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Abstract
Spontaneous focusing on numerical order (SFONO) has been suggested as a relevant con-
struct for the development of ordinality knowledge, as children who more often notice 
numerical order in everyday situations tend to exhibit better ordinality knowledge. How-
ever, earlier SFONO measures risked conflating SFONO with the skills needed in them 
and focused only on numerical sequences with small, consecutive numbers. This study 
addressed this gap by developing a revised SFONO measure. The construct validity of 
the measure was examined through three approaches: (1) assessing its ability to repli-
cate individual differences in SFONO, (2) evaluating the influence of various task con-
texts and numerical sequences on SFONO scores, and (3) confirming its divergent validity 
from the requisite skills needed to perform the tasks. Fifty-one children (Mage = 5.75 years) 
completed four SFONO tasks featuring varied contexts and a wider range of numerical 
sequences. Results indicated that consistent individual differences in SFONO could be 
observed across diverse situations, providing evidence for the construct validity of its 
measurement. In addition, the SFONO measure showed divergent validity from the neces-
sary skills, supporting the interpretation that SFONO reflects a distinct construct. Interest-
ingly, SFONO responses appeared more affected by the numerical sequences used in the 
task than by the task context. Put together, the study highlights the need to carefully con-
sider a wider range of task features when attempting to measure spontaneous mathematical 
focusing tendencies.

Keywords  Spontaneous focusing on numerical order · Spontaneous mathematical focusing 
tendencies · Ordinality · Numerical ordering · Measurement · Children

1 � Theorization

Early numerical skills significantly predict later mathematics achievement (Aunola et al., 
2004; Duncan et al., 2007; Jordan et al., 2009; Nguyen et al., 2016), and academic success 
(Claessens et al., 2009; Davis-Kean et al., 2022). Within early numeracy, cardinality (i.e., 
recognizing the numerical value of the set) and ordinality (i.e., knowing which number 
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comes before/after another number) are regarded as key components (for a review, see 
Devlin et al., 2022). Recently, an increasing number of studies highlighted the significance 
of ordinality knowledge as a key predictor of later arithmetical skills (e.g., Liang et  al., 
2023; Lyons et al., 2014; Malone et al., 2021).

Learning early numerical skills does not happen only in formal and guided situations. 
There are also plenty of opportunities for children to practice these skills in informal and 
unguided situations (Lehtinen et al., 2017). Children spontaneously (i.e., in a self-initiated 
way) engage with mathematics in their everyday environments already before school age 
(e.g., Ginsburg et  al., 1977; Ramani et  al., 2015; Saxe et  al., 1987). For instance, they 
may count people at the dinner table or compare who has the most candies. Furthermore, 
research has shown that some children tend to recognize and use numerical information 
in mathematically non-explicit situations spontaneously more than others (Hannula & 
Lehtinen, 2005; McMullen et  al., 2019). Importantly, stronger tendencies to do so have 
been associated with better concurrent and later mathematical skills (e.g., Li et al., 2025; 
Verschaffel et al., 2020).

Recently, a new spontaneous mathematical focusing tendency, known as spontaneous 
focusing on numerical order (SFONO), has been explored (Harju et al., 2024). SFONO is 
indicative of children’s self-initiated recognition and use of numerical order in non-explic-
itly mathematical situations (Harju et al., 2024). Previous studies have associated SFONO 
with better mathematical achievement, especially numerical ordering skills, a sub-aspect of 
ordinality knowledge (Harju et al., 2024; Sharir & Mevarech, 2022). However, measures 
of SFONO and empirical studies on the phenomenon are limited. It is unclear if individual 
differences in numerical ordering skills or specific task characteristics significantly influ-
enced the individual differences observed. Therefore, the present study aimed to develop a 
more comprehensive measure of SFONO addressing the previous limitations, and investi-
gate its construct validity.

1.1 � Ordinality and the effect of different numerical sequences

Ordinality is often defined as a property of numbers that denotes the relative position of an 
item within a sequence (e.g., Lyons et al., 2016). More generally, however, ordinality is a 
construct that applies to any ordered sequence (e.g., letters of the alphabet, months of the 
year). In the context of mathematics, numerical order denotes the number-specific instance 
of ordinality: natural numbers form a canonical sequence, with each subsequent number 
in the count-list being larger than the previous one. From this perspective, cardinality and 
ordinality are closely intertwined. Therefore, the present study considers ordinality knowl-
edge as the joint understanding of magnitude and position (Cheung & Lourenco, 2019). 
For example, in a sequence of 1–2–3, number 2 is the second number and it comes after 
1 but before 3 (positional aspect), and 2 is larger than 1 but smaller than 3 (magnitude 
aspect). In line with this view, several interconnected aspects of ordinality can be distin-
guished: numerical ordering, which results from the repeated use of ordinal relations 
(before/after, more/less), where ordinal numbers can be used to tell the relative position of 
an item in the sequence (Clements & Sarama, 2007; Fuson, 1988).

As ordinality includes several aspects, different measures are associated with it. Most 
studies in the research field of ordinality have used measures of order judgment (partici-
pants judge whether three number symbols are in numerical order or not, (e.g., Hutchison 
et al., 2022; Lyons et al., 2014; Malone et al., 2021) or number ordering (participants order 
number symbols from smallest to largest, (e.g., Liang et al., 2023; O’Connor et al., 2018; 
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Xu et al., 2023). Some studies ask children to indicate which number comes before and/
or after given number (e.g., Bakker et al., 2019; Purpura & Lonigan, 2013), or to arrange 
sets of items (e.g., sets of dots) from least to most dots (e.g., Harju et al., 2024; Purpura 
& Lonigan, 2013; Spaepen et al., 2018). Better performance in these measures has been 
associated with better mathematical skills, especially arithmetical skills (e.g., Liang et al., 
2023; Lyons et al., 2014; Purpura & Lonigan, 2013), and it is suggested that understand-
ing the ordinality of numbers may form the basis for understanding numbers as a coherent 
system (e.g., Gattas et al., 2021; Lyons et al., 2016).

Previous measures of ordinality have investigated a variety of different numerical 
sequences ranging from small consecutive numbers to large non-consecutive numbers 
with even or non-even gaps to cover a full range of ordinality. Studies using order judg-
ment (e.g., Lyons & Ansari, 2015) or number ordering (e.g., Xu et  al., 2023) measures 
have observed that participants are faster and more accurate in their answers on items with 
small consecutive numbers compared to other types of sequences. Furthermore, Devlin 
et al. (2024) observed that more familiar sequences, such as sequences matching the count-
list (e.g., 1,2,3; 2,3,4), were processed faster than less familiar sequences (e.g., descend-
ing non-consecutive sequences; 7,4,1). Familiar sequences may be quickly retrieved 
from memory, while less familiar sequences may require slower cognitive strategies, like 
sequential magnitude comparison (Devlin et al., 2024). In addition, Hutchison et al. (2022) 
suggested that young children may have a strict conception of ordinality that is tied to the 
count-list, as they observed that 5- to 6-year-old children struggled to understand that non-
consecutive numbers can be in numerical order. Overall, these findings demonstrate that 
the type of numerical sequence influences the responses in various ordinality measures. 
Consequently, this may impact which types of numerical sequences elicit spontaneous 
focusing on numerical order.

1.2 � Spontaneous mathematical focusing tendencies

Most research on spontaneous mathematical focusing tendencies examined children’s spon-
taneous focusing on numerosity (SFON) (for a meta-analysis, see Li et al., 2025). SFON 
refers to an attentional process of spontaneously focusing on the aspect of exact number 
of items or incidents and using this information in situations that are not explicitly math-
ematical (Hannula et al., 2010). The term spontaneous refers to the self-initiated, unguided 
recognition and use of exact number within a specific situation, occurring without external 
guidance (Hannula & Lehtinen, 2005; McMullen et  al., 2019). Studies have shown sub-
stantial individual differences in children’s SFON tendency, that cannot be fully explained 
by their current mathematical or cognitive skills (Batchelor et al., 2015; Bojorque et al., 
2017; Gloor et al., 2021; Gray & Reeve, 2016; Hannula & Lehtinen, 2005). These individ-
ual differences have been repeatedly associated with concurrent (e.g., Gray & Reeve, 2016; 
Hannula & Lehtinen, 2005; Poltz et al., 2022; Silver et al., 2020) and later mathematical 
skills (e.g., Batchelor et al., 2015; Gloor et al., 2021; Hannula et al., 2007; McMullen et al., 
2015; Nanu et al., 2018).

In addition to exact number, studies have identified individual differences in spontane-
ous focusing on other mathematical aspects: quantitative relations (SFOR; McMullen et al., 
2014), mathematical patterns (SFOP; Wijns et  al., 2020), and Arabic number symbols 
(SFONS; Rathé et al., 2019). These have also been associated with better mathematical skills 
(e.g., McMullen et  al., 2016; Rathé et  al., 2019; Wijns et  al., 2020). For example, higher 
SFOR scores are associated with better rational number knowledge (McMullen et al., 2014), 
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higher SFOP scores with better patterning ability (Wijns et  al., 2020), and higher SFONS 
scores with better numerical mapping abilities (Rathé et al., 2022). In general, these studies 
hypothesize that children who have a higher spontaneous mathematical focusing tendency 
are more likely to recognize and use mathematical aspects in explicitly non-mathematical 
situations (such as everyday life) and therefore may gain more self-initiated practice in their 
mathematical skills (Hannula & Lehtinen, 2005; McMullen et al., 2019).

The aim of the spontaneous focusing measures is to capture children’s general tendency 
to spontaneously focus on a mathematical aspect across various task contexts. To truly cap-
ture this, tasks should be mathematically unspecified, fully engaging, and include a variety 
of (mathematical and non-mathematical) aspects to focus on (Hannula & Lehtinen, 2005; 
Hannula, 2005; Hannula-Sormunen, 2015). Moreover, the task instruction should be open 
for multiple interpretations without hints toward (or away from) mathematical responses, 
and the task contexts should not be associated with typical mathematical activities (e.g., 
counting money). Importantly, individual differences in the spontaneous focusing tasks 
should not be entirely dependent on the skills needed to solve the tasks. Therefore, tasks 
should be within a child’s numerical, cognitive, and motorical competencies.

Within the testing context, the children should not expect to be faced with mathematical 
tasks. Thus, the spontaneous focusing measures should be presented before any mathemati-
cal tasks. Moreover, examiners should avoid mathematical phrases, ensure the child’s full 
attention, and refrain from giving feedback. Concerning children’s responses, not only the 
expected response in the task, but also additional numerical behavior, should be included 
as indicators of spontaneous focusing (Hannula & Lehtinen, 2005).

Although numerical knowledge and skills are needed in the spontaneous focusing tasks, 
previous studies have delineated previous spontaneous mathematical focusing tendencies 
(i.e., SFON and SFOR) from the relevant numerical skills (e.g., Hannula & Lehtinen, 2005; 
McMullen et al., 2014). This distinction is achieved by using guided focusing tasks, which 
resemble spontaneous focusing tasks but explicitly guide the child’s attention towards the 
mathematical aspect of interest. These tasks assess the numerical skills and knowledge 
needed to solve the spontaneous focusing tasks. If children with these skills and knowledge 
still vary in spontaneous task performance, those differences reflect variations in spontane-
ous focusing, not skill or knowledge gaps.

1.3 � Spontaneous focusing on numerical order

SFONO refers to children’s spontaneous (i.e., self-initiated) focusing on numerical order in sit-
uations that are not explicitly mathematical (Harju et al., 2024). For example, noticing that one 
can build a tower out of blocks with different numbers of stickers on them in numerical order, 
instead of building the tower based on the colors of the blocks. A few studies have shown indi-
vidual differences in SFONO tendency in 3- to 6-year-old children (Harju et al., 2024; Sharir 
& Mevarech, 2022). Similarly to the reciprocal relation between SFON tendency and cardinal-
ity skills (Hannula & Lehtinen, 2005), children with a higher SFONO tendency may acquire 
more experiences with numerical order in different situations, thus enhancing the development 
of their ordinality knowledge (Harju et al., 2024). Indeed, Harju et al. (2024) found that higher 
SFONO tendency in 3–4-year-olds was associated with better performance in arranging sets of 
items from least to most (i.e., numerical ordering), while controlling for age, cardinality skills, 
and number sequence production. In addition, Sharir and Mevarech (2022) found that spon-
taneous focusing on mathematical structures, including numerical order, was associated with 
better mathematical achievement in 4–6-year-olds. Furthermore, Harju et al. (2022) showed 
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that individual differences in children’s focusing on numerical order at the age of 5 predicted 
mathematical achievement at the age of 12. Focusing on numerical order was measured with 
a task that required children to notice themselves that items were arranged in numerical order 
in order to reproduce it later in the task. The task was close to measuring SFONO, but was not 
spontaneous as its instruction included some hints towards mathematical aspects in the task 
deviating from the guidelines of measuring spontaneous focusing (Hannula-Sormunen, 2015). 
Therefore, these last two studies did not specifically measure SFONO, and the results need to 
be treated with caution.

To measure SFONO, Harju et al. (2024) introduced three tasks with different contexts, 
where one potential aspect of the task that could be focused on was numerical order. The 
tasks included two production tasks where one possible answer was to arrange sets of items 
in numerical order (e.g., build a tower in numerical order). The third task was a reproduc-
tion task, where children had to notice that sets of items were arranged in numerical order, 
in order to reproduce it later. Children were given a SFONO score of 1 from each trial if 
they arranged the sets of items in numerical order, or showed other indications of noticing 
the numerical order aspect in the task (e.g., verbal and/or behavioral indications of recog-
nizing numerical order). Results indicated that around 65% of the 3–4-year-old children 
(N = 150) spontaneously focused on numerical order at least once in the three tasks.

While these previous findings indicate the tasks’ potential in measuring SFONO, there 
are still crucial limitations, which are addressed in the current study. First, it is unclear 
whether the individual differences in children’s SFONO responses can be explained by dif-
ferences in their ability to numerically order the sets of items in the tasks. Indeed, Harju 
et al. (2024) did not specifically investigate whether the children were able to order sets of 
items numerically in the SFONO tasks with explicit instruction (i.e., with guided focusing 
measures) but merely assumed that they could.

Second, Harju et al. (2024) included only items containing small, consecutive numbers 
(i.e., 1–6). Considering that these numbers are highly familiar in terms of numerical order 
(Devlin et al., 2024), and that the concept of numerical order is closely tied to the count-list 
in young children (Hutchison et al., 2022), numerical order may be more salient in items 
with small consecutive numbers, and more strongly trigger spontaneous recognition and 
use of numerical order. Thus, it remains unclear whether SFONO is also elicited in items 
with larger or non-consecutive numbers. Measuring SFONO with such tasks could provide 
a more complete picture of children’s SFONO tendency.

Third, previous studies have suggested that spontaneous focusing on mathematical 
aspects can be influenced by task context (Batchelor et al., 2015; Mazzocco et al., 2020). 
Harju et al. (2024) used a set of tasks that were quite distinct in their answer formats, and 
found that these tasks did not produce equal outcomes. Differences might be explained by 
a greater saliency of numerical order in the reproduction task. Thus, a new set of tasks is 
required that share a consistent answer format across task contexts, in which numerical 
order is consistently salient. Put together, these limitations highlight the need to strengthen 
the validity of the measurement of SFONO tendency.

The current study presents a revised measure of SFONO tendency to address key gaps 
in the literature and to investigate its construct validity. Previous work has largely relied on 
small, consecutive numbers and few task contexts, thus limiting generalizability of the con-
struct of SFONO (Harju et al., 2024). To address these gaps, our revised measure includes 
numerical sequences with non-consecutive and larger numbers, aligning with prior ordinal-
ity research (Hutchison et al., 2022; Liang et al., 2023). As well, we use four parallel task 
contexts with the open-play, pre-arranged structure of the previously used Tower building 
task (Harju et al., 2024; Wijns et al., 2020), addressing previous concerns about varying 



	 H. Harju et al.

task saliency. We expect this approach to improve the reliability of measuring SFONO 
tendency and, consequently, extend the research on spontaneous mathematical focusing 
tendencies, which have typically relied on using fewer items (1–3 tasks with 1–3 items). 
In addition, it remains unclear whether the previous measurements of SFONO assessed a 
construct separable from the requisite numerical skills, leaving its divergent validity unre-
solved. Therefore, the current study addressed the following research question:

RQ1. Does the revised measure demonstrate construct validity as an indicator of SFONO?

Specifically, the construct validity of the revised SFONO measure was investigated from 
three perspectives:

RQ1a. Does the measure capture individual differences replicating prior findings?

To answer RQ1a, we test whether the new measure reproduces previously observed indi-
vidual differences in SFONO (Harju et al., 2024), indicating a stable, measurable construct.

RQ1b. To what extent are the SFONO scores captured with the new measure influenced 
by task characteristics (i.e., task context and type of numerical sequence)?

For RQ1b, we examined the influence of task characteristics (i.e., task context and 
type of numerical sequence) on SFONO scores captured with the new measure. To do so, 
we compared the mean sum scores across trials within the same context and across trials 
involving the same sequence types. Finding similar SFONO scores across the four parallel 
contexts would indicate that the measure captures a construct that generalizes across set-
tings rather than being driven by specific task contexts. Meanwhile, systematic differences 
between sequence types would demonstrate that performance on the measure reflects simi-
lar differences to those observed in prior ordinality studies (e.g., Hutchison et al., 2022), 
thereby supporting its construct validity.

RQ1c. Does the revised SFONO measure demonstrate divergent validity, more specifi-
cally, does it capture a construct distinct from the requisite skills needed to perform the 
tasks?

To assess divergent validity, we restricted our analysis to a subgroup of children who 
demonstrated the necessary skills to spontaneously focus on numerical order in the 
SFONO tasks. Concentrating on this subgroup allowed us to test whether SFONO varies 
beyond the requisite skills required to perform the SFONO tasks, indicating that the meas-
ure taps a distinct attentional tendency rather than merely the numerical skills and knowl-
edge involved in task execution.

2 � Methods

2.1 � Participants

The participants in the study were children in their final year of kindergarten in Flanders, 
Belgium (5–6 years old). After obtaining consent from two schools to conduct the research, 
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parents were informed and asked for permission for their child to participate. Ultimately, 
53 parents consented to their child’s participation. In line with Harju et  al. (2024), only 
children without diagnosed learning difficulties were included in the analyses, leading to 
the exclusion of two children who were reported to have learning difficulties. This led to 
a total sample of 51 children (N = 51; 22 girls, 29 boys; Mage = 5 years and 9 months). The 
study received ethical permission from the Sociaal-Maatschappelijke Ethische Commissie 
(SMEC) of KU Leuven (G-2022–6019-R2(MIN)).

2.2 � Procedure

Children were tested individually in two1 different video-recorded sessions in a silent room. 
The sessions were recorded to provide the opportunity to code children’s subtle (mathemat-
ical) behavior such as counting with fingers, pointing towards sets of items, whispering the 
number word sequence, after the testing took place (see Harju et al., 2024). Parents gave 
their permission for their child to be video-recorded and the footage was saved in a secure 
place that only the involved researchers have access to.

In the first session, which took around 30 minutes, the child was given the four SFONO 
tasks. After receiving two SFONO tasks, the child was shown a picture of a farm and asked 
to describe what they saw as a distractor from the mathematical nature of the testing situ-
ation. Then the last two SFONO tasks were provided. After the first session, the child was 
taken back to their classroom. Only when all children finished the first session did the second 
session—testing children’s early numerical skills—take place. This ensured that the children 
were not aware of the possible mathematical nature and solution method during the SFONO 
tasks. In the second session, which took about 15  minutes, children’s guided focusing on 
numerical order, cardinality skills, and number sequence production were measured.

2.3 � Measures

2.3.1 � SFONO

As described above, different task contexts were used to measure children’s SFONO. 
The ‘Tower building task’ as used by Harju et al. (2024) formed the basis to create other 
SFONO tasks with similar features and structures, resulting in a total of four different 
SFONO task contexts (see Fig. 1). In each task, children were presented with four items 
per trial, each containing a unique number of elements (e.g., animal stickers, stars), dis-
played in two colors (two items per color). This design allowed for the children to decide 
to arrange the items by color (e.g., blue blue green green), pattern (e.g., blue green blue 
green), numerical order (from least to most), position (from the item closest to the child to 
the item furthest away from the child) or randomly. In all trials, dice-like patterns of num-
bers were avoided, lowering the salience level of the numerical aspects.

The tasks were always presented in the same manner: the order of the items did not match 
the correct result for numerical order, color, or pattern. In the Ladybug and Laundry tasks, 
the ladybugs and T-shirts were placed in a windowpane-style arrangement to avoid a direct 
copy of the order of the material (see Fig. 1 for the beginning situations). After each trial, 
independently of the strategy used by the child during the SFONO task, the experimenter 

1  Due to time constraints one child was tested in three instead of two sessions.
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said to the child: “Well done!”. This was done (1) to not give away the possible mathemati-
cal nature of the task and (2) to keep the child’s motivation up during the trials.

Tower building task  The first SFONO task context was the exact same task as used in the 
study of Harju et al. (2024) The Tower building task was adapted by Harju et al. (2024) 
from the Wijns et al.’s (2020) Construction task. In the Tower building task, four big blocks 
with different numbers of animal stickers were put on a table in front of the children one 
at a time (Fig. 1a). After that, the children were asked to “Build a tower going straight up, 
using all the blocks.”

Boxes task  In the boxes task, children were given four see-through boxes with a different 
number of balls glued on the inside (see Fig. 1b). Similarly to the Tower building task, the 
children were instructed to “Build a tower going straight up, using all the blocks.”

Ladybug task  In the Ladybug task, four ladybugs with a different number of dots were 
put in front of the children, next to a picture of leaves of a tree (Fig. 1c). The experimenter 
introduced the material and task instruction to the children as follows: “Oh look, these are 
ladybugs. All the ladybugs are very hungry, and are looking for a leaf to eat from. Can you 
help them? Place a ladybug on each leaf.”

Laundry task  In the Laundry task, the children were presented four t-shirts with a differ-
ent number of stars (Fig. 1d). The children were told the following task instruction: “Oh 

Fig. 1   The beginning situations within each SFONO task context. Note. a) Tower building task, b) Boxes 
task, c) Ladybug task, d) Laundry task
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look, here are t-shirts. All the t-shirts need to be hung up to dry. Hang each t-shirt on the 
clothesline using the clothespins.”

Different trial types within each task context  In total, four different trial types were 
created within each context. The first two trial types were in line with Harju et  al.’s 
(2024) study. More specifically, the first trial type (A) consisted of consecutive numbers, 
starting with one: 1,2,3,4 and the second trial type (B) also consisted of consecutive num-
bers, but starting with two: 2,3,4,-5. However, importantly, as described in the theoretical 
background of the present study, numerical order is not limited to only consecutive num-
bers in the count list. Therefore, two extra trial types were created. In trial type C, small 
non-consecutive numbers were used that were still in the subitizing range: 1,2,4,5. In trial 
type D, large non-consecutive numbers where subitizing was not an option to define the 
cardinal value of the sets were used: 8,9,11,12.

Every child received all four trial types within all four contexts, leading to a total of 16 
trials. The SFONO tasks were randomized using a balanced Latin square design, which 
ensures that each element precedes another exactly once, and allows to better control for 
potential order effects (Richardson, 2018).

Scoring of the SFONO measures  Outcomes of all trials, indications of numerical behavior, 
and indications of recognizing the numerical order in the task were recorded. These were 
further used to distinguish three types of SFONO manifestations described by Harju et al. 
(2024) from children’s behavior. First, a numerical order can be created in a SFONO task 
by a child without any other observable mathematical behavior. This happens for example 
when a child puts the t-shirts in numerical order (e.g., 1,2,3,4), and does not say or do any-
thing else. Second, a numerical order can be created with additional observable mathemati-
cal behavior. For example, while hanging the t-shirts in numerical order on the clothesline, 
a child can count out loud the stars on the t-shirts. Lastly, SFONO can also occur when the 
child does not arrange the sets of items in numerical order, but shows other signs of notic-
ing the numerical order aspect (Table 1), for instance, by stating “Hey, look one, two, three, 

Table 1   Examples of indications of noticing the numerical order aspect in the SFONO tasks (without 
arranging the items in numerical order)

Indication of noticing the numerical order aspect in 
the task

Examples

a) Verbal and/or behavioral indications of notic-
ing the numerical order aspect in the task

“I counted like this: one, two, three, four.” (touches 
the ladybugs in numerical order at the beginning 
of the task)

After building a tower in numerical order, points 
to the boxes from bottom to top “Here the most, 
slightly less, even less, and the least.”

b) Comments that refer to the number sequence “I am going to start with the first one where the 
number one is.”

“I know, from one to two to three to four.” (in a trial 
of 2–3–4–5)

In a trial of 1,2,4,5, the child points to the blocks 
and says”One, two… (shakes shoulders). Why the 
four and not the three?”

c) Interpretation of the goal of the task as arranging 
the sets of items 1) in numerical order, or 2) from 
least to most

“But now there are numbers, so I have to follow the 
numbers.”

“And now it has to go from high to low?”
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four,” while pointing towards the corresponding t-shirts, and subsequently arranging them 
on the clothesline by color. Additional examples from the data are presented in Table 1. 
Notably, our study found a novel indication for noticing the numerical order aspect in the 
task, namely, children describing their attempt to arrange the items from least to most (see 
Table 1, interpretation of the goal of the task as arranging the sets of items from least to 
most). While the first two types of SFONO can be seen from the outcome, the last type can 
only be coded by looking at the videos of the testing. A SFONO score of 1 was given if 
either one of these three types of SFONO occurred within a trial.

2.3.2 � Guided focusing on numerical order (GFONO)

In the second session, the children were given (amongst other early numerical tasks, 
see below) a measure of their guided focusing on numerical order. In the task, children 
received again each trial type of the Tower building task. However, this time the children’s 
focus was explicitly guided towards the numerical order aspect of the task. More specifi-
cally, they were told that the items in the task have different numbers of animals, and were 
asked to put the items in numerical order: “On these blocks there are different numbers 
of cows. Build the tower from the least to the most number of cows. So, you start with 
the block with the least cows, this one you put first below. On top of that one, you put the 
block with more cows, then the one with even more cows, and as the last one, you put the 
one with the most cows on top.”. Therefore, the GFONO task measured children’s numeri-
cal ordering skills on a restricted set of numbers, corresponding to the number range in 
the SFONO tasks. If the child failed to build the tower in numerical order, the trial was 
repeated once.

2.3.3 � Early numerical skills

Cardinality skills  Following Harju et  al. (2024), children’s cardinality skills were meas-
ured with the “Give-a-Number” task (Wynn, 1990). In this task, a child was asked to put a 
specific number of objects (e.g., spoons, plastic little ducks) on the table. The numbers in 
the trials were 2, 3, 4, 5, 9, 12, corresponding to the range of numbers used in the SFONO 
tasks. If the child failed, the trial was repeated once. The task was discontinued after two 
failed attempts in one number.

Number sequence production  In line with Harju et  al. (2024), children were asked to 
count as far as they could. The highest number up to which the children correctly counted 
out loud in one of two attempts was their score. If the children reached 50, their counting 
was stopped.

3 � Results

All the statistical analyses were run in SPSS (IBM SPSS Version 28) and the figures were 
created using R (version 4.4.1, R Core Team, 2024). Descriptive statistics on the variables 
are presented in Table 2. The new measure indicated good internal consistency (Table 2). 
In addition, all the items seemed to contribute to SFONO as there were no items that would 
have substantially improved the internal consistency when removed. Descriptive statistics 
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of GFONO, cardinality skills, and number sequence production (Table  2) suggested that 
many children demonstrated adequate skills to spontaneously focus on numerical order in 
the SFONO tasks. GFONO and cardinality scores appeared to have a ceiling effect, with 
mean scores of 3.54 out of 4, and 5.78 out of 6 (which may explain the relatively low alpha 
values). In addition, Table 3 the Spearman correlations showed only low, statistically non-
significant correlations between the variables, which may be partly explained by the ceiling 
effect and limited variance in GFONO and cardinality skill measures.

3.1 � Replication and extension of prior findings on individual differences in SFONO 
using the revised measure

To shed light on the construct validity of the revised SFONO measure, we investigated 
individual differences in SFONO (RQ1a). In a first step, we examined the frequencies of 
children’s SFONO responses in the same trial types used in the study by Harju et al. (2024) 
(i.e., A: 1,2,3,4; B: 2,3,4,5), within the four SFONO tasks in this study (Fig. 2a), seeing 
whether their findings hold true using another set of tasks with a more consistent sali-
ence. A similar distribution of SFONO scores across the new set of tasks was found, with a 
SFONO sum score ranging from 0 to 7, indicating a continuous tendency. In a second step, 
the frequencies of SFONO scores were examined in trial types with non-consecutive (i.e., 
C: 1,2,4,5) and larger numbers (i.e., D: 8,9,11,12), also indicating individual differences 
(Fig. 2b).

Table 2   Descriptive statistics of the variables (N = 51)

a  Missing data (n = 1)

M (SD) Range Theoretical 
maximum

Skewness Kurtosis Cronbach’s α

Age in months 69.75 (3.81) 63–82 - 0.44 0.87 -
SFONO tendency 3.80 (3.33) 0–14 16 0.83 0.42 .81
   Trial types A & B 2.35 (2.02) 0–7 8 0.57 −0.43 .69
   Trial types C & D 1.45 (1.55) 0–8 8 1.76 4.99 .62
GFONOa 3.54 (0.79) 0–4 4 −2.35 7.37 .53
Cardinality skillsa 5.78 (0.55) 4–6 6 −2.47 5.16 .47
Number sequence productiona 38.16 (12.24) 10–50 50 −0.70 −0.64 -

Table 3   Spearman correlations 
between the variables (N = 51)

a  Missing data (n = 1)

Variable 1 2 3 4 5

1. Age -
2. SFONO tendency .26 -
3. GFONOa -.04 .16 -
4. Cardinality skills a -.16 .09 .18 -
5. Number sequence productiona .13 .05 .06 .21 -
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In a third step, we examined the frequencies of the different types of SFONO indications 
(Fig. 3). This was done to investigate whether children’s behavior in the SFONO tasks was 
in line with their given response. The results showed, that for 66% of the observed SFONO 
responses, children arranged the items in numerical order, but did not show any additional 
numerical behavior. 31% of the children did show other indications of numerical behavior, 

Fig. 2   Frequencies (as percentages) of children’s SFONO sum scores in a) trial types A (1,2,3,4) and B 
(2,3,4,5), and b) in trial types C (1,2,4,5) and D (8,9,11,12) (N = 51)

Fig. 3   Dot plot of the observed indications of SFONO per task and trial type (N = 51)
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such as saying cardinal number words or counting out loud. In around 4%, the children 
did not arrange the sets of items in numerical order, but showed other indications of notic-
ing the numerical order aspect in the task. For example, the children may have noticed 
that from the sequence of 8,9,11,12, the number 10 is missing, and pointed it out to the 
researcher, thus referring to the number sequence. These results are in line with previous 
behavioral patterns of spontaneous mathematical focusing tendency research (e.g., Gray & 
Reeve, 2016).

3.2 � Influence of task context and numerical sequence on SFONO scores

The effect of task characteristics (i.e., task context, trial type) on SFONO was examined to 
further investigate the measure’s construct validity (RQ1b). The descriptive statistics and 
internal consistencies per tasks and trial types are presented in Table 4. The results indi-
cated better internal consistencies (i.e., Cronbach’s α’s, inter-item correlations) for the tri-
als within the same task context when compared to trials within the same trial type.

Following this, means of children’s SFONO scores were compared between the 
tasks  (i.e., different contexts), and between the trial types (i.e., different numerical 
sequences). A repeated measures ANOVA with Greenhouse–Geisser correction indicated 
that there were no significant differences in the mean scores between the four SFONO 
tasks (F(2.52, 125.90) = 1.20, p = 0.31, η2 = 0.02) (Fig. 4).

For the four trial types (i.e., A, B, C, D), results of a repeated measures ANOVA 
showed that there were significant differences between children’s SFONO scores in the 
different trial types (F(3, 150) = 24.39, p < 0.001, η2 = 0.33). Post hoc analysis indicated 
that children spontaneously focused on numerical order more on trial type A compared to 
trial type B (Mdiff = 0.63, 95% CI [0.24–1.01], d = 0.55), trial type C (Mdiff = 0.35, 95% CI 
[0.01–0.70], d = 0.30), and trial type D (Mdiff = 1.18, 95% CI [0.71–1.64], d = 1.17). In addi-
tion, more SFONO was observed in trial type B compared to trial type D (Mdiff = 0.55, 95% 
CI [0.15–0.94], d = 0.60), and in trial type C compared to trial type D (Mdiff = 0.82, 95% CI 
[0.41–1.24], d = 0.88) (Fig. 5).

Table 4   Descriptive statistics of SFONO sum scores, and internal consistencies (i.e., Cronbach’s alphas, 
inter-item correlations) by task and trial type (N = 51)

M (SD) Range Cronbach’s α Inter-item 
correlations

Task Tower 0.94 (1.24) 0–4 .74 .16–.60
Ladybug 0.86 (1.20) 0–4 .72 .05–.72
Laundry 1.18 (1.23) 0–4 .66 .20–.56
Boxes 0.82 (1.21) 0–4 .78 .26–.64

Trial type 1–2–3–4 1.49 (1.23) 0–4 .46 .01–.38
2–3–4–5 0.86 (1.06) 0–4 .52 -.01–.50
1–2–4–5 1.14 (1.11) 0–4 .46 -.06–.36
8–9–11–12 0.31 (0.73) 0–4 .62 .17–.48
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3.3 � Divergent validity of the SFONO measure: Distinguishing SFONO 
from task‑specific skills

To investigate the divergent validity of the SFONO measure (RQ1c), we investigated 
the SFONO scores within the subset of children who demonstrated the necessary skills 
to spontaneously focus on numerical order (i.e., in those children who could complete all 

Fig. 4   Mean SFONO scores and distributions across the four SFONO tasks (N = 51). Large dots indicate 
mean SFONO sum scores, with error bars representing 95% confidence intervals

Fig. 5   Mean SFONO scores and distributions across the SFONO trial types (N = 51). Large dots indi-
cate mean SFONO sum scores, with error bars representing 95% confidence intervals. Note. *p < 0.05, 
**p < 0.01, ***p < 0.001
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the guided focusing tasks correctly, recognize the cardinal values of the sets correctly, and 
recite the number sequence until the highest number in the tasks). In trial types A and B, 
43 children could correctly order the sets when guided to do so, recognize cardinal values 
up to 5, and recite the number sequence above five. In trial types C and D, 33 children 
correctly completed the guided task of these trial types, recognized cardinal values up to 
12, and recited the number sequence above 12. Results showed individual differences in 
children’s SFONO in all four trial types among these subgroups of children who had the 
necessary skills (Fig. 6). This indicates that the individual differences captured with the 
new SFONO measure are not solely due to differences in children’s skills needed to sponta-
neously focus on numerical order.

4 � Discussion

This study aimed to address gaps in the previous measurements of SFONO and investigate 
its construct validity. Our findings show individual differences in SFONO tendency with 
the broader measure, both with similar numerical sequences that were used in the previ-
ous measures, but also with other types of numerical sequences. In addition, our results 
indicated that SFONO responses appeared more affected by the numerical sequences used 
in the task than by the task context. Furthermore, this study is the first to show that the 
individual differences found in the SFONO measure were not solely due to differences in 
the numerical skills needed to use numerical order in the tasks, but due to differences in 
SFONO tendency. This result supports the view that SFONO tendency is a separate atten-
tional process distinct from the requisite skills (Harju et al., 2024). Taken together, the pre-
sent study suggests that the revised measure is valid for assessing SFONO tendency.

More specifically, consistent with Harju et al. (2024), our measure recovered individ-
ual differences in children’s SFONO, providing evidence for the construct validity of the 
measure. This pattern in turn, suggests that SFONO itself reflects a stable and measurable 
construct. Additionally, the presence of individual differences in SFONO across trials with 
new types of sequences, coupled with a high Cronbach’s alpha indicating good internal 

Fig. 6   Frequencies (as percentages) of children’s SFONO sum scores in those children who had the neces-
sary skills to spontaneously focus on numerical order in a) trial types A (1,2,3,4) and B (2,4,5) (n = 43), and 
b) in trial types C (1,2,4,5) and D (8,9,11,12) (n = 33)
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consistency, suggests that SFONO should be measured using a comprehensive range of 
numerical sequences. This approach will better capture the full spectrum of SFONO and 
enhance the content validity in terms of ordinality.

Next, as discussed in the theoretical background, SFONO may be influenced by task 
context, such as features, demands, and the salience of numerical information (Batchelor 
et  al., 2015; Mazzocco et  al., 2020). Therefore, the present study examined children’s 
SFONO across different tasks (task context) and different types of numerical sequences 
(task feature). Our results indicated that the SFONO scores were broadly comparable 
across the four matched contexts, indicating that task demands did not meaningfully affect 
performance in the revised measure, and that the measure generalizes beyond surface 
features.

Moreover, the results showed that the patterned differences by sequence type aligned 
with theoretical expectations, which is further confirming the construct validity of the 
measure. More specifically, we observed the most SFONO in trials featuring small num-
bers and the least in those with larger numbers. This aligns with prior suggestion of the 
familiarity effect observed in ordinality studies, that have shown the start of the number 
sequence (e.g., 1,2,3) to be the most familiar sequence leading to faster response times 
in judging whether numbers are in correct order or not (e.g., Devlin et al., 2024). In addi-
tion, small numbers can be subitized rapidly while recognizing order in larger numbers 
requires active counting. Combined with the small numbers of items having larger differ-
ences in their numerical ratio than the larger numbers of items, the differences in set sizes 
and the numerical order aspect may be easier to notice among small numbers. Likewise, 
the numerical sequences beginning with the first two numbers in typical count sequences 
(i.e., 1 and 2) appear to also have somewhat higher salience.

Although children’s SFONO scores differed significantly between sequence types, but 
not between tasks, the internal consistency was stronger within tasks than across items of 
the same numerical sequence. This suggests that task context affected the way children 
responded, leading to more consistent performance within a given task—even if the spe-
cific sequence type varied. At the same time, the sequence type still influenced the level of 
SFONO, as shown by the significant score differences. This indicates that while task struc-
ture may drive consistency in responses, certain numerical sequences may inherently elicit 
stronger or weaker spontaneous focusing. This dual influence highlights the importance of 
considering the salience effect of both, task context, and numerical sequence when assess-
ing SFONO.

Interestingly, in 66% of the observed SFONO instances, the children arranged the sets 
of items in numerical order without showing any additional overt numerical behavior, con-
tradictory to Harju et al. (2024) in which 44% of the observed SFONO instances excluded 
any additional overt numerical behavior. However, it is possible that the children in our 
study, given that they are older, may not have needed to show overt signs of counting, as in 
most of the trials the numbers were easy for them to enumerate. The study by Harju et al. 
(2024) investigated Finnish children, whereas the current study focused on Flemish pre-
schoolers. These two populations differed not only in age but also in educational practice 
and instructional context. The participants in the current study were in the third (final) year 
of preschool (aged 5–6) in Flanders. At this stage, the Flemish curriculum places explicit 
emphasis on the development of early numerical skills such as counting up to 20, under-
standing the cardinal and ordinal aspects of numbers, and mastery of the one-to-one cor-
respondence between number words and objects (Vlaamse overheid, n.d.). In the Finnish 
education system, mathematics is promoted through playful activities. Special emphasis 
is given to the development number concept (i.e., learning to join quantities with number 
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words and Arabic numerals), and to practicing the recitation of the number sequence (Finn-
ish national core curriculum for ECEC, National Agency of Education, 2022). However, no 
specific minimum targets are defined, as the practice should happen at each child’s indi-
vidual skill level.

Next, as it was still an open question if the individual differences in SFONO found in 
the previous studies were caused by individual differences in the needed numerical skills 
and knowledge, we investigated SFONO in a group of children who had the necessary 
skills to spontaneously focus on numerical order in these tasks. We still found individual 
differences in SFONO tendency within this group, indicating that these differences cannot 
be fully explained by skills and knowledge alone. This supports the divergent validity of 
the SFONO measure and is in line with previous findings that distinguish between sponta-
neous mathematical focusing tendencies (like SFON and SFOR) and guided mathematical 
abilities (Hannula & Lehtinen, 2005; McMullen et al., 2014). Importantly, while SFONO is 
conceptually distinct from the prerequisite skills and knowledge, the foundational numeri-
cal skills can still affect how challenging SFONO items are for children at earlier develop-
mental stages. Indeed, it is plausible that, among children who have not yet acquired the 
necessary skills to successfully perform tasks requiring SFONO, the item difficulty on the 
SFONO measure is influenced by their underlying knowledge. This suggests that, espe-
cially for less experienced individuals, factors such as background knowledge may influ-
ence performance on SFONO tasks over and above familiarity and salience.

4.1 � Educational implications

The present results have educational implications worth considering. Translating between dif-
ferent forms of mathematics between everyday life and formal learning is a central goal of 
mathematics instruction (Nunes & Bryant, 2015). This translation may be aided by spontane-
ous mathematical focusing tendencies (Hannula et al., 2005). Our results indicate that during 
instruction on supporting spontaneous mathematical focusing tendencies varying mathematic 
forms (i.e., the number sequences) may be just, if not more important, than varying the con-
texts (e.g., laundry versus ladybugs). Moreover, previous studies have shown that spontaneous 
focusing on different mathematical aspects can be supported through targeted interventions 
(e.g., Braham et al., 2018; Hannula-Sormunen et al., 2020; Määttä et  al., 2024), leading to 
greater improvements in the mathematical skills of the children in the intervention group in 
comparison to the control group (e.g., Hannula-Sormunen et al., 2020). As our results indi-
cated SFONO to be partially distinct from the requisite skills, and Harju et al. (2024) observed 
a positive association between SFONO and numerical skills, numerical order might be another 
important numerical aspect to focus on in everyday situations with young children.

4.2 � Limitations

There are certain limitations to our SFONO measure and the present study that need to be 
addressed. Even though our aim was to address the limitation of varying salience in the pre-
vious measurements of SFONO, having similar structures and features, and including larger 
numbers in our SFONO tasks may be a limitation according to the methodological considera-
tions of spontaneous focusing measures. Spontaneous focusing measures are designed to cap-
ture a child’s self-initiated attention to mathematical aspects, reflecting the amount of informal 
practice in everyday environments (e.g., Hannula-Sormunen, 2015). From this perspective, 
using many tasks with highly similar features and structures may not be ideal, as the salience 
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of numerical aspects in real-world contexts can vary significantly. Future studies could also 
include a wider range of task structures to more systematically examine the effects of the task 
demands (e.g., imitation tasks or picture description tasks) (Li et al., 2025). In addition, not all 
the children in our study were able to enumerate sets of 8, 9, 11, or 12, thus leading to question 
whether the lack of spontaneous focusing in the trials with larger numbers was due to task dif-
ficulty or lack of SFONO among these children. However, as there was also a lack of SFONO 
among the sub-group of children who were able to enumerate the larger sets, we hypothesize 
that larger numbers did not elicit SFONO as well as smaller numbers. Future studies could fur-
ther investigate how the different task features affect the measurement of spontaneous focusing, 
and create guidelines helping to design more coherent, but sufficiently varied sets of tasks.

Next, it should be noted that the sample size of the present study was modest (N = 51), 
possibly limiting the representativity of the sample. The limited sample size also restricted 
our analytic choices, especially while investigating the effects of task characteristics on 
SFONO responses. Therefore, future studies should evaluate the measure in larger samples. 
In addition, the effect of task characteristics could be investigated in a more detailed way by 
using more robust analytic approaches (e.g., generalized linear mixed-effects models).

Examining the task effects on spontaneous mathematical focusing tendencies in a more 
comprehensive format may be challenging. At early stages of the development of SFONO 
tendency, performance across contexts may appear inconsistent and fragmented, that is, it 
may be more dependent on context and other task features. Thus, individual differences may 
not be consistent and fairly low internal consistency in SFONO tendency may appear. For 
example, from a knowledge integration theory perspective we would expect children to have 
different prior experiences in  situations, which may differently affect focusing across con-
texts. For example, some children may have prior experiences on building a tower in numeri-
cal order, while they have not hung laundry based on numerical information found on clothes. 
Thus, having diverse tasks can be beneficial for capturing the whole of the construct, even if 
reliability is potentially harmed (if not enough items are possible) (Edelsbrunner et al., 2025). 
In the present study, we presented children with a similar task type (i.e., the Tower build-
ing task), with a limited set of numerical sequences, but varied the context of the task (e.g., 
clothesline, etc.). Thus, we were able to achieve strong internal consistency across the 16 
items. However, this consistency may have come to the detriment of the overall construct 
validity of the measure when considering SFONO as an indicator of the spontaneous use of 
numerical order in everyday situations. Still, having this many SFONO items did not appear 
to lead to children discovering the goal of the task was to spontaneously focus on numerical 
order. Thus, we suggest that for more reliable and valid measures, studies on spontaneous 
mathematical focusing tendencies could include more tasks (and items) covering a broader 
range of contexts, to achieve both stronger validity and sufficient reliability.

It should be considered, that next to task context and type of numerical sequence there 
might be other possible factors that could shape children’s performance in the SFONO 
tasks. These factors include children’s prior experiences (e.g., tower building vs. laundry), 
orientation (e.g., vertical vs. horizontal), and reading direction. For example, a vertical ori-
entation may elicit more SFONO answers, as numbers are usually presented in a verti-
cal direction (e.g., on a number line), where numbers increase in reading direction. Future 
studies could systematically manipulate these factors and examine their effect to SFONO 
beyond task context and sequence type. Furthermore, in the present study we only assessed 
whether children spontaneously focused on numerical order, while the tasks included also 
other features (e.g., color, shape, pattern) to focus on.

Furthermore, as no prior study (including ours) included numerical sequences with gaps 
larger than one (e.g., 1,4,6), we do not yet know whether children also show SFONO with 
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these sequences. Future studies should include these types on numerical sequences too, to 
grasp the full picture of SFONO. As sometimes the children show SFONO by pointing out 
to the researcher that one number from the sequence is missing (e.g., 3 is missing from 
the sequence of 1,2,4,5), possibly even preventing them from arranging the sets of items 
in numerical order, it may be that SFONO limits to spontaneous focusing on the number 
sequence. Another line for future studies would be to investigate the developmental relations 
between SFONO tendency and numerical skills, especially those associated with ordinality.

Despite these limitations, the present study provides a more comprehensive measure of 
SFONO tendency, which addresses the previous limitations regarding its validity. The meas-
urement of spontaneous mathematical focusing tendencies is wrought with potential threats 
to the validity of the measure. Hints towards or away from numerical features can lead to 
poor capturing of the underlying tendency of interest. Different contexts can potentially 
direct children’s attention towards or away from numerical features. For instance, in a SFON 
task where the child is expected to imitate the researcher posting a certain number of letters 
from a pile to a postbox, one could think: why wouldn’t you put all the letters in a postbox?

5 � Conclusion

The results of the present study support the construct validity of the revised SFONO meas-
ure, thereby implying that SFONO is a stable, measurable construct. Our revised SFONO 
measure was able to capture individual differences in SFONO tendency, not only indicat-
ing its construct validity, but also suggesting that a comprehensive range of sequences and 
task contexts may better capture the full spectrum of SFONO. In addition, the individual 
differences found with the SFONO measure were not due to individual differences in the 
necessary skills needed in the tasks, highlighting the measure’s divergent validity, and indi-
cating a dissociation of SFONO tendency as a distinct construct from the necessary skills. 
The study further concludes that there is a need to carefully consider a wider range of task 
features when attempting to measure spontaneous mathematical focusing tendencies.
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