this, we 
first calculated each participant’s median response times 
for both 1–2–3 and 0–1–2 in the 0–8 condition only. We 
then conducted a paired-samples t test that indicated that 
participants were significantly faster at processing 1–2–3 
(mean = 709 ms, SD = 202 ms) than they were at process-
ing 0–1–2 (mean = 875 ms, SD = 294 ms), t(98) = 9.13, 

p < 0.001, Cohen’s d = 0.59. This same pattern of results 
was indicated by a Wilcoxon Signed-Rank test, V = 234, 
p < 0.001. Accordingly, this supports the hypothesis that 
1–2–3 is processed fast on account of its high familiarity 
rather than due to its ability to be verified from its first two 
digits. These results are visualised in Fig. 6.

One possible explanation for this finding is that, because 
conditions were presented in a counterbalanced order, 
approximately half of the participants completed the con-
trol (1–9) condition before the experimental (0–8) condition. 
Therefore, these participants would have practiced process-
ing 1–2–3 multiple times before encountering the sequence 
0–1–2. Consequently, this practice may have improved per-
formance on 1–2–3 in the 0–8 condition, thus producing the 
observed pattern of response times.

As an exploratory analysis, we tested this explanation by 
conducting a mixed factorial ANOVA with a between-par-
ticipants factor of presentation order (control-then-experi-
mental, experimental-then-control) and a within-participants 
factor of sequence (0–1–2, 1–2–3). This ANOVA again indi-
cated a main effect of sequence whereby 1–2–3 was pro-
cessed faster than 0–1–2, F(1, 97) = 89.45, p < 0.001, �2

p
 = 

0.480. Furthermore, although there was no significant main 
effect of presentation order, F(1, 97) = 1.23, p = 0.270, there 
was a significant interaction between presentation order and 
sequence, F(1, 97) = 6.53, p = 0.012, �2

p
 = 0.063.

To better understand this interaction, we conducted 
post-hoc paired-samples t  tests separately for both pres-
entation orders. In the control-then-experimental order, 

Fig. 5   Response times for 1–2–3 in each condition. Error bars denote 
95% confidence intervals

Fig. 6   Response times for 1–2–3 and 0–1–2 in the 0–8 condition 
only. Error bars denote 95% confidence intervals
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response times were still significantly faster for 1–2–3 
(mean = 713  ms, SD = 203  ms) compared to 0–1–2 
(mean = 925 ms, SD = 301 ms), t(47) = 7.21, p < 0.001. Like-
wise, in the experimental-then-control order, response times 
were also significantly faster for 1–2–3 (mean = 706 ms, 
SD = 203  ms) compared to 0–1–2 (mean = 828  ms, 
SD = 281 ms), t(50) = 6.05, p < 0.001. Notably, this differ-
ence was larger for the control-then-experimental order (dif-
ference = 213 ms) than for the experimental-then-control 
order (difference = 122 ms).

Interestingly, this interaction appeared to result not from 
1–2–3 being processed faster in the second half of the task, 
but rather from 0–1–2 being processed slower in the second 
half of the task. This is perhaps unexpected because one may 
have expected practice effects to result in faster response 
times for all sequences, including 0–1–2, in the second half 
of the task. One possible explanation for this finding may 
be that it was the surprising introduction of the digit “0” 
only in the second half of the task that resulted in slower 
performance on 0–1–2 compared to when “0” was simply 
included at the start of the experiment.

Experiment 3: Method

Another 100 UK-based participants (mean age = 39.55 years, 
SD = 12.78) were recruited via Prolific.com. Each partici-
pant received £1.20 for participating. This number of par-
ticipants was pre-registered based on the a priori estima-
tion of required sample size conducted for Experiment 2, 
which indicated that a minimum of 90 participants would 
be needed to detect a small to moderate effect size (Cohen’s 
d = 0.30) using a two-tailed paired samples t test.

Tasks

Each participant completed two order verification task con-
ditions (control condition, repeated digits condition) in a 
counterbalanced order.

Order verification task

The general format of this task was identical to the order 
verification task used in Experiment 2. The only changes 
were to the sequences included in the two conditions. For 
simplicity, both conditions included only ascending con-
secutive and non-ordered sequences. In the control con-
dition, sequences were composed of the digits 1–9, with 
no digits repeated within a single sequence (for full list 
of sequences, see Table S2 in the supplementary mate-
rials). In the repeated digits condition, sequences were 
again composed of the digits 1–9; however, half of the 

non-ordered sequences contained repeated digits (e.g., 
1–2–1; 2–1–2) (for full list of sequences, see Table S4 in 
the supplementary materials).

In the control condition, each unique sequence was pre-
sented six times. In the repeated digits condition, each 
unique ordered sequence was also presented six times. 
However, because all sequences with repeated digits were 
non-ordered, there were now twice as many unique non-
ordered sequences. Therefore, each unique non-ordered 
sequence was presented only three times in the repeated 
digits condition to ensure that participants were exposed 
to 50% ordered and 50% non-ordered sequences in both 
conditions. Accordingly, there were 84 trials in each con-
dition, and 168 trials in total. Overall, the full task lasted 
approximately seven minutes.

Experiment 3: Results

Order verification performance

We first checked participants’ accuracy across both con-
ditions. In line with our pre-registered criteria, two par-
ticipants were removed due to displaying overall accu-
racy more than three standard deviations below the mean. 
Consequently, responses from only 98 participants were 
included in the final analysis.

Each participant completed 84 order verification tri-
als per condition, resulting in 16,464 responses recorded 
across 98 participants. Mean accuracy across both con-
ditions was 96.85%. Because we were only interested 
in correct responses for ordered sequences, we again 
removed all non-ordered trials (n = 8232; 50%) and all 
incorrect responses (n = 286; 3.47%). Additionally, as pre-
registered, we removed responses that were shorter than 
200 ms (n = 1; 0.01%) or longer than the overall mean plus 
three standard deviations (mean = 922 ms; SD = 504 ms) 
(n = 103; 1.30%).

Following this trimming procedure, the distribution 
was now only slightly positively skewed (skewness = 1.69) 
but remained leptokurtic (kurtosis = 9.3). Therefore, to 
account for this, we again calculated median response 
times for each participant for each condition. Using these 
medians, we calculated average median response times 
for each condition: control condition mean = 857  ms 
(SD = 238 ms); repeated digits condition mean = 832 ms 
(SD = 242 ms). Median response times for each sequence 
across both conditions are displayed in Fig. 7. The distri-
bution of median response times remained non-normally 
distributed, as indicated by a Shapiro–Wilk test (W = 0.86, 
p < 0.001); therefore, we also report non-parametric results 
for the analyses below.
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1–2–3 (control) vs. 1–2–3 (repeated digits)

We next considered whether response times for the sequence 
1–2–3 differed between the control and repeated digits con-
ditions. This was because 1–2–3 could be verified as ordered 
from its first two digits in the control condition, but not in 
the repeated digits condition. We first calculated median 
response times for 1–2–3 for each participant for each of 
the two conditions. Then, as pre-registered, we conducted a 
paired-samples t test that revealed there was no significant 
difference in response times for 1–2–3 between the control 
(mean = 711 ms, SD = 179 ms) and repeated digits condi-
tions (mean = 702 ms, SD = 214 ms), t(97) = 0.76, p = 0.447. 
The same pattern of results was indicated by a Wilcoxon 
signed-rank test, V = 2774, p = 0.218.

Additionally, we again reran this analysis using a Bayes-
ian paired-samples t test. This returned a Bayes Factor of 
0.15, providing moderate support for the null hypothesis 
(i.e., no difference in response times between the two con-
ditions), according to the classification by Jeffreys (1961). 
These findings are visualised in Fig. 8.

Discussion

This study investigated the role of sequence familiarity in the 
presence and absence of the reverse distance effect across 
three experiments. The first experiment tested the proposal 
that group-level reverse distance effects are only expected 
when the included consecutive sequences are considerably 

more familiar than the included non-consecutive sequences. 
To do this, we compared performance on an order verifica-
tion task including the most familiar consecutive sequences 
and the least familiar non-consecutive sequences, to one 
including the least familiar consecutive sequences and the 
most familiar non-consecutive sequences. As predicted, we 
observed a reverse distance effect only in the condition in 
which the included consecutive sequences were considerably 
more familiar than the included non-consecutive sequences. 
Additionally, across both conditions, we observed a strong 
familiarity effect whereby more familiar sequences were 
processed faster than less familiar sequences. Accord-
ingly, these findings suggest that sequence familiarity plays 
an influential role in both the presence and absence of the 
reverse distance effect.

Importantly, these findings also help differentiate between 
the familiarity and count-list interpretations of the reverse 
distance effect. From the familiarity perspective, the reverse 
distance effect is independent of consecutiveness because 
not every consecutive sequence is necessarily more famil-
iar than every non-consecutive sequence (Devlin et  al., 
2024); therefore, the reverse distance effect is expected to 
vary based on the familiarity of the sequences being pro-
cessed (Devlin et al., 2022; Vos et al., 2021). Conversely, 
from the count-list perspective, the reverse distance effect 
is inherently about consecutiveness because non-consecu-
tive sequences are thought to be processed slower due to 
conflicting with an intuition that only count-list sequences 
are correctly ordered (Gattas et al., 2021; Hutchison et al., 
2022); therefore, the reverse distance effect should always 
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be expected because non-consecutive sequences necessarily 
never match the count-list. Accordingly, because we found 
that consecutive sequences were only processed faster when 
they were also more familiar, our findings substantiate the 
view that the reverse distance effect is better characterised 
as a familiarity effect than as a count-list effect.

Another implication of these findings is that certain 
highly familiar sequences –such as 1–2–3–may have an out-
sized impact on the presence or absence of the reverse dis-
tance effect. This aligns with previous work suggesting that 
excluding 1–2–3 from order verification tasks may elimi-
nate group-level reverse distance effects (e.g., Brunner et al., 
2024; Vos et al., 2021). It is contested, however, whether 
1–2–3 is processed fast because it is familiar, or simply 
because it can typically be verified as ordered from its first 
two digits. To address this, we compared performance on a 
standard order verification task to two alternative versions 
in which 1–2–3 could only be verified after processing all 
three digits: one including the digit “0” (Experiment 2) and 
one including repeated digits (Experiment 3). Notably, in 
both cases, 1–2–3 was processed comparably fast regardless 
of whether it could be determined as ordered from its first 
two digits. Accordingly, these findings suggest that 1–2–3 is 
processed fast due to its high familiarity, rather than because 
of any such incidental property of the task.

One could argue, however, that adding the digit “0” to the 
order verification task was a very subtle manipulation that 
may not have been especially noticeable to participants. For 
instance, in the “0” digit condition, only two of the four-
teen sequences (i.e., 14.29%) contained a zero (i.e., 1–2–0 
and 0–1–2). Consequently, some participants may not have 
noticed when “0” was included and thus still applied the 
heuristic that any sequence beginning with “1–2” must nec-
essarily be ordered, even when this was not the case. Nota-
bly, however, 1–2–3 was also processed characteristically 
fast in the repeated digits condition in which the manipu-
lation was much more apparent. For instance, in that con-
dition, 25% of the presented sequences contained repeated 
digits. Therefore, it is unlikely the present findings can be 
explained by participants simply failing to notice when zeros 
or repeated digits were included in the task.

Another key finding from the “0” digit condition was 
that participants processed 1–2–3 faster than 0–1–2. This is 
notable because, although 1–2–3 could no longer be verified 
from its first two digits, 0–1–2 could now be verified from 
its first two digits. Accordingly, if order verification perfor-
mance was strongly influenced by this incidental property of 
the task, 0–1–2 would have been expected to be processed 
faster than 1–2–3 in this condition. Instead, because 0–1–2 
is arguably relatively unfamiliar compared to 1–2–3, this 
finding further strengthens the view that order verification 
performance is driven primarily by the familiarity of the 
sequences being processed.

It should be noted, however, that although the present 
findings suggest the fast processing of 1–2–3 likely does 
not result from its ability to be verified from its first two 
digits, this does not necessarily rule out other alternative 
explanations. For instance, one possibility is that 1–2–3 is 
processed fast due to a semantic end effect whereby pro-
cessing is enhanced when one of the involved stimuli is the 
smallest value in the set (Pinhas & Tzelgov, 2012; Pinhas 
et al., 2015). For example, magnitude is compared faster for 
pairs such as 1 and 3 than 3 and 5 (e.g., Banks, 1977; Leth-
Steensen & Marley, 2000). In the context of order, “1” is 
arguably the smallest value as “0” has little ordinal meaning 
in everyday life. Therefore, the faster processing of 1–2–3 
than 0–1–2 in Experiment 2 does not rule out 1–2–3 being 
processed faster due to a semantic end effect. However, 
although an end effect could plausibly explain why 1–2–3 is 
processed exceptionally fast, it cannot explain more general 
familiarity effects, such as 2–4–6 being processed faster than 
3–4–5 (e.g., Devlin et al., 2024). Accordingly, more research 
is needed to differentiate between the familiarity and end 
effect accounts of why 1–2–3 is processed uniquely fast.

Additionally, although the inclusion of 1–2–1 in Experi-
ment 3 meant that the third digit of a sequence beginning 
with “1–2” could have been either 3 or 1, this may not have 
necessarily prevented semi-automatic validation of 1–2–3. 
For instance, 1–2–1 could have been rejected based on the 
early recognition of identical symbols at both ends of the 
sequence. Consequently, in the repeated digits condition, 
1–2–3 may have been quickly verified based on (i) its first 
two digits being “1–2” and (ii) the absence of identical sym-
bols. Therefore, comparable response times for 1–2–3 in 
the control and repeated digits conditions do not conclu-
sively rule out the possibility that 1–2–3’s fast processing 
results from this property of the task. To address this, future 
research could compare performance on a standard order 
verification task to one including less familiar sequences 
such as 1–2–4 and 1–2–5. If 1–2–3 is processed faster due 
to its high familiarity, it should remain the fastest-processed 
sequence. However, if its fast processing results from its 
ability to be verified from its first two digits, 1–2–4 and 
1–2–5 should elicit comparably fast response times.

The implications of the present findings are particularly 
relevant given that ascending single-digit triplets are one 
of the most commonly studied sequence types in the order 
processing literature. However, future studies may also ben-
efit from considering a broader range of sequence types. 
For instance, only considering ascending and single-digit 
sequences arguably limited our ability to differentiate the 
effects of familiarity from the effects of numerical size. This 
is because, in the present study, the more familiar sequences 
tended to have a smaller numerical size. For example, 1–2–3 
and 1–3–5 were classified as familiar and involved smaller 
numbers, whereas 5–6–7 and 5–7–9 were classified as 
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unfamiliar and involved larger numbers. Consequently, it is 
possible that numerical size contributed to the absence of the 
reverse distance effect observed in Experiment 1.

It is unlikely, however, that numerical size alone pro-
duced these findings. For instance, previous work using a 
linear mixed-effects modelling approach found that adding 
familiarity scores to a model including consecutiveness, 
direction, and numerical size improved model fit (Devlin 
et al., 2024). Moreover, although a model incorporating all 
of these predictors explained more variance, a familiarity-
only model provided the most parsimonious explanation 
of order verification performance, as indicated by it hav-
ing the lowest Bayesian Information Criterion value. Con-
sistent with this, the present study found that 1–2–3 was 
processed faster than 0–1–2 – the only included sequence 
with a smaller numerical size than 1–2–3 – suggesting that 
familiarity likely has a stronger influence on order verifica-
tion performance than numerical size. Nonetheless, future 
research may better differentiate between the influences of 
familiarity and numerical size by considering sequences 
which are both highly familiar and involve large numbers 
(e.g., 5–10–15, 25–50–75).

Considering a broader range of sequences would also 
enable investigating whether the reverse distance effect oper-
ates differently across different sequence types. For instance, 
the reverse distance effect reportedly appears stronger in 
double-digit sequences than in single-digit sequences (e.g., 
Gattas et al., 2021; Lyons & Ansari, 2015). This difference 
is notable because it initially seems inconsistent with the 
view that the reverse distance effect results from consecu-
tive sequences being facilitated due to being more familiar. 
This is because, from this perspective, the reverse distance 
effect should arguably be weaker rather than stronger in dou-
ble-digit sequences, as double-digit consecutive sequences 
are presumably less familiar than single-digit consecutive 
sequences.

The present study offers a potential explanation for these 
differences, however, by emphasising that the reverse dis-
tance effect likely reflects the relative difference in familiar-
ity between the consecutive and non-consecutive sequences, 
rather than the familiarity of the consecutive sequences 
alone. Consequently, the reverse distance effect may be 
strengthened by either increasing the familiarity of the con-
secutive sequences or by decreasing the familiarity of the 
non-consecutive sequences. Conversely, it may be weakened 
by decreasing the familiarity of the consecutive sequences 
or by increasing the familiarity of the non-consecutive 
sequences. Therefore, although the double-digit reverse dis-
tance effect would be weakened by not including familiar 
consecutive sequences such as 1–2–3 and 2–3–4, it would 
also be strengthened by not including familiar non-consec-
utive sequences such as 1–3–5 and 2–4–6. Accordingly, 
stronger reverse distance effects in double-digit sequences 

do not necessarily contradict the familiarity perspective, 
because the strength of the reverse distance effect is expected 
to depend on the familiarity of the included sequences. 
Future research may test this explanation experimentally by 
replicating the present design using double-digit sequences.

In conclusion, the present study suggests that the presence 
of the reverse distance effect likely depends on the familiar-
ity of the sequences being processed. In particular, highly 
familiar sequences such as 1–2–3 appear to play a pivotal 
role in whether or not a reverse distance effect is produced. 
A key takeaway from this study, therefore, is that order veri-
fication researchers should carefully consider the familiarity 
of the sequences being processed, rather than assuming that 
sequence types (e.g., consecutive/non-consecutive) repre-
sent homogeneous categories. Nonetheless, more research is 
needed to differentiate the effects of familiarity from those of 
numerical size, as well as to determine whether the present 
findings generalise to double-digit sequences.
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