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ABSTRACT
Low cost, non-invasive instruments for the identification of high academic
potential in early childhood education and care are scarce, and the
complexity of cognitive development indicates that combinations of
screening instruments are needed. This study investigates the reliability
and validity of three instruments (individually and in combination) in a
longitudinal study of 136 Norwegian children in kindergarten through
8th grade with the research questions: (1) Do children’s scores on
screening instruments accurately identify high academic potential in
kindergarten? (2) Are children’s scores on kindergarten screening
instruments consistent with high academic achievement in 8th grade?
(3) Is early screening for high academic potential biased by the child’s
gender, family income, birth semester, or level of the mother’s
education? A mean score combination of the instruments provided the
most reliable and valid screening, but as systematic error by gender
and level of mother’s education was identified, similar instruments
should be used cautiously.
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Mounting evidence indicates that high quality preschool education benefits all children (Camilli
et al., 2010; Gorey, 2001). Identifying children’s strengths and weaknesses in all domains is crucial
for their future development and should be integrated into high quality preschool systems (Snow &
van Hemel, 2008). However, young children with high academic potential, who often develop at a
faster cognitive rate than their peers (Clark, 2007), frequently do not have their needs assessed in
early childhood education and care (ECEC) (Reis & Renzulli, 2010) and may not, therefore, have
the opportunity to fully develop their potential (Hertzog, 2014; Hodge & Kemp, 2006). Neglecting
early identification and support for these children may lead to diminished cognitive growth in the
critical preschool years (Robinson et al., 2002) and increased risk for later social, behavioural,
emotional, and educational problems (Harrison, 2004; Hodge & Kemp, 2006).

Identification of high academic potential at an early age has been controversial in the scholarly
field (Pfeiffer & Petscher, 2008; Walsh et al., 2010). There is a lack of consensus about what consti-
tutes high potential and how to measure it (Borland, 2014), few technically sound screening instru-
ments designed for early identification (Hertzog, 2014; Pfeiffer & Petscher, 2008), and evidence that
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early childhood IQmeasures are unreliable (Hodge & Kemp, 2000) despite early identification often
being based on those IQ measures (Pfeiffer 2012; Pfeiffer & Blei, 2008). Furthermore, longitudinal
evidence is mixed. Some studies have found instability of early childhood test scores and low pre-
dictive strength for high achievement over time (Gottfried et al., 2009; Perleth et al., 2000), while
others have found that measures of high academic potential were stable and predictive of achieve-
ment up to 4 years later (Colombo et al., 2009).

Several terms are used in the international literature for labelling children with high potential,
including “gifted”, “bright”, “precocious”, or “talented”. These terms are similar but encompass
different connotations and theoretical conceptions. In this study we use the term “high academic
potential”, aligned with Gagné’s (2005) theoretical model of high potential as a continuum that
may evolve and develop over time.

There is, however, agreement in the literature that effective systems for identifying high aca-
demic potential should consider multiple criteria and include diverse measures (Lohman &
Foley, 2012; Pfeiffer & Blei, 2008). For early identification, parent and teacher nominations are
especially important and complimentary, as parents may observe patterns in speech development,
literacy, and numeracy during the earliest years (Louis & Lewis, 1992), whereas teachers can identify
potential that stands out as exceptional within groups of similar aged children as they approach
school entry (Pfeiffer, 2015; Pfeiffer & Blei, 2008).

Several rating scales for identifying high academic potential in children have been developed. In
their review on assessment in gifted education, Cao et al. (2017) found that ability and achievement
tests are most commonly used for screening, but that teacher and parent rating scales are also pop-
ular. For teacher ratings in preschool and school, they identified the scales with the strongest psy-
chometric properties as the Gifted Rating Scales (Pfeiffer & Jarosewich, 2003), the Scales for Rating
Behavioural Characteristics of Superior Students (Renzulli, 2002), the Gifted and Talented Evalu-
ation Scales (Gilliam & Jerman, 2015), and the Gifted Evaluation Scale 3rd edition (McCarney &
Arthaud, 2009). For parent ratings of school children, Cao and colleagues (2017) reported that
the only psychometrically rigorous scales available (to date) were the Korean and Chinese language
versions of the Gifted Rating Scales-School form (GRS-S, Lee & Pfeiffer, 2006; Li et al., 2008). They
found no valid parent nomination scales for preschool children in the above-mentioned review. The
Gifted Rating Scales for preschool and kindergarten (GRS-P, Pfeiffer et al., 2007) have been evalu-
ated for diagnostic accuracy for predicting giftedness as measured on the Weschler Preschool and
Primary Scale of Intelligence. Depending on the cut-off thresholds used to classify giftedness, this
scale was found to correctly classify (overall correct classification, OCC, described later in this
article) between 52% and 85% of children (Pfeiffer & Petscher, 2008).

Development in the early years is complex and dynamic and, as a result, accurate identification
of high academic potential requires comprehensive evaluations. These can be time consuming,
intrusive, and costly. Therefore, screening procedures that simply and correctly identify groups
of students for further testing are important (McBee et al., 2016). Opinions differ over whether tea-
chers, parents, IQ tests, or some combination of these, is the most reliable and valid approach (Gear,
1976; Gottfried et al., 2009; Hodge & Kemp, 2006), and combinations of such instruments have
rarely been evaluated with preschool children. This is the focus of this study.

Evidence also indicates possible demographic bias in the early identification of academic poten-
tial. Literature on gender bias in the screening of high academic potential is mixed, with some
studies suggesting that boys are more likely to be identified as having high potential than girls
(Lubinski et al., 2006; Preckel et al., 2008), while others suggest the opposite (del Siegle & Reis,
1998; Read, 1991). Petersen (2013) found little evidence of gender bias in the identification of
high academic potential but recommended the use of multiple assessment criteria to reduce possible
bias. Socio-economic status (SES) has been shown to impact teacher judgments of academic poten-
tial (Alvidrez & Weinstein, 1999; Baudson et al., 2016) with low-SES students less often nominated
by teachers for gifted programmes than high-SES students (Elhoweris, 2008; Hamilton et al., 2018).
Additional research is needed in this area and is the second focus of this study.
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As early identification and educational support is important for the engagement and later edu-
cational success of students with high academic potential, there is an urgent need to evaluate the
reliability and validity of different, cost effective, non-intrusive screening instruments. In this
study we evaluate three instruments for early identification of high academic potential in Norway
(a teacher questionnaire, a parent questionnaire, and one element from a full battery of IQ tests,
independently and in combination) and we assess systematic error and bias in the use of these
instruments.

The Nordic and Norwegian Context

Scandinavian countries have many similarities in education and legislation. In all Nordic countries,
identifying and supporting the needs of children with high academic potential has been a neglected
topic (Tourón & Freeman, 2018) and oftentimes puts elitist ambitions into conflict with egalitarian
convictions (Dodillet, 2019). However, in both Sweden and Denmark, increased attention on talent
development is now on the political agenda. Efforts have mainly supported children from middle-
school and into the higher grades (Arnvig, 2019), but a recent press release from Danish Ministry of
Education recommends that all children in first grade be systematically screened to identify and
support the development of children with high academic potential (Danish Ministry of Children
and Education, 2021).

A Norwegian White Paper on giftedness (Jøsendal, 2016), accompanied by a literature review of
the field (Børte et al., 2016), are among the most important steps in Norwegian policy towards
officially recognizing these children and their educational needs. A national project supporting
gifted education from grade 7 upwards has also been piloted. The Norwegian Science Association
and four regional Sciences Centres (in Oslo, Bergen, Trondheim and Tromsø), received govern-
ment funding to pilot Centres for STEM Talents for 2016–2019 (Uniforum, 2016). After a positive
evaluation of the pilot project (Lødding et al., 2020), the project became permanently funded and
extended to the establishment of new centres in the regions of Jæren (in 2020) and Ås (in 2021).
These initiatives show a breakthrough in the long-standing focus on egalitarianism within the
Norwegian context. They have also resulted in increasing pressure being placed on the Norwegian
education system for early identification of children with high academic potential so that their
advanced developmental needs can be addressed from an early age in an inclusive environment
(Idsøe, 2019; Jøsendal, 2016; Ministry of Education and Research, 2020). Sound identification
strategies still need to be developed, but would align with the Norwegian framework plan for
kindergarten, stating that kindergartens should “make allowances for the children’s differing abil-
ities, perspectives and experiences, and help to ensure that the children, together with others,
develop a positive relationship with themselves and confidence in their own abilities” (Ministry
of Education and Research, 2017, p. 8).

Assessing the Reliability and Validity of Screening Instruments

Assessing young children for academic potential and achievement has many practical and meth-
odological challenges. Assessments should be cost-effective, non-intrusive and child friendly, as
well as accurate, unbiased, and fit for purpose. These qualities can be assessed through evaluations
of internal consistency (Cronbach’s alpha), concurrent and predictive validity, interpretation/use
arguments of validity, the sensitivity, specificity, and accuracy of the resulting identifications at
different cut-off thresholds, and the appraisal of incorrect identifications for systematic error.
Taken together, these methods provide a framework for evaluating and comparing different instru-
ments, individually and in combination, in terms of reliability, validity, and bias, and therefore their
appropriateness for use in screening and identification (McBee et al., 2014, 2016; Pfeiffer &
Petscher, 2008; Raykov & Marcoulides, 2011).
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Metrics of Reliability and Validity

Metrics of reliability and validity pertain to how well a method or test measures an outcome.
Reliability refers to how consistent the measure is, and validity refers to how accurate the measure
is. The degree to which a measure is reliable and valid is the degree to which the measurement is free
from systematic and random measurement error (Raykov & Marcoulides, 2011). Systematic error
consistently biases the measurement in a regular and repeatable manner due to some characteristic
of an individual or group, and random error is the combined effect of non-systematic, transient,
and specific factors that are unrelated to group characteristics or the construct of interest. Both
types of error limit the utility of test scores, but due to the nature of measurement in social science,
are often present in varying degrees across different instruments (Raykov & Marcoulides, 2011).

Reliability and validity can be assessed by different metrics and in different combinations. Cron-
bach’s alpha indicates the internal consistency of several items designed to measure a construct, and
a value of 0.7 or higher represents an adequately consistent scale. In linear analyses, the proportion
of variance explained (R2) between a test and an outcome criterion is a metric of criterion validity
(either concurrent, when both are measured simultaneously, or predictive, when the criterion is
measured later). Finally, when binary groups are formed (for example “high achievers” and “not
high achievers”), binary classification identifies the “true positive” and “true negative” rates (the
proportion of cases accurately identified as belonging (or not) to the outcome group) and “false
positive” and “false negative” rates (the proportion of cases that are incorrectly identified). In
their evaluation of the GRS-P, Pfeiffer and Petscher (2008) measured diagnostic accuracy with
the metrics of “sensitivity” (the proportion of cases with the outcome attribute that are true posi-
tive), “specificity” (the proportion of cases without the outcome attribute that are true negative),
and “overall correct classification” (OCC, true positives + true negatives divided by n).

The effect of measurement error on the reliability of identification instruments is illustrated in
Figure 1. Both graphs show simulated standardized data for 1,000 cases with the cut-off for identifi-
cation and achievement set at 1.28 SD (90th percentile). This simulates the assumption that being in
the top 10% of scores on the identification instrument will correspond to being in the top 10% of
scores on academic achievement. The first graph simulates an R2 of 0.80 (indicating 80% of
explained variance, therefore low measurement error) and the second graph simulates an R2 of
0.30 (indicating only 30% of explained variance, therefore high measurement error). As can be
observed, the number of false positives and false negatives in the second scenario is far larger
than the first, and therefore, the hypothetical instrument with higher measurement error (lower
R2) has lower criterion validity and is less fit for purpose.

Figure 1. Relationship between R2, true and false positives, and true and false negatives.
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Scholars recommend using a combination of screening instruments to improve accuracy and
reduce measurement error (McBee et al., 2014). However, despite discussion in the literature
about different combination rules (mean scores, logical OR, or logical AND), real data has not
been used to compare effectiveness. The method of combination impacts the number of children
that are identified, with the mean rule identifying all children that, on average, score above the
cut-off, the logical OR rule identifying all that score above the cut-off on any one of the instruments
(therefore, more children), and the logical AND rule identifying all that score above the cut-off on
all the instruments (therefore, less children). McBee and colleagues (2014) used simulation data to
compare these combination rules. They concluded that assessment systems perform worse, and are
more susceptible to measurement error than is generally assumed, and that the mean combination
rule best ameliorates the effects of measurement error. In addition, lowering the cut-off for identifi-
cation, makes it more likely that a screening instrument will be more effective (more true positives
will be identified), but at the cost of (often significantly) diminished overall accuracy (as many more
false positives will also be nominated). This may result in a trivial screening mechanism, where
most of the target group are correctly identified, but the number of false positives so far outweighs
the true positives, that the screening becomes of no practical use (McBee et al., 2016).

Interpretation/Use Argument for Validity

Early assessment of validity focussed on the properties of the instrument itself, but more recently,
validity is also assessed as a property of the proposed interpretation and use of scores. Kane has
written extensively about the argument-based approach to validity and the development of
interpretation/use arguments (Kane, 2013, 2016).

An interpretation/use argument (IUA) is an explicit, clear, and complete statement detailing the
rationale for the inferences, assumptions, conclusions, and uses of test scores (Carney et al., 2019;
Kane, 2013, 2016). If the argument is coherent and complete, and the inferences and assumptions
are highly plausible, the interpretation and use can be considered valid. It is an approach that is
aligned with the Standards for educational and psychological testing (AERA, APA & NCME,
2014; Carney et al., 2019) and is therefore appropriate for this study. As illustrated in Figure 2,
the IUA for this study is:

Children’s scores on instruments designed for identifying academic potential in kindergarten can be inter-
preted in relation to their likelihood of attaining high academic achievement in kindergarten and 8th
grade. If highly reliable and valid, the scores can be used for a 1-step identification of children with high aca-
demic potential (Use 1). If only adequately reliable and valid, the scores can be used for initial screening of
children with high academic potential, who could later be accurately identified with further testing (Use 2).
Both uses can only be valid if measurement error (misidentification) will not harm or unduly discriminate
against a child or a particular group of children.

Research Questions

In this study, we evaluated three instruments (a short teacher questionnaire, a short parent ques-
tionnaire, and an age-appropriate element from a full battery of IQ tests) individually and in com-
bination, in accordance with the IUA in Figure 2. The research questions were:

1. Do children’s scores on early screening instruments accurately identify high academic potential
in kindergarten?

2. Are children’s scores on kindergarten screening instruments for high academic potential con-
sistent with academic achievement in 8th grade?

3. Is early screening for high academic potential biased by the child’s gender, family income, birth
semester, or level of the mother’s education?

SCANDINAVIAN JOURNAL OF EDUCATIONAL RESEARCH 5



This study makes a unique contribution to the existing literature in four ways: it evaluates screen-
ing instruments with young children, it evaluates screening instruments free from the potential bias
that is implicit in selection for gifted programmes (there was no high stakes outcome as a result of the
screening), it longitudinally evaluates the effectiveness of the resulting identifications, and it does so
within the Norwegian context, where the testing and screening of young children is unusual.

Materials and Methods

The data used in this study are from the SKOLEKLAR project conducted in southwest Norway, 2011–
2020. Different sub-projects in SKOLEKLAR have analysed, among other things, child self-regulation
(Fandrem &Vestad, 2015; Lenes, Gonzales, et al., 2020; Lenes, McClelland, et al., 2020; Størksen et al.,
2015), executive function (ten Braak et al., 2019; ten Braak et al., 2022), and the psychometric charac-
teristics of the early academic assessments developed for the project (Størksen et al., 2013; ten Braak &
Størksen, 2021). One of the proposed sub-projects of SKOLEKLAR was the development of instru-
ments to identify children with high academic potential at an early age. The psychometric properties

Figure 2. The interpretation/use argument for identifying children with high academic potential.
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of these teacher and parent scales have been published (Idsøe et al., 2021), however, the cumulative
and longitudinal properties of these instruments have not yet been explored.

The complete SKOLEKLAR data set includes 243 children, born in 2006 and in kindergarten in
2011/2012. From that set, 219 children had complete data on the variables for the early identifi-
cation of high academic potential included in this study, and 136 of these children have complete
data for 8th grade achievement (in 2020). This attrition is administrative (families moving out of the
region or choosing to drop out when new consent forms were required), as can be observed by the
insignificant variation in the descriptive statistics in Table 1. The findings presented in this article
are based on the sample of children with complete data in kindergarten and 8th grade (n = 136).

The sampling procedures, sample size, and conditions of data collection (described fully in the
previously mentioned studies) were such that the results from this study are moderately generaliz-
able to similar populations of children and similar screening instruments.

Analytic Strategy

Several quantitative methods were employed in this study. As a first step, we explored the factor
structures for the parent and teacher questionnaires with principal component analysis (PCA)
and confirmatory factor analysis (CFA), fully reported in Idsøe et al. (2021) and summarized in
the following section. This resulted in a single factor, and equivalent sum score, for each scale.
To explore research questions 1 and 2 in this study, regression models (with controls for demo-
graphic variables) and descriptive analyses of the true positive, true negative, false positive, and
false negative rate were conducted. The summary measures of sensitivity, specificity and overall cor-
rect classification (Pfeiffer & Petscher, 2008) were also calculated. Finally, the existence of bias
through systematic error (RQ 3), was evaluated using Pearson’s Chi-squared tests comparing the
predicted frequency to the observed distribution across demographic groups.

All analyses were conducted in R version 4.0.3 (R Core Team, 2021) and RStudio version 1.1.463
(RStudio Team, 2021), alpha was set at 0.05, and p-values are represented with the standard notation
of *** p < .001, ** p < .01, and * p < .05. For the regression analyses, all variables were standardized.

Variables

Kindergarten Academic Potential
Kindergarten academic potential was assessed with three instruments (a teacher questionnaire, a
parent questionnaire, and an IQ test). Despite the psychometric validation of some preschool tea-
cher nomination instruments in other contexts, these required modification for the Norwegian
play-based pedagogical context. The three phases for creating rigorous scales (item development,
scale development, and scale evaluation) were employed. The gifted rating scales GRS-P (Pfeiffer
et al., 2007) and Scales for Identifying Gifted Students, SIGS-2 (Ryser & McConnell, 2004) were
modified and shortened for the Norwegian context. Items were selected in consultation with
child specialists, caregivers, parents and teachers, resulting in a 10-item questionnaire for teachers,
and a 6-item questionnaire for parents, both with Likert scale responses. Evaluation of the

Table 1. Descriptive statistics, cases.

SKOLEKLAR
(all cases)

Kindergarten
(complete data)

8th Grade
(complete data)

Number of cases 243 219 136
Girls: number (percentage) 119 (49%) 105 (48%) 70 (50%)
Child’s birth month: mean (SD) 6.6 (3.48) 6.6 (3.51) 6.3 (3.46)
Mother’s education level*: mean (SD) 3.3 (1.30) 3.3 (1.29) 3.4 (1.25)
Family income decile*: mean (SD) 8.5 (1.27) 8.5 (1.25) 8.6 (1.15)

*when child was in kindergarten.

SCANDINAVIAN JOURNAL OF EDUCATIONAL RESEARCH 7



development and psychometric properties of the teacher and parent scales (PCA, CFA, and concur-
rent validity with achievement scores in kindergarten) resulted in a 7-item teacher nomination scale
(Cronbach’s Alpha (α) = 0.852) and a 4-item parent nomination scale (α = 0.702) (Idsøe et al.,
2021). The questionnaire items retained in the scales are displayed in Table 2.

The Digit Span Test, a sub-test from the Weschler’s Intelligence Scale, was used as a proxy for
directly assessed intelligence (referred to as IQ test in the tables and discussion that follow). This is a
short, easy to administer test, that correlates significantly with the full Weschler’s Intelligence Scale
for children, and is therefore suitable for integration into an assessment battery for young children
(Sattler, 1992; Wechsler, 1991).

The Cronbach’s alpha for all 12 items used in this study (7 teacher items, 4 parent items, and the
IQ test item) was 0.777.

Three different combinations of these instruments were constructed and evaluated, following the
combination rules set out by McBee and colleagues (2014). The combined scale (mean) was the
average of each of the three scales, such that each scale was attributed one third of a possible
score out of 100 and then standardized. The combined scale (logical OR), was constructed accord-
ing to the rules of logical operations, and is the highest (standardized) score of the three scales, and
the combined scale (logical AND), also constructed according to the rules of logical operations, is
the lowest (standardized) score of the three scales. These logical combination rules are also consist-
ent with set theory, and the set operations of union and intersection (Ragin, 1987; Schneider &
Wagemann, 2012).

Kindergarten Academic Achievement
The kindergarten academic achievement variable was the average of three short child-friendly tests
(math, vocabulary, and phonological awareness) administered on a computer tablet. The Ani
Banani Math Test (ten Braak & Størksen, 2021) assessed mathematics skills through 18 items
where children help a monkey with activities such as counting toys and identifying geometric
objects (α = 0.740). The Norwegian Vocabulary Test (Størksen et al., 2013) assessed children’s voca-
bulary through 45 visual objects presented on screen that the children were instructed to name (α =
0.842). A sub-test from the official battery of literacy screening tests from The Norwegian Directo-
rate for Education and Training assessed phonological awareness through a 12-item blending task
where children identified the image represented by individual phonemes presented by the research
assistant (α = 0.750).

8th Grade Academic Achievement
The 8th grade academic achievement variable was the average of the Norwegian national screening
tests in reading and mathematics (in Norwegian), and English as a second language.

Table 2. Questionnaire items retained in the teacher and parent scales.

Teacher Nomination Scale
The child can already write and read
The child shows early interest in geography, the universe, and nature or other topics
The child can create interesting and unusual shapes with different materials
The child can solve a puzzle meant for older children
The child understands abstract concepts like the meaning of “death” or the meaning of “time”
The child learns new skills without much training and repetition
The child asks many questions and gives many comments to adults
Parent Nomination Scale
The child learnt to speak early (e.g., first words around 6 months, first sentence around 12 months, and simple conversations
around 18 months)

The child had many questions about concepts before the age of three
The child has a high level of concentration (e.g., the child spent much time playing alone with a toy or looking in a picture book
before 2 years old)

The child learned to read and write quite early (around the age of three)
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Control Variables
Demographic variables for gender, birth month, mother’s level of education, and family income
were included in this study, and retained when statistically significant.

Results

Early Identification of High Academic Potential

Kindergarten academic achievement was regressed on each academic potential scale, and control
variables were retained when significant. As displayed in Table 3, the parent only model (Model
1) had the lowest explained variance and therefore the lowest concurrent validity (R2 = 0.22),
and the IQ test only (Model 3) had, among the individual scale models, the highest explained var-
iance (R2 = 0.35). Overall, the combined (mean) model (Model 4) was the model with the best linear
fit statistics (F = 53.78, RSE = 0.771, R2 = 0.45, p < 0.001) and therefore displayed the best concur-
rent validity among the linear models. It explained 45% of the variance and indicated that a 1
SD increase on the combined identification scale was associated with a 0.65 SD increase in academic
achievement scores in kindergarten, when controlling for mother’s level of education (the only con-
trol variable that was consistently significant across models).

The rates of true and false positives and negatives were explored through grouping and cross tabu-
lation. As McBee and colleagues (2014) indicated that lowering the cut-off rate for screening can
increase the rate of true positives (at the cost of increased false positives), results were compared
using cut-offs of 1.28 SD and 0.67 SD above the mean. The outcome group was children that scored
1.28 SD above the mean in kindergarten academic achievement tests (n = 25). As presented in Tables
4 and 5, the combined (logical OR) scale had the highest sensitivity (56% at the 1.28 SD cut-off, and
92% at the 0.67 SD cut-off) but OCC was lower than the other scales (more children were misiden-
tified). Overall, the combined (mean) scale at the 0.67 SD cut-off offered the best combination of sen-
sitivity and OCC, identifying 80% of the outcome group, with an overall correct classification rate of
82%. However, five students that scored 1.28 SD ormore above the mean in the kindergarten achieve-
ment tests were missed by this scale (false negatives) and would therefore be excluded from additional
testing or resources made available to children identified as having high academic potential.

Longitudinal Reliability of Early Academic Potential

Students’ 8th grade academic achievement was regressed on each of the kindergarten academic
potential scales, and control variables were retained when significant. As presented in Table 6,
the combined (mean) model (Model 4) was the model with the best linear fit statistics (F =
52.03, RSE = 0.755, R2 = 0.44, p < 0.001), indicating the best predictive validity.

Table 3. Models regressing kindergarten academic achievement on each academic potential scale.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Intercept −0.69** −0.62** −0.55* −0.39 −0.99*** −0.08
Parent scale 0.35***
Teacher scale 0.51***
IQ test 0.52***
Combined scale (mean) 0.65***
Combined score (logical OR) 0.71***
Combined scale (logical AND) 0.67***
(control) Mother’s education 0.24*** 0.18** 0.17** 0.13* 0.17** 0.18**
n 136 136 136 136 136 136
F (2, 133) 19.11 29.79 36.06 53.78 36.49 41.93
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
RSE 0.914 0.862 0.835 0.771 0.833 0.812
R2 0.22 0.31 0.35 0.45 0.35 0.39

Note: *p < .05, **p < .01, ***p < .001.
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The rates of true and false positives and negatives in 8th grade were also explored. The outcome
group was the group of children that scored 1.28 SD above the mean in the 8th grade academic
achievement tests (n = 19). The summary measures of sensitivity and OCC are presented in
Table 7, where it can be observed that the combined (mean) scale at the 0.67 SD cut-off offered
the best combination of sensitivity and OCC, identifying 68% of the outcome group, with an overall
correct classification rate of 76%. The combined (logical OR) scale at the 1.28 SD cut-off and the
teacher scale at the 0.67 SD cut-off resulted in similar levels of accuracy.

Biased Identification Due to Systematic Error

Identification bias caused by systematic error due to gender, family income, birth semester (relative
age), or level of mother’s education, was explored using Pearson’s Chi-squared tests comparing pre-
dicted frequency to observed distribution in each scenario. No evidence of systematic error by
family income or birth semester was found, but systematic error by gender and mother’s level of
education was found in kindergarten and 8th grade.

In this sample, girls were more likely than boys to score 1.28 SD or more above the mean on
academic achievement tests in both kindergarten and to a lesser extent in 8th grade (not measure-
ment error, but the reality of this sample/assessment combination). Girls were also more likely than
boys to be correctly identified as having academic potential (true positives), but this difference was
not statistically significantly different from the distributions that were observed in the academic
assessments. However, girls were significantly more likely than boys to have been incorrectly ident-
ified (false positives) in kindergarten by parents (χ2 = 5.528, p = 0.019) and the IQ test (χ2 = 5.293,
p = 0.021), and in 8th grade, by parents (χ2 = 5.769, p = 0.016) and the IQ test (χ2 = 5.192, p = 0.023).

Systematic error by mother’s level of education was also found. Children whose mothers had at
least some college level education were somewhat more likely than their peers to score 1.28 SD or
more above the mean on academic achievement tests in kindergarten, and to a greater extent in 8th
grade. They were also somewhat more likely to be correctly identified as having academic potential
(true positives). However, whereas some significant error was evidenced in kindergarten, the most
consistent systematic error was in 8th grade, where children whose mothers had at least some col-
lege level education were significantly more likely than their peers to not have been identified
(during kindergarten) as having academic potential (false negatives), by parents (χ2 = 4.905, p =
0.027), teachers (χ2 = 4.259, p = 0.039), and IQ tests (χ2 = 5.963, p = 0.015).

By going back to the cases in each scenario and exploring how the groups of children that were
correctly and incorrectly identified changed over time, we were able to visualize the extent of the

Table 4. Kindergarten screening, 1.28 SD cut-off.

Total nominated True positives True negatives Sensitivity Specificity OCC*

Parent scale 11 5 105 0.20 0.95 0.81
Teacher scale 15 8 104 0.32 0.94 0.82
IQ test 15 6 102 0.24 0.92 0.79
Combined (mean) 13 9 107 0.36 0.96 0.85
Combined (logical OR) 32 14 93 0.56 0.84 0.79
Combined (logical AND) 1 1 111 0.04 1.00 0.82

* Overall correct classification.

Table 5. Kindergarten screening, 0.67 SD cut-off.

Total nominated True positives True negatives Sensitivity Specificity OCC

Parent scale 31 12 92 0.48 0.83 0.76
Teacher scale 51 20 80 0.80 0.72 0.74
IQ test 52 17 76 0.68 0.68 0.68
Combined (mean) 40 20 91 0.80 0.82 0.82
Combined (logical OR) 81 23 52 0.92 0.47 0.55
Combined (logical AND) 11 7 107 0.28 0.96 0.84
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systematic error in these screening instruments. This is illustrated in Figure 3, where the gender of
the child is depicted by the shape (circles are girls and squares are boys) and the level of mother’s
education is depicted by the colour (a solid colour represents children whose mothers reported hav-
ing at least some college level education), the cut-off for high potential screening is 0.67 SD above
the mean, and the cut-off for high achievement is 1.28 SD above the mean. Capital letters identify
the configurational spaces and numbers represent counts.

This figure shows that although the number of children with high academic achievement was simi-
lar in kindergarten (n = 25) and 8th grade (n = 19), only seven children scored in the high achievement
group at both time points (sectors A and F). Sectors D, E, F, and G represent error, in the form of false
positives (D) and false negatives (E, F, and G). Although girls made up 51% of the sample, they were
overrepresented as false positives (sector D, 69%), and although children whose mothers reported hav-
ing at least some college education made up 54% of the sample, they too were overrepresented as false
positives (77%). In the case of false negatives (sectors E, F, and G), boys and children whose mothers
reported having at least some college level education were overrepresented. The six children that were
correctly identified as having high academic potential in kindergarten and scored in the high achieve-
ment group in both kindergarten and 8th grade (sector A) are all girls, and the largest group of children
that were correctly identified as true negatives (sector H) were boys whose mothers did not have higher
education (31% of group H, 23% of the sample). Although difficult to disentangle, there is evidence of
systematic error in the early identification of children with high academic potential with these screen-
ing instruments, due to gender and level of mothers’ education.

Discussion

This study sheds light on several important aspects of the screening of young children for high aca-
demic potential. In our exploration of research questions 1 and 2, we found that a combination of
screening instruments was most reliable and valid for identifying young children with high

Table 6. Models regressing 8th grade academic achievement on each academic potential scale.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Intercept −1.06*** −0.98*** −0.89*** −0.78*** −1.30*** −0.62**
Parent scale 0.26**
Teacher scale 0.42***
IQ test 0.48***
Combined scale (mean) 0.55***
Combined score (logical OR) 0.68***
Combined scale (logical AND) 0.49***
(control) Mother’s education 0.31*** 0.27*** 0.25*** 0.21*** 0.24*** 0.27***
n 136 136 136 136 136 136
F (2, 133) 22.25 32.48 43.79 52.03 46.64 33.94
p <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
RSE 0.872 0.826 0.782 0.755 0.772 0.820
R2 0.25 0.33 0.40 0.44 0.41 0.34

Note: *p < .05, **p < .01, ***p < .001.

Table 7. 8th grade sensitivity and OCC of screening, 1.28 SD and 0.67 SD cut-offs.

1.28 SD cut-off 0.67 SD cut-off

Sensitivity OCC Sensitivity OCC

Parent scale 0.21 0.83 0.32 0.72
Teacher scale 0.47 0.88 0.74 0.69
IQ test 0.26 0.82 0.63 0.65
Combined (mean) 0.32 0.85 0.68 0.76
Combined (logical OR) 0.63 0.94 0.84 0.50
Combined (logical AND) 0.00 0.85 0.21 0.84
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academic potential, and that academic potential and achievement in children evolves over time.
Regarding research question 3, we found evidence of systematic error and identification bias.

Combining Measurement Instruments

As predicted through simulation studies by McBee and colleagues (2014), this study has shown that
screening that includes multiple sources and a mean combination rule provides the best result in
terms of sensitivity and overall correct classification. However, even with information gathered
from parents, teachers, and an IQ test, the scales used in this study were too imprecise for definitive
identification of children with high academic potential (Use 1 of the IUA, Figure 2). At best, the
scales were able to identify 80% of children that scored high on academic achievement tests, but
at the same time, over half of those that were identified, scored within the normal range compared
to their peers. This level of accuracy in identifying early academic potential may, however, make this
scale adequate for use as an initial screening of a larger group of children, from which children with
high academic potential could later be identified with further testing (Use 2 of the IUA).

These results indicate that a combination of nomination instruments for identifying early aca-
demic potential, including parents, teachers, and an IQ test, and combined with the mean combi-
nation rule, can be a tool for better understanding the diversity of abilities and needs of young
children, and for informing pedagogical decisions that support the best possible academic outcomes
for all students. The combination of scales designed in this study resulted in overall correct classifi-
cation of between 55% and 85% of children (depending on the cut-off thresholds and combination
rules applied), a very similar accuracy rate to that of the more extensive GRS-P scales used in other
contexts (between 52% and 85%, reported in Pfeiffer & Petscher, 2008).

The Evolution of Potential and Achievement in Children

This study also illustrates how academic potential and achievement change over time. Many of the
children that were identified as having high academic potential in kindergarten with the combined
scale, tested in the high academic achievement group in kindergarten, 8th grade, or both. But the
groups changed, and this change provides evidence of the evolution of academic potential and
achievement in children, who move across cut-off thresholds and in and out of groups over time.

Figure 3. High academic potential and academic achievement, by gender and mother’s education.
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Therefore, using just one identification instrument, or even a combination of screening instru-
ments at just one time point, will be inadequate for identifying children’s academic potential for the
duration of their schooling. As indicated by Pfeiffer (2015) and supported by our findings, children
should be continuously assessed throughout their educational years. A combination of screening
instruments, and multiple screenings at different developmental time points, will best respond to
the changing needs of children with high academic potential.

Systematic Error and Identification Bias

Finally, this study has shown that, despite strong and enduring linear relationships between early
identification scales for academic potential, early academic achievement, and later academic
achievement, there are high and significant rates of error and misidentification. There is also evi-
dence that this error is systematic. Misidentification of early academic potential could have negative
consequences for those children affected, depending on the interpretation and use of the screening
instruments. A child that is missed by screening (false negative) may never have the opportunity to
receive the additional testing and pedagogic support that correctly identified children receive. On
the other hand, a child that is incorrectly identified as having high academic potential (false posi-
tive) may suffer unnecessary stress and disorientation through expectations of high academic
potential when, in fact, their potential and achievement are in the normal range.

In this study we have found evidence that this type of screening is susceptible to systematic error
and that some groups of children are more vulnerable to any negative effects of misidentification.
For this reason, such screening should not be undertaken unless it can be shown that no harm or
disadvantage will befall a child, or group of children, that is misidentified.

Implications for Norwegian ECEC

Conducting this study within Norwegian ECEC has resulted in some unique insights and chal-
lenges. As the children with high academic potential were not separated from their peers for any
special support, we were able to observe their natural development without any risk from screening
error or misidentification. However, any potential benefits from additional academic support were
also forfeited. We do not know, from this study, what the trajectories of young children with high
academic potential would have been, had they been provided with the special pedagogical attention
that scholars in the field recommend.

Nonetheless, this study found that low cost and non-intrusive screening of academic potential in
young children was possible within the Norwegian ECEC context. This is aligned with the aims and
objectives of early childhood education and care in Norway, to identify children’s different abilities
and provide the opportunities for them to develop those abilities, as detailed in the framework plan
for kindergartens (Ministry of Education and Research, 2017).

Limitations and Future Research

This study was conducted with a relatively small group of children, who, although coming from
different early childhood centres and schools, and having different demographic characteristics,
all came from the same geographical location in southwest Norway. The results from this study
are therefore only moderately generalizable to similar populations. Future research could test the
external validity of these findings through replications with larger samples and in diverse geo-
graphic contexts and could replicate the study design to evaluate the reliability and validity of
other instruments. The effect of psychological factors, such as motivation, on the development of
potential and achievement could also be explored, and professional work on the development of
appropriate support and extension for children identified as having high academic potential within
a common and holistic framework, should be undertaken.
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Conclusion

Early identification and educational support are important for the engagement and later success of
students with high academic potential, and there is an urgent need to evaluate different, cost effec-
tive, non-intrusive mechanisms of early identification of academic potential. This study found that a
combination of screening instruments (combined with the mean rule) provided the most effective
and efficient screening, but that there was systematic error in the screening by gender and level of
mother’s education. The findings from this study, therefore, do not support the use of these and
similar instruments for the definitive identification of early academic potential, but do support
the cautious use of such screening instruments as one tool for the continuous work of knowing
the most we can possibly know about our diverse and talented students and their educational needs.
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