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ARTICLE INFO ABSTRACT

Keywords: Independent problem solving (IPS) involves solving problems alone; with motivation and
Pr"bl_e“f‘ solving persistence; without watching others; or requesting or receiving help. The Early Independent
Creativity Problem Solving Survey (EIPSS) was developed for 12- to 47-month-olds. Study 1 (N = 272)
i;l?;r:/canon found good internal reliability and a 2-factor structure: Repetitive (repeatedly solvable problems,
Tod dez e.g., jigsaws) and Novel IPS (one-off problems, e.g., reaching out-of-reach toys). Study 2 (N =
Preschool 567) confirmed good internal reliability and the 2-factor structure. Study 3 (N = 85) found a

positive correlation between a divergent thinking lab measure and Novel IPS. Study 4 found good
6-month-longitudinal stability (N = 110) for the EIPSS and its subscales; and good agreement
between parents (N = 32) for the Repetitive subscale. Study 5 (all data combined) demonstrated
no item functioning differences across demographic variables. Differences for child age, child
gender, parent age, and parent education were found for the EIPSS and subscales.

1. Introduction

Independent problem solving (IPS) is defined as a way to find a solution to a problem alone, without watching others or asking for
help, while being motivated and persistent (Beck et al., 2016; Day & Burns, 2011; Redding et al., 1988; Sigman et al., 1987; Thompson,
1999; Thompson et al., 2012; Thompson & Moore, 2000; Vlachou & Farrell, 2000; Yarrow et al., 1982). While research often focuses
on young children’s ability to learn from others (i.e., social learning, such as imitation), baseline conditions of several social learning
experiments show children are also capable of solving problems on their own (Bechtel et al., 2013; Call et al., 2005; Dean et al., 2012;
Fagard et al., 2014; Flynn et al., 2016; Rat-Fischer et al., 2012; Reindl et al., 2020; Speidel et al., 2021; Subiaul et al., 2015; Tennie
et al., 2010). However, it is unclear to what extent and how young children independently solve problems in real life. Our goal is to
create and evaluate a new parent-report measure of early IPS: the Early Independent Problem Solving Survey (EIPSS). This tool will
allow researchers to begin to understand how IPS develops in early life.

Children under 1 year solve both physical and social problems independently in their natural environment (Keen, 2011). For
example, 4- to 18-month-olds solved 89 % of obstacles by manipulating objects, using tools or force (physical); or by complying with
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others, refusing others, or trying to get others to do something (social) (Henderson & Dias, 1987). Experiments show 7-month-olds
retrieve out-of-reach objects, by e.g., removing barriers and pulling supports (Babik et al., 2019; Chen et al., 1997; Willatts, 1984,
1999).

One-year-olds determine how new toys work (Yarrow et al., 1982), complete simple puzzles (Bono & Stifter, 2003; Redding et al.,
1988; Yarrow et al., 1982), build towers (Bono & Stifter, 2003; Chen et al., 2010), get through a barrier to retrieve a prize (Fidler et al.,
2005; Yarrow et al., 1982), and continue to reach out-of-reach objects (Fagard et al., 2014; Rat-Fischer et al., 2012, 2014). Addi-
tionally, 13-month-olds spent 60 % of their time working on their tasks, a marker of persistence, and their persistence correlated with
task success (Yarrow et al., 1982). Furthermore, 1-year-olds’ motor actions suggest that when building towers, they plan ahead (Chen
et al., 2010).

Two-year-olds continue to complete puzzles, using trial and error, shape matching, and color matching as strategies (Levine et al.,
2012; Montford & Readdick, 2008). They can solve puzzle boxes alone (Call et al., 2005; Hopper et al., 2020; Seed & Call, 2014;
Sigman et al., 1987; Speidel et al., 2021; Tennie et al., 2010). Finally, 2-year-olds begin independently choosing the correct tools to
obtain out of reach objects (Breyel & Pauen, 2021; Chen & Siegler, 2013; Gardiner et al., 2012; Neldner et al., 2020; Reindl et al., 2016;
Seed & Call, 2014). Additionally, children are more successful at removing out-of-reach objects with their fingers than tools, suggesting
tool use is more difficult for 2-year-olds, possibly due to e.g., an overload of working memory capacity (Seed & Call, 2014).

Three-year-olds continue to solve puzzles (Rose et al., 2021), and now do so by matching different patterns (Pepler & Ross, 1981).
Furthermore, their puzzle solving speed relates to their mastery-orientation, that is, they see it as an opportunity to increase their
competence, rather than showing others what they can do (Day & Burns, 2011). They continue to retrieve out-of-reach objects with
appropriate tools (Gredlein & Bjorklund, 2005), and solve puzzle boxes (Dean et al., 2012; Flynn et al., 2016; Reindl et al., 2020;
Subiaul et al., 2015; Vlachou & Farrell, 2000). They also solve weight puzzles (Metz, 1993), independently solve the Tower of Hanoi
(Tarasuik et al., 2017) and solve social problems, e.g., convincing someone to play with them or give them an object (Krasnor & Rubin,
1983; Neel et al., 1990). Most 3-year-olds fail to innovate tools to problem solve, such as re-shaping or joining tools (Beck et al., 2016;
Breyel & Pauen, 2021; Goniil et al., 2018).

Overall, research suggests children independently solve problems in a variety of ways from infancy. However, little is known about
how they independently solve problems in their real lives. One way to capture this is to create a parent-report measure of IPS. Indeed,
the Ages and Stages Questionnaire (ASQ) Version 3 for 4- to 60-month-olds includes a Problem Solving subscale (Squires & Bricker,
2009). However, it is not specifically an independent problem solving subscale. While one to two items across each age range capture
IPS, e.g., trying to get a cheerio out of a clear bottle, other aspects capture problem solving more broadly, e.g., gaze following,
imitation, looking at objects, vocabulary (e.g., colors and numbers), and pretending. Therefore, an IPS parent-report measure is still
needed. The Problem Solving Questionnaire (PSQ) (Camp et al., 2016) examines real life problem solving in typical and atypical
development, asking about children’s abilities in real life tasks including dressing, brushing teeth, making sandwiches, and making
phone calls; and novel tasks including finding lost possessions, packing bags, and putting away items in a wardrobe or chest of drawers.
For each item, they ask if children recognize the problem; know the goal of the problem; have ideas about how to solve the problem;
keep track of what they are doing; stay focused on the task; use existing knowledge to help them; apply a strategy previously learnt in
another situation; and stop when tasks are finished. They also ask whether, if something goes wrong, children: ask for help, lose focus,
stop persevering, and keep going until they reach a solution. Therefore, implicitly, it appears the PSQ has an independent problem
solving focus. However, it was designed for adolescents with atypical development, and children from around 7 or 8 years with typical
development. Therefore, the PSQ is likely too advanced for children under 4 years.

We therefore decided to create an ecologically valid parent-report measure of early IPS: the EIPSS. Our primary goal was to create a
tool allowing researchers to efficiently learn more about early IPS and related areas of development. For instance, one emerging area of
research, first put forward by Vygotsky (1978), considers the relationship between social learning and innovation (Bonawitz et al.,
2011; Carr et al., 2015; Hoicka et al., 2018; Legare & Nielsen, 2015; Rawlings et al., 2017; Rawlings et al., 2021). Researchers already
running an imitation lab task could easily learn more about this relationship by giving parents a short IPS survey; or parents could
complete an IPS survey alongside another measure capturing early social cognition, such as the Early Social Cognition Inventory or the
Children’s Social Understanding Scale (Hoicka et al., 2021; Tahiroglu et al., 2014). Another goal was to create an efficient measure of
IPS to act as a control measure for experiments involving IPS, e.g., tool use, or innovation, which could give experiments more rigor.
For example, parents could complete an IPS survey before children participate in a between-participants experiment involving IPS, and
the IPS survey could act as a baseline measure to control for pre-existing differences between participant groups. Our goal was to cover
a wide age range so both cross-sectional and longitudinal research could use the same survey to tap into developmental change.
Another goal was creating a survey useful across English-speaking countries as the research discussed gives evidence from a variety of
countries, including Australia, Canada, the UK, and the USA. Creating a survey useful across English-speaking countries allows for
future research across various English-speaking countries, and research collaborations across those countries.

A final goal was to use the EIPSS to explore demographic differences. First, we expected IPS to increase with age, in line with past
research (Babik et al., 2019; Barrett et al., 2007; Breyel & Pauen, 2021; Gardiner et al., 2012; Goniil et al., 2018; Hopper et al., 2020;
Montford & Readdick, 2008; Neldner et al., 2019; Rat-Fischer et al., 2014; Rat-Fischer et al., 2012; Reindl et al., 2016; Seed & Call,
2014; Tarasuik et al., 2017; Willatts, 1984, 1999). Second, we sought to explore gender differences. Many early IPS studies found no
gender differences (Chen et al., 2010; Chen et al., 1997; Chen & Siegler, 2013; Day & Burns, 2011; Fidler et al., 2005; Gardiner et al.,
2012; Goniil et al., 2018; Levine et al., 2012; Neldner et al., 2019; Pepler & Ross, 1981; Reindl et al., 2016; Thompson, 1999). However,
some studies found boys outperform girls (Barrett et al., 2007; Bates et al., 1980), although another study found the reverse (Thompson
et al., 2012). Furthermore, older (5- to 6-year-old) boys were more likely to innovate tools than girls in Turkey, although not in New
Zealand (Goniil et al., 2019). Third, we sought to explore socio-economic status (SES) differences. Higher parental income, but not
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parental education, was linked to increased IPS in young children (Day & Burns, 2011; Levine et al., 2012). In older children, higher
SES as a combination of parents’ income, education, and job type, correlated with higher IPS (Burns et al., 1987); children from higher
SES areas outperformed children from lower SES areas (Cox, 1985); and increased parental education sometimes predicted IPS, but not
always (Greiff et al., 2013; Hacatrjana, 2022). Fourth, we sought to explore cultural differences, including country, specifically,
Australia, Canada, the United Kingdom, and the United States; as well as by language status (mono- versus multilingual). While we are
unaware of research comparing young children’s IPS in these particular countries, previous research found IPS differences across other
countries. Australian 2- to 5-year-olds outperformed South African children, from villages, townships, and Bushmen, on IPS tasks
(Neldner et al., 2019; Neldner et al., 2020). Children (5-6 years) in New Zealand outperformed Turkish children on an IPS task (Goniil
et al., 2019). In contrast, remote Indigenous and Western urban Australian 3- to 5-year-olds showed no differences (Neldner et al.,

Table 1

EIPPS Item number; question; source; Pearson correlations between the final items and entire survey (Study 1); factor loadings (F1, F2) for the EFA
(Study 1), CFA for Study 2 (in brackets), and CFA for Study 3 (in brackets, in Italics). Parents answered on a 4-point Likert scale from 1 (Strongly
Disagree) to 4 (Strongly Agree), or Not Applicable for each item. Items were not included if at least 20 % of parents answered Not Applicable for an

item, or if items did not correlate with the EIPSS mean score above r = 0.3 (see Study 1, Results).

Item Question Source r F1 F2
1 My child makes difficult structures with blocks/ (Bono & Stifter, 2003; Chen et al., 2010; Gredlein & Bjorklund, .59 42 .14
megablocks on his/her own 2005) (.58)
(.22
5 My child sorts objects in logical ways on his/her own,  (Camp et al., 2016) 72 .52 .24
e.g., cutlery next to plates; toy bed in dollhouse (.60)
(5D
6 My child puts away objects correctly on his/her own  (Camp et al., 2016; Squires & Bricker, 2009) .63 .41 .22
(.47)
(13)
8" My child needs help to sort objects by, e.g., shape, (Camp et al., 2016; Metz, 1993; Montford & Readdick, 2008; Pepler .66 .89 -16
colour & Ross, 1981; Vlachou & Farrell, 2000) (.73)
(4D
10" My child needs help completing simple puzzles (Bono & Stifter, 2003; Day & Burns, 2011; Levine et al., 2012; .69 74 .01
Montford & Readdick, 2008; Pepler & Ross, 1981; Redding et al., (.78)
1988; Rose et al., 2021; Tarasuik et al., 2017; Thompson, 1999; (.67)
Thompson et al., 2012; Yarrow et al., 1982)
2R My child needs help from others when figuring out (Dean et al., 2012; Flynn et al., 2016; Reindl et al., 2020; Speidel .65 .20 .52
how new toys work et al., 2021; Subiaul et al., 2015; Tennie et al., 2010; Vlachou & (.69)
Farrell, 2000; Yarrow et al., 1982) (43)
3" When it is physically difficult to reach a toy, my child (Babik et al., 2019; Breyel & Pauen, 2021; Chen et al., 1997; Chen & .56 12 .43
will not try to figure out how to reach it Siegler, 2013; Fagard et al., 2014; Fidler et al., 2005; Gardiner et al., (.36)
2012; Gredlein & Bjorklund, 2005; Hopper et al., 2020; Neldner 59)
et al., 2019; Neldner et al., 2020; Rat-Fischer et al., 2012, 2014;
Reindl et al., 2016; Seed & Call, 2014; Squires & Bricker, 2009;
Tennie et al., 2010; Willatts, 1984, 1999; Yarrow et al., 1982)
4% My child does not like to take things apart and put (Call et al., 2005; Hopper et al., 2020; Neldner et al., 2019; Subiaul .68 11 .64
them back together et al., 2015) (.43)
(.65)
7 My child looks at the mechanisms of how things work, (Beck et al., 2016; Breyel & Pauen, 2021; Chen & Siegler, 2013; .56 -.20 .80
e.g., how wheels are connected to toy cars Dean et al., 2012; Fidler et al., 2005; Gardiner et al., 2012; Goniil (.51)
et al., 2018; Hopper et al., 2020; Metz, 1993; Reindl et al., 2020; (.40)
Seed & Call, 2014; Subiaul et al., 2015)
9 If a toy breaks, my child tries to fix it before asking for (Sigman et al., 1987; Thompson, 1999; Thompson et al., 2012; .61 .10 .52
help Thompson & Moore, 2000) (.62)
(57)

Items not included in EIPSS:

11 When a toy breaks, my child uses past experiences to  (Chen & Siegler, 2013)
try to fix it

12 My child resolves conflicts with other children on his/ (Krasnor & Rubin, 1983; Neel et al., 1990)
her own

13" My child needs help to come up with good plans, e.g.,
figuring out that s/he needs an umbrella if it’s raining

14" If my child draws a picture wrong, s/he gives up
instead of starting over again

15 When my child has a question, s/he tries to figure out
the answer him/herself before going to someone else

16" If my child does not get what s/he wants from me, s/
he does not ask someone else, e.g., other parent,
grandparent

17" When doing crafts, my child needs help to fix things if
things go wrong, e.g., if crayon too short, needs help
to pull off paper

(Camp et al., 2016)
(Sigman et al., 1987; Vlachou & Farrell, 2000; Yarrow et al., 1982)
(Sigman et al., 1987; Thompson, 1999; Thompson et al., 2012;

Thompson & Moore, 2000)
(Sigman et al., 1987; Vlachou & Farrell, 2000; Yarrow et al., 1982)

(Camp et al., 2016; Squires & Bricker, 2009)

R Item is reverse-coded.
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Table 2
Participant information.
Study 1 Study 2 Study 3

N 272 567 85
Children’s Age:
Mean (months; days) 28;5 26;24 36;13
Range 12;4-47;26 12;0-47;24 24;20-47;25
SD 10;10 9;28 7:4
Children’s Gender:
Female 134 289 41
Male 138 276 44
Not reported 0 2 0
Children’s Ethnicity:
Arab 0 1 0
Black 5 5 0
East Asian 6 1 0
Hispanic 1 0 0
Pacific Islander 0 1 0
South Asian 4 5 2
West Indian 0 1 0
White 198 507 78
Of Mixed Ethnicity 1 21 5
Other (not specified) 11 19 0
Not reported 46 6 0
Country:
Australia 20 5 0
Canada 5 11 0
United Kingdom 183 462 85
United States of America 35 62 0
Other 24 21 0
Not reported 8 6 0
Child’s Language
English only 139 459 41
English and another language(s) 41 83 8
One other language only 0 12 0
Not reported 92 13 36
Sibling(s)
No 114 292 15
Yes 68 263 34
Not reported 90 12 36
Childcare
Mean (hours) N/A 17.28 17.07
Range 0-75 0-50
SD 14.21 11.51
Not reported 272 53 36
Parents’ Age
Mean (years) 33.84 33.96 35.40
Range 18-48 18-67 24-45
SD 5.20 5.17 4.86
Not reported 88 14 38
Parents’ Gender
Female 183 511 48
Male 4 40 1
Not reported 85 16 36
Parents’ Ethnicity:
Black 5 7 0
East Asian 6 8 0
South Asian 2 4 1
White 163 511 44
Of Mixed Ethnicity 1 7 1
Other (not specified) 8 15 0
Not reported 87 15 36
Parents’ Education
Secondary School 36 68 15
Community College 8 26 0
Undergraduate Degree 72 207 38
Postgraduate Degree 108 254 31
Not reported 48 12 1
Household Income
Australia: N 11 5 NA
Mean $129,091AUD $120,000

(continued on next page)
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Table 2 (continued)

Study 1 Study 2 Study 3
Range $40,000 - $200,000 $50,000-$200,000
SD $54,627 $65,955
Canada: N NA 9 NA
Mean $129,444CAD
Range $50,000-$200,000
SD $53,411
United Kingdom: N 63 317 46
Mean £ 54,238GBP £ 58,400 £ 49,949
Range £ 5000-£ 120,000 £ 6000—£ 750,000 £17,210-£ 112,000
SD £ 26,639 £ 49,006 £ 25,187
United States of America: N 31 53 NA
Mean $152,839USD $125,453
Range $24,000-$500,000 $20,000-$250,000
SD $89,798 $59,119
Recruited
babylovesscience.com 214 441 0
Sheffield Cognitive Development Lab 41 126 85
The Psychology Children’s Lab, Staffordshire University 43 0 0

2017). We are also unaware of research linking multilingualism to IPS in this age group. However, research on older children and
adults suggests mixed results (Bialystok & Majumder, 1998; Cushen & Wiley, 2011; Stafford, 1968). Sixth, we sought to explore social
aspects of IPS, including having siblings and the number of hours spent in childcare. There is little research in this area, however one
study found no difference in IPS in children with more versus fewer siblings (Cicirelli, 1976). Finally, we sought to examine how
parental demographics affect reporting — specifically, parent age and gender. For instance, mothers and fathers sometimes report
differently on young children, but often do not, in areas such as social cognition, socio-emotional development, problem eating, and
abnormal social behaviors (Adamson & Blight, 2014; Alakortes et al., 2015; Davé et al., 2008; Gluck et al., 2021).

The EIPSS has important real-world implications. First, early years curricula emphasize problem solving in several countries,
including Australia, Canada, the UK, and the USA (Australian Government Department of Education and Training, 2017; Best Start
Expert Panel on Early Learning, 2007; Department for Education, 2017; Ohio Department of Education, 2012). Having a tool to better
understand early IPS could allow us to determine if, e.g., children from lower SES backgrounds need more support in developing IPS
skills. Second, this research could be useful to parents, early years educators, and medical staff, such as health visitors and paedia-
tricians, to know which IPS behaviors to expect, and, with future development of the EIPSS, to potentially serve as a marker of
development difference.

This paper sought to develop a parent report measure of IPS from 12 to 47 months. Study 1 used Exploratory Factor Analysis (EFA,
N = 272) to determine the EIPSS’s internal reliability and factor structure. Study 2 used Confirmatory Factor Analysis (CFA, N = 574)
to replicate the internal reliability and factor structure. Study 3 (N = 85) examined convergent validity by comparing the EIPSS to
children’s performance on an IPS task (Great Ape Tool Test Battery, GATTeB) and a divergent thinking task (Unusual Box Test, UBT) in
the lab (Bijvoet-van den Berg & Hoicka, 2014; Hoicka et al., 2016; Reindl et al., 2016). Study 4 used a subsample of participants from
Studies 1 and 2 to measure inter-observer reliability between parents (N = 32), and 6-month longitudinal stability (N = 110). Study 5
examined data from the first three studies together (N = 83-924) to examine similarities and differences in item functioning, and
overall scores across demographic variables (e.g., child gender, parent education, household income).

2. Study 1: survey construction

The initial survey was designed to capture early IPS from 4 months, or even earlier, based on Henderson and Dias (1987) observing
IPS as early as 4 months. However, pilot data for children under 12 months suggested too many questions were answered “not
applicable”, therefore the survey was limited to children between 12 and 47 months. The upper age limit was chosen as the focus of the
EIPSS was IPS before school age, and British children, the main sample, begin school from 48 months. PsycInfo was searched for terms
including “problem solv* ,” “convergent thinking,” “creativ* ,” and “innovat* ” alongside terms such as “preschool* ,” “toddler* ,” and
“infan* .” and items were created based on relevant papers, e.g., items relating to puzzles, construction, retrieving out-of-reach objects,
determining how new toys work, resolving conflicts with children, all within real life concepts appropriate to young children, e.g.,
toys, eating, crafts (see Table 1). We also took inspiration from the ASQ and PSQ (Camp et al., 2016; Squires & Bricker, 2009). In
writing the items, problem solving should be independent, and so terms such as “alone,” “needs help,” “try,” “gives up,” and “likes to,”
were embedded to get at the concept of IPS being individual, motivated, persistent, and involving mastery (Beck et al., 2016; Day &
Burns, 2011; Redding et al., 1988; Sigman et al., 1987; Thompson, 1999; Thompson et al., 2012; Thompson & Moore, 2000; Vlachou &
Farrell, 2000; Yarrow et al., 1982). This led to 17 items for the initial EIPSS (see Table 1), which used a 4-point Likert scale, from
“Strongly Agree” to “Strongly Disagree”, with some items reverse scored. We chose a 4-point scale to avoid parents staying neutral. A
couple of parents gave written feedback about the EIPSS after completing it to ensure questions made sense to them.
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2.1. Method

2.1.1. Participants

See Appendix A for power analysis. Surveys were obtained for 272 children. Data were collected from February 2015 to October
2016. See Table 2 for participant information. Income statistics of samples with fewer than five participants per country were not
reported. Participants were recruited through Facebook advertising, targeting parents of children 1-3 years in English-speaking
countries, posts on lab and parenting Facebook pages, social media, press releases, Bounty packs in Sheffield, UK, and letters to
parents sent through nurseries in Staffordshire. Ethical approval was obtained from the Psychology Department at the University of
Sheffield for the projects, “Using parent reports to learn about early humour, pretending, deception, creativity, social cognition, ac-
tions, and language”, Reference Number 003095, and “Young children’s technology use & creativity”, Reference Number 012752, and
from the School of Health, Science and Wellbeing, Staffordshire University for the project "The immediate effect of pace television on
children’s creativity". Parents who completed the survey on babylovesscience.com ticked boxes online to indicate consent. Parents
who completed the survey in the lab signed paper consent forms. Participants from the Sheffield Cognitive Development lab received a
book for participating in the survey alongside an unrelated lab study. Participants from babylovesscience.com received no reward,
unless participants repeated the survey 6 months later, or the child’s other parent also completed the survey (see Study 4). Participants
from The Psychology Children’s Lab, Staffordshire University, received £10 and a t-shirt for participating in the survey alongside an
unrelated lab study.

2.1.2. Measure

2.1.2.1. Early Independent Problem Solving Survey (EIPSS; preliminary version). Seventeen questions asked how keen children are to do
IPS in real life, e.g., “If a toy breaks, my child tries to fix it before asking for help” (see Table 1). The beginning of the survey stated:

“For each statement, think back to specific examples in the last month, and choose whether you: Strongly Agree; Agree;
Disagree; Strongly Disagree. However, sometimes you will not be able to think of a specific time in the last month to evaluate the
statement. For instance, if we ask about how your child responded to getting a present, and your child didn’t get a present in the
last month, skip the question or choose NA (not applicable).”

Responses were averaged to give an EIPSS score. Items for which parents answered “NA” were not included.

2.2. Results

EIPSS items for Sample 1 (N = 272) were removed for which more than 20 % of participants answered “NA” as these items may be
too developmentally advanced for younger participants or may not be popular with or encouraged by parents. Items 11-15 were
removed (see Table 1). The remaining data set was missing 6 % of item responses. Little’s Missing Completely at Random (MCAR) test
was not significant, ;(2(531) = 544.58, p = .332, therefore data were MCAR.

For all parametric analyses throughout the manuscript, variables were checked for skewness. If skewed, variables were checked for
outliers, defined as at least 1.5 times the interquartile range above Quartile 3 or below Quartile 1 (Tukey, 1977). Outliers were
Winsorized, a common method used to limit the effect of outliers (Field, 2018). In particular, outliers were replaced with values which
were 1.5 times the interquartile range above Quartile 3 or below Quartile 1. If variables were still skewed, variables were transformed
to best normalize data, following Box and Cox (Box & Cox, 1964; Osborne, 2010), which tended to involve e.g., root, In, and inverse
transformations. Where variables were negatively skewed, variables were reflected before the transformation by subtracting each
value from the maximum value plus one, and then reflected back after the transformation by subtracting each value from the maximum
of the transformed variable. In Study 1, items 16 and 17 (see Table 1) were positively skewed. All responses to item 17 that were not
scored as 2, “Disagree”, were more than 1.5 times the interquartile range above Quartile 3 or below Quartile 1, therefore we did not
replace these 92 outliers. These were instead normalized with a square root transformation. Items 3 and 4 were negatively skewed, but
had no outliers. Item 3 was normalized with a reflected square root transformation, and item 4 with a reflected 1.5 root transformation.
This may reflect that some items were easier, or more encouraged by parents (16, 17), while others were more difficult, or less
encouraged by parents (2, 4). Items were correlated. No items were collinear, all Pearson’s r < .61. Next we examined whether each
item (raw or transformed) correlated with the average of all (raw) items using Pearson’sr > .3, p < .05 (Pedhazur & Schmelkin, 1991).
The mean EIPSS scores were negatively skewed. Five outliers were replaced, but the scores remained skewed. The outlier-adjusted
scores were then normalized with a reflected square root transformation. Item 16 did not correlate with the EIPSS strongly enough,
N = 244, r = .15, so was dropped. Item 17 did correlate just strongly enough, N = 223, r = .33. However, given the other items
correlated much more strongly (above .5, see below), and given the low variability in responses (see above), we chose to delete this
item. The average of the remaining items was negatively skewed. Four outliers were replaced, but the scores remained skewed. The
outlier-adjusted scores were then normalized with a reflected 1.5 root transformation. All remaining items correlated with the
transformed EIPSS scores above the r = .3 level, all N = 234-265, Pearson’s r > .54, p < .001 (see Table 1 for all correlations). The
results remained very similar when outliers were not replaced.

Exploratory Factor Analysis (EFA) was used using Maximum Likelihood, replacing missing values with the mean. The scree plot for
Sample 1 shows two factors loaded at eigenvalues above 1 (see Appendix B). Parallel Analysis suggested both factors were above
chance levels (see Appendix B). We first ran an EFA with two factors with Varimax rotation, however the average within factor



E. Hoicka et al. Cognitive Development 68 (2023) 101366

correlation (r = .45) was similar to the between factor correlation (r = .50). Therefore, we next ran the EFA with two factors, using
Direct Oblimin rotation, allowing factors to correlate (Samuels, 2017). Based on the Pattern Matrix, which indicates the factor
loadings, 5 of the 10 items loaded onto Factor 1 at loadings of .42 or higher, with all 5 items loading best onto this Factor. Factor 1
accounted for 34 % of the variance. The other 5 items loaded onto Factor 2 at loadings of .44 or higher, with all 5 items loading best
onto this Factor. Factor 2 accounted for 9 % of the variance. Table 1 shows the factor loadings for each item. Based on the items which
scored most strongly onto each Factor, Factor 1 may represent Repetitive Problem Solving (RPS), e.g., building with blocks, sorting
objects, or doing puzzles. These are general IPS activities that children might repeat, although they might solve different problems each
time, e.g., building a boat, versus a castle, with blocks; or completing a jigsaw in a different order. Factor 2 may represent Novel
Problem Solving (NPS), e.g., determining how new toys work, or determining how to fix toys. These IPS activities are generally done
only once.

Children’s overall RPS scores were averaged across the 5 final items: M = 2.47, Range = 1.00-4.00, SD = 0.69. Children’s overall
NPS scores were averaged across the 5 final items: M = 2.72, Range = 1.00-4.00, SD = 0.63. Internal reliability analysis using
McDonald’s omega was good for Factors 1, w = .77, and 2, w = .73, using multiple imputation (Hayes & Coutts, 2020). Factors 1 and 2
strongly correlated, Pearson r = 0.50, p < .001. As the correlation between the two subscales was above .30, all items should be
considered as one overall EIPSS scale (Clark & Watson, 1995). Yet we should also keep both subscales as the average correlation within
subscales (r = 0.45) was higher than the average correlation between subscales (r = 0.29) (Clark & Watson, 1995). Children’s overall
EIPSS scores were averaged across the 10 final items: M = 2.60, Range = 1.00-4.00, SD = 0.57. See Appendix C for EIPSS and subscale
descriptive statistics by age in years.

2.3. Discussion

Study 1 found 10 of the 17 EIPSS items correlated with the average score and showed good internal reliability. An EFA suggested a
2-factor structure. We propose the first factor links to repetitive IPS skills, where children repeat the IPS process with the same objects,
such as completing puzzles or sorting objects. We propose the second factor links to novel IPS skills, where children independently
solve a problem only once, e.g., determining how new toys work, or fixing broken toys. Interestingly, neither of the social items loaded
onto the EIPSS (items 12 and 16, Table 1) suggesting IPS with objects and people may be different skills. Alternatively, since items 13
and 15 were not about objects either, but instead about making plans, or having questions, perhaps the EIPSS captures object-specific
IPS rather than general IPS. Study 2 examined whether the factor structure replicated in a separate sample.

3. Study 2: confirmatory factor analysis
3.1. Method

3.1.1. Participants

See Appendix A for the power analysis. There were 567 children in Study 2. Data were collected from June 2016 to September
2019. While 200 children were required for replication, at least 450 participants were recruited so all three studies would add up to at
least 782 for demographics analyses in Study 5 (see Appendix A). Participants were recruited as in Study 1. All participants completed
a demographics survey (see Table 2). Rewards for participation were as in Study 1.

3.1.2. Measure

3.1.2.1. EIPSS (final version). Based on Study 1, the second version had 10 items (see Appendix D for the final EIPSS).

3.2. Results

The final data set was missing 8 % of item responses. Little’s MCAR test was not significant, y2(419) = 420.34, p = .472. Items 3, 4,
5, 6, and 7 were negatively skewed. Item 3 was normalized by replacing 35 outliers, and a reflected square root transformation. Item 4
was normalized by replacing 6 outliers, and a reflected 1.25 root transformation. Items 5, 6, and 7 were normalized with reflected 1.25
root transformations.

A CFA was performed to confirm the 2-factor structure found in Study 1 using AMOS 26. Full Information Maximum Likelihood was
used to account for missing data (Arbuckle, 2018). Correlations between error terms were allowed for items within factors which

Table 3
Descriptive Statistics for the EIPSS, RPS, NPS, GATTeB, UBT, and Fine and Gross Motor Age.
EIPSS RPS NPS GATTeB UBT Gross Motor Fine Motor
Age Age
N 85 85 85 85 85 85 83

Mean 291 2.98 2.85 9.67 26.46 33.44 35.78
Range 2.00-3.60 2.00-3.80 1.80-3.80 1-16 7-41 15-55 19-58
SD 0.34 0.40 0.46 3.81 6.13 9.70 10.46
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measured similar skills to improve model fit: items 2 and 9 (determining what to do with toys), items 4 and 7 (understanding the
mechanisms underlying toys), and items 5, 6, and 8 (sorting objects). The final CFA model did not show adequate fit in terms of
p-value, N =567, )(2(29) =75.09, p < .001, however, it showed good fit in terms of xz/df ratio = 2.59 (< 3), root mean square error of
approximation (RMSEA) = .05, comparative fit index (CFI) = .95, and incremental fit index (IFI) = .96. Given the large sample size,
this suggests these other markers are adequate to accept the model’s fit (Bentler, 1990; Hu & Bentler, 1999). See Table 1 for the
standardized regression weights. Additionally, the RPS and NPS correlated moderately to strongly, r = .48. Internal reliability was
good for the RPS, w = .88, and the NPS, w = .79 (Brown, 2015). The results remained very similar when outliers were not replaced.

The mean score for the EIPSS was 2.78 (range = 1.33-4.00; SD = 0.44; N = 567). The mean score for the RPS was 2.65 (range =
1.00-4.00; SD = 0.64; N = 567). The mean score for the NPS was 2.90 (range = 1.40-4.00; SD = 0.46; N = 564). See Table 3 for EIPSS,
RPS, and NPS descriptive statistics by age, in years.

3.3. Discussion

A CFA confirmed the 2-factor structure of the EIPSS, with both factors having good internal reliability. Study 3 sought convergent
validity between the EIPSS and researcher-led IPS and divergent thinking lab tasks.

4. Study 3: convergent validity
4.1. Method

4.1.1. Participants

See Appendix A for the power analysis. Eighty-five children were tested between March 2017 and July 2018. Participants were
recruited through Bounty packs within Sheffield, UK, press releases, and Facebook advertising within Sheffield, UK (see Table 2 for
demographics). All children participated, and received a book.

4.2. Measures
4.2.1. EIPSS. Same as study 2

4.2.1.1. Great Ape Tool Test Battery (GATTeB). Reindl et al. (2016) developed the GATTeB to measure IPS with tools in 2- to 3.5-year--
olds (in comparison to ape behavior). These tasks were chosen to compare the EIPSS to a direct IPS behavioral task. We used four of the
original tasks: Algae Scoop, Seed Extraction, Termite Fish and Marrow Pick (see Fig. 1). These tasks were chosen from the original
12-item battery because they showed a variety of success rates in the original data: 60 % success in Termite Fish, 40 % in Algae Scoop,
29.4 % in Seed Extraction and 17.9 % in Marrow Pick.

In the Algae Scoop task (Fig. 1A), children were asked to remove a black strip of plastic from a box. In the Seed Extraction task

Fig. 1. The 4 tasks chosen from the Great Ape Tool Test Battery (GATTeB). A: Algae Scoop. B: Seed Extraction. C: Marrow Pick. D: Termite Fish.
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(Fig. 1B), children were asked to remove a ball. In the Marrow Pick task (Fig. 1C) children were asked to remove the sponge from a
tube. In the Termite Fish task (Fig. 1D), children were asked to remove a star.

4.2.1.2. Unusual Box Test (UBT). The UBT (Fig. 2) measures divergent thinking in 1- to 4-year-olds (Bijvoet-van den Berg & Hoicka
(2014); Hoicka et al., 2016). This measure was chosen as divergent thinking has been theorized, and shown, to be an important
creative process for problem solving (Carr et al., 2016; Guilford, 1975; Kim, 2006; Meadow et al., 1959; Parnes & Meadow, 1959). It is
a colorful box with attachments, incorporating strings, blocks, a round hole, rings, stairs, and a rectangular room. Five items are used
with the box: a plastic hook, a shaker, a rubber toy, an egg cup, and a spatula. The box was placed on a turntable so that children could
easily access the different sides of the box.

4.2.1.3. Child development inventory (CDI) (Ireton, 1992). Since the GATTeB and UBT are both physical tasks, fine and gross motor age
were measured as control variables, as these should be more accurate predictors of task performance than chronological age. Parents
answered questions about fine and gross motor development with items such as, “Stand alone, steady.” They continued answering
questions until they answered, “No” three times in a row. Following the CDI coding scheme, children’s fine and gross motor age were
defined by the age associated with the last item for which parents answered “Yes.”

4.2.2. Design
The EIPSS, RPS, NPS, GATTeB, and UBT scores were the main variables in this correlational design. Gross and Fine Motor Age were

Al

Fig. 2. The Unusual Box Test. A: View of the blocks, rings, and stairs. B: View of the round hole, rings, and rectangular room. C: Plastic hook. D:
Shaker. E: Rubber toy. F: Egg cup. G: Spatula.
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control variables. The GATTeB and UBT were counterbalanced, and task orders were counterbalanced within each measure. See
Bijvoet-van den Berg & Hoicka (2014) for UBT counterbalancing. See Appendix E for GATTeB counterbalancing.

4.2.3. Procedure

Parents completed the EIPSS and CDI. For the GATTeB, the experimenter placed one task in front of the child and asked them to
remove the item in the box or tube according to the script (see Appendix E). For example, for the Termite Fish, the experimenter said,
“If you can get the stars out the box, you win a sticker!” The child had one minute (Termite Fish and Marrow Pick) or two minutes
(Algae Scoop and Seed Extraction) to remove the item from the box or tube. The experimenter never referred to the stick. Therefore,
children had to determine for themselves that the stick could help them remove the item. Once the child completed the task, or if they
ran out of time, the experimenter gave them the sticker, took away the task, and brought out the proceeding task. Children always
received a sticker so they would continue with the tasks instead of becoming upset.

For the UBT, the experimenter showed the different box features using a script (see Bijvoet-van den Berg & Hoicka (2014)). The
experimenter then encouraged children to turn the box around. Then the experimenter handed one of the five items to the child.
Children had 90 s of freeplay with the box and item. Every 90 s, the experiment gave the child a new item, and the process repeated
until all five items were used.

4.2.4. Coding
Tasks were recorded with camcorders filming children from two opposite angles. We coded from video.

4.2.4.1. GATTeB. Children received one point for picking up the stick; and an additional point for using the stick in a way potentially
leading to achieving the goal, e.g., in the Marrow Pick task, inserting the stick into the tube and touching the sponge. They received
either two points for successfully completing the task with the stick; one point for an alternative method (e.g., using fingers instead of
the stick in the Seed Extraction task); or no points if they did not successfully complete the task. Children therefore scored 0-4 points
per task, for a total of 0-16 points for all four tasks.

The coding scheme for the GATTeB broadly followed Reindl et al. (2016). However, in the original study, children who completed
the task without the tool were coded as “incorrect success” and excluded from analyses. An additional coding feature was added, where
children who successfully completed the task without using a tool or according to the desired sequence were coded as “alternative
success.” This was to distinguish between children who were not successful at completing the task at all and children who completed
the task using an alternative, non-tool-based method. Children scored higher for solving the task with a tool, compared to without a
tool, because tool use is a sophisticated behavior revealing greater planning abilities and the ability to understand causality compared
to non tool-use behavior (Chen et al., 2010; Keen, 2011; Seed & Call, 2014). For example, in the Algae Scoop, children could put their
hand through the hole to reach the plastic, even though their hand cannot comfortably fit in the hole. A better solution is using the
stick, saving potential effort and discomfort.

To examine whether children were more likely to pick up, use, and successfully use a tool in later trials (order effects), we used
Friedman K analyses. A trend suggested children may have been more likely to pick up a tool in later trials, T1 = 74.1 %; T2 = 71.4 %,
T3 = 80.0 %; T4 = 84.7 %; 4*(3) = 6.98, p = .073. Children were significantly more likely to correctly use a tool in later trials,
T1 = 63.5%; T2 = 60.0 %; T3 = 75.3 %; T4 = 82.4 %; ¥2(3) = 21.00, p < .001. A trend suggested children were more likely to achieve
success with a tool in later trials, T1 = 27.1 %; T2 = 41.2 %; T3 = 34.1 %; T4 = 43.5 %j; ;(2(3) = 7.13, p = .068. In contrast, children
were significantly less likely to achieve success without a tool in later trials, T1 = 30.6 %; T2 = 18.8 %; T3 = 12.9 %; T4 = 18.8 %j;
272(3) =10.40, p = .015. This suggests children may have found tool-based solutions, rather than hand-based solutions, to be more
effective over time, supporting our coding scheme which awards more points to successes with tools.

4.2.4.2. UBT. There were 10 box areas (e.g., stairs, hole), and 18 possible actions (e.g., jump, roll), which were combined to code each
unique action-box area combination, e.g., using the spatula to “jump on the edge of the box”, “drop in the rectangular room” or “guide
through the strings”. All unique action-box area combinations were summed to produce a divergent thinking score. More detailed
information about the UBT coding scheme is in Bijvoet-van den Berg & Hoicka (2014).

4.2.4.3. Reliability. To assess reliability for both the GATTeB and UBT, 20 % of the videos (N = 17) were coded for agreement by a
second coder. Reliability was excellent for the GATTeB (Intraclass correlation, ICC, using 2-way mixed effects =.99, p < .001) and good
for the UBT (ICC =.85, p < .001).

4.3. Results

See Table 3 for means, ranges, and standard errors for the EIPSS, RPS, NPS, GATTeB, UBT, Fine Motor Age, and Gross Motor Age.
One percent of items were missing from the EIPSS. Little’s MCAR test was not significant, y*(89) = 93.69, p = .346. Item 3 was
positively skewed, but was normalized by replacing 2 outliers. The same CFA was run as in Study 2. The final model showed adequate
fit, N = 85, y%(29) = 30.13, p = .408, and y2/df ratio = 1.04, RMSEA = .02, CFI = .98, and IFI = .99. See Table 1 for standardized
regression weights. The RPS and NPS strongly correlated, r = .52. Internal reliability was slightly low for the RPS, » = .69, and good
for the NPS, w = .81 (Brown, 2015). The results remained very similar when outliers were not replaced.

Gross Motor Age was positively skewed, but normalized with a cube root transformation. The EIPSS, RPS, and GATTeB correlated
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with Gross Motor Age, all N = 85, Pearson’s r > .26, p < .016. The RPS and UBT correlated with Fine Motor Age, both N = 83,
Pearson’sr > .38, p < .001. Raw correlations were run between the EIPSS and subscales with the GATTeB and UBT. Partial correlations
were also run, correcting for Fine and/or Gross Motor Age if they correlated with either of the variables (see earlier this paragraph).
Table 4 shows neither the EIPSS, RPS, nor the NPS correlated with either the GATTeB or UBT. However, the NPS had a small to
moderate correlation with the UBT when Fine Motor Age was controlled for.

4.4. Discussion

Study 3 showed the NPS correlated with the UBT when fine motor age was controlled for. This suggests parent reports of children’s
NPS relate to researcher observations of children’s divergent thinking in a lab setting, and hence, convergent validity. However, the
EIPSS and the RPS did not correlate with the GATTeB or UBT, suggesting limited convergent validity.

It is surprising the UBT correlated with the NPS while the GATTeB did not, since the GATTeB tests IPS more directly than the UBT.
Possible reasons for this are discussed in the general discussion. However, this finding backs the idea that divergent thinking, that is,
generating many ideas, supports IPS (Carr et al., 2016; Goniil et al., 2019; Guilford, 1975; Kim, 2006; Meadow et al., 1959; Parnes &
Meadow, 1959). However, our findings diverge from previous results finding no link between IPS and divergent thinking. While Goniil
et al. (2019) found a link between divergent thinking and IPS in 5- to 6-year-old Turkish children, they did not find this link in 5- to
6-year-old children from New Zealand. This link was also not found in British 5- to 7-year-old (Beck et al., 2016), or Congolese 4- to
12-year-olds fdic(Lew-Levy et al., 2021). One difference between our study and these other studies is that our divergent thinking task
was physical, while their tasks were verbal (asking about e.g., different ways to use a pipe cleaner). It is therefore possible that a
physical divergent thinking task might better predict physical IPS. However, we did not find a correlation between the UBT and the
GATTeB, which is also physical. Therefore, it may also be that our survey measure, focusing on more naturalistic forms of novel IPS (e.
g., fixing a toy in real life), links to divergent thinking, while lab tasks do not necessarily.

Study 4 sought to demonstrate inter-observer reliability on the EIPSS from both parents, and determine whether parents reported
consistent EIPSS scores over a 6-month interval.

5. Study 4: inter-observer reliability and longitudinal stability
5.1. Method

5.1.1. Participants

See Appendix A for power analyses. Parents from Studies 1 and 2 who completed the survey online were automatically invited to
have the other parent complete the survey. Data from a second parent were collected from March 2016 to September 2019. Reliability
between parents was run for a subsample of participants from Studies 1 and 2 (N = 32 children; 18 male, 14 female; Mean = 31
months, 18 days; SD = 8 months, 7 days; Range = 14 months, 4 days — 45 months, 10 days). A subset of parents from Study 2 were
invited to repeat the survey 6 months later by email. Time 2 data were collected from October 2018 to March 2019. A test for 6-month
longitudinal stability was run for a subsample from Study 2 (N = 110; 44 male, 66 female; Time 1 Mean = 27 months, 20 days; SD = 10
months, 10 days; Range = 12 months, 1 day — 47 months, 18 days). Up to £ 2 was donated to charity (e.g., UNICEF), or a £ 5 Amazon
voucher (or equivalent in other countries) was sent to parents, for each repeated survey, or for which a second parent completed the
survey.

5.2. Measure

5.2.1. EIPSS
Same as Study 2.

Table 4

Pearson Correlations, and Partial Correlations (in Brackets) Controlling for
Gross Motor Age (EIPSS, RPS, GATTeB), and Fine Motor Age (RPS, UBT).
N = 85, Unless Controlling for Fine Motor Age, for which N = 83.

GATTeB UBT
EIPSS -.01 .18
(-.09) (.15)
RPS .07 12
(-.16) (-01)
NPS -.09 .15
(.03) (.22)*

*p < .05
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5.3. Results

5.3.1. Inter-observer reliability

On average, when both parents (N = 32 children) completed the EIPSS, they completed them 4.16 days apart (SD = 5.63 days;
Range = 0-19 days). A trend suggested the EIPSS between parents (ICC using 1-way Random Effects =.42, p = .067) did not correlate at
an acceptable level. There was a good correlation on the RPS, ICC = .72, p < .001. There was very poor agreement on the NPS, ICC
=-.18,p = .675.

5.3.2. Longitudinal stability

A subsample of parents from Study 2 (N = 110) completed the EIPSS on average 6 months and 6 days after previously completing it
(SD =5 days; Range = 5 months, 27 days — 6 months, 29 days). Outliers on the EIPSS (1), RPS (3), and NPS (4) at time 2 were replaced.
The EIPSS scores at times 1 and 2 (ICC using 2-way random effects =.83, p < .001), the RPS (ICC =.83, p < .001), and the NPS (ICC =.69,
p < .001) showed good longitudinal stability. Results remained very similar when outliers were not replaced.

5.4. Discussion

Study 4 found the EIPSS and both its subscales had good longitudinal stability after 6 months. This suggests children’s propensity
for IPS is relatively stable over time. While inter-observer reliability between parents on the RPS was good, it was not very strong for
the EIPSS as a whole, and was very poor for the NPS. This suggests that while different parents are consistent in reporting children’s IPS
involving repetitive tasks, e.g., building structures with blocks, they are not consistent in reporting novel IPS behaviors, e.g., fixing
toys. One reason may be that the former may, by its repetitive nature, be more frequently observed than the latter, due to its non-
repetitive nature. Thus, repetitive IPS might be more likely to be observed by both parents, while novel IPS might be less likely to
be observed by both parents. Study 5 sought to determine whether the EIPSS was useable across different demographic groups, and to
implement the EIPPS as a research tool to examine demographic differences.

6. Study 5: demographic similarities and differences
6.1. Method

6.1.1. Participants
See Appendix A for power analyses. All participants from Studies 1-3 were included (N = 924).

6.1.2. Measure

6.1.2.1. EIPSS. Same as Study 2. Demographic information was also used, including child: age, gender, mono-/multilingualism,
siblings, country; and parent: age, gender, education, ethnicity, and household income (see Table 2). Parents were asked, “Which
language(s) is your child regularly exposed to?”” Monolingualism was coded if parents reported children were exposed to only one
language. Multilingualism was coded if parents reported children were exposed to more than one language.

6.2. Results

6.2.1. Reliability across different demographic groups

Data were pooled from all three samples (N = 924). Items 2, 3, 4, 5, 6, and 7 were negatively skewed. Item 4 was normalized by
replacing 26 outliers; item 3 by replacing 73 outliers, and using a reflected 1.5 root transformation; items 5 and 6 with a reflected 1.25
root transformation; and items 2 and 7 with a reflected 1.1 root transformation. The average EIPSS scores were negatively skewed, and
normalized with a reflected 1.5 root transformation. Age in days was positively skewed, and normalized with a square root trans-
formation. Income (UK) was positively skewed, and normalized by replacing 13 outliers and using a square root transformation.
Income (US) was positively skewed and normalized by replacing 1 outlier.

Differential Item Functioning (DIF) was used to determine whether item responses loaded onto the EIPSS differently by key de-
mographic variables. This statistic is commonly used to detect response bias to items (Penfield & Camilli, 2006), including psycho-
logical tests using Likert scales (Zumbo, 1999). We used linear regression, with each EIPSS item as the dependent variable, the average
EIPSS score as the independent variable in Step 1, and both the demographic variable, and the interaction of the demographic variable
and average EIPSS score in Step 2. If there was a significant difference between the models in Steps 1 and 2, the difference in variance
explained by each model (the Zumbo-Thomas effect size) was examined. A Zumbo-Thomas effect size above .13 indicates people in
different demographic groups respond differently to the item (Zumbo, 1999). Appendix F shows no significant item differences across
any demographic variables with Zumbo-Thomas scores above .13, including Child Age in days (N = 924), Child Gender (N = 464
female; N = 458 male), Parent Education (with degree, N = 713; without degree, N = 150), Income (UK, N = 426; US, N = 84),
Country (UK, N = 730, vs. USA, N = 97; UK vs. Australia, N = 25), Parent Ethnicity (Black, Asian and minority ethnic (BAME) eth-
nicities, N = 66; White ethnicity, N = 721), or Parent Gender (N = 742 female; N = 45 male). This suggests no meaningful item
differences for any demographic variables measured. This implies EIPSS items were answered in similar ways across demographic
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groups. Results did not change when outliers were not replaced.

6.2.2. Changes with child age

Data were pooled across all three samples (N = 924) to determine which factors correlated with the EIPSS and its subscales’ scores
with a small to large effect size, depending on the sample sizes (see Appendix A). This was to examine whether the EIPSS, RPS, and NPS
scores changed with age in more detail. Stepwise linear regressions were run on each of the EIPSS (raw score), RPS (raw score), and
NPS (raw score) as each of the dependent variables, and Child Age (months, raw), Child Age squared, and Child Age cubed as the
independent variables, to examine linear, quadratic, and cubic age changes on the raw EIPSS data. Raw data were used to give a good
visual illustration of predicted scored by age (see Appendices G and H). The model for the EIPSS, N = 924, F(2,921) = 58.27,p < .001,
R? = .11 (moderate effect size), found Child Age, f = .052,t =5.57, p < .001, and Child Age squared, g = -0.01, t = -4.04, p < .001,
predicted the EIPSS, while Child Age cubed did not. Appendix G suggests EIPSS scores increased with age until around 36 months, then
leveled off. The model for the RPS, N = 920, F(2, 918) = 190.89, p < .001, R?=.20 (large effect size), found Child Age, g = .124,
t=10.98, p < .001, and Child Age squared, f =-0.02, t =-8.28, p < .001, predicted the RPS, while Child Age cubed did not.
Appendix H suggests RPS scores increased with age until around 38 months, and then leveled off. No age variables predicted the NPS.

6.2.3. Demographic differences

Variables were transformed as necessary as described in the previous section on DIF. The following variables were negatively
skewed, but normalized by reflected 1.25 root transformations after replacing outliers: RPS (14 outliers), and NPS (15). The following
variables were positively skewed, but normalized by 1.25 root transformations after replacing outliers: Childcare Hours (2 outliers),
and Parent Age (14). Table 5 shows initial Pearson and Spearman’s Rho correlations between the EIPSS, RPS, NPS, and all demographic
variables. Spearman’s Rho was used when the demographic variable was binary, and in these cases, raw data were used for the
parametric variables. When both variables were continuous, transformed variables were used where necessary for the Pearson cor-
relations. The EIPSS showed initial positive correlations with both subscales, Child Age (days), and having Siblings. The RPS showed
initial positive correlations with the NPS, Child Age, Childcare Hours, and having Siblings, and girls scored significantly higher than
boys. The NPS showed initial negative correlations with Parent Education and Childcare, and boys scored significantly higher than
girls. The Pearson correlations were similar when outliers were not replaced, except that the correlation between the NPS and
Childcare Hours was not significant; there was a trend instead of a significant relationship between Childcare Hours and Parent Age;
and there were trends between the EIPSS and Income (US), and Child Age and Income (US), instead of no significant relationships.

Table 5

Initial Correlations (Partial Correlations in Brackets) between the EIPSS, RPS, NPS, and Demographic Variables. Spearman’s Rho and Partial Non-
Parametric Correlations were Used for Binary Variables, Including Child Gender, Parent Education (with Degree, without Degree), Siblings, Multi-
lingualism, and Parent Gender. Any Correlations not Involving these Variables Used Pearson Correlations and Partial Pearson Correlations. Child Age
was Controlled for in Partial Correlations Involving the EIPSS, RPS, Childcare Hours, Siblings, and Parent Age. Child Gender was Controlled for in
Partial Correlations Involving the RPS and NPS.

2 3 4 5 6 7 8 9 10 11 12 13
1. EIPSS .85 * 77 * 33 -.02 —.06! -.02 .17 .02 .08 * .01 .05 .03
(.84 %) (.827%) NA (-.04) (.08 *) (-.06) (12) (-.07) (-.05) (o1 (.04 (=09 %)
N 921 924 924 922 863 426 84 564 786 783 787 784
2. RPS .33 % 51 * .09 * -.01 -.01 .19t 10 * 13 * -.01 .06 .04
(.40 %) NA (.07 *) (-.04) (-.05) (.12) (-.01) (-.05) (-.03) .04 (=09 %)
N 921 921 919 860 425 83 561 783 780 785 781
3. NPS -.01 -15* -.08 * -.04 .06 -.07 * -.02 .04 .01 .00
NA NA (-.08 %) (-.05) (.09) (-.087%) (-.04) (.03) (.01 (-.04)

N 924 922 863 426 84 564 786 783 787 784
4. Child Age (Days) .04 .02 .07 .16 .19 * .28 * .02 .04 17 *
N 922 863 426 84 564 786 783 787 784
5. Child Gender .02 -.03 .16 -.04 -.01 -.04 .02 .00
N 861 424 84 562 784 781 785 782
6. Parent Education 35 % 41 25 % -.01 .03 .05 19 *
N 421 84 551 769 765 776 773
7. Income (UK) .35 % -.04 -10* .08 .35 %
N 348 424 420 424 423
8. Income (USA) .50 * -.04 .20t .33 % 41 %
N 83 84 83 84 83

9. Childcare Hours -.09 * .07 .00 .09 *
N 560 560 554 554
10. Siblings -.09 .05 .18
N 776 775 772
11. Multilingualism .04 .04

N 772 769
12. Parent Gender .02
N 780

13. Parent Age

Girls scored as 1, boys scored as — 1; *p < .05, Ip < .10
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Table 5 shows partial correlations for the EIPSS, RPS, and NPS with all other variables. The control variables were Child Age and
Child Gender for any variables showing initial correlations with these variables (see Table 5, and previous paragraph). Partial cor-
relations were non-parametric when the demographic variable was binary, and in these cases, the raw data were used for the
continuous variables. When both main variables were continuous, transformed variables were used where necessary. The EIPSS
showed positive partial correlations with its subscales, and negative partial correlations with Parent Education and Parent Age, when
Child Age was controlled for. The RPS showed girls scored significantly higher than boys when Child Age was controlled for. There was
also a positive partial correlation with the NPS, and a negative partial correlation with Parent Age, when Child Age and Child Gender
were controlled for. The NPS showed a negative partial correlation with Parent Education when Child Gender was controlled for, and a
negative partial correlation with Childcare Hours when Child Gender and Child Age were controlled for. The partial Pearson corre-
lations were similar when outliers were not replaced, except there were trends between the EIPSS and Income (UK), and the NPS and
Parent Age, instead of no significant relationships.

To determine which demographic variables best predicted the EIPSS, a stepwise linear regression was run on the EIPSS (trans-
formed) as the dependent variable, Child Age (transformed) as an independent variable in Step 1 (as it correlated with the EIPSS, see
Table 5), and Parent Education and Parent Age (transformed) as independent variables in Step 2 (as these partially correlated with the
EIPSS, see Table 5). The model was improved by Child Age, F (1, 771) = 199.81, p < .001, AR? = .21, followed by Parent Education, F
(1, 770) = 6.40, p = .012, AR? = .01, but not Parent Age. The final model found Child Age, t = 14.22, p < .001, = .02, and Parent
Education, t = -2.53, p = .012, # = -.03, were both significant. Therefore, more educated parents, but not older parents, reported
lower EIPSS scores, once Child Age was controlled for. When outliers were not replaced, we found Parent Age predicted the EIPSS in
addition to Child Age and Parent Education. However, we accept the initial result as it is more conservative.

To determine which demographic variables best predicted the NPS, a stepwise linear regression was run on the NPS (transformed)
as the dependent variable, Child Gender as an independent variable in Step 1 (as it correlated with the NPS, see Table 5), and Parent
Education and Childcare Hours (transformed) as independent variables in Step 2 (as these partially correlated with the NPS, see
Table 5). The model was improved by Child Gender, F (1, 547) = 15.37,p < .001, AR? = .03, followed by Parent Education, F (1, 546)
=5.39,p =.021, AR? = .01, but not Childcare Hours. The final model found Child Gender, t = —3.80, p <.001, p =-.12, and Parent
Education, t = -2.32, p = .021, # = -.05, were both significant. Therefore, more educated parents, but not parents of children who had
more childcare hours, reported lower NPS scores, once Child Gender was controlled for. Results were very similar when outliers were
not replaced. As the RPS only correlated with one demographic variable (Parent Age) once Child Gender was controlled for (as Child
Gender correlated with the RPS), a regression analysis was not run.

ANCOVA was used to examine the effects of Country (Australia, Canada, UK, USA) on the EIPSS (transformed), with Child Age
(transformed) as a covariate (as it correlated with the EIPSS, see Table 5). Regression slopes between the EIPSS (transformed) and
Child Age (transformed) were all similar within each country (Australia Pearson r = .54; Canadar = .38; UKr = .32; USAr = .42). An
initial ANCOVA determined there was no interaction between Country and Child Age (transformed), F(3, 860) = 1.83, p =.139,
therefore this interaction was dropped from the final model. The final model did not violate Levene’s test of equality of variances, F(3,
864) = 1.65, p = .177. The model was significant, F(4, 863) = 31.00, p < .001, ;112, =.13. Child Age, F(1, 863) = 112.01, p < .001, nﬁ
=.12, and Country, F(3, 863) = 3.88, p =.009, 1112, = .01, both improved the model. However, posthoc pairwise comparisons with
Sidak corrections found no significant differences between countries, all p > .152.

ANCOVA was used to examine the effects of country (Australia, Canada, UK, USA) on the RPS (transformed), with Child Age
(transformed) and Child Gender as covariates (as they correlated with the RPS, see Table 5). Regression slopes between the RPS
(transformed) and Child Age (transformed) were all similar within each country (Australia Pearsonr = .54; Canadar = .65; UKr = .50;
USA r = .58), as were those between the RPS (transformed) and Child Gender (Australia: Spearman’s rho r = .34; Canada r = .38; UK
r=.07; USA r = .18). An initial ANCOVA determined there was no interaction between Country and Child Age (transformed), F(3,
851) = 1.37, p = .250, nor between Country and Child Gender, F(3, 851) = 0.26, p = .857, therefore these interactions were dropped
from the final model. The final model did not violate Levene’s test of equality of variances, F(3, 859) = 1.01, p = .389. The model was
significant, F(5, 857) = 64.06, p < .001, ,72 =.27. Child Age, F(1, 857) = 305.09, p < .001, r]f, = .26, and Child Gender, F(1, 857)
=5.10, p =.024, 7112, = .01, were both significant. However, Country, F(3, 857) = 1.25, p = .292, was not. Results were very similar
when outliers were not replaced.

ANCOVA was used to examine the effects of country (Australia, Canada, UK, USA) on the NPS (transformed), with Child Gender as a
covariate (as it correlated with the NPS, see Table 5). Regression slopes between the NPS (transformed) and Child Gender were
different across countries, with Australia and Canada showing positive slopes, and the UK and USA showing negative slopes (Australia:
Spearman’s rho r = .17; Canada r = .31; UK r = —.15; USA r = —.23). However, an initial ANCOVA determined there was no inter-
action between Country and Child Gender, F(3, 858) = 2.09, p = .100, therefore the interaction was dropped from the final model. The
final model did not violate Levene’s test of equality of variances, F(3, 862) = 0.01, p = .999. The model was significant, F(4, 861)
=6.62, p < .001, 72 = .03. Child Gender, F(1, 861) = 13.03, p < .001, 77 = .02, and Country, F(3, 861) = 4.03, p = .007, 72 = .01,
were both significant. Posthoc pairwise comparisons with Sidak corrections found no significant differences between countries, all
p > .067. Results were very similar when outliers were not replaced.

6.3. Discussion
No meaningful item functioning differences existed across the EIPSS in relation to child age, child gender, parent education,
household income (UK or USA), country (UK vs. USA; UK vs. Australia), parent ethnicity, or parent gender. Therefore, the EIPSS may

be useful across these demographic groups. However, only child age, child gender, and household income (UK) were powered for a
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small effect size. Therefore, caution should be taken in accepting the results for the other demographic variables, as meaningful
significant differences may exist with larger samples. In future, DIF should be examined across these, and other (e.g., Canada) de-
mographic groups when powering for a small effect size.

When looking at predicted age curves, the EIPSS and RPS both increased with Child Age (months), but decreased with Child Age
squared. However, the NPS did not change with age. Several other demographic differences were found. First, girls had significantly
higher RPS scores, while boys had significantly higher NPS scores (once child age was controlled for the RPS only, both small effect
sizes). Second, children scored higher on the EIPSS and the NPS if their parent did not have a degree (once child age was controlled for
the EIPSS, and child gender was controlled for the NPS, small effect sizes). Finally, children scored higher on the NPS when parents
were younger (once child gender was controlled for, small effect size).

7. General discussion

These studies found the 10-item EIPSS may be a useful measure of IPS for children between 12 and 47 months. The EIPSS showed a
2-factor structure (Repetitive, Novel) across three separate samples, where both factors correlated. The EIPSS also showed good
longitudinal stability across a 6-month interval. However, inter-observer reliability between parents was not very good, nor was
convergent validity with two lab tasks: the GATTeB and UBT. When digging deeper into the subscales, the RPS also showed good
longitudinal stability at 6 months’ time, and additionally, good inter-observer reliability between parents, although it did not correlate
with either lab task. The NPS also showed good longitudinal stability, but poor inter-observer reliability between parents. However, it
correlated with a lab task — the UBT, suggesting convergent validity. The results altogether suggest some aspects of the EIPSS and its
subscales are valid and reliable, while others are not. Therefore, caution should be taken in using the EIPSS and its subscales in future
research. Further research may need to be done to ensure full validity and reliability, and subscales may need to be formally dissociated
(see 7.1. Limitations and Future Directions).

Furthermore, the EIPSS showed no item functioning differences across child age, parent education (with or without a degree),
income (within the UK or USA), country (UK, USA, Australia), parent ethnicity, or parent gender, suggesting it works across a variety of
demographic settings. However, caution should be taken as several of these measures did not power for small effect sizes (e.g., country,
parent ethnicity), thus small item functioning differences may in theory exist. Future research should examine this possibility with
larger sample sizes.

As children aged, they scored higher on the EIPSS until around 36 months, and the RPS drove these results, which increased with
age until around 38 months. This suggests children may develop repetitive IPS skills (e.g., sorting, building, solving puzzles) as their
cognitive or motor abilities advance. Alternatively, perhaps these activities are regularly available at home, and so can be practiced
repeatedly, with children performing more complex activities (e.g., creating more complex builds with blocks) over time. However, the
fact that the RPS no longer increases after 38 months is surprising given past research found children’s Repetitive IPS increases with
age after 3 years (Montford & Readdick, 2008). Future research should consider how to better tap into age, e.g., adding more difficult
RPS items. In contrast, the NPS did not correlate with age. This is surprising as Novel IPS increases with age in general (Babik et al.,
2019; Barrett et al., 2007; Breyel & Pauen, 2021; Gardiner et al., 2012; Goniil et al., 2018; Hopper et al., 2020; Neldner et al., 2019;
Rat-Fischer et al., 2014; Rat-Fischer et al., 2012; Reindl et al., 2016; Seed & Call, 2014; Tarasuik et al., 2017; Willatts, 1984, 1999).
This may, therefore, suggest a validity issue with the NPS, as it does not track age as we might expect. One reason we might see age
differences for the RPS, but not the NPS, is that RPS items generally captured success (e.g., Item 1, “My child makes difficult structures
with blocks/megablocks on his/her own™), while NPS items generally captured drive (e.g., Item 7, “My child looks at the mechanisms
of how things work, e.g., how wheels are connected to toy cars.”) This difference might be an alternative explanation for why the EIPSS
has two subscales, which could potentially be considered “success” and “drive” rather than “novel” and “repetitive”. By wording
questions in these ways, the RPS might be able to capture age changes in success, while the NPS might instead capture children’s
general attitude to RPS, which might be more of an individual difference, like e.g., temperament (Putnam et al., 2006). In future, it
would be interesting to examine whether the changing of the wording might lead the RPS items to be less age-dependent (e.g., “My
child likes to make difficult structures with blocks/megablocks on his/her own”), and to make NPS items more age-dependent (e.g.,
“My child understands the mechanisms of how things work, e.g., how wheels are connected to toy cars.”).

Several other demographic factors correlated with the EIPSS and its subscales. EIPSS and NPS scores were higher for children whose
parents did not have a degree, in contrast to null and opposite results in past research (Day & Burns, 2011; Greiff et al., 2013;
Hacatrjana, 2022; Levine et al., 2012). While no child gender differences existed across the EIPSS as a whole, girls scored higher on the
RPS, diverging from past research finding girls and boys did equally well at solving puzzles, and that girls were more likely to ask for
help than boys (Thompson, 1999; Thompson & Moore, 2000). In contrast, boys scored higher on the NPS, converging with results
finding boys were more likely than girls to use a tool to reach out-of-reach objects by themselves (Gredlein & Bjorklund, 2005), and
that older (5- to 6-year-old boys) are more likely to innovate tools than girls in Turkey, although not in New Zealand (Goniil et al.,
2019). Children with older parents scored lower on the NPS.

One possible explanation for some of these results is rooted in scaffolding. Research suggests parents scaffold their children’s
problem solving abilities, building children’s problem solving skills until they can solve problems independently (Mermelshtine,
2017). However, counterintuitively, children receiving less scaffolding in day to day life may be more used to discovering solutions for
themselves, which in many cases is a less effective solution for task success (Rendell et al., 2010), but in the case of independent problem
solving may provide an advantage as such children may practice innovation more, and may therefore need less help to solve these
tasks. For instance, parents from higher SES backgrounds, including higher levels of education and household income, increase their
scaffolding with young children (Carr & Pike, 2012; Dilworth-Bart et al., 2010; Lowe et al., 2014). However, parents without degrees
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reported their children had higher EIPSS scores, and in particular, higher Novel subscale scores. In the case of parent age, older parents
scaffold more than younger parents (Wood et al., 2016), yet in the current paper, older parents reported lower RPS scores. Similarly, in
the case of gender, parents scaffolded for girls more in the first half of a block tower-building task, and more for boys in the second half
of the task (Conner & Cross, 2003). Girls are also more likely to ask to watch others demonstrate solving a novel problem compared to
boys (Rawlings et al., 2021) which may give girls more scaffolding opportunities than boys. Thus, boys might be better at NPS items
because they are used to initially figuring out how to do novel tasks on their own. Yet, this does not explain why girls would score
higher on the RPS. However, this is speculative, and future research should examine the involvement of parental scaffolding in detail to
determine whether it explains, at least in part, these demographic differences. Other explanations should also be researched, such as
the availability of different types of toys and objects to children in these different demographic groups; the possibility of biological
differences in the case of gender (Gredlein & Bjorklund, 2005); or the possibility parents observe and report differently about boys and
girls, or report differently depending on their own SES or age. For example, parents with higher levels of education might have higher
expectations for their children’s IPS, and so may not recognize, and therefore not report, simpler forms of IPS on the EIPSS. For
instance, on item 1, “My child makes difficult structures with blocks/megablocks on his/her own”, parents with higher levels of ed-
ucation may give lower scores for a simple tower, while parents with lower levels of education may give higher scores for the same
simple tower.

7.1. Limitations and future directions

The EIPSS has room for improvement. While no DIF differences existed across countries (UK, USA, Australia) these analyses did not
test for small effect sizes, and the Canadian sample was not large enough to compare Canada to the UK. Future research should not only
compare large enough samples from different countries to examine small effect sizes, but should also interview parents across different
countries to ensure the items make sense in different cultural contexts (DeVellis, 2017). For instance, item 1, “My child makes difficult
structures with blocks/megablocks on his/her own” uses the word “blocks.” While American and Canadian parents use the word
“blocks”, British parents tend to favor the word “bricks” instead, possibly causing confusion for British parents.

A second limitation is that the EIPSS showed inter-observer reliability on the RPS only. One reason inter-observer reliability may
have worked in this way is that, by its nature, a repeated event, compared to a novel event, is more easily observed on a day-to-day
basis. If one of the parents in each pair is a primary caregiver, and the second is not, spending much less time with their child, they may
have had less chance to observe the novel behaviors, leading to poor inter-observer reliability. To obtain inter-observer reliability on
the NPS, one may need to compare scores of people who spend large amounts of time with the same children, e.g., a primary caregiver
working part-time, and a key worker at a childcare setting.

A third limitation is that we found convergent validity on the NPS only. Mumford et al. (1991) suggest creative problem solving
taps into several cognitive processes which build up in stages. At the beginning of the process, people use problem construction, where
they try to figure out what the problem is in the first place; and information encoding, in which they seek to find information out about
the problem. These processes may be key for both the UBT and the NPS. The UBT is an open problem, in which children must come up
with problems to solve through encoding information about the box. Similarly, items on the NPS focus on children discovering
problems, and encoding information about them, e.g., item 7, “My child looks at the mechanisms of how things work, e.g., how wheels
are connected to toy cars”. In contrast, the RPS may tap into mid-level creative problem solving processes of categorization, in which
children figure out how to match the problem to past knowledge, for instance, item 5, “My child sorts objects in logical ways on his/her
own, e.g., cutlery next to plates; toy bed in dollhouse”. Finally, the GATTeB is focused on the later implementation stage of problem
solving, where children receive points for attempting to complete, and successfully completing, the task. To obtain convergent validity,
it may work to test children on a series of lab tasks that directly parallel the items in the EIPSS. For instance, Hoicka et al. (2021)
matched specific socio-cognitive lab tasks to specific survey items (e.g., gaze-following) on the Early Social Cognition Inventory and
found convergent validity. Future research could compare children’s EIPSS scores to lab tasks in which children perform tasks which
match the items on the EIPSS, e.g., puzzles, construction, fixing a toy, or getting an out-of-reach toy. Such a lab task may better match
the underlying cognitive processes being used in the EIPSS (Mumford et al., 1991), and may also be more representative of the types of
IPS children perform in real life. A further limitation of the GATTeB, in terms of measuring IPS, is there is, to some extent, a social
element to the task. The experimenter highlights the goal, e.g., getting the stars out of the box. Thus, children do not have to identify
the problem. Future tasks should therefore leave children alone with the objects without instruction to see how they do at, not only
solving the problem, but also identifying the problem, as they may do in real life. Given the limitations of the EIPSS in converging with
the lab task, at this point in time, it is not prudent to use the EIPSS as a control measure for IPS lab tasks. Furthermore, given the
differences in validity and reliability for the NPS and RPS, it may also be best to use the subscales only, rather than the EIPSS as a
whole.

Finally, it is worth noting that many of the individual items were negatively skewed across each sample. Interestingly, it appears
that the younger the mean age of the sample, the more individual items were negatively skewed. For instance, the youngest sample, in
Study 2 (mean age 26 months, 24 days) had 5 negatively skewed items. The eldest sample, in Study 3 (mean age 36 months, 13 days)
had only 1 negatively skewed item. Finally, Study 1 (mean age 28 months; 5 days) had 2 negatively skewed items. This may then reflect
that the younger children were, the less likely they were to demonstrate IPS for a behavior. Furthermore, item 3, “When it is physically
difficult to reach a toy, my child will not try to figure out how to reach it” was negatively skewed across all three samples, suggesting it
may be a relatively rare type of IPS compared to the other types. However, it can be beneficial to have some items at the extremes of a
scale to widen the response rates (Clark & Watson, 1995).

With further refinement, the EIPSS may be valuable for future research on IPS in 1- to 3-year-olds. By running the EIPSS, which
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takes approximately 3 min to complete, alongside other surveys and experiments, researchers could efficiently learn how IPS relates to
a variety of skills in early development. Given the example of comparing social learning and innovation discussed in the introduction
(Bonawitz et al., 2011; Carr et al., 2015; Hoicka et al., 2018; Legare & Nielsen, 2015; Rawlings et al., 2017; Rawlings et al., 2021), the
EIPSS could be run alongside a social learning lab task to easily learn more about this relationship in the early years. Using the EIPSS
alongside other surveys could be an easy, economical way to start to understand how IPS relates to e.g., social cognition (Hoicka et al.,
2021; Tahiroglu et al., 2014), cognition (Baker et al., 2013), language (Fenson et al., 1994), temperament (Putnam et al., 2006), and
parenting styles (Winstanley & Gattis, 2013), among other constructs. Survey results could then lead onto experiments and in-
terventions to investigate those constructs which are best linked to IPS. The EIPSS could also be used longitudinally to examine how
early IPS links to later skills. For instance, Pasztor et al. (2015) found creative thought processes, in this case divergent thinking,
predicted mathematical achievement in 6th-graders. Glover (1979) found more creative university students (based on divergent
thinking) asked more abstract questions (involving evaluation and synthesis) in relation to texts they read, compared to less creative
students, who focused their questions on facts. Similarly, one could examine the EIPSS’s relationship to later mathematical
achievement or reading comprehension in primary school.

The EIPSS could also be useful in a variety of practical settings. Early years educators, medical staff, and parents could use the EIPSS
as a guideline to what constitutes appropriate types of early IPS from 1 to 3 years. For instance, some items from the EIPSS could be
included in early years curricula which focus on problem solving (Australian Government Department of Education and Training,
2017; Best Start Expert Panel on Early Learning, 2007; Department for Education, 2017; Ohio Department of Education, 2012), e.g.,
building structures and puzzles, sorting objects, and understanding toys’ underlying mechanisms. Given that adolescents with Down
syndrome and Williams syndrome have difficulties with IPS (Camp et al., 2016), it may be beneficial to use the EIPSS with young
children with these developmental differences to see how they develop compared to children with typical development.

7.2. Conclusions

The EIPSS is the first parent-report measure of IPS in children aged 12-47 months. It shows a good factor structure, revealing
dimensions of both repetitive and novel IPS. The EIPSS provides a potential tool to better understand how early IPS develops (e.g.,
through cognitive or motor development), and how it affects other areas of development (e.g., IPS in domains such as mathematics or
language) across English-speaking countries. However more research is needed to determine whether the EIPSS is valid and reliable in
terms of inter-observer reliability, and convergent reliability.
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Appendix A

Power analyses for all studies.

Analysis Statistic Nred Nact Source

Study 1: Survey Construction EFA 170 272 17 items; 10 participants per item (Tabachnick & Fidell, 2007)
Study 2: Survey Replication CFA 200 567 Minimum 200 participants (Kline, 2011)

Study 3: Concurrent Validity Correlation 84 85 2-tailed medium correlation (r = 0.3, based on previous surveys)

(Libertus & Landa, 2013; Winstanley & Gattis, 2013), with @ = 0.05,
power = 0.8 (Faul et al., 2007)

(continued on next page)
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(continued)
Analysis Statistic Nred nNact Source
Study 4: Inter-observer Reliability Intraclass 10 32 2-tailed very large correlation (ICC = 0.7) with 2 observations per
Correlation participant @ = 0.05, power = 0.8 (Bujang & Baharum, 2017)
Study 4: Longitudinal Stability Correlation 29 110 2-tailed large correlation (r = 0.5, based on previous surveys)
(Putnam et al., 2006), with @ = 0.05, power = 0.8 (Faul et al., 2007)
Study 5: Child Age; Parent Income (UK) Differential Item 400 > 426 Small effect size (based on simulations, corrections for multiple
Functioning testing) (Belzak, 2020)
Study 5: Child Gender Differential Item 200/ > 458/ Small effect size (based on simulations, corrections for multiple
Functioning group group testing) (Belzak, 2020)
Study 5: Parent Education (Degree, No Differential Item 100/ >150/ Medium effect size (based on simulations, no corrections for
Degree) Functioning group group multiple testing) (Belzak, 2020)
Study 5: Income (US) Differential Item 50 84 Large effect size (based on simulations, no corrections for multiple
Functioning testing) (Belzak, 2020)
Study 5: Country (UK, USA); Country (UK,  Differential Item 25/ > 25/ Large effect size (based on simulations, no corrections for multiple
Australia); Parent Ethnicity (BAME, Functioning group group testing) (Belzak, 2020)
White)
Study 5: Child Age, Parent Age Pearson 782 > 781 Small effect size (r = .10) with @ = 0.05, power = 0.8 (Faul et al.,
Correlation 2007)
Study 5: Child Gender, Parent Education, Spearman’s Rho 779 > 780 Small effect size (r = .10) with @ = 0.05, power = 0.8 (Faul et al.,
Siblings, Multilingualism, Parent Correlation 2007)
Gender
Study 5: Childcare Hours, Income (UK) Pearson 193 > 425 Small to medium effect size (r = .20) with a = 0.05, power = 0.8
Correlation (Faul et al., 2007)
Study 5: Income (US) Pearson 46 > 83 Medium to large effect size (r = .40) with @ = 0.05, power = 0.8
Correlation (Faul et al., 2007)
Study 5: Country (Australia, Canada, UK, ANCOVA 13/ > 15/ Large effect size (Cohen’s f =.40) with a = 0.05, power = 0.8 (Faul
us) group group et al., 2007)

N4 is the minimum number of participants required. N*** is the actual number of participants in the sample for each analysis. For Study 5, analyses
were posthoc for certain variables (e.g., US income), as these groups were not targeted a priori.

Appendix B

Parallel Analysis for Study 1: Eigenvalues for Sample 1 and random data.
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Descriptive statistics for age (years), EIPSS, RPS, and NPS, by year, in Studies 1-3; as well as the GATTeB and UBT in Study 3.

Age: 1 2 3

Study 1N 119 73 80

Age M 18;15 29;5 41;17
Range 12;4-23;28 24;1-35;28 36;3-47;26
SD 3;10 3;19 3;24
EIPSS M 2.59 2.56 2.66
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(continued )
Age: 1 2 3
Range 1.56-3.67 1.00-3.90 1.00-4.00
SD 0.39 0.62 0.73
RPS M 2.30 2.54 2.67
Range 1.00-3.60 1.00-4.00 1.00-4.00
SD 0.54 0.64 0.84
NPS M 2.87 2.58 2.64
Range 1.80-3.80 1.00-3.80 1.00-4.00
SD 0.43 0.73 0.73
Study 2N 251% 192* 124
Age M 17;16 29;12 41;15
Range 12;0-23;27 24;0-35;23 36;2-47;23
SD 3;10 3;12 3;13
EIPSS M 2.56 2.93 3.01
Range 1.33-3.60 1.89-4.00 1.80-3.80
SD 0.42 0.38 0.35
RPS M 2.23 2.92 3.09
Range 1.00-3.80 1.40-4.00 1.60-4.00
SD 0.59 0.46 0.45
NPS M 2.86 2.93 2.93
Range 1.80-4.00 1.40-4.00 1.80-4.00
SD 0.47 0.46 0.44
Study 3N NA 43 42
Age M 30;8 42;23
Range 24;20-35;28 36;9-47;25
SD 3;16 3;10
EIPSS M 2.84 3.00
Range 2.00-3.60 2.40-3.60
SD 0.34 0.31
RPS M 2.85 3.11
Range 2.00-3.80 2.40-3.60
SD 0.42 0.34
NPS M 2.83 2.87
Range 1.80-3.80 2.00-3.60
SD 0.50 0.41
GATTeB M 8.72 10.64
Range 1-16 2-16
SD 3.36 4.04
UBT M 24.21 28.76
Range 12-34 7-41
SD 5.24 6.17

*N = 249 for the RPS for 1-year-olds in Study 2; N = 191 for the RPS for 2-year-olds in Study 2.

Appendix D

Final EIPSS.

Instructions: For each statement, think back to specific examples in the last month, and choose whether you: Strongly Agree;
Agree; Disagree; Strongly Disagree. However, sometimes you will not be able to think of a specific time in the last month to evaluate
the statement. For instance, if we ask about how your child responded to getting a present, and your child didn’t get a present in the last
month, skip the question or choose NA (not applicable).

Item Question

1 My child makes difficult structures with blocks/megablocks on his/her own

2R My child needs help from others when figuring out how new toys work

3R When it is physically difficult to reach a toy, my child will not try to figure out how to reach it
4R My child does not like to take things apart and put them back together

5 My child sorts objects in logical ways on his/her own, e.g., cutlery next to plates; toy bed in dollhouse
6 My child puts away objects correctly on his/her own

7 My child looks at the mechanisms of how things work, e.g., how wheels are connected to toy cars
8k My child needs help to sort objects by, e.g., shape, colour

9 If a toy breaks, my child tries to fix it before asking for help

10k My child needs help completing simple puzzles

RItem is reverse-scored

19



E. Hoicka et al.

Appendix E

Cognitive Development 68 (2023) 101366

Great Ape Tool Test Battery counterbalancing and script.

Counterbalancing:
Order Task 1 Task 2 Task 3 Task 4

1 Algae Scoop Seed Extraction Marrow Pick Termite Fish
2 Seed Extraction Algae Scoop Termite Fish Marrow Pick
3 Marrow Pick Termite Fish Seed Extraction Algae Scoop
4 Termite Fish Marrow Pick Seed Extraction Algae Scoop
5 Algae Scoop Seed Extraction Terappmite Fish Marrow Pick
6 Seed Extraction Algae Scoop Marrow Pick Termite Fish
7 Marrow Pick Termite Fish Algae Scoop Seed Extraction
8 Termite Fish Marrow Pick Algae Scoop Seed Extraction

Script:.

Category Script

Introducing GATTeB
Algae Scoop

Seed Extraction
Marrow Pick
Termite Fish

Successful Task
Completion

Unsuccessful Task
Completion

End of GATTeB

Additional Prompts

If child asks for help

“We’ve got some games to play.”

“Here is our first/ next game. We have a box and inside the box are some stickers. If you can get the stickers out of the box, you will
win a sticker!”

“Here is our first/ next game. We have a little box here and inside there are some colorful balls. If you can get the balls out of the box,
you’'ll win a sticker!”

“Here is our first/ next game. We have a tube here and inside the tube there’s a sponge. If you can get the sponge out of tube box,
you’ll win a sticker!”

“Here is our first/ next game. We have a box here and I have these stars. Look what I do — one, two, three! If you can get the stars out
the box, you’ll win a sticker!”

“Well done, you got the sticker/ star/ sponge out! Now you can choose a sticker!”

“That one is a bit tricky isn’t it? Don’t worry, you had a really good try so you can choose a sticker while I get the next game out!”
“We’ve finished playing games now, well done! Have you had fun?”

“You're doing really well” “Keep trying” “Can you try?” “Good job!”
“I'm not sure how to do it, what do you think?”

Appendix F

Differential Item Functioning for Child Age in days (N = 924), Child Gender (N = 464 female; N = 458 male), Parent Education
(with degree, N = 713; without degree, N = 150), Income (UK, N = 426; USA, N = 84), Country (UK, N = 730, vs. USA, N = 97; UK
vs. Australia, N = 25), Parent Ethnicity (BAME ethnicities, N = 66; White ethnicity, N = 721); and Parent Gender (N = 742 female;
N = 45 male). AR? are Zumbo-Thomas effect sizes. Significant p-values are .005 for Child Age, Child Gender, and Income (UK) to
account for Bonferroni corrections. Significant p-values are .05 for Country, Parent Education, Parent Income (USA), Parent Ethnicity
(BAME, White), and Parent Gender, to account for smaller sample sizes, as simulations suggest correcting for multiple tests in small
samples is not advisable for DIF (Belzak, 2020). NA = Not Applicable, as p-values were not significant.

Item Child Age Child Parent Income (UK)  Income (US) UK vs US UK vs Parent Parent
Gender Education Australia Ethnicity Gender
P AR? p AR? P AR? p AR? p AR? p AR? p AR? p AR? p AR?
1 <.001 .04 .928 NA 478 NA .551 NA .578 NA 935 NA .940 NA .609 NA .465 NA
2 .003 .01 .027 NA 132 NA .037 NA 467 NA .037 .01 .688 NA .006 .01 .704 NA
3 <.001 .04 990 NA 978 NA 116 NA 527 NA 997 NA .018 .01 .594 NA 392 NA
4 <.001 .09 270 NA .288 NA 455 NA .952 NA .261 NA .445 NA .606 NA .651 NA
5 0.001 .01 .208 NA .856 NA .644 NA .840 NA .210 NA .368 NA .582 NA 415 NA
6 .053 NA .826 NA .828 NA 934 NA .966 NA .833 NA .395 NA .831 NA 506 NA
7 <.001 .04 .247 NA 693 NA 509 NA 120 NA 297 NA 672 NA 787 NA .067 NA
8 <.001 .09 .801 NA .584 NA .599 NA .615 NA .795 NA .330 NA .004 .01 761 NA
9 <.001 .01 107 NA 193  NA 344 NA .041 .07 124 NA .170 NA .003 .01 .827 NA
10 <.001 .04 .308 NA 138 NA 233 NA .661 NA .310 NA 291 NA 278 NA 915 NA
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Appendix G

Unstandardized Predicted Values for the EIPSS by Age.
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Appendix H

Unstandardized Predicted Values for the RPS by Age.
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