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a b s t r a c t

In this study, the development of comprehension of essential and
nonessential aspects of counting is examined in children ranging
from 5 to 8 years of age. Essential aspects, such as logical rules,
and nonessential aspects, including conventional rules, were stud-
ied. To address this, we created a computer program in which chil-
dren watched counting errors (abstraction and order irrelevance
errors) and pseudoerrors (with and without cardinal value errors)
occurring during a detection task. The children judged whether
the characters had counted the items correctly and were asked to
justify their responses. In general, our data show that performance
improved substantially with age in terms of both error and pseudo-
error detection; furthermore, performance was better with regard
to errors than to pseudoerrors as well as on pseudoerror tasks with
cardinal values versus those without cardinal values. In addition,
the children’s justifications, for both the errors and pseudoerrors,
made possible the identification of conventional rules underlying
the incorrect responses. A particularly relevant trend was that chil-
dren seem to progressively ignore these rules as they grow older.
Nevertheless, this process does not end at 8 years of age given that
the conventional rules of temporal and spatial adjacency were
present in their judgments and were primarily responsible for
the incorrect responses.
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Introduction

Counting is one of the first numerical skills that children acquire, and the publication of Gelman
and Gallistel’s (1978) The Child’s Understanding of Number was a milestone in research on this skill.
The authors’ proposal challenged the Piagetian view of the number. Whereas Piaget and Szeminska
(1941) suggested that the concept of number was based on the synthesis of seriation and classifica-
tion, for Gelman and Gallistel it was based on counting skill. This skill was best understood as a com-
plex cognitive skill based on five principles: (a) the one-to-one principle (every item in a display must
be tagged once and only once); (b) the stable order principle (the tags, regardless of their nature, must
be ordered in a stable list of unique tags); (c) the cardinal principle (the last tag used in a count rep-
resents not only the last item in the array but also the cardinality of the set); (d) the abstraction prin-
ciple (any collection of discrete items can be counted, thereby making it possible to establish its
cardinality); and (e) the order irrelevance principle (as long as the other rules are maintained, the order
of the count is immaterial because the cardinal values remain the same). The first three principles,
called the how-to-count principles, form the conceptual structure of the number and define the rules
for proceeding with valid counting. Acquisition of the abstraction and order irrelevance principles
grants ‘‘permission’’ to introduce counting variations, whereas the count remains correct (e.g.,
Sophian, 1998).

One of the tasks particularly well-suited to studying children’s understandings of counting is the
detection task (where children must indicate whether a puppet has counted correctly or not) because
it frees them from performance demands and allows researchers to freely manipulate the counting
scenarios. In this study, we expected that the detection task would allow us to establish whether chil-
dren can distinguish essential counting aspects, which are governed by logical rules, from nonessential
counting aspects, which are governed by conventional rules.

When learning to count, children acquire logical rules, which involve understanding the principles
underlying counting, and conventional rules, which involve recommendations that depend on the so-
cial context (e.g., customs, common school practices). Thus, the violation of a logical rule (e.g., labeling
a single element with two number words) leads to an incorrect count. The same result does not nec-
essarily occur when conventional rules are violated; for instance, a common practice in Western cul-
ture consists of counting the elements of a row from left to right, but this rule may be violated
(counting from right to left) without necessarily yielding an incorrect count. Consequently, because
conventional rules refer to nonessential aspects of counting, they are modifiable (any change, in this
sense, leaves the counting logic intact) and so are optional, whereas logical rules are unchangeable and
obligatory (Laupa, 2000).

Counting errors and pseudoerrors: the detection task

The detection task involves determining whether a puppet has counted appropriately. During the
task, children watch both correct and incorrect counts as well as pseudoerrors (correct though uncon-
ventional counts). Correct counts are governed by logical and conventional rules, such as the adja-
cency rule (counting the elements without skipping forward or backward). Incorrect counts occur
when the puppet violates the logical rules. Nevertheless, some incorrect counts also fail to fulfill
one or more of the conventional rules. For instance, when the puppet skips an element of the row,
it violates not only the logical rule of one-to-one correspondence but also the conventional rule of
adjacency. Pseudoerrors, in contrast, respect the logical counting rules but not the conventional rules.
For example, when the puppet counts all elements of a row nonconsecutively, the conventional adja-
cency rule is broken but the logical counting rules are not broken.

In empirical studies, when incorrect performances were assessed, 3- to 5-year-old children demon-
strated very high achievement on items based on the how-to-count principles. Gelman and Meck
(1983) found that 3- and 4-year-olds correctly detected errors of one-to-one correspondence (when
an item was skipped or counted twice) in 75% of the trials. Briars and Siegler (1984) obtained similar
rates of success with 3- and 4-year-olds, who detected 71.7% of the omitted and repeated object
errors. Gelman and Meck also observed that 3- and 4-year-olds detected 92% of the erroneous
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cardinality trials and that 3- to 5-year-olds correctly identified stable order errors in 89.7% of the trials.
LeFevre and colleagues (2006) and Kamawar and colleagues (2010) reported that rejections of
incorrect counts ranged from 82% to 85% in 5- to 10-year-olds. Regarding the abstraction and order
irrelevance principles, information about children’s capacities to detect such errors is unavailable be-
cause research has focused on the principles’ usefulness in relation to pseudoerrors.

The situation is more complex in the case of pseudoerrors. There are seven types of pseudoerrors
described in the literature: (a) counting from the middle, (b) counting alternate colors, (c) right to left
counting, (d) beginning counting at any element, (e) double pointing, (f) skipping an element in the
middle and counting it at the end, and (g) counting with nonstandard tags (e.g., Briars & Siegler,
1984; Geary, Hoard, Byrd-Craven, & DeSoto, 2004; Gelman & Meck, 1983; Kamawar et al., 2010;
LeFevre et al., 2006). In addition to other theoretical and methodological differences (e.g., participants’
ages, requesting justifications of the responses, quantities used, instructions given), none of the afore-
mentioned investigations used all seven of the pseudoerrors and the results found are divergent.

Whereas Gelman and Meck (1983) found that 96% of the 3- and 4-year-olds participating consid-
ered the pseudoerrors of counting from the middle and counting alternate colors to be correct, Briars
and Siegler (1984) reported that only 65% of the 3-year-olds and 35% of the 4-year-olds in their study
considered the counting to be correct. Moreover, in this work, only 47% of the 5-year-olds rated the
puppet’s performance, which included these pseudoerrors, as valid. Subsequent investigations did
not resolve the differences in the results in terms of knowledge of counting and differentiation of log-
ical and conventional rules. Specifically, Gelman and Meck (1986) ratified and extended the data from
1983 (�90% correct responses at 4 years of age and 93% correct responses at 5 years of age), but the
studies by Frye, Braisby, Lowe, Maroudas, and Nicholls (1989) (found 52.5% correct trials using 4-
year-olds), LeFevre and colleagues (2006) (reported 53.5% correct trials using 5- and 6-year-olds),
and Kamawar and colleagues (2010) (found 50.4% correct trials using the same ages) ratified and ex-
tended the findings of Briars and Siegler (1984). The latter works seem to confirm Briars and Siegler’s
affirmation that the process of differentiating essential and nonessential characteristics of counting
starts at 3 years of age and does not end at 5 years. Thus, some authors have sought to extend this
analysis to children in the primary grades (e.g., Geary, Bow-Thomas, & Yao, 1992; Geary, Hamson, &
Hoard, 2000; Kamawar et al., 2010; LeFevre et al., 2006; Saxe, Becker, Sadeghpour, & Sicilian, 1989).
Nevertheless, the data from these investigations are not conclusive. LeFevre and colleagues (2006)
and Kamawar and colleagues (2010) reported that children in the primary grades did not reach the
percentages of success indicated by Gelman and Meck even at 10 years of age (70.3% success rate re-
ported by Kamawar et al.). However, studies led by Geary yielded success rates of approximately 74%
in 7- and 8-year-olds and 89% in 10- and 11-year-olds (Geary et al., 1992, 2000, 2004). Saxe and
colleagues (1989) found that only 11-year-olds accepted (as correct) the counts with nonstandard
tags, although 8-year-olds did begin to accept them in certain contexts.

The research carried out to date shows that the elaboration of counting is prolonged beyond kin-
dergarten. It also demonstrates that logical and conventional rules coexist during the acquisition and
development of counting. Thus, it can be assumed that they play different roles throughout the pro-
cess. In the beginning, this coexistence could improve children’s knowledge of counting, easing the
application of the logical rules (e.g., the adjacency rule could impede the omission or repetition of
one or more items in a row). However, it could also hinder progress if children do not establish appro-
priate distinctions among the rules, such as prioritizing logical rules over conventional rules, or if they
cannot apply the rules flexibly.

Goals of the study

The current research had three goals. The first was to identify the age at which children switch
from relying on conventional (arbitrary or unnecessary) counting rules to logical (essential, unchange-
able, and obligatory) counting rules as the basis of their judgments regarding counting. Second, the
study sought to determine children’s capacities to distinguish logical and conventional rules in their
judgments of errors and pseudoerrors. Finally, the research evaluated whether stating the cardinality
(the number of items in the set) affects children’s performances in trials containing pseudoerrors.
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For these purposes, we presented a detection task (containing errors and pseudoerrors), using a
semistructured interview, to children of various ages. With regard to the error trials, one of the nov-
elties of this work is that it incorporated errors of the abstraction and order irrelevance principles that
violate logical and conventional rules. The hope was that the participants’ verbal reports would pro-
vide a degree of insight into the underlying thought processes, allowing us to differentiate the children
who reject the error trials because they violate a logical rule from those who reject them because
either a logical rule and a conventional rule or only a conventional rule has been broken. As for pseu-
doerrors, most of the trials were created ad hoc for this work to cover as many conventional rules as
possible. In half of the cases, the cardinality response was included to determine whether the intro-
duction of the cardinal number of the set emphasized the functional aspect of counting. The justifica-
tions given by the children in the individual semistructured interviews may reveal the conventional
rules that they use to reject pseudoerrors.

Taking into account these goals, and in accordance with the above-mentioned research, we ex-
pected that children’s performances related to pseudoerrors would improve with age, such that the
conventional rules would be less frequently applied in unconventional counting situations, especially
among 7- and 8-year-olds. Second, we expected that the children’s performances would be better with
error trials than with pseudoerror trials. In addition, we predicted that improved performance on
pseudoerror trials would be more evident in trials with the cardinality response because the cardinal
value would encourage the children to note that deviation from conventional counting is not impor-
tant. In other words, the presence of the cardinal number could generate increased acceptance of cor-
rect (but unconventional) counts because it would relegate the procedure by which one had
determined the cardinality of a given set of elements to a lesser role.

Method

Participants

In this work, the participants were 74 children distributed into three groups: (a) 25 kindergartners
(11 boys and 14 girls), with ages ranging from 64 to 75 months (M = 70 months); (b) 24 children in
first grade (12 boys and 12 girls), with ages ranging from 75 to 86 months (M = 81 months); and (c)
25 children from second grade (14 boys and 11 girls), with ages ranging from 87 to 101 months
(M = 93 months). According to information provided by school staff, the participants were of lower
middle socioeconomic status.

Materials and procedures

The tasks were presented by means of a computer program that was developed as a game to be
more attractive and plausible for children. This type of presentation allowed all of the participants
to experience the same experimental conditions (the character always counted at the same rate, in
the same tone, with the same rhythm, etc.). The software automatically recorded the children’s re-
sponses, and their justifications were taped using an audio recorder and transcribed.

Individual semistructured interviews were conducted with all of the participants over two sessions
with a 2-week interval; each session lasted approximately 15 min. The participants were told that
they would play a video game in which they would see other ‘‘children’’ (the software characters Mara,
Eli, Eva, and Tina) and ‘‘their teacher’’ (the character Rosa), who would be in charge of showing them
the game. They received the instructions, which stated, ‘‘Now we are going to play counting things
with a friend.’’ One of the characters then entered and introduced herself, and the teacher responded,
‘‘She is learning to count, so we have to help her, okay? I’m going to put things on the table for her to
count.’’ A blue curtain was lowered from the ceiling (on the screen), concealing both the teacher and
the table in front of her. A few seconds later, the curtain rose and the objects appeared on the table.
The character immediately went to the table and began to count the row of objects at a rate of one per
second, moving her arm downward to touch the objects as she tagged them correspondingly. To clar-
ify which elements were being pointed at, they moved slightly when touched (see Fig. 1).
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When the counting was over, the teacher asked each participant, ‘‘Has she done it right, or has she
done it wrong?’’ Following the child’s response, the experimenter pressed the button corresponding to
the response (‘‘right’’ or ‘‘wrong’’), and after asking the child to justify his or her response, the program
continued to the next trial. The program allowed repetitions of trials; for example, if the interviewer
noticed that the child was distracted and had not attended to the instructions, the item could be re-
peated. This was necessary in 3.4% of the trials (4.23% of the time in kindergartners, 2.9% of the time in
first graders, and 3.1% of the time in second graders).

Each session included 2 erroneous trials (abstraction and order irrelevance), 2 correct count trials,
and 4 pseudoerror trials. There was a single random order assigned to all participants; thus, the two
sessions included the following sequence of trials: abstraction error, correct trial, pseudoerror with
cardinal value, pseudoerror without cardinal value, order irrelevance error, correct trial, pseudoerror
with cardinal value, and pseudoerror without cardinal value. The second trial was always correctly
counted to make the behavior of the characters appear to be more realistic.

All of the trials shared certain properties, such as the instructions given, the set sizes used (7–13
elements), and the presentation of elements (in rows). However, in 6 of the 12 trials, the rows were
made up of heterogeneous elements (the erroneous trials and Pseudoerrors 7 and 8).

For abstraction errors, the character counted the heterogeneous elements, which were interspersed
along the row, separately. In one of the trials, the character counted a row of 13 apples, beginning with
the 5 bitten apples (‘‘1, 2, [. . .], 5’’) and followed by the 8 whole apples (‘‘1, 2, [. . .], 7, 8’’), concluding
that ‘‘there are 8.’’ In the other trial, the character counted the 4 sharpened pencils and 9 unsharpened
pencils separately and concluded that ‘‘there are 9.’’

In the first trial involving order irrelevance errors, which contained a row of 7 elements (3 blue
books followed by 4 red books), the character began counting at the fourth element and continued
counting the first element at the left. When arriving at the fourth element, however, the character
counted it a second time and continued counting until the end of the row, mistakenly concluding that
‘‘there are 8.’’ In the second trial, there were 11 red flowers and 1 blue flower. First, the character
counted correctly and said that ‘‘there are 12.’’ She then received instructions asking, ‘‘And now, what
would happen if you started counting the blue flower first?’’ (referring to the ninth element). The char-
acter counted the 4 elements in the row, starting with the blue flower, until reaching the right end;
she responded that ‘‘there are 4.’’

Pseudoerrors only violate conventional rules. A total of eight pseudoerrors were presented—four
without a cardinal number and four with a cardinal number—all varying to exclude possible interfer-
ences by earlier responses. With regard to the former type of pseudoerror, Pseudoerror 1 consisted of a

Fig. 1. Screenshot of the program taken when Eli was engaged in Pseudoerror 3.
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false omission error because one element (the seventh) was not consecutively pointed at or tagged but
instead was counted last (ninth). In Pseudoerror 2, the sixth element was pointed at and tagged three
consecutive times, assigning the same tag (‘‘6, 6, 6’’); the character then continued to count the 10 ob-
jects normally. In Pseudoerror 3, the character counted correctly, but on arriving at the sixth element
of the row, she pretended to have forgotten the number (saying ‘‘um, um, um’’) and counted the next
element correctly (assigning the number ‘‘7’’). Immediately afterward, on remembering the forgotten
number, she reversed the counting direction and added ‘‘. . . and 6!’’ After this, she continued, pointing
to and tagging the two remaining elements, to which she correctly assigned the numbers ‘‘8’’ and ‘‘9’’.
Lastly, in Pseudoerror 4, the character pointed to all of the elements but assigned the numbers two at a
time (saying ‘‘2, 4, 6, 8’’). The verbal counting sequence did not include all numbers, only the even
numbers.

With regard to the pseudoerrors with cardinal values, in Pseudoerror 5 the character pointed to and
counted out loud the first 7 elements of the row but stopped pointing and counted the last 3 silently,
giving a correct cardinal response (‘‘there are 10’’). In Pseudoerror 6, the character first counted the 7
footballs, followed by the 5 basketballs that were interspersed along the row, concluding that ‘‘there
are 12.’’ In Pseudoerror 7, there were 7 broken teddy bears of different colors. The character treated
the elements in the row as units (i.e., as teddy bears), not as ‘‘bears’ heads’’ or ‘‘bears’ bodies.’’ Thus,
she pointed to the two parts that had been separated (only in 3 of the 7 items were the parts presented
consecutively) and assigned them a single number, concluding with the correct cardinal number and
responding that ‘‘there are 7.’’ Finally, in Pseudoerror 8, the character counted elements in an alternat-
ing pattern (1 from the left end of the row followed by 1 from the right); the resulting cardinal number
was correct because she pointed to and tagged all of the elements (‘‘there are 8’’).

Table 1 summarizes the various pseudoerror trials used in this study and how they are potentially
related to the counting knowledge of children.

Finally, in the case of the error trials, the children’s responses were rated as correct when they re-
jected the trial and alluded exclusively to the logical rules. In the pseudoerror trials, responses were
coded as correct when the children accepted the character’s counting and duly justified it. In contrast,
the responses in which the children accepted the errors, rejected the pseudoerrors, or correctly iden-
tified responses but did not duly justify them were considered as incorrect.

As for the justifications, we employed a categorization that captures the aspects of the different
counting trials that were highlighted by the participants. In the case of the error trials, there were five
main categories: (a) correct (provided a description of the logical rule violated); (b) logical and con-
ventional rules (embraced clear allusions to the logical rule violated and a conventional rule as adja-
cency, starting at an end and/or left-to-right direction); (c) conventional rules (established an explicit
reference to one or more conventional rules); (d) other (expressed incomplete or confused responses

Table 1
Pseudoerror trials and counting knowledge.

Pseudoerror Counting knowledge

1. False omission error Violation of the conventional rule of adjacency (spatial: one element is counted in a
nonconsecutive manner at the end)

2. False triple counting Violation of the conventional rule of adjacency (spatial and temporal: reiteration of
one element that causes changes in the spatial and temporal adjacencies)

3. False tagging error Violation of the conventional rule of adjacency (spatial and temporal: an element is
not counted consecutively using nonconsecutive number words)

4. Saying even numbers out loud Violation of the conventional rule of adjacency (temporal: saying nonconsecutive
number words)

5. Silent count of some elements Violation of the last number word rule (a larger number word as the cardinality
response: not repeating the last word in the sequence given)

6. Counting alternate elements Violation of the conventional rule of adjacency (spatial: some elements are skipped to
separately count the two types of elements in the row)

7. False error of number–object
correspondence

Violation of the conventional rule of adjacency (spatial: jumping forward and
backward to match the heads and bodies of the teddy bears)

8. Forward–backward counting Violation of left-to-right directionality (the elements are counted from left to right and
conversely)
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and the listed categories with a low response rate); and (e) no justification (provided no argument to
explain the answer).

In the case of the pseudoerror trials, there were eight main categories: (a) correct (explained that
the character’s count was unconventional but correct); (b) spatial adjacency (alluded to the fact that
the character did not count the elements of the row consecutively); (c) temporal adjacency (exclu-
sively referenced the nonconsecutive number words employed in the counting trial); (d) temporal
and spatial adjacency (explicitly mentioned both types of adjacency); (e) left-to-right direction
(explicitly stated that counting must be done from left to right); (f) last number word rule (indicated
that the cardinal number must be the last number word of the counting sequence); (g) other (provided
incomplete or confused responses and listed categories with a low response rate); and (h) no justifi-
cation (provided no arguments to support the answer).

In the case of correct trials, children responded correctly 100% of the time, suggesting that they
understood the instructions. These trials were excluded from subsequent analyses.

Independent intercoder agreement, in 18% of the interviews, was consistently greater than 95%.
Disagreements between coders were discussed until a consensus was reached.

Results

A 3 (Grade Level: kindergarten, first grade, or second grade of primary education) � 4 (Detection
Task: abstraction errors, order irrelevance errors, pseudoerrors with cardinal value, or pseudoerrors
without cardinal value) mixed analysis of variance (ANOVA), with the detection task as the repeated
measure, was conducted on the arcsine transformed proportions of correct responses (Table 2). Prior
to the analysis, an arcsine transformation was applied to the proportions of correct responses to make
the distribution approximately normal (to reduce skew). Although the analyses were based on the
transformed proportions, untransformed proportions are reported in the text because they were read-
ily interpretable. The ANOVA revealed a main effect in terms of grade level, F(2,71) = 44.3, p < .01,
g2

p ¼ :56, and detection task, F(2.8,202.3) = 57.0, p < .01, g2
p ¼ :45, and a significant interaction

between grade level and detection task, F(5.7,202.3) = 2.46, p < .05. g2
p ¼ :07.

With regard to the grade level factor, Bonferroni post hoc tests revealed significant differences
among all of the groups (p < .01), indicating that as the grade level increased, children’s understanding
of counting improved (kindergarten: M = .29, SD = .40; first grade: M = .50, SD = .40; second grade:
M = .78, SD = .30). Thus, as expected, the children were progressively more capable of differentiating
logical rules from conventional rules, prioritizing the logical rules, resulting in better performance.

As for the detection task factor, the children detected true errors better than pseudoerrors, as
shown by the data: (a) abstraction errors (M = .84, SD = .30); (b) order irrelevance errors (M = .53,
SD = .40); (c) pseudoerrors with cardinal value (M = .42, SD = .40); (d) pseudoerrors without cardinal
value (M = .28, SD = .30). The Bonferroni post hoc tests showed that all of the multiple comparisons
were significant (p < .01) except for the contrast measure between the order irrelevance errors and
the pseudoerrors with cardinal value.

One of the reasons for the lack of significant contrast between the order irrelevance errors and the
pseudoerrors with cardinal values might be the difficulty the children experienced with fully

Table 2
Means (and standard deviations) of correct responses as a function of the detection task in various grades.

Detection task Kindergarten First grade Second grade
M (SD) M (SD) M (SD)

Abstraction errors 0.62 (0.46) 0.96 (0.14) 0.96 (0.14)
Order irrelevance errors 0.34 (0.35) 0.50 (0.33) 0.76 (0.36)
Pseudoerrors with cardinal values 0.14 (0.27) 0.39 (0.38) 0.74 (0.32)
Pseudoerrors without cardinal values 0.04 (0.12) 0.17 (0.25) 0.64 (0.31)

Note. Values are untransformed proportions.
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understanding the order irrelevance principle; this is supported by many authors who have proposed
that its acquisition be delayed until the first years of formal schooling (e.g., Baroody, 1984, 1993; Cow-
an, Dowker, Christakis, & Bailey, 1996; Kamawar et al., 2010; LeFevre et al., 2006; Sophian, 1998). In
the current study, children articulated three types of justifications in the cases of order irrelevance er-
rors: (a) logical justifications, for example, ‘‘Because when she was told to start counting at the blue
flower, she could have counted backward and then forward’’ (34%, 50%, and 76% of the trials in kinder-
gartners, first graders, and second graders, respectively); (b) logical and conventional justifications, for
example, ‘‘It’s wrong because she said this first [pointing to the fourth element] and she said this sec-
ond [pointing to the first element on the left side] and she had to start with this one, and then she said
‘3, 4, 5’ and she pointed at this [pointing to the fourth element] and there’s not 8’’ (22%, 14.6%, and 8% of
the trials in kindergartners, first graders, and second graders, respectively); and (c) conventional jus-
tifications, for example, ‘‘It’s wrong because she has to start from here [pointing the first element on
the left side] and not from there [pointing to the fourth element]’’ (30%, 18.8%, and 2% of the trials
in kindergartners, first graders, and second graders, respectively). Therefore, there were children
who articulated that they understood the principle as well as children who still seemed to maintain
the different order schema suggested by Baroody (1984, 1993) in which children seem to understand
the arbitrary nature of counting tags before they understand that different count orders yield the same
cardinal designation. Most children referred, either alone or in combination with the logical rule, to the
conventional rule of counting left to right (in 52% of the trials with kindergartners, 27.1% with first
graders, and 12% with second graders). This conventional rule is also consistent with the developmen-
tal sequence of the reverse order tagging scheme and the start-with-a-middle-item tagging scheme re-
ported by Baroody (1984) because the latter scheme, which is the one that the children who did not
detect the order irrelevance errors did not seem to have acquired yet, appears later in development.

Another reason for the lack of significance in terms of contrast might be that the presence of the
correct cardinal value in the pseudoerrors improved the children’s performance. The cardinal value in-
duced the children to focus more on the function of counting (as a result, ‘‘there are . . .’’) than on the
procedure of counting itself, which led them to accept the violations of conventional rules. For in-
stance, 7-year-old María, in justifying her correct answer to Pseudoerror 5, said, ‘‘Because she has been
counting 1 by 1 until reaching the 7, and when she has arrived at 7 she stopped, and she counted by
memory 8, 9, and 10, and when she arrived at 10 she said aloud ‘10’.’’ In fact, the comparison of the
alternate colors pseudoerror (without cardinal value) described by LeFevre and colleagues (2006) with
our Pseudoerror 6 (with cardinal value) clearly shows the facilitating effect of the presence of the car-
dinal value; in this case, 27% (vs. 46%) of the children accepted them. In contrast, the absence of the
cardinal number in Pseudoerror 2, which is comparable to the double-point pseudoerror by LeFevre
and colleagues, yields practically identical success percentages among participants in both investiga-
tions (23% and 25% of the children accepted them, respectively).

To break down the significant interaction between grade level and detection task, separate one-
way ANOVAs were performed for each level of the detection task on the transformed proportions of
correct responses. These ANOVAs revealed that performance differed by grade level for each level of
the detection task as follows: (a) abstraction errors, F(2,71) = 10.08, p < .001, g2

p ¼ :22; (b) order irrel-
evance errors, F(2,71) = 10.88, p < .001, g2

p ¼ :24; (c) pseudoerrors with cardinal value, F(2,71) = 18.58,
p < .001, g2

p ¼ :34; (d) pseudoerrors without cardinal value, F(2,71) = 31.83, p < .001, g2
p ¼ :47. The

Bonferroni post hoc tests showed that kindergartners performed significantly worse than first and sec-
ond graders on abstraction errors (p = .001). The success of the first and second graders on the abstrac-
tion errors (96% of the trials) was because they only focused on the logical rule the character had
violated, explaining that the trials were incorrect because the character had counted separately the
elements that made up the row (e.g., ‘‘You can’t count that way unless you add them—the bitten ap-
ples and the whole apples—to know how many there are’’). The kindergartners referred to logical rules
in 62% of the trials, to the logical rules and one or two conventional rules in 14% of the trials, and
exclusively to the conventional rules in 18% of the trials (spatial adjacency, left-to-right direction,
and others).

Finally, the Bonferroni post hoc tests showed that kindergartners and first graders performed sig-
nificantly worse than second graders on order irrelevance errors, pseudoerrors with cardinal value,
and pseudoerrors without cardinal value (p < .01).
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Conventional counting rules

The justifications given by the children of all age groups revealed that their main reasons for rejecting
the pseudoerrors referred to violations of (a) adjacency and (b) left-to-right direction (Table 3 displays
the percentages of justifications referenced by the children). Although the first justifications had already
been proposed by Briars and Siegler (1984) for younger children (3–5 years), in this study the children’s
(5–8 years) justifications allowed us to differentiate between spatial and temporal adjacency.

Spatial adjacency, as described by Briars and Siegler (1984), refers to the elements in a row needing
to be consecutively counted without skipping either forward or backward. For example, on Pseudoer-
ror 1, when the character skips an element of the row and counts it at the end, 5-year-old José Miguel
erroneously said, ‘‘No, Mara didn’t count right. If we skip a piggy we can’t go back. You always have to
count them in order.’’ Likewise, on Pseudoerror 7, 6-year-old Pablo exclaimed, ‘‘Broken! [referring to
the bears]. Wrong, I noticed it! She didn’t count all of them. She didn’t count these [pointing to five
elements]. There aren’t 7 bears. There are more. Tina said there were 7 because she skipped them.’’

Temporal adjacency establishes that the numerals employed when counting must be emitted con-
secutively without skipping forward or backward. For example, on Pseudoerror 4, when the character
counted the elements two by two, 7-year-old Alvaro responded, ‘‘It’s wrong. She said ‘2, 4, 6, 8’, and
she didn’t say ‘1, 3, 5, 7’. You can’t skip numbers when you count.’’

The conventional rule of left-to-right counting establishes the need to count the elements of the
row from left to right. For example, on Pseudoerror 8, when the character correctly counted (in an
alternating manner) an element from the left followed by another from the right, 6-year-old Juan
noted, ‘‘Yes, I think there are 8, but she counted this way [correctly repeating the character’s actions].
You can’t count that way because the people can’t tell whether it’s right or wrong. To do it properly,
you can count this way [indicating with his finger from left to right].’’ LeFevre and colleagues (2006)
and Kamawar and colleagues (2010) suggested that following this conventional rule may be related to
partial comprehension of the order irrelevance principle. The data of this study are indicative of this
because the presence of the correct cardinal value (e.g., Pseudoerror 8) versus an incorrect cardinal
value (in the order irrelevance errors) did not seem to change the children’s judgments. In both cases,
they stated explicitly the conventional rule of left to right (100% and 90.3% of the trials that were
incorrectly detected on Pseudoerror 8 and order irrelevance errors, respectively). That is, if children
had achieved full comprehension of the order irrelevance principle, they would have considered the
direction in which the elements were counted in Pseudoerror 8 to be irrelevant because it did not af-
fect the cardinal value; however, as mentioned, the data indicated that they did not behave this way.

The conventional rule of the last number word was not the main justification given by children for
rejecting Pseudoerror 5 because they viewed it as a violation of spatial and temporal adjacency. For
instance, 6-year-old Marina said, ‘‘Because she counted up to here [pointing between the seventh
and eighth flowers], and then she has not counted these [pointing to the 3 blue flowers], and she
has said that there are 10. That’s wrong because you do not have to jump numbers.’’

Table 3
Percentages of children’s justifications for pseudoerrors with and without cardinal values.

Kindergarten First grade Second grade

Without cardinal values
Correct responses 4 16.7 64
Temporal adjacency 67 48.9 26
Spatial adjacency 25 22.9 6
Other 3 9.4 4
No justification 1 2.1 –

With cardinal values
Correct responses 14 38.5 74
Spatial adjacency 42 31.3 14
Left-to-right direction 22 15.6 6
Temporal and spatial adjacency 21 10.4 1
Other 1 4.2 5
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Lastly, some justifications were classified in the categories of ‘‘other’’ and ‘‘no justification.’’ With
regard to the former, some children alluded to the ‘‘risk’’ of counting that way. For example,
6-year-old Carmen, on Pseudoerror 6, said, ‘‘No, you can’t do that because later on you might forget
which one you were going to count.’’

Discussion

There is a tendency to think that a child who recites numerals knows how to count and is prepared
to begin learning arithmetic concepts and skills, such as addition and subtraction. Learning to count,
however, is a long and difficult process that does not end with the mere recitation of counting words
and the recognition of their graphs. Knowing how to count involves not only implementing a set of
logical rules but also ignoring conventional rules that gradually become unnecessary. This process
does not end in kindergarten; the results from the current study demonstrated that children’s perfor-
mance improves with age. Specifically, performance on pseudoerror tasks showed that children did
not become stricter in judging unconventional counts as they grew older. These data do not lend sup-
port to the findings of LeFevre and colleagues (2006) and Kamawar and colleagues (2010) because
these two works described a U-shaped developmental pattern of change. LeFevre and colleagues indi-
cated that across grades, children show a smaller tendency to accept unconventional counts in three of
the four types of trials employed (reverse direction, alternate colors, and start-in-the-middle counts).
They explained this result by proposing that, during the development of counting knowledge, children
also incorporate nonessential characteristics, leading to stricter criteria that, in turn, lead them to re-
ject unconventional counts. Our results are closer to the findings of Briars and Siegler (1984) and Saxe
and colleagues (1989) in the sense that children become progressively more capable of accepting
unconventional counts, leading to a rectilinear developmental pattern that increases with age. Indeed,
Briars and Siegler suggested that the capacity to distinguish acceptable and unacceptable counting is a
process that starts at 3 years of age and develops gradually until 5 years, although it does not end at
this age. Saxe and colleagues also found that children’s capacities to understand numerals as conven-
tional symbols develop gradually with age. For example, they observed that not until 11 years of age
do children understand that correct counts based on nonstandard tags (i.e., correct but unconventional
counts) are just as adequate as correct counts based on a set of standard symbols.

This study also examined children’s capacities to distinguish logical rules from conventional rules
in their judgments of errors and pseudoerrors. The results revealed that children performed better
with errors than with pseudoerrors. This is in accordance with the findings of other authors investi-
gating children of similar ages (e.g., Kamawar et al., 2010; LeFevre et al., 2006) as well as younger chil-
dren (e.g., Briars & Siegler, 1984). Specifically, LeFevre and colleagues (2006) observed that children
responded correctly in 82% of the incorrect trials versus 43% of the unconventional trials (in our ter-
minology, pseudoerrors); these percentages are very close to those reported by Kamawar and
colleagues (2010) (85% and 45% of correct trials for errors and pseudoerrors, respectively) and in this
study (69% and 35.3% of correct trials for errors and pseudoerrors, respectively). This similarity is
important because, although in the first two studies the researchers used practically identical proce-
dures that included three errors and three or four pseudoerrors, in our work we employed a different
procedure involving more trials (12 trials: 4 errors and 8 pseudoerrors).

Comprehension of essential (logical rules) and nonessential (conventional rules) aspects of count-
ing seems to be two independent processes. This independence could be attributed to the different
functions of these rules. Whereas the logical rules are part of the structure of counting itself, the con-
ventional rules perform a ‘‘supportive’’ function, facilitating the counting process. The latter are dis-
tinct because, although some of them are unnecessary over time (e.g., counting left to right), others
must be incorporated (e.g., the sequence of numerals is a convention) and still others must be used
flexibly (e.g., adjacency helps to prevent skipping an element when the row is made up of many
elements).

Beyond these data remains an important unanswered question: Why does it take so long to recog-
nize the irrelevant nature of conventional rules? The response could be that children reject pseudoer-
rors because they consider these unconventional counts to be a ‘‘risky’’ procedure that will inevitably
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lead to an incorrect response. In fact, Geary and colleagues (2004) and Kamawar and colleagues (2010)
proposed this possibility. What would happen if we presented the children with unconventional
counts, followed by a response with correct cardinality? Based on the third goal of the study, we found
that the mere presence of the cardinal value considerably improved the children’s performances com-
pared with trials without cardinal values. The cardinal value underlines the functional aspect of count-
ing, minimizing the importance of the ‘‘risky’’ procedure used to obtain it, thereby weakening the
power of the conventional rules. However, this result also seems to indicate that this is not the only
reason behind the strength of the conventional rules. It would also be necessary to widen the range of
variables and situations analyzed to test whether they affect children’s performances, such as present-
ing the items in different distributions, rather than always in rows, and following Laupa’s (2000) and
Laupa and Becker’s (2004) proposals regarding arithmetical algorithms presenting the counting trials
in different contexts. Likewise, we may return to the first steps of learning to count in order to explain
these reasons; perhaps educators reinforce these rules repeatedly, providing the children with routine
counting tasks in which they rarely have the opportunity to observe atypical ways of counting. Thus,
children may regard the conventional way of counting as superior because it is recommended by the
adults who teach them to count.

Finally, the current study revealed that there are many conventional rules, and those described in
previous studies are just a few that may guide children’s performance. The justifications provided by
participants for their decisions made it possible to observe not only the conventional rule of adjacency
initially described by Briars and Siegler (1984) but also the manifestation of conventional rules not
mentioned in the literature (e.g., the temporal adjacency). Our data suggest that (a) the degree to
which we extend the range of pseudoerrors will determine the manifestation of new conventional
rules in children’s judgments and (b) it is essential to ask participants to justify their responses, not
only to eradicate false positives and negatives but also to access the conventional rules that, either
alone or together with logical reasoning, underlie children’s judgments. In this study, certain conven-
tional rules seem to play more important roles than others; therefore, it takes longer for such rules to
lose their influence. Briars and Siegler (1984) noted that both adjacency and beginning counting at one
end of a row were the last nonessential characteristics to be disregarded by the children due to their
great usefulness for counting. The data of Geary and colleagues (1992), as well as those of this study of
older children, corroborate it, at least with regard to adjacency.
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