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ABSTRACT 
In psychological research and practice, test procedures that assess children’s and adolescents’ 

developmental domains play a fundamental role as they serve a variety of important purposes. For 
example, practitioners such as school psychologists base their high-stakes diagnostic decisions and 
recommendations for future schooling support measures on the results of these instruments. To ensure 
accurate interpretations of scores obtained from such test procedures, their validity needs to be 
corroborated. At the same time, a holistic assessment of the core developmental domains (i.e., cognitive 
abilities, psychomotor skills, social-emotional skills, cultural skills, noncognitive personality characteristics) 
is integral to enabling an in-depth understanding of children’s and adolescents’ unique strengths and areas 
of development. In the pursuit of extending current knowledge on validity evidence and contributing to a 
comprehensive developmental assessment of children and adolescents, the current cumulative 
dissertation aims to provide insights on three validity aspects of test scores from the Intelligence and 
Development Scales (IDS) and the Intelligence and Development Scales–2 (IDS-2). Following this goal, 
three studies were conducted that analyzed (1) differential validity for a clinical subgroup of autistic 
individuals, (2) criterion validity for multi-informant academic achievement in typically developing 
individuals, and (3) the contribution of participant characteristics, in particular aspects of proficiency in the 
test language, to test performance, which may interfere with the validity of score interpretations in 
individuals at risk for linguistic disadvantages. 

Samples consisting of children and adolescents aged between 5 and 20 years drawn from the IDS 
and IDS-2 standardization and validation studies and from additional validation studies were investigated 
with independent-samples t tests, structural equation modeling analyses, and hierarchical regression 
analyses. Results of the first study demonstrated the differential validity of test scores in psychomotor 
skills, language skills, and externally rated achievement motivation of the IDS-2 for autistic children and 
adolescents and showed that group differences in some developmental domains (e.g., social-emotional 
skills) may be dependent on factors such as age. The second study provided evidence on the criterion 
validity of IDS and IDS-2 intelligence scores for multi-informant academic achievement. Moreover, it 
revealed the incremental role of noncognitive personality characteristics, such as traits and motives, in 
predicting most of the objective and subjective academic achievement measures. Last, the third study 
uncovered the contribution of proficiency in the test language as a critical participant characteristic in the 
assessment of the IDS-2 domains. The findings suggested that the relative importance of different 
language aspects depends mainly on the verbal demands of the presented tasks. 

In conclusion, the present work provides evidence on the validity of test scores from two 
comprehensive test batteries across different groups of children and adolescents and contexts. In addition, 
this dissertation highlights the need for a fine-grained view in the process of validating test procedures, 
offers conclusions on practical implications, and supports a holistic assessment of children’s and 
adolescents’ various developmental domains to ensure that the full potential of the individual is captured 
and unlocked. 
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1. Introduction 
According to the constructivist view of development (Binet, 1909), children’s and adolescents’ 

developmental domains (i.e., cognitive abilities, psychomotor skills, social-emotional skills, cultural skills, 
noncognitive personality characteristics) are interrelated and involved in the active process of constructing 
their knowledge of the world. In this vein, a holistic assessment of children’s and adolescents’ development 
is required to gain a comprehensive understanding of their unique patterns of strengths and difficulties in 
and across various developmental domains and, hence, their full potential. 

Moreover, results of individuals’ performance on psychological tests lay the foundation for high-
stakes diagnostic decisions, conclusions about future developmental progress, and the planning of support 
measures or educational placement (Flanagan & Harrison, 2012; Grob & Hagmann-von Arx, 2018b). 
Assessing children’s and adolescents’ developmental domains in a comprehensive way thus enables the 
provision of individualized support tailored to the needs of the individual. 

However, for recommendations and interventions to be as effective and beneficial for the 
individuals’ development as possible, the use of instruments that yield accurate and valid test scores is the 
core prerequisite. Hence, it is essential to examine psychological test procedures in terms of their fulfilment 
of testing standards and psychometric properties, such as validity (American Educational Research 
Association [AERA] et al., 2014). Validity is considered the foremost feature of test construction and 
evaluation as it addresses the extent to which conclusions drawn from scores align with evidence and 
theoretical foundations (AERA et al., 2014). For example, if an intelligence test is conducted to make 
predictions about children’s future educational development, but the test shows no association with 
academic achievement, the interpretation of test scores for school-related decisions is invalid. 

Validity can be further subdivided by its sources, including differential validity (i.e., whether test 
scores can differentiate between [clinical] subgroups; Schmidt-Atzert & Amelang, 2012) and criterion 
validity (i.e., whether test scores correlate with other criteria; Moosbrugger & Kelava, 2012). In addition, 
validating a test also means considering factors other than the measured construct, such as participant 
characteristics, that may contribute to test performance and therefore might compromise the validity of 
score interpretations (AERA et al., 2014). Yet, previous research on validity evidence for many tests has 
commonly investigated test scores from only a single domain, such as intelligence, leaving other crucial 
developmental domains out of consideration. In addition, previous studies have often relied on coarse-
grained analyses, omitting potentially important aspects (e.g., distinct measures of academic achievement 
or language abilities) that may provide valuable insights for deriving implications for practice and research. 
Moreover, particularly for clinical subpopulations, the majority of previous validity evidence is limited and 
based on small sample sizes with constrained representativeness. 

To address these gaps, the present cumulative dissertation aims to expand current evidence on 
the validity of assessments of developmental domains that are significant for children’s and adolescents’ 
development and hence often assessed in psychological practice. This work therefore follows an 
integrative approach and focuses on test batteries that are designed to assess multiple domains. In 
particular, this dissertation investigates the Intelligence and Development Scales–2 (IDS-2; Grob & 
Hagmann-von Arx, 2018a), which assess core developmental domains within a single test battery, and its 
precursor, the Intelligence and Development Scales (IDS; Grob, Meyer, & Hagmann-von Arx, 2009). In 
addition, the specific goal of this dissertation is to emphasize three aspects that relate to the validity of test 
scores across different groups of children and adolescents and different contexts. Study 1 examined 
differential validity of test scores from developmental domains for a clinical subgroup of autistic children 
and adolescents. Study 2 investigated criterion validity of intelligence test scores for multi-informant 
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academic achievement measures in the school context by also considering noncognitive personality 
characteristics in typically developing adolescents. Study 3 analyzed the contribution of participant 
characteristics (i.e., aspects of proficiency in the test language) to test performance in developmental 
domains to evaluate the validity of test score interpretations in children at risk for linguistic disadvantages. 

In the following, Section 2 provides an overview of the theoretical background of developmental 
domains, their assessment, and the concept of validity and a synthesis of previous research. Section 3 
outlines the research questions. Section 4 provides information on the methods while Section 5 
summarizes the results of the studies included in this dissertation. Section 6 presents a general discussion 
suggesting avenues for future studies and drawing conclusions for research, practice, and politics. 

2. Theoretical Background 

2.1 Developmental Domains 
Developmental domains encompass cognitive abilities, areas of motor, social-emotional, and 

cultural skills, and noncognitive personality characteristics, which are crucial for a variety of life outcomes. 
Their paramount importance has been revealed in studies that demonstrated relationships with academic 
achievement (e.g., Cameron et al., 2016; Cortés Pascual et al., 2019; Romano et al., 2010; Roth et al., 
2015) and occupational attainment (e.g., Bailey, 2007; Gross et al., 2009; Jones et al., 2015; Schmidt & 
Hunter, 2004), as well as with health, well-being, and longevity (e.g., Gottfredson & Deary, 2004; Ozer & 
Benet-Martínez, 2006; Reimann et al., 2020; Robinson et al., 2015). 

2.1.1 Cognitive Abilities 
Cognitive abilities comprise versatile skills and mental processes used to execute tasks related to 

learning, reasoning, comprehension, memorization, and perception (American Psychological Association 
[APA], 2015). Although cognitive abilities—such as intelligence and executive functions—are closely 
related (Berk, 2018), they represent separable constructs (e.g., Friedman et al., 2006), as they encompass 
different aspects of cognitive functioning, which are introduced in the following. 

2.1.1.1 Intelligence 
For over a century, human intelligence has been intensively examined in terms of its definition, 

structure, and measurement, making intelligence one of the most studied attributes in psychological 
research to date (Rost, 2009; Stern & Neubauer, 2016). Although many attempts to define intelligence in 
a generally accepted way have failed, a scientific consensus on the main components was reached in the 
1990s by a group of 52 intelligence researchers (Gottfredson, 1997). They described intelligence as “a 
very general mental capability that, among other things, involves the ability to reason, plan, solve problems, 
think abstractly, comprehend complex ideas, learn quickly and learn from experience” (Gottfredson, 1997, 
p. 13). 

In more than 100 years of psychometric intelligence research, numerous theories and models of 
the structure of intellectual functioning have been generated. Spearman (1904) was the first to lay the 
foundations with his g or two-factor theory. He posited that each intellectual task consists of a measure of 
general intelligence (g)—underlying all intellectual abilities—and a task-specific component (S) separate 
from g. Currently, the most influential theory in research and contemporary test construction is the Cattell–
Horn–Carroll (CHC) model (McGrew, 1997, 2009; Schneider & McGrew, 2018). As the name implies, the 
CHC model is based on other intelligence theories, namely, (1) Cattell and Horn’s extension of the Gf-Gc 
theory (Cattell, 1941; Horn, 1991; Horn & Cattell, 1966), which incorporates narrow and broad abilities, 
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such as Fluid Reasoning (Gf) and Comprehension-Knowledge (Gc),1 but not an overall general intelligence 
factor g; and (2) Carroll’s (1993) three-stratum theory, which separates intelligence into three strata 
consisting of narrow abilities, broad abilities, and a g factor, according to Spearman’s (1904) g. Despite 
inconsistencies between the theories about the existence of g, the CHC model integrated the Cattell–Horn 
Gf-Gc and Carroll’s three-stratum theory into one model. Following Carroll (1993), the CHC model is 
hierarchical in structure, with narrow abilities on Stratum I, broad abilities on Stratum II (e.g., Gf, Gc, Visual 
Processing [Gv], Processing Speed [Gs], Working Memory Capacity [Gwm], Auditory Processing [Ga], 
Learning Efficiency [Gl], Retrieval Fluency [Gr]), and in most cases a g factor at the top on Stratum III 
(Schneider & McGrew, 2018). 

2.1.1.2 Executive Functions 
 In contrast to the long tradition of intelligence research, executive functions in their current 
understanding have only recently gained the attention of the scientific community (Miyake et al., 2000). 
Executive functions comprise top-down cognitive processes used for control and regulation in situations 
where it is not possible to count on automatic responses, instinct, or intuition (Diamond, 2013; Miyake & 
Friedman, 2012). These functions enable people, for instance, to concentrate and pay attention despite 
distractions (Diamond, 2013). In terms of the structure of executive functions, three main components have 
been identified, which are interrelated and at the same time differentiable (Miyake et al., 2000). These are 
(1) updating, which subsumes actively holding, monitoring, and manipulating verbal and visuospatial 
information; (2) inhibition, which entails intentionally controlling and overriding prepotent thoughts and 
reactions; and (3) shifting (or cognitive flexibility), which involves the ability to mentally switch between 
tasks or perspectives (Baddeley, 1998; Diamond, 2020; Miyake et al., 2000; Miyake & Friedman, 2012). 
These three core components are related to other constructs, such as attention (e.g., Drechsler, 2007), 
and provide the basis for higher-order executive functions (e.g., planning; Collins & Koechlin, 2012; 
Diamond, 2020; Lunt et al., 2012). 

Cognitive abilities are crucial because they are closely related to acquiring and processing 
information and support the functioning of other developmental domains, such as motor skills, through 
bidirectional associations (e.g., Adolph & Joh, 2007; Klupp et al., 2023). Hence, further developmental 
domains, including motor skills, social-emotional skills, cultural skills, and noncognitive personality 
characteristics, also need to be considered to gain a comprehensive picture of children and adolescents. 

2.1.2 Psychomotor Skills 
 Motor skills entail the individual’s capacity to perform goal-directed movements (Burton & 
Rodgerson, 2001) that involve specific muscles of the body to execute activities such as walking, tying 
shoes, or writing and are therefore crucial for participation in daily life (e.g., Feder & Majnemer, 2007). 
Motor skills are also referred to as psychomotor skills because they comprise mental aspects including 
cognitive, perceptive, sensory, and motivational mechanisms (Grob & Hagmann-von Arx, 2018b; Singer & 
Bös, 1994). Moreover, these skills are often divided into different components, such as gross, fine, and 
visuomotor skills (Grob & Hagmann-von Arx, 2018a; Henderson et al., 2007). Gross motor skills rely on 
large muscle groups and are the “building blocks” needed for balance (e.g., standing on one leg), object 
control (e.g., throwing a ball), and locomotion (e.g., walking; Gallahue et al., 2012; Logan et al., 2018). In 
comparison, fine motor skills require small muscle movements of the hands and fingers that involve hand–
eye coordination (e.g., grasping an object; Clark & Whitall, 1989; Strooband et al., 2020). Last, visuomotor 

 
1 Baltes (1987, 1990) referred to Gf and Gc as fluid mechanics (i.e., knowledge-independent basic cognitive 
operations) and crystallized pragmatics (i.e., the application of fluid mechanics), respectively. 
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skills include—besides the hand–eye coordination of fine motor skills—visual perception abilities (e.g., 
drawing geometric figures; Heubrock et al., 2004). 

Especially for children and adolescents, psychomotor skills are often used and trained in social 
interactions (Leonard & Hill, 2014). The ability to move enables them to actively engage with their social 
environment, for example, in situations of joint attention with their parents or during play and team sports 
with their peers (Clearfield, 2011; Smyth & Anderson, 2000). Taking this interplay into account, social-
emotional skills provide a further crucial domain of children’s and adolescents’ development. 

2.1.3 Social-Emotional Skills  
Humans are by nature social beings who begin to develop their social-emotional skills from early 

childhood through interactions with their environment to form secure relationships (Yates et al., 2008). 
Social-emotional skills are defined as the ability to “experience, regulate, and express emotions in socially 
and culturally appropriate ways” (Yates et al., 2008, p. 2) and encompass—besides the abilities of self-
regulation and showing developmentally appropriate behavior—the subdomains emotional and social 
competence (Halle & Darling-Churchill, 2016). These two are closely intertwined as emotional 
competence, which involves abilities such as expressing, recognizing, understanding, and regulating 
emotions (Halle & Darling-Churchill, 2016; Petermann & Wiedebusch, 2016), represents a prerequisite for 
acting in a socially competent manner (Blair et al., 2004). On the other hand, social competence, described 
as the extent to which individuals are effective in social interactions (Rose-Krasnor, 1997), comprises an 
individual’s ability to establish and maintain relationships and to adapt their behavior to meet the demands 
of different social environments (Fabes et al., 2006; Halle & Darling-Churchill, 2016; Han & Kemple, 2006). 
To attain social competence, prosocial behavior, social problem-solving and relationship skills, and 
empathy are needed (Denham, 2006; Janke, 2008). 

In addition to social-emotional skills, cultural skills constitute an integral piece of the puzzle when 
considering the multidimensional development of children and adolescents. Research indicated important 
associations between social-emotional skills and cultural skills (Eisenberg et al., 2005). For instance, 
children and adolescents with more adaptive emotion regulation strategies show an advantage in 
mathematical competence (e.g., Kahl et al., 2021) and less language impairment (e.g., Fujiki et al., 2002). 
Therefore, cultural skills also need to be taken into account. 

2.1.4 Cultural Skills 
Cultural skills, also referred to as basic skills, subsume an individual’s knowledge acquired through 

learning and training such as in school or at home including language skills, reading, writing, and 
mathematical skills (APA, 2015; Köller & Baumert, 2008). The acquisition of language skills, which 
encompass—among other aspects—an individual’s ability to understand (i.e., receptive language ability) 
and to produce (i.e., expressive language ability) spoken words, represents an essential developmental 
task during the early childhood years (Kauschke, 2012; Weinert & Grimm, 2018). Moreover, language skills 
relate to the acquisition of literacy skills such as reading and writing (Melby-Lervåg et al., 2012). Whereas 
reading comprises the ability to decode and comprehend written texts (Hoover & Gough, 1990; Rost, 
2001), writing skills include elements of spelling, grammar, and content (APA, 2015). Along with 
mathematical skills, literacy skills constitute one of the most important pillars learned in school, given their 
significance for participation in society (Bos et al., 2010). Finally, mathematical competence entails a wide 
range of skills acquired throughout the (educational) development such as knowledge of numbers, 
arithmetic, and shape and space (Dowker, 2019; Swiss-German Conference of Directors of Education, 
2016) and can be defined as an individual’s “insightful readiness to act appropriately in response to all 
kinds of mathematical challenges” (Niss & Højgaard, 2019, p. 12). 
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Research has demonstrated that, alongside cognitive abilities, individuals’ noncognitive 
personality characteristics play a significant role in different measures of cultural skills (e.g., J. Meyer et 
al., 2019). Personality characteristics therefore complement the developmental domains of children and 
adolescents. 

2.1.5 Noncognitive Personality Characteristics 
 According to Roberts and Wood’s (2006) neo-socioanalytic theory, personality encompasses—in 
addition to cognitive aspects (i.e., abilities)—noncognitive characteristics, which subsume traits (e.g., 
conscientiousness), values and motives (e.g., achievement [striving] motivation), and narratives (e.g., 
narrative identity). Traits and motives are particularly crucial for children’s and adolescents’ development 
because of their important relationships to educational success (Lavrijsen et al., 2022; Mammadov, 2022). 
In contrast, narratives are thought to develop across adolescence and become more coherent later in life 
(Habermas & Bluck, 2000; Köber et al., 2015). These are therefore not included in this work. 

Traits comprise persistent patterns of thoughts, feelings, and behaviors (Roberts & Wood, 2006) 
and are often assessed using the Big Five taxonomy (John et al., 2008). One of the Big Five traits is 
conscientiousness, which can be defined as the tendency to adhere to socially prescribed norms for goal-
oriented behavior, impulse control, planning, and delaying rewards (Roberts et al., 2009) and entails “the 
readiness to do academic work” (Di Domenico & Fournier, 2015, p. 157). Hence, conscientious individuals 
are more likely to be described as dutiful, organized, and hardworking (Costa & McCrae, 1992; Roberts et 
al., 2009). On the other hand, values and motives refer to the qualities that are considered desirable to a 
person (Roberts & Wood, 2006) and have been grouped within the heterogeneous and multifaceted 
concept of motivation (Eccles & Wigfield, 2002). Thereby, achievement motivation represents an 
individual’s endurance and perseverance on achievement-related tasks (Wigfield & Eccles, 2000) including 
the “willingness to do academic work” (Di Domenico & Fournier, 2015, p. 156). Finally, and more narrowly, 
its facet achievement striving (henceforth: achievement striving motivation) can be seen as an individual’s 
need to succeed in life (Murray, 1938). 

2.1.6 Summary 
In sum, intelligence encompasses an individual’s general mental ability to reason, solve problems, 

and learn quickly, whereas executive functions include an individual’s set of control and regulatory 
mechanisms. Psychomotor skills can be seen as the individual’s fundamental abilities to execute tasks of 
daily life and to explore their surroundings. On the other hand, to sustain connections with the social 
environment, social-emotional skills that refer to the individual’s ability to read, understand, and regulate 
emotions and to show socially competent behavior are required. Cultural skills build on what has been 
understood and learned from previous experiences, for example, at home or at school. Finally, personality 
consists of different layers including noncognitive characteristics such as traits and motives. Thus, 
developmental domains comprise a multitude of areas and constructs that are of relevance not only for 
everyday life but also for the long-term development of children and adolescents. Moreover, these areas 
are interrelated and mutually reinforce each other. Hence, for a comprehensive assessment of human 
development—and an individual’s full potential—it is necessary to take into account various developmental 
domains. 

2.2 Assessment of Developmental Domains 
As developmental domains represent latent constructs, they need to be operationalized with tasks 

or questions that assess the intended behavior or characteristic (Schmidt-Atzert & Amelang, 2012). These 
tasks and questions are bundled into standardized performance tests or rating scales. Test procedures 
are therefore based on theoretical models and concepts of the latent constructs (e.g., Schneider & 
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Flanagan, 2015). Although intelligence is the construct most frequently measured by practitioners, such 
as school psychologists (Benson et al., 2019), individuals express additional relevant domains, for 
instance, social-emotional and psychomotor skills. Even though such domains develop rapidly during 
childhood and adolescence (Siegler et al., 2021), they tend to be rather neglected in the assessment of 
children after the age of school enrollment. This might be partly explained by the lack of tests covering 
developmental domains other than intelligence beyond the pre-school years (Grob, Hagmann-von Arx, & 
Bodmer, 2009), which leads to the use of multiple test procedures or nonstandardized observational data 
when a broad evaluation is needed. Nevertheless, tests rely on different theoretical backgrounds, adopt 
different test administration methods, and are based on distinct characteristics of standardization samples. 
These are factors that must be considered when drawing conclusions from various test batteries. However, 
in recent years, two instruments that include multiple developmental domains within a single test have 
been developed, namely, the IDS (Grob, Meyer, & Hagmann-von Arx, 2009) and the IDS-2 (Grob & 
Hagmann-von Arx, 2018a). The IDS assesses cognitive (i.e., intelligence) and developmental (i.e., 
psychomotor skills, social-emotional skills, mathematics, language skills, achievement motivation) 
functions in children aged 5–10 years, whereas the IDS-2 measures cognitive (i.e., intelligence, executive 
functions) and developmental (i.e., psychomotor skills, social-emotional skills, basic skills, motivation and 
attitude) functions in children and adolescents aged 5–20 years. As with any test procedure, psychometric 
properties, such as validity, need to be examined to ensure that accurate and valid conclusions can be 
established on the basis of their test scores. 

2.3 Validity Evidence for Developmental Assessment 
Validity is defined as an evaluative judgment (Messick, 1995) concerning “the degree to which 

evidence and theory support the interpretations of test scores for proposed uses of tests” (AERA et al., 
2014, p. 11; see also Moosbrugger & Kelava, 2012; Schmidt-Atzert & Amelang, 2012). It can be structured 
into various sources including evidence based on test content, response processes, internal structure, and 
relations to other variables (AERA et al., 2014). Thereby, validity evidence should be established according 
to the specific purposes for which a test is intended to be used (AERA et al., 2014; International Test 
Commission, 2001). 

Since in many assessment situations, the application of a test is based on the assumption that the 
construct being measured is associated with external variables, evidence of relations to other variables is 
particularly crucial for test validation (AERA et al., 2014). This source of validity evidence can be further 
divided into categorical and criterion variables. Categorical variables, such as group membership, “become 
relevant when the theory underlying a proposed test use suggests that group differences should be present 
or absent if a proposed test score interpretation is to be supported” (AERA et al., 2014, p. 16). This so-
called differential validity evidence offers insights on whether test scores can distinguish between different 
subgroups, such as between clinical (e.g., autistic) and nonclinical (e.g., non-autistic) individuals (Schmidt-
Atzert & Amelang, 2012). Evidence on differential validity is therefore particularly important for the 
interpretation of tests that are used in clinical practice. 

In contrast, criterion variables are of relevance when the question is how accurately test scores 
predict variables outside of the test situation (AERA et al., 2014). The corresponding criterion validity 
evidence thus expresses “how well a test correlates with an established standard of comparison (i.e., a 
criterion)” (APA, 2015, p. 266) and can be further divided depending on whether the criterion is assessed 
in the future (predictive validity evidence) or at about the same time (concurrent validity evidence; AERA 
et al., 2014; Moosbrugger & Kelava, 2012). A third subcategory consists of incremental validity evidence, 
which provides insights on whether adding a new measure to an existing set of variables improves the 
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prediction of a criterion (APA, 2015). Establishing criterion validity evidence is of paramount importance to 
demonstrate that conclusions based on test results are appropriate for predicting real-life outcomes, such 
as academic achievement. 

In addition, validation requires the careful consideration and examination of measurement factors 
that may be related to test performance, including administration conditions, testing format, or participant 
characteristics, such as individuals’ level of proficiency in the test language (AERA et al., 2014). Test 
language proficiency might interfere with performance on assessments when a test places high verbal 
demands on the participants (e.g., including complex verbal instructions; Cormier et al., 2022). Under such 
conditions the participants’ true ability might be underestimated (Hagmann-von Arx et al., 2013), especially 
for individuals at risk for linguistic disadvantages, such as those with linguistically diverse backgrounds 
(e.g., multilingual individuals). Examining the contribution of participant characteristics to test performance 
is thus essential, as they could compromise the validity of score interpretations (AERA et al., 2014).2 

However, determining the validity of test scores requires the ongoing examination of empirical 
evidence from previous findings and from new research, as “the validation process never ends” (AERA et 
al., 2014, p. 21). Therefore, the present dissertation aims to add validity evidence for assessments of 
developmental domains by focusing on three aspects: (1) differential validity for autistic individuals, (2) 
criterion validity for academic achievement, and (3) the contribution of participant characteristics (i.e., 
aspects of proficiency in the test language) for validity of test score interpretations. The following 
subsections review previous research on these aspects of validity and their gaps by concentrating on two 
tests in particular: the IDS and the IDS-2. 

2.3.1 Evidence on Differential Validity With a Focus on Autistic Individuals 
As the global prevalence of autism spectrum disorder (ASD) has risen to about 1–2% in recent 

years (e.g., Idring et al., 2015), it is now recognized as a frequent condition (also referred to as “autism 
epidemic”; Chiarotti & Venerosi, 2020). Consequently, autistic individuals represent a common clinical 
subgroup in psychological and medical practice. Deficits in social communication and interaction, such as 
impaired emotion recognition (Yeung, 2022) and regulation (Cai et al., 2018), represent one of the core 
characteristics—besides restricted repetitive behaviors—of the neurodevelopmental disorder ASD 
(American Psychiatric Association, 2013). Aside from the core symptoms, autistic individuals often 
experience difficulties in multiple developmental domains. For example, compared to non-autistic 
individuals, they show impairments in intelligence and executive functions (e.g., Demetriou et al., 2018; 
Maenner et al., 2020), obtain lower scores on tasks assessing psychomotor skills, such as gross and fine 
motor skills (e.g., Coll et al., 2020), and exhibit language deficits and delays (e.g., Kwok et al., 2015). 

However, the assessment of developmental domains plays a crucial role in the diagnostic process 
of evaluating autistic individuals not only for reporting possible cognitive and language impairments 
according to the standards of the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; 
American Psychiatric Association, 2013) and the International Statistical Classification of Diseases and 
Related Health Problems (11th ed.; ICD-11; World Health Organization, 2018) but also for obtaining 
valuable information for appropriate treatment and schooling measures (White et al., 2007). Therefore, 
gaining insights into autistic children’s and adolescents’ performance in developmental domains on widely 
used tests is essential to draw accurate conclusions based on test results. 

 
2 Although participant characteristics are also relevant to fairness in testing (AERA et al., 2014), this dissertation 
focuses specifically on aspects of proficiency in the test language for validity of test score interpretations. 
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Previous evidence on differential validity of the IDS-2 can be mainly found in the test’s technical 
manual (Grob & Hagmann-von Arx, 2018b). Parallel to the IDS-2 standardization study, validation studies 
were conducted that compared children and adolescents who belonged to different subgroups with control 
samples. These comparisons included groups of participants with above-average intelligence (n = 62), 
intellectual disability (n = 70), attention-deficit/hyperactivity disorder (n = 65), motor problems (n = 120), 
reading and spelling disorders (n = 22), mathematical giftedness (n = 30), and ASD (n = 18). Yet, for some 
subgroups, comparisons were based on small, nonrepresentative samples, which reduces generalizability 
and the power to detect group differences. This is particularly the case for the ASD subgroup, as this 
sample comprised only 18 children and adolescents (Mage = 13.30 years, age range 8–17 years; 1 female 
participant). In addition, this sample was mainly diagnosed with Asperger’s syndrome (n = 13) and not 
infantile autism, which may limit the representativeness of the spectrum of ASD.3 Results showed that this 
group of autistic participants scored lower on the composites of psychomotor skills and social-emotional 
skills of the IDS-2 compared to controls (Grob & Hagmann-von Arx, 2018b). However, analyses at the level 
of subtests or intelligence group factors of the IDS-2 have been missing so far for this clinical group. With 
respect to the IDS, one study (Grob et al., 2013; see also: C. S. Meyer et al., 2009) found lower scores for 
autistic children (n = 38) on subtests of the intelligence (i.e., Selective Attention, Auditory Memory), 
psychomotor skills (i.e., Gross Motor Skills), social-emotional skills (i.e., Regulating Emotions, 
Understanding Social Situations, Socially Competent Behavior), and achievement motivation (i.e., 
Perseverance) domains of the IDS compared to controls. Nevertheless, this study exclusively included 
children with Asperger’s syndrome. 

To summarize, the first aim of the present dissertation was to fill this gap in the previous literature 
and to extend the current evidence on differential validity for a clinical subgroup, namely, autistic children 
and adolescents, on the IDS-2. To achieve this goal, further data were collected to obtain a larger sample 
of autistic individuals with a more representative distribution of sex and subtypes (i.e., including individuals 
with infantile autism and more girls). In addition, group differences at the level of subtests and intelligence 
group factors were investigated. Finally, and to explore age effects, previous research was extended by 
performing age-separated analyses for children and adolescents. 

2.3.2 Evidence on Criterion Validity With a Focus on Academic Achievement 
The extant literature has demonstrated the significance of intelligence in predicting numerous 

important life outcomes, including academic achievement (e.g., Kuncel et al., 2004). In line with meta-
analytic results that indicated corrected correlations of ρ = .21 to .54 between intelligence and school 
grades (Richardson et al., 2012; Roth et al., 2015), intelligence, assessed with the IDS and the IDS-2, has 
been linked to academic achievement measures. Specifically, studies by Gut et al. (2012, 2013) and Gygi 
et al. (2017) showed that IDS intelligence predicted school grades (i.e., mathematics, language, science, 
grade point average [GPA]) longitudinally over 3 years in children (age range: 5–11 years). In addition, Gut 
et al. (2013) indicated that IDS intelligence was a concurrent predictor of parent-reported academic 
performance. For the IDS-2, concurrent associations of intelligence with grades and parent-reported 

 
3 Until the publication of the DSM-5 (American Psychiatric Association, 2013) and the ICD-11 (World Health 
Organization, 2018), autism was divided into subtypes including Asperger’s syndrome (absence of general 
developmental delay, particularly in language skills and cognitive abilities; often clumsiness), infantile autism 
(developmental delay manifesting before the age of 3 years; often additional nonspecific problems), and atypical 
autism (developmental delay manifesting after the age of 3 years or criteria not fully met; often comorbidities such as 
language disorders; World Health Organization, 1990). Current diagnostic classification standards (DSM-5; ICD-11) 
follow a spectrum approach encompassing all autistic individuals of each former subtype because autistic individuals 
share common features (i.e., the core symptoms of deficits in social communication and interaction and restricted 
repetitive behaviors). 
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academic performance (i.e., language; geography and history [combined]; mathematics; biology, 
chemistry, and physics [combined]; environment) were reported in the technical manual of the IDS-2 (Grob 
& Hagmann-von Arx, 2018b). A study by Grieder et al. (2022) supported these results and found concurrent 
relationships between IDS-2 intelligence and school grades (i.e., language, mathematics, GPA) in 
participants aged 5–19 years.  

However, aligned with a systemic point of view, the perspectives of all key actors in the school 
context (i.e., teachers, parents, and students) should be taken into account to gain a more comprehensive 
understanding of students' academic functioning. In addition to grades and parent-reported academic 
performance, students’ self-reported academic performance offers insights into their learning progress and 
evaluation of competence (Marsh & Martin, 2011). Therefore, objective (i.e., grades) and subjective (i.e., 
parent-reported and self-reported academic performance) measures of academic achievement need to be 
considered. Yet, relations between intelligence and students’ self-reported academic performance have 
not been investigated for the IDS and IDS-2 and have rarely been studied with other intelligence measures. 
Moreover, evidence for the predictive validity of IDS intelligence for academic achievement over a longer 
period of time and into adolescence is lacking. Analyses of the IDS-2 that particularly focus on adolescents 
are missing as well. Academic outcomes are especially important for this age group, as they pave the way 
for adolescents’ further educational and occupational trajectories. 

Even though intelligence is considered the most significant predictor of academic achievement 
(Mammadov, 2022), noncognitive personality characteristics, such as conscientiousness and achievement 
striving motivation, have also been shown to be crucial (e.g., Richardson et al., 2012; Steinmayr & Spinath, 
2007). For example, for grades, meta-analyses reported corrected correlations of ρ = .23 to .50 with 
conscientiousness (Poropat, 2014; Richardson et al., 2012) and of ρ = .30 with subordinate achievement 
motivation (Robbins et al., 2004). Studies also indicated that conscientiousness (e.g., Mammadov, 2022) 
and achievement striving motivation (e.g., Steinmayr & Spinath, 2009) incrementally predict grades beyond 
intelligence. This empirical research also aligns with theoretical considerations, such as the neo-
socioanalytic theory (Roberts & Wood, 2006), which emphasizes the importance of traits and motives, 
above abilities, for life outcomes. Yet, evidence on the associations between noncognitive personality 
characteristics and subjective performance ratings from parents and students is sparse. Furthermore, no 
study to date has taken a comprehensive approach and simultaneously investigated the relationships of 
intelligence and noncognitive personality characteristics with objective and subjective measures of 
academic achievement. 

Therefore, the present dissertation aimed to contribute to current knowledge on the evidence on 
criterion validity of IDS and IDS-2 intelligence scores for multi-informant academic achievement in the 
school context (i.e., grades, parent-reported and self-reported academic performance) in typically 
developing adolescents. Moreover, previous research was extended by considering noncognitive 
personality characteristics (i.e., conscientiousness and achievement striving motivation) as concurrent and 
incremental predictors of academic achievement beyond IDS and IDS-2 intelligence. 

2.3.3 Evidence on the Contribution of Participant Characteristics to Validity With a Focus on 
Aspects of Proficiency in the Test Language 

Over the past decades, global migration rates have risen (United Nations, 2022) and therefore 
more individuals with linguistically diverse backgrounds undergo psychological assessment. As 
multilingual individuals often lack proficiency in the test language (e.g., Bialystok et al., 2010), the accurate 
and valid assessment of their developmental domains may be challenging. Specifically, these individuals 
might face difficulties in, for instance, comprehending verbal instructions or providing verbal answers 
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during testing (Cormier et al., 2022; Weiss et al., 2006). These limitations mainly depend on the extent to 
which the test requires verbal interaction from the participant, for example, in test directions, response 
options, and task content (Cormier et al., 2011; Flanagan & Ortiz, 2001). Participants with linguistically 
diverse backgrounds might not be able to display their full potential (Hagmann-von Arx et al., 2013), which 
could have negative implications for their future educational and occupational development (Calero et al., 
2013; Goldstein et al., 2015; Klingner et al., 2007; Sullivan, 2011). Hence, it is crucial to investigate how 
proficiency in the test language relates to performance on a test. 

Previous evidence on the relations between aspects of proficiency in the test language (e.g., 
receptive and expressive language abilities, multilingualism) and test scores on the cognitive and 
developmental functions of the IDS-2 is limited. Only one study, by Schweizer et al. (2021), examined 
group differences between matched monolingual, simultaneously bilingual, and successively bilingual 
children and adolescents in the IDS-2 intelligence domain. Results revealed that successive bilinguals 
demonstrated lower mean values compared to monolinguals, and also to some extent compared to 
simultaneous bilinguals, in verbal-dependent intelligence scores (i.e., Verbal Reasoning and verbal Long-
Term Memory, including corresponding subtests). Nonetheless, to date, evidence on the several other 
IDS-2 domains (e.g., executive functions, psychomotor skills, social-emotional skills, basic skills) beyond 
intelligence is lacking. For the IDS—and in line with the findings of the IDS-2—children with another native 
language than German scored lower than controls on an intelligence subtest measuring verbal long-term 
memory (Grob et al., 2013). Moreover, studies that also examined the developmental functions of the IDS 
mainly did not find group differences in the psychomotor skills domain, whereas inconsistent results 
emerged for the social-emotional skills and mathematics domains (Grob et al., 2013; Hagmann-von Arx et 
al., 2013). The few previous studies on the IDS and IDS-2 concluded that as the verbal demands of a task 
increased, group differences between individuals with and without another native language than German 
were more likely to be observed (Grob et al., 2013; Hagmann-von Arx et al., 2013; Schweizer et al., 2021).  

Yet, previous research on the IDS and the IDS-2 followed the widespread approach of comparing 
different groups. But individuals within these groups may display varying levels of test language 
proficiency, placing them at different points along the language ability spectrum (Ortiz, 2019). Therefore, 
a dimensional and more fine-grained examination of the independent contribution of individuals’ 
measurable language abilities is needed. This would help researchers formulate implications for 
psychological practice (Ortiz, 2019) and result in a better understanding of possible participant 
characteristics that might impede valid score interpretations. To my knowledge, only one recent study 
(Cormier et al., 2022) examined the effects of objectively measured language abilities in English on 
performance in a cognitive test battery (Woodcock–Johnson Tests of Cognitive Abilities, 4th ed.; Schrank 
et al., 2014). This study found associations with participants’ receptive and expressive language abilities. 
However, evidence on the relations of receptive and expressive language abilities to test performance in 
other developmental domains is currently missing. 

Thus, the last aim of the present dissertation was to close these gaps and add knowledge on 
participant characteristics that are critical to the valid interpretation of test results by examining the 
contribution of aspects of proficiency in the test language to performance in the cognitive and 
developmental functions of the IDS-2. Thereby, the current dissertation extends previous research by 
adopting a dimensional approach and by investigating the relative importance of multiple, distinct aspects 
(i.e., objectively measured receptive and expressive language abilities, and multilingualism). 
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3. Research Questions 
The present dissertation aims to extend the current evidence on the validity of assessments of 

developmental domains in children and adolescents by taking an integrative approach (see Figure 1). 
Specifically, it focuses on three aspects that address the validity of test scores of the IDS and IDS-2 across 
different groups and contexts: evidence on differential validity for a clinical subgroup of individuals with 
ASD (Study 1); evidence on criterion validity—split into predictive, concurrent, and incremental validity—
for objective and subjective academic achievement measures in the school context for typically developing 
individuals (Study 2); and, last, the contribution of participant characteristics, namely, aspects of proficiency 
in the test language, to test performance that may limit the validity of score interpretations in individuals at 
risk for linguistic disadvantages (Study 3). Note, Study 2 comprised two studies with different samples that 
are referred to here as Studies 2.1 and 2.2. The following research questions (RQs) were investigated in 
the three studies:  

Differential Validity (Study 1). RQ 1a. Do autistic and non-autistic children and adolescents show 
mean-level differences in the IDS-2 cognitive and developmental functions? RQ 1b. Do autistic and non-
autistic children (5–10 years) show the same pattern of mean-level differences in the IDS-2 cognitive and 
developmental functions as autistic and non-autistic adolescents (11–20 years)? 

Criterion Validity (Study 2). RQ 2a. Is IDS intelligence a valid longitudinal predictor of multi-
informant academic achievement in typically developing adolescents (Study 2.1)? RQ 2b. Is IDS-2 
intelligence a valid concurrent predictor of multi-informant academic achievement in typically developing 
adolescents (Study 2.2)? RQ 2c. Are noncognitive personality characteristics (i.e., conscientiousness, 
achievement striving motivation) valid concurrent predictors of multi-informant academic achievement in 
typically developing adolescents (Studies 2.1 & 2.2)? RQ 2d. Are noncognitive personality characteristics 
(i.e., conscientiousness, achievement striving motivation) valid incremental predictors of multi-informant 
academic achievement in typically developing adolescents, beyond intelligence (Studies 2.1 & 2.2)? 

Participant Characteristics (Study 3). RQ 3a. Does children’s receptive language ability explain 
variance in the IDS-2 cognitive and developmental functions, beyond sex and socioeconomic status 
(SES)? RQ 3b. Does children’s expressive language ability explain additional variance in the IDS-2 
cognitive and developmental functions, beyond sex, SES, and receptive language ability? RQ 3c. Does 
multilingualism explain additional variance in the IDS-2 cognitive and developmental functions, beyond 
sex, SES, and receptive and expressive language abilities? 

 
Figure 1. Dissertation concept. Study 1 (Odermatt, Möhring, Grieder, & Grob, 2022); Study 2 (Odermatt, 
Weidmann, Schweizer, & Grob, 2024); Study 3 (Odermatt, Grieder, Schweizer, Bünger, & Grob, 2023). 
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4. Methods 
4.1 Samples 

The samples employed in the three studies were collected as part of the Test Development 
research project in the Division of Developmental and Personality Psychology of the Department of 
Psychology at the University of Basel. All samples consisted of participants living in the German-speaking 
part of Switzerland, Germany, or Austria. 

Study 1. The first study included data from a sample of children and adolescents aged 7–17 years 
diagnosed with ASD (n = 43; Mage = 12.30 years, SD = 3.08; 8 females) and a matched control sample of 
non-autistic children and adolescents aged 6–20 years (n = 43; Mage = 12.51 years, SD = 3.56; 8 females) 
obtained from the IDS-2 standardization and validation study and a further validation study. Autistic 
participants reported being diagnosed with infantile autism (n = 11), atypical autism (n = 6), or Asperger’s 
syndrome (n = 24) or did not provide subtype information (n = 2). 

Study 2. The second study was based on data from two independent samples of 766 typically 
developing individuals in total: Study 2.1’s sample consisted of 301 children aged 5–10 years (Mage = 8.11 
years, SD = 1.54) at Time 1 and adolescents aged 12–18 years (Mage = 15.45 years, SD = 1.52; 52% 
female) at Time 2. Study 2.2’s sample consisted of 465 adolescents aged 12–18 years (Mage = 15.16 years, 
SD = 1.56; 53% female). The samples were drawn from the IDS (Study 2.1) and the IDS-2 (Study 2.2) 
standardization and validation studies. 

Study 3. The third study was a subsample of the IDS-2 standardization and validation study 
consisting of 826 children aged 5–10 years (Mage = 8.06 years, SD = 1.66; 51% female) and including 
multilingual (n = 215) and monolingual (n = 611) individuals. Multilingual participants spoke German (the 
test language) and had at least one other language as their native language, whereas monolingual 
participants reported German as their single native language. 

4.2 Measures and Procedure 
 In Studies 1 and 3, developmental domains were assessed with the IDS-2. In Study 2, intelligence 
was measured using the IDS (Study 2.1) and the IDS-2 (Study 2.2). Moreover, on the same questionnaires 
in Studies 2.1 and 2.2, conscientiousness was reported by parents, achievement striving motivation was 
indicated by the adolescent, and objective and subjective measures of academic achievement were 
assessed by parents and their adolescent child. 

IDS and IDS-2. The IDS (Grob, Meyer, & Hagmann-von Arx, 2009) and the IDS-2 (Grob & 
Hagmann-von Arx, 2018a) are individually administered test batteries incorporating several age-
standardized subtest scores and unit-weighted composites. An overview and description of the IDS and 
IDS-2 domains are presented in Tables 1 and 2, respectively (see pp. 21–23). The IDS was standardized 
between 2007 and 2008 in the German-speaking part of Switzerland, Germany, and Austria and measures 
cognitive (i.e., intelligence) and developmental (i.e., psychomotor skills, social-emotional skills, 
mathematics, language skills, achievement motivation) functions in children between the ages of 5 and 10 
years using 19 subtests. The intelligence domain of the IDS is based on Spearman’s (1904) g or two-factor 
theory and the concept of fluid mechanics (Baltes, 1987, 1990). The IDS-2 is the successor of the IDS and 
was standardized between 2015 and 2017 in the same regions. In recent years, a multitude of international 
language adaptations have been published (e.g., Dutch, English [UK], Italian, Polish; Grob et al., 2018, 
2019, 2021, 2022) and further adaptations are underway in several other countries (e.g., Brazil, Denmark, 
Finland, France, Norway, Spain, Sweden, and the United States). The IDS-2 assesses cognitive (i.e., 
intelligence, executive functions) and developmental (i.e., psychomotor skills, social-emotional skills, basic 
skills, motivation and attitude) functions in children and adolescents between the ages of 5 and 20 years 
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using 30 subtests. Among these is a measurement of participants’ receptive and expressive language 
abilities. The intelligence domain of the IDS-2 is based on Spearman’s (1904) g or two-factor theory and 
the CHC model (McGrew, 1997, 2009; Schneider & McGrew, 2018). 

Self- and Parent-Reported Measures. In Studies 2.1 and 2.2, parents reported on their child’s 
conscientiousness using the German Five Factors Questionnaire for Children [Fünf-Faktoren-Fragebogen 
für Kinder] (FFFK; Asendorpf, 1998). This questionnaire (α = .83 to .91; Asendorpf & Van Aken, 1999) 
contains eight items, each consisting of bipolar adjectives. Answers are given on a 5-point Likert scale 
(range: 1 to 5). In addition, adolescents rated their achievement striving motivation using the German 
Achievement Motivation Questionnaire for 7th- to 13th-Grade Students [Fragebogen zur 
Leistungsmotivation für Schüler der 7. bis 13. Klasse] (FLM 7-13; Petermann & Winkel, 2007). This 
questionnaire (α = .73; Petermann & Winkel, 2007) includes eight items evaluated on a 5-point Likert scale 
(range: 1 to 5). Regarding the academic achievement measures, parents reported their child’s school 
grades in five subjects (i.e., language; geography and history [combined]; mathematics; biology, chemistry, 
and physics [combined]; environment) according to the school records (range: 1 to 6). Subjective 
performance ratings were assessed using a social comparison: Parents reported the academic 
performance of their child for each of the five subjects on a 5-point Likert scale (range: 1 to 5) by comparing 
their child’s academic performance with the performance of their child’s peers. Adolescents likewise 
compared their academic performance with the performance of their peers for each of the five subjects on 
a 5-point Likert scale (range: 1 to 5). 
4.3 Statistical Analyses 

Study 1, Study 2.2, and Study 3 were cross-sectional studies, whereas Study 2.1 followed a partial 
longitudinal design, as intelligence was assessed 7 years before the other variables. Multiple statistical 
approaches were used to enhance the evidence on validity of developmental domains. All analyses were 
conducted in R (R Core Team, 2022). 

Study 1. In Study 1, the differential validity of scores from the cognitive and developmental 
functions of the IDS-2 was investigated by comparing autistic and non-autistic participants for mean-level 
differences. First, we matched the autistic sample and the non-autistic control sample on demographic 
characteristics (i.e., age, sex, SES). We then performed independent-samples t tests and accounted for 
multiple testing by adjusting the p values with Hommel’s (1988) correction. We also conducted age-specific 
analyses for children (5–10 years) and adolescents (11–20 years). We interpreted mean-level differences 
as meaningful if the corrected p value was significant and at least a small effect size was detected. For the 
matching, we used the MatchIt package (Ho et al., 2011).  

Study 2. In Study 2, we examined the criterion validity of IDS and IDS-2 intelligence scores for 
multi-informant academic achievement by considering noncognitive personality characteristics using 
structural equation modeling and hierarchical regressions. For theoretical considerations, we categorized 
the five school subjects into the following school-subject domains:4 (1) humanities, consisting of (1a) 
language and (1b) geography and history; (2) science, consisting of (2a) mathematics and (2b) biology, 
chemistry, and physics; and (3) environment including the corresponding subject. To investigate predictive 
and concurrent validity for intelligence and noncognitive personality characteristics, we used structural 
equation modeling analyses. We computed parcels to model the latent factors intelligence, 
conscientiousness, and achievement striving motivation according to the item-to-construct balance 

 
4 Geography and history (1b) as well as biology, chemistry, and physics (2b) were treated as one subject each because 
the combined average grade of these individual subjects was asked for in the questionnaires. 
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technique (Little et al., 2002). We also compared the models of Studies 2.1 and 2.2 by analyzing the 
overlap of the 95% confidence intervals of the regression coefficients and by computing a c2 difference test 
of constrained and unconstrained multigroup structural equation models. We conducted analyses 
controlling for sex and SES in the models. To examine incremental validity for conscientiousness and 
achievement striving motivation, we used hierarchical regression analyses and added control variables 
(i.e., sex, SES) in Step 1, intelligence in Step 2, conscientiousness in Step 3, and achievement striving 
motivation in Step 4. We performed analyses for overall estimates and specific school-subject domains.  

Study 3. In Study 3, we investigated whether participant characteristics in the form of different 
aspects of proficiency in the test language (i.e., receptive language ability, expressive language ability, 
multilingualism) contribute each to the explanation of additional variance in test scores from the cognitive 
and developmental functions of the IDS-2 using hierarchical regression analyses. Control variables (i.e., 
sex, SES) were entered in Step 1, children’s receptive language ability in Step 2, their expressive language 
ability in Step 3, and the variable multilingualism in Step 4. We adjusted the p values with Hommel’s (1988) 
correction to control for multiple testing. 

5. Synopsis of Results 
 Study 1. The results of Study 1 revealed that the participants of the autistic sample showed 
significantly lower group mean values compared to the participants of the non-autistic control sample for 
the domains of psychomotor skills (i.e., composite, Gross Motor Skills, Fine Motor Skills) and language 
skills (i.e., composite, Phoneme Analysis, Language Receptive), and for the score of the evaluation of 
participation during testing of the developmental functions of the IDS-2. Effect sizes were in the medium-
to-large range. The largest effect size was found for Gross Motor Skills. No significant group differences 
between autistic and non-autistic participants were detected in the other developmental domains or any 
cognitive functions of the IDS-2 after controlling for multiple testing. Separate analyses for children aged 
5–10 years and adolescents aged 11–20 years revealed age-specific results: Autistic children showed 
significantly lower group mean values than non-autistic children in the composites of the cognitive 
functions, in three intelligence group factors (i.e., Auditory and Visuospatial Short-Term Memory, Verbal 
Reasoning), and in four intelligence subtests (i.e., [Rotated] Shape Memory, Naming Opposites, Story 
Recall). In the developmental functions, they scored lower in composites and subtests of the psychomotor 
skills, social-emotional skills, and basic skills domains. For adolescents, no significant differences were 
found between autistic and non-autistic adolescents in the cognitive and developmental functions of the 
IDS-2. 
 Study 2. In Studies 2.1 and 2.2, a largely similar pattern of results emerged. Intelligence was a 
longitudinal (IDS; Study 2.1) and cross-sectional (IDS-2; Study 2.2) predictor of objective and subjective 
measures of academic achievement. Conscientiousness was concurrently related to and incrementally 
explained variance beyond intelligence in grades and parent-reported academic performance, whereas in 
most analyses no associations were found with adolescents’ self-reported academic performance. 
Achievement striving motivation was mostly concurrently linked to and incrementally explained variance 
beyond intelligence (and conscientiousness) in grades and subjective performance ratings. These results 
appeared for overall estimates as well as for specific school-subject domains. Comparisons of the 
structural equation models of Studies 2.1 and 2.2 showed no significant differences between their results. 
Controlling for sex and SES in the models yielded a largely similar pattern of results. 
 Study 3. The results of Study 3 showed that, after controlling for sex and SES, children’s receptive 
language ability was significantly related to almost all scores of the cognitive and developmental functions 
of the IDS-2 (except for Socially Competent Behavior). Overall, children’s expressive language ability 
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accounted for little additional variance in the IDS-2 scores beyond receptive language ability. The highest 
amounts of additional explained variance emerged for the intelligence composites, the intelligence group 
factor Verbal Reasoning, including corresponding subtests Naming Categories and Naming Opposites, 
and for the basic skills subtests Logical-Mathematical Reasoning, Reading, and Spelling. Finally, 
multilingualism, included in the last step, explained variance beyond objectively measured language 
abilities only in subtests of Verbal Reasoning (i.e., Naming Opposites) and verbal Long-Term Memory (i.e., 
Story Recall). 

6. General Discussion 
The main goal of this dissertation was to extend current evidence on the assessment of core 

developmental domains in children and adolescents by examining three aspects that address the validity 
of test score interpretations across different groups and contexts. In the following, the evidence generated 
by this work on differential validity, criterion validity, and participant characteristics is summarized and 
discussed in light of previous findings. In addition, the overarching strengths and limitations of the current 
dissertation, as well as directions for future research efforts, are presented. Finally, a general conclusion 
is drawn. 

6.1 Differential Validity 
The first aim of this dissertation was to contribute to knowledge on differential validity for a clinical 

subgroup on the IDS-2. Specifically, it focused on whether theoretically or empirically derived group 
differences are present or absent in test score interpretations of children and adolescents with and without 
ASD. To accomplish this goal, the first step was to collect further data to obtain a larger and more 
representative sample of autistic individuals with respect to sex and subtypes. As the final sample 
consisted of n = 43 autistic individuals with different subtypes (i.e., also including infantile autism) and the 
male-to-female ratio corresponded to that of the autistic population (i.e., 4:1; Maenner et al., 2020), the 
current work meets this objective. 

When autistic children and adolescents were then compared to a non-autistic control sample on 
developmental domains measured with the IDS-2, the findings suggest that autistic participants showed a 
lower performance in psychomotor skills (especially in the subtest Gross Motor Skills), language skills, and 
the evaluation of participation during testing of the developmental functions. This was in line with previous 
research (e.g., Coll et al., 2020; Kwok et al., 2015). On the other hand, the current results suggest similar 
performance for the domains of intelligence, executive functions, social-emotional skills, motivation and 
attitude, and the subtests Logical-Mathematical Reasoning, Reading, and Spelling. Hence, evidence for 
differential validity of the IDS-2 scores is provided for psychomotor skills, language skills, and achievement 
motivation evaluated by the test administrator (RQ 1a). 

In particular, the lack of group differences in the social-emotional skills domain contrasts with 
previous studies (e.g., Cai et al., 2018), as one of the core symptoms of ASD is deficits in social 
communication and interaction (American Psychiatric Association, 2013; World Health Organization, 
2018). A potential reason for this finding might be that in the IDS-2, social-emotional skills are measured 
through questions in which particularly explicit knowledge is requested and not through observing actual 
behavior in real-life situations. For these questions, autistic individuals might have been able to 
compensate for impairments in social-emotional skills with higher-order analytical strategies (Harms et al., 
2010; Leung et al., 2022), as intelligence and social-emotional skills show particularly positive relations in 
individuals with ASD (Dyck et al., 2006; Salomone et al., 2019; Trevisan & Birmingham, 2016). This 
explanation is also supported by the current results of similar performance between autistic and non-
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autistic individuals in the intelligence and executive functions domains of the IDS-2, which implies that the 
autistic sample comprised participants of overall average cognitive abilities. 

Another potential reason for the absent group differences in the social-emotional skills domain 
might be that autistic participants may have received interventions prior to the point of the assessment, 
especially for the deficits in the core characteristics of ASD. Support for this assumption comes from the 
age-separated analyses conducted in this work. For autistic children aged 5–10 years, evidence for 
differential validity of the IDS-2 scores is provided for cognitive abilities, psychomotor skills, basic skills 
(including language skills), achievement motivation evaluated by the test administrator, and, notably, for 
social-emotional skills. In contrast, the results do not suggest differential validity of IDS-2 test scores for 
autistic adolescents aged 11–20 years (RQ 1b). As ASD is often diagnosed in early childhood, allowing for 
timely interventions that are beneficial for the individual’s development (Okoye et al., 2023), it might be 
that the autistic adolescents of this sample had already been provided with treatment measures. In 
contrast, the autistic children may have received their diagnosis only recently and hence had little or no 
previous support. It should be noted, however, that despite the larger sample size compared to previous 
studies, the power to detect small effects in the present analyses may still have been limited, especially 
given that the current effect sizes for social-emotional skills were moderate and comparable to previous 
meta-analytical findings (e.g., Yeung, 2022). 

In summary, the present work suggests that differential validity of IDS-2 scores for a clinical 
subgroup of individuals with ASD is not necessarily to be found across all presumed developmental 
domains. Rather, it appears that it is especially the interpretation of test scores in terms of psychomotor 
skills (in particular Gross Motor Skills), language skills, and externally rated achievement motivation that 
provides information about the differentiation between autistic and non-autistic participants on the IDS-2. 
In addition, differential validity of test scores in social-emotional skills may depend on other factors, such 
as participants’ intelligence, age, and, related to the latter, probably the therapeutic support they have 
received previously. Therefore, in practice, these are factors that should be considered in the clinical 
assessment of autistic individuals with the IDS-2. Moreover, the results suggest that clinicians should 
particularly pay attention to the domains of psychomotor and language skills of the IDS-2 as well as their 
evaluation of participants’ achievement motivation during the diagnostic assessment of children and 
adolescents with ASD. 

6.2 Criterion Validity 
 The second aim of this dissertation was to extend the evidence on criterion validity with its 
subcomponents predictive, concurrent, and incremental validity of IDS and IDS-2 intelligence and 
noncognitive personality characteristics for multi-informant academic achievement in typically developing 
adolescents. Specifically, the current work examined whether scores of intelligence, conscientiousness, 
and achievement striving motivation can predict and incrementally contribute to important perspectives 
available in the school context, namely, objective (grades) and subjective performance ratings from parents 
and students.  
 In terms of evidence on predictive validity, the current findings suggest that IDS intelligence was a 
longitudinal predictor of each of the three measures of academic achievement over 7 years (RQ 2a). 
Hence, intelligence, which mainly encompasses fluid aspects (Baltes, 1987, 1990), was able to predict 
school grades as well as parent-reported and self-reported academic performance over a long time span 
from childhood into adolescence. Looking at the evidence on concurrent validity, it appears that IDS-2 
intelligence was a concurrent predictor of the three multi-informant measures of academic achievement 
(RQ 2b). Thus, intelligence, which comprises multiple abilities according to the CHC model (Schneider & 
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McGrew, 2018) and not exclusively fluid reasoning, was also cross-sectionally related to school grades 
and parent-reported and self-reported academic performance in adolescents. 

These findings complement previous studies reporting associations of intelligence, measured with 
the IDS and the IDS-2, with grades (e.g., Grieder et al., 2022; Gygi et al., 2017) and parent-reported 
academic performance (Grob & Hagmann-von Arx, 2018b; Gut et al., 2013). Adding to this body of 
research, the present work provides evidence for criterion validity of intelligence for self-reported academic 
performance as a possible additional information source of academic achievement. This is important as it 
offers valuable insights into students’ evaluation of their academic functioning in relation to their peers 
(Marsh & Martin, 2011) and therefore contributes to a more comprehensive understanding. It can thus be 
concluded that test scores, which assess the ability to solve problems, reason, and learn quickly 
(Gottfredson, 1997), play a crucial role in predicting current and future academic achievement as evaluated 
by all key players in the school context. As intelligence facilitates learning and comprehension (Di Fabio & 
Busoni, 2007), it stands to reason that students with higher intelligence are more likely to acquire more 
knowledge at school and to demonstrate more efficient problem-solving strategies at home, for example, 
when doing homework. This, in turn, might be reflected in higher grades and higher subjective performance 
ratings by parents and students themselves. 

Following Roberts and Wood’s (2006) neo-socioanalytic theory, the present work also examined 
concurrent and incremental validity for scores of noncognitive personality characteristics in predicting multi-
informant academic achievement beyond intelligence. The current findings suggest that achievement 
striving motivation was a concurrent and incremental predictor of objective and subjective academic 
achievement measures, whereas conscientiousness was a concurrent and incremental predictor of grades 
and parent-reported—but largely not of self-reported—academic performance (RQ 2c and RQ 2d). Hence, 
beyond intelligence, also students’ noncognitive personality characteristics predicted current academic 
achievement, which can be explained by the fact that they comprise the “will do” (Gottfredson, 2003, p. 
369) for academic work. However, across all these examinations, only conscientiousness was mostly not 
able to predict and contribute incrementally to students’ performance ratings. A possible explanation for 
this finding could be that individuals' conscientiousness increases over the life span (Roberts et al., 2006), 
so it may not yet be associated with students' self-reported academic performance at this age. 

In summary, these results provide evidence on predictive (for the IDS) and concurrent (for the IDS-
2) validity of intelligence for objective and subjective measures of academic achievement that encompass 
the major perspectives of players in the school environment. Hence, for the application in practice, these 
findings should give clinicians confidence in using the IDS and IDS-2 to generate predictions about 
individuals’ academic achievement, even over the long term. Taking noncognitive personality 
characteristics into account, criterion validity may not be guaranteed for scores of conscientiousness 
predicting self-reported academic performance. Nonetheless, noncognitive personality characteristics 
should be considered in questions related to academic achievement as they appear to be less stable than 
intelligence (e.g., Roberts & Yoon, 2022) and thus could be targeted by interventions (Lazowski & 
Hulleman, 2016; Roberts et al., 2017; Stieger et al., 2021). Furthermore, in educational settings, subjective 
performance ratings from parents and students should be assessed by teachers alongside grades. 
Importantly, the current dissertation employed two independent studies to investigate criterion validity, 
enabling a cross-validation approach. The present findings can therefore be deemed robust and 
corroborated, as a largely similar pattern of results emerged in both studies. 
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6.3 Participant Characteristics 
The last aim of the current dissertation was to expand previous knowledge about the contribution 

of participant characteristics to test performance and, therefore, to the valid interpretation of test results. 
Specifically, this work sought to disentangle the relative importance of aspects of proficiency in the test 
language, namely, objectively measured language abilities and multilingualism, for test scores in the 
cognitive and developmental functions of the IDS-2. 

The current findings suggest that children’s receptive language ability is an important contributor 
to test performance in almost all IDS-2 scores (RQ 3a). Thus, the ability to understand verbal instructions 
is required for performance on the cognitive and developmental functions of the IDS-2, as test directions 
are provided verbally. In addition, it became evident that children’s expressive language ability—the ability 
to produce verbal information—contributes little to test performance on the IDS-2 beyond receptive 
language ability (RQ 3b). For both language abilities, the largest contributions appeared in the intelligence 
composites, Verbal Reasoning, including its subtests, and the basic skills subtests. Hence, according to 
the present findings, children’s receptive and expressive language abilities are particularly crucial 
participant characteristics for test performance the higher the verbal demands of a task are in terms of 
complexity, length, and verbosity of instructions, type of response, and content. This was especially 
apparent for tasks assessing verbal and crystallized knowledge as elements of the construct to be 
measured, such as for Verbal Reasoning, which assesses the broad ability Gc of the CHC model 
(Schneider & McGrew, 2018). On the other hand, when the verbal component of a task is small and 
instructions are supported, for example, by gestures of the test administrator or pictorial illustrations, it is 
most likely that children’s language abilities play a rather subordinate role in the performance on the IDS-
2. Last, the present results suggest that multilingualism only contributes to test performance on intelligence 
subtests measuring Verbal Reasoning and verbal Long-Term Memory above children’s receptive and 
expressive language abilities (RQ 3c). Thus, the results of the current work suggest that—when taking into 
account language abilities—other components of having a linguistically diverse background play a role 
solely in subtests that also capture “culturally-valued knowledge” (Schneider & McGrew, 2018, p. 114) and 
encompass content that may be partly socialization or culture specific. 

These findings complement the conclusions of previous studies investigating group differences 
(Grob et al., 2013; Hagmann-von Arx et al., 2013; Schweizer et al., 2021). Yet, the present work goes 
beyond past work because it adopts a dimensional approach by considering the continuum of participants’ 
language abilities. Furthermore, it disentangles the relative importance of different aspects of proficiency 
in the test language by also including objective measures of language abilities. 

In summary, the findings of the present work suggest that aspects of children’s proficiency in the 
test language contribute differently to test performance on cognitive and developmental functions of the 
IDS-2. In particular, their contribution depends largely on the verbal demands of the specific task and its 
assessment of verbal components, crystallized knowledge, and culture and socialization aspects. This 
finding has implications for practice. Clinicians should consider language proficiency particularly in verbal-
dependent tasks in the assessment of cognitive and developmental functions with the IDS-2. Specifically, 
when testing individuals at risk for linguistic disadvantages, such as those with linguistically diverse 
backgrounds, their language abilities should be measured prior to the assessment of other domains. If 
sufficient proficiency in the test language cannot be guaranteed, a nonverbal test procedure should be 
used or, if not available, test results should be interpreted cautiously. The current results provide a novel 
perspective to our understanding of participant characteristics that may interfere with the validity of score 
interpretations. 
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6.4 Strengths, Limitations, and Call for Future Research 
The present dissertation has both strengths and limitations. From a conceptual point of view, one 

of the main contributions of this work is the investigation of validity for the assessment of various 
developmental domains beyond cognitive abilities. By examining core cognitive and developmental 
functions, the present dissertation provides an integrative understanding concerning the validity of test 
score interpretations. It incorporated a holistic perspective on the assessment of children and adolescents 
and in doing so, revealed insights about various important domains simultaneously and went beyond 
previous research, which often emphasized single domains. On the other hand, a more fine-grained view 
was implemented to disentangle possible differential effects of age and level of analysis (i.e., composites, 
group factors, subtests; Study 1), distinct associations with multi-informant academic achievement (Study 
2), and the contribution of specific aspects of proficiency in the test language (Study 3). Another strength 
of the present dissertation is its focus on the valid interpretation of test results for common participant 
groups and contexts in assessment settings. This is particularly important for autistic children and 
adolescents as well as for children and adolescents with linguistically diverse backgrounds, whose 
numbers have increased worldwide in recent years (Idring et al., 2015; United Nations, 2022). Moreover, 
the current work covered a wide age range across childhood and adolescence, allowing conclusions to be 
drawn about developmental domains in children and adolescents throughout the school years. Further, 
the comprehensive investigation of the various domains included in the IDS-2 using multiple samples 
promotes the validation of the IDS-2 and provides evidence on validity of test scores beyond previous 
studies that mostly examined the domain of intelligence. 

From a methodological perspective, strengths of the present dissertation lie in the use of 
predominantly representative samples that are relatively large for the questions investigated compared to 
previous research and include not only subsamples from the standardization and validation studies of the 
IDS and IDS-2, but also further collected data. Additionally, both cross-sectional and longitudinal analyses 
were employed, and demographic variables (e.g., sex, SES) were accounted for as well as the alpha error 
inflation caused by multiple testing using Hommel’s (1988) correction. 

In addition to these strengths, the present dissertation encompasses three main limitations that 
await being addressed in future studies. First, the current work focused in particular on the investigation of 
one test battery, namely, the IDS-2, which is used for research and practice in German-speaking regions. 
However, according to guidelines on standards for psychological testing (AERA et al., 2014), it is necessary 
to provide evidence on validity specifically for each purpose for which a test is used. Therefore, 
investigation of the research questions explored in this dissertation for other tests and—particularly—for 
the additional language versions of the IDS-2 (Grob et al., 2018, 2019, 2021, 2022) is needed. Moreover, 
such analyses would also offer insights into possible similarities and differences concerning the validity of 
test score interpretations across different test procedures. 

Second, although the present work has taken a broadly integrative approach, it has not been 
possible to examine the three aspects addressing validity consistently across all developmental domains. 
One reason for this is that some domains in the IDS-2 are not administered to all age groups. Related to 
this limitation, it was therefore also not feasible to include children and adolescents in all the conducted 
studies. Hence, future research is encouraged to consider these shortcomings and to continue following a 
holistic perspective on the validity evidence for developmental assessment in children and adolescents. 

Last, the current dissertation exclusively focused on three aspects of validity evidence. 
Nevertheless, in addition to evidence based on relations to other variables, there are other sources, such 
as test content, response processes, and internal structure (AERA et al., 2014). Furthermore, besides 
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participant characteristics, examiner characteristics (e.g., aspects of test administration and scoring) and 
test characteristics (e.g., aspects of test items) are listed as possible contributors that may impact test 
performance (AERA et al., 2014). Previous studies provided evidence for the aspect of internal structure 
and a subcomponent of relations to other variables (i.e., convergent validity evidence) for the IDS-2 
(Bünger et al., 2021; Grieder et al., 2022, 2023; Grieder & Grob, 2020). Further information on validity 
evidence can be found in its technical manual (Grob & Hagmann-von Arx, 2018b), but there is a lack of 
research that specifically investigates these other sources and characteristics. In connection to this 
limitation, further research is required that continues the efforts of the current work by examining additional 
groups and criteria variables, such as other clinical subgroups (e.g., participants with speech disorders), 
longitudinal real-world outcomes (e.g., career success), and diverse participant characteristics (e.g., 
cultural background or degree of acculturation). 

6.5 Conclusion 
Three overarching conclusions can be drawn from the results of the present dissertation that are 

relevant to the assessment of developmental domains in children and adolescents. These also include 
further considerations that should be taken into account in research, practice, and politics. 

First, as current findings suggest that validity of scores may differ for age groups, level of analysis, 
real-life criterion variables, or distinct aspects of participant characteristics, the present work highlights the 
importance of a fine-grained analysis when conducting validation studies. Only by considering the potential 
differential effects of specific aspects is it possible to disentangle their relevance to the validity of test 
scores and to derive concrete recommendations for practice. Second, and related to the previous point, 
practical implications can be drawn from the present findings that should be considered when assessing 
developmental domains in specific groups of children and adolescents and contexts. These can also be 
linked to each other: For example, if autistic children and adolescents exhibit limited language skills, their 
proficiency in the test language may also contribute to test performance. In such a case, clinicians should 
take into account the autistic individuals’ language abilities particularly in tasks with high verbal demands, 
since autistic individuals may also be at risk for linguistic disadvantages. Finally, the current work highlights 
the importance of assessing children and adolescents holistically to gain a comprehensive understanding 
of the individuals’ full potential. In doing so, specific strengths and difficulties in developmental domains, 
beyond cognitive abilities, can be identified and used for individualized support and treatment planning. It 
could also be a fruitful source for the personal development of children and adolescents and, moreover, 
for parents and educators, if the most comprehensive possible picture of the individual is drawn. Through 
a holistic assessment, it is possible to offer a fundamental and objective evaluation of the individual’s 
developmental status, which can be linked to the ratings of parents, educators, and other caregivers. As 
time resources for psychological assessment become more and more limited due to increasing caseloads 
(Pastega & Riklin, 2023; Peter et al., 2023), this should be considered by policy and decision makers. 
Additional support should be provided to enable a holistic and valid assessment of children’s and 
adolescents’ developmental domains. 

The present dissertation makes an important contribution by shedding light on three aspects of 
validity, extending previous validation findings. Nevertheless, continuing to build knowledge about the 
validity of test scores should remain an avenue for future research to ensure accurate and valid conclusions 
based on test results for high-stakes decisions, interventions, and educational placement across different 
groups of children and adolescents and contexts. 
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Abstract 
Autistic individuals often show impairments in cognitive and developmental domains beyond the core 
symptoms of lower social communication skills and restricted repetitive behaviors. Consequently, the 
assessment of cognitive and developmental functions constitutes an essential part of the diagnostic 
evaluation. Yet, evidence on differential validity from intelligence and developmental tests, which are 
commonly used with autistic individuals, varies widely. In the current study, we investigated the cognitive 
(i.e., intelligence, executive functions) and developmental (i.e., psychomotor skills, social-emotional skills, 
basic skills, motivation and attitude, participation during testing) functions of autistic and non-autistic 
children and adolescents using the Intelligence and Development Scales–2 (IDS-2). We compared 43 
autistic (Mage = 12.30 years) with 43 non-autistic (Mage = 12.51 years) participants who were matched for 
age, sex, and maternal education. Autistic participants showed significantly lower mean values in 
psychomotor skills, language skills, and the evaluation of participation during testing of the developmental 
functions compared to the control sample. Our findings highlight that autistic individuals show impairments 
particularly in motor and language skills using the IDS-2, which therefore merit consideration in autism 
treatment in addition to the core symptoms and the individuals’ intellectual functioning. Moreover, our 
findings indicate that particularly motor skills might be rather neglected in autism diagnosis and may be 
worthy of receiving more attention. Nonsignificant group differences in social-emotional skills could have 
been due to compensatory effects of average cognitive abilities in our autistic sample. 
 

Keywords: autism spectrum disorder; cognitive functions; developmental functions; Intelligence 
and Development Scales–2; children and adolescents  



APPENDIX A: STUDY 1  

  

38 

1. Introduction 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by difficulties in 

social communication and interaction accompanied by restricted repetitive behaviors, activities, and 
interests (American Psychiatric Association 2013). The worldwide prevalence of ASD has increased in 
recent years to approximately 1–2% (Idring et al. 2015; Maenner et al. 2020) and ASD is now considered 
a comparatively frequent condition (Happé and Frith 2020). Autistic individuals often experience difficulties 
beyond the core symptoms, such as impairments in cognitive and developmental domains, which in turn 
predict long-term development (e.g., Howlin and Moss 2012). Information about each individual’s cognitive 
and developmental abilities is particularly important when it comes to making decisions about access to 
social services, the selection of appropriate treatment programs, and educational placement (White et al. 
2007). Moreover, the amount of provided support is oftentimes determined on the basis of a cognitive 
assessment (Bowen 2014). According to the criteria of the Diagnostic and Statistical Manual of Mental 
Disorders (5th ed.; American Psychiatric Association 2013) and the International Statistical Classification 
of Diseases and Related Health Problems (11th ed.; World Health Organization 2018), clinicians have to 
report potential difficulties such as intellectual and language impairments in the diagnostic evaluation. 
Therefore, assessments with intelligence and developmental test batteries—in addition to autism-specific 
test procedures—represent a core part of the diagnostic process for autistic children and adolescents.  

Yet, current tests for children and adolescents mainly allow the assessment of only single 
characteristics, such as intelligence, at a time and test batteries including multiple cognitive and 
developmental functions are missing so far. Consequently, when information about several domains or a 
broad assessment in a diagnostic evaluation is needed, clinicians often have to use various tests. This can 
be challenging, as the theoretical background and test administration differ widely among tests and dealing 
with these differences requires resources from the clinician. Moreover, tests build upon different 
characteristics of standardization samples and thus show less comparable scaled scores. The Intelligence 
and Development Scales–2 (IDS-2; Grob and Hagmann-von Arx 2018a) is a standardized test battery that 
assesses cognitive (i.e., intelligence and executive functions) and developmental (i.e., psychomotor skills, 
social-emotional skills, basic skills, motivation and attitude, and participation during testing) functions in 5- 
to 20-year-olds. The IDS-2 thus provides a comprehensive picture of an individual’s strengths and 
difficulties with a single test battery across a wide age range from childhood to adolescence. In addition, 
the IDS-2 contains clear instructions and structured tasks, and many subtests use a closed-response 
format, which is particularly important for autistic children because of frequent structural language 
difficulties (Boucher 2012), making it suitable for administration with autistic individuals. Since the 
publication of the IDS-2 in 2018, it has often been used in psychological and medical practice in German-
speaking countries. Further international adaptations for several other languages are currently in progress 
or have recently been published (e.g., Dutch, English, Italian, Polish; Grob et al. 2018, 2019, 2021, 2022). 
In the present study, we aimed to compare autistic children and adolescents to a matched non-autistic 
control sample on cognitive and developmental functions to study the differential validity of test scores 
from the IDS-2. By doing so, we can assess whether the IDS-2 is able to distinguish between clinical 
subgroups and typically developing individuals (Schmidt-Atzert and Amelang 2012).  

Although general intellectual functioning varies substantially among autistic individuals, the latest 
report from the Centers for Disease Control and Prevention showed that almost 60% of autistic children 
are classified in the below-average intelligence range (IQ < 85), with about half of these children meeting 
criteria for intellectual disability (IQ ≤ 70; Maenner et al. 2020). Autistic individuals typically display uneven 
cognitive profiles, with relative strengths in nonverbal domains (e.g., Coolican et al. 2008; Grondhuis et al. 
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2018) and in tasks assessing abstract reasoning and visuospatial abilities (Charman et al. 2011; Nader et 
al. 2016), such as a well-documented peak in the Block Design subtest of the Wechsler Intelligence Scales 
(e.g., Muth et al. 2014). In contrast, relative weaknesses have been demonstrated in verbal domains, 
particularly in the Comprehension subtest of the Wechsler Intelligence Scales (e.g., Oliveras-Rentas et al. 
2012), and in processing speed and working memory tasks1 (Mayes and Calhoun 2003a; Nader et al. 
2016; Oliveras-Rentas et al. 2012).  

Autistic individuals often experience further cognitive difficulties on measures assessing executive 
functions (e.g., Hill 2004). Executive functions include a set of mental top-down regulation and control 
mechanisms (Miyake and Friedman 2012). In the theory of executive dysfunction, it is assumed that 
impairments in executive functions are responsible for some of the autism symptoms (Pennington and 
Ozonoff 1996), such as repetitive behavior (e.g., de Vries and Geurts 2012; Yerys et al. 2009). Demetriou 
et al. (2018) reported in the largest meta-analysis to date (235 studies) that autistic individuals showed 
moderate impairments in executive functions, both overall and in subdomains such as cognitive flexibility, 
fluency, planning, and inhibition,—which are also assessed with the IDS-2 (see Table S1 in the Supplement 
for an overview)—compared to non-autistic individuals.  

Moreover, previous research showed significant impairments in autistic individuals’ motor abilities, 
beginning in early childhood with deficits in the acquisition of motor milestones, such as later independent 
walking (e.g., Manicolo et al. 2019), and delays in gross and fine motor skills, for example, diminished 
object manipulation activity (Libertus et al. 2014; Provost et al. 2007). In a recent meta-analysis of 139 
studies with samples of autistic children, adolescents, and young adults, their overall motor ability as well 
as gross and fine motor skills were strongly impaired in comparison to non-autistic peers (Coll et al. 2020). 
In line with this result, several studies found that autistic children, compared to non-autistic samples, scored 
lower on subscales (i.e., manual dexterity, ball skills, and balance) of the Movement Assessment Battery 
for Children–2 (M-ABC-2; Petermann 2008), which is a test of motor development that contains tasks 
similar to those in the IDS-2 psychomotor skills domain (Liu and Breslin 2013; Manicolo et al. 2019; 
Siaperas et al. 2012). 

Further, research has shown that lower motor skills of autistic children were significantly 
associated with poorer social communication skills (MacDonald et al. 2013b). It has been suggested that 
motor problems might even precede social and communication deficits in autistic individuals because they 
may limit social participation and interaction with peers during play and may interfere with effective and 
timely movements, such as turning the head or pointing to something, that are particularly important for 
joint attention (Bhat et al. 2011). Impairments in social communication and interaction, such as difficulties 
in social-emotional reciprocity and nonverbal communicative behaviors, as well as in developing, 
maintaining, and understanding relationships constitute a core diagnostic characteristic of ASD (American 
Psychiatric Association 2013; World Health Organization 2018). These impairments are reflected in less 
accurate emotion recognition in human faces, with increased response times (Leung et al. 2022; Yeung 
2022), more maladaptive emotion regulation strategies (Cai et al. 2018), including more reliance on others 
to regulate their emotions (Cibralic et al. 2019), and fewer socially competent behaviors (e.g., Meyer et al. 
2009) compared to non-autistic individuals. 

Additionally, language difficulties commonly co-occur with autism (Kjellmer et al. 2018). Some 
autistic individuals do not acquire verbal language at all (Brignell et al. 2018). Among those who develop 
language, delays often begin in infancy with retardations in the production of first words and in early 
language comprehension (e.g., Luyster et al. 2007; Mitchell et al. 2006). Moreover, across the preschool 
years, autistic children exhibit difficulties in phonological awareness skills (e.g., identifying syllables or 
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onset-rimes), with slower development than their non-autistic peers (Dynia et al. 2019). Regarding 
language production and comprehension (i.e., expressive and receptive language skills, respectively), 
some studies indicated an atypical pattern, with better expressive and poorer receptive language skills in 
autistic individuals (e.g., Hudry et al. 2010). However, a meta-analysis examining 74 studies reported that 
autistic children and adolescents had scores that were approximately 1.5 standard deviations lower in 
receptive as well as expressive language abilities compared to non-autistic samples (Kwok et al. 2015).  

In terms of academic skills, research indicated that autistic students demonstrate variable 
performance (Keen et al. 2016). Specifically, in previous studies, autistic individuals showed similar basic 
word-reading skills, such as word recognition, compared to non-autistic peers, but they tended to have 
difficulties in reading comprehension (for a meta-analysis: Brown et al. 2013). Autistic individuals with 
higher (vs. lower) reading skills also seemed to demonstrate better writing abilities (Zajic et al. 2020). 
Studies predominantly indicated deficits in text generation abilities for autistic individuals, while overall 
intact or slightly impaired spelling skills were reported (Finnegan and Accardo 2018; Mayes and Calhoun 
2003a, 2003b). Similarly, the majority of autistic individuals exhibited average competencies in 
mathematics, such as mathematical problem solving, compared to non-autistic peers or to the norm 
population in previous research (Chiang and Lin 2007; Titeca et al. 2017; Troyb et al. 2014).  

Concerning motivation and attitude, a recent meta-analysis reported that autistic individuals 
displayed significantly lower levels of conscientiousness than non-autistic individuals (Lodi-Smith et al. 
2019). In contrast, less is known regarding achievement motivation in autistic individuals. A few studies 
reported that autistic individuals encountered problems with self-regulation (e.g., Jahromi et al. 2012; 
Konstantareas and Stewart 2006) and displayed higher interest in mathematics while simultaneously 
showing more fear of failure and lower mastery goals (Georgiou et al. 2018). Moreover, autistic children 
tended to exhibit impaired engagement (Keen 2009), especially in assessment situations where they 
frequently demonstrated off-task behaviors (Akshoomoff 2006) and a lack of willingness to complete tasks 
(Mandelbaum et al. 2006).  

Previous research has rarely used the IDS-2 in order to test autistic individuals. The only study so 
far reported in the technical manual of the IDS-2 (Grob and Hagmann-von Arx 2018b) built upon a small 
sample of autistic children and adolescents (N = 18; Mage = 13 years 4 months, age range 8–17 years; 17 
males and 1 female). Findings showed significantly lower group mean values for autistic children and 
adolescents compared to non-autistic peers in the composite score of social-emotional skills (d = 0.62) 
and the composite score of psychomotor skills (d = 1.01) of the IDS-2. No differences were found in the 
composite scores of other domains. However, evidence of possible differences at the level of subtests is 
currently lacking, as analyses on this level have not been performed. Moreover, the study included mainly 
children and adolescents with Asperger’s syndrome (n = 13) and no participants with previously diagnosed 
infantile autism. Given the small sample size, which may have diminished the power to find group 
differences, and the biased distribution of sex and subtype, it remains unknown to what extent these results 
can be generalized.  

Building on this theoretical background, we pursued two goals for the present study: First, we 
aimed to extend previous research on various cognitive and developmental functions in autistic children 
and adolescents using a single test procedure and based on the norms of a large and representative 
standardization sample. By doing so, our findings will provide a comparable and comprehensive view of 
participants’ performance in relevant domains. Second, we aimed to add knowledge regarding the 
differential validity evidence for test scores of the IDS-2 in autistic individuals, as psychological test 
procedures need to be examined in terms of their scientific quality in order to draw appropriate conclusions 
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based on their test results. Given that previous research had some limitations (Grob and Hagmann-von 
Arx 2018b), we attempted to overcome these shortcomings by assessing a larger sample, including a more 
representative mapping of sex and subtypes, and performing analyses at the level of subtests, which have 
not yet been investigated in this population. We therefore examined possible mean-level differences 
between a large sample of autistic children and adolescents and a control sample of non-autistic children 
and adolescents matched by age, sex, and maternal education in the cognitive and developmental 
functions measured by the IDS-2. We included maternal education as a proxy for socioeconomic status 
(SES) to control for the fact that more autistic children and adolescents come from families with higher 
SES than from other SES groups (Thomas et al. 2012; Van Meter et al. 2010).  

Taking into consideration the presented literature, we hypothesized that autistic children and 
adolescents would score lower than the control sample of non-autistic children in the following IDS-2 
domains as displayed in Table 1, while we assumed that autistic children and adolescents’ scores would 
be similar to those of the control sample in the other IDS-2 domains (see Table 1 for a summary).  
 

2. Materials and Methods 
2.1 Participants and Procedure 

Forty-three autistic children and adolescents (Mage = 12 years 4 months, age range 7–17 years; 
35 males and 8 females) were recruited during (n = 18) or after (n = 25) the IDS-2 standardization and 
validation study with the help of local child and adolescent psychiatric services and hospitals, privately 
practicing psychiatrists and psychotherapists who are experts in autism diagnoses, and associations for 
autistic individuals. All included children and adolescents were diagnosed with ASD (infantile autism: n = 
11, atypical autism: n = 6, Asperger’s syndrome: n = 24, not specified: n = 2) but were not selected on the 
basis of specific subtypes. Participants had received the diagnosis on average 4.08 years (SD = 2.61) prior 
to their participation in the present study. The ratio of males to females corresponded to the distribution of 
approximately four males to one female diagnosed with ASD in the population (Maenner et al. 2020).  

A control sample of 43 non-autistic children and adolescents (Mage = 12 years 6 months, age range 
6–20 years; 35 males and 8 females) was drawn from the German standardization and validation sample 
of the IDS-2 (N = 2030; Mage = 12 years 3 months, age range 5–20 years; 977 males and 1053 females). 
The control sample was matched by age, sex, and maternal education (as a proxy for SES) and did not 
differ regarding demographic characteristics from the sample of autistic children and adolescents (see 
Table 2). Non-autistic children and adolescents were recruited from kindergartens and schools.  

All participants were individually tested using the IDS-2 by psychologists or trained psychology 
students. For the administration of the IDS-2 with autistic children and adolescents, we received input from 
psychiatrists and psychotherapists who specialize in autism. Test administration lasted approximately 4 h 
and was split into two sessions no longer than 1 week apart upon a participant’s request. Participants were 
tested either at their homes or in a laboratory at the university. The local ethics committee (Ethics 
Committee Northwest and Central Switzerland) provided approval and the study was conducted in 
accordance with the Declaration of Helsinki. Written informed consent was obtained from participants 
and/or their parents.  

2.2 Instrument 
A detailed description of the IDS-2 (Grob and Hagmann-von Arx 2018a) can be found in the 

Supplemental Material (Table S1). Psychometric properties have been demonstrated in several studies for 
the standardization sample (Grieder and Grob 2020; Grob and Hagmann-von Arx 2018b). Demographic 
characteristics were assessed through a parental interview at the beginning of the first test session.  
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2.3 Statistical Analyses 
Analyses were conducted with R (R Core Team 2021). To obtain a non-autistic sample that would 

be comparable to the autistic sample with respect to demographic characteristics, we performed a 
matching procedure using the MatchIt package (Ho et al. 2011). We matched the two samples by age 
(nearest; continuous), sex (exact; 0 = male, 1 = female), and maternal education (nearest; 1 = compulsory 
school, 2 = apprenticeship, 3 = high school, 4 = higher vocational education, 5 = university degree, 6 = 
other, 7 = unknown). We calculated independent-samples t tests to investigate mean-level differences 
between the autistic sample and the non-autistic sample in cognitive and developmental domains using 
standardized scores (M = 100, SD = 15, for Profile IQ, Full-Scale IQ, Screening IQ, and the seven 
intelligence group factors; M = 10, SD = 3, for other composite scores and subtests). To reduce the alpha 
error inflation caused by multiple testing, p values were adjusted with Hommel’s (1988) correction by 
including p values from all tests simultaneously. Effect sizes were computed (Cohen 1988) and interpreted 
in accordance with common practice (Cohen’s d; small effect: d ≥ 0.20, medium effect: d ≥ 0.50, large 
effect: d ≥ 0.80). A post-hoc power analysis using G*Power (Faul et al. 2007) revealed that with α = .05 
and power = .80, small effects (d = 0.30) could be detected in the present sample (note that this is without 
accounting for multiple testing). Differences were interpreted as meaningful if they were significant after 
Hommel’s correction and showed at least a small effect size. In addition, we reported reliabilities for all 
IDS-2 scores, consisting of Cronbach’s alpha for homogeneous subtests; reliabilities calculated according 
to a formula of Lienert and Raatz (1998) for composite scores, which are based on intercorrelations and 
reliabilities of those subtests or tasks that are included in the corresponding score; or retest reliabilities 
reported in the technical manual of the IDS-2 (Grob and Hagmann-von Arx 2018b) for subtests that contain 
a single score or consist of heterogeneous tasks. 

 

3. Results 
Reliabilities, descriptive statistics, and results of the independent-samples t tests2 are presented 

in Table 3 for the cognitive functions and in Table 4 for the developmental functions. Reliabilities were high 
for composite scores and high-to-satisfactory for subtests in both samples.  

3.1 Cognitive Functions  
Figure 1 displays the means and standard deviations in the cognitive functions of the IDS-2 for the 

autistic and non-autistic samples. Before controlling for multiple testing, we found significant group 
differences for the intelligence composite scores: Profile IQ, t(77) = 1.96, p = .027, and Screening IQ, t(82) 
= 1.80, p = .038, with small effect sizes (d = 0.44 and 0.39, respectively), indicating lower scores for the 
autistic sample than the control sample. Furthermore, we observed group differences for the intelligence 
group factors: Auditory Short-Term Memory, t(79) = 2.12, p = .019, and Visuospatial Short-Term Memory, 
t(79) = 2.70, p = .004, with small-to-medium effect sizes (d = 0.47 and 0.60, respectively), and the 
corresponding subtests Mixed Digit and Letter Span, t(79) = 2.51, p = .007, and Rotated Shape Memory, 
t(79) = 2.78, p = .003, with medium effect sizes (d = 0.56 and 0.62, respectively), such that the autistic 
participants showed lower mean values than the control sample. Moreover, the autistic participants had 
significantly lower mean values in the executive functions composite score, t(71) = 2.27, p = .013, and the 
subtests Listing Words, t(73) = 2.38, p = .010, Divided Attention, t(71) = 2.13, p = .019, and Animal Colors, 
t(72) = 1.70, p = .047. Effect sizes were in the small-to-medium range (d = 0.40 to 0.55). We found no 
differences between autistic and non-autistic participants in the Full-Scale IQ, t(81) = 1.58, p = .059, in the 
intelligence group factors Visual Processing, t(80) = 1.46, p = .148, Processing Speed, t(80) = 1.15, p = 
.126, Abstract Reasoning, t(80) = 0.62, p = .539, Verbal Reasoning, t(81) = 1.48, p = .071, and Long-Term 
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Memory, t(79) = 1.57, p = .060, including corresponding intelligence subtests, and in the executive 
functions subtest Drawing Routes, t(74) = 0.88, p = .192.  

However, after controlling for multiple testing, the significant differences in intelligence and 
executive functions fell above the Hommel-corrected p-value threshold (see Table 3).  

3.2 Developmental Functions  
Figure 2 shows the means and standard deviations in the developmental functions of the IDS-2 

for the autistic and non-autistic samples. Before controlling for multiple testing, results indicate that autistic 
participants scored significantly lower than non-autistic participants in psychomotor skills [composite score, 
t(81) = 4.60, p < .001; Gross Motor Skills, t(32) = 5.30, p < .001; Fine Motor Skills, t(79) = 3.20, p < .001; 
Visuomotor Skills, t(81) = 3.01, p = .002] with medium-to-large effect sizes (d = 0.66 to 1.82). We found a 
similar group difference for participants’ social-emotional skills [composite score, t(82) = 2.71, p = .004; 
Identifying Emotions, t(32) = 2.07, p = .023; Regulating Emotions, t(82) = 2.37, p = .010; Socially 
Competent Behavior, t(80) = 2.29, p = .012] with medium effect sizes (d = 0.51 to 0.71), and in language 
skills [composite score, t(28) = 4.11, p < .001; Phoneme Analysis, t(29) = 3.75, p < .001; Language 
Expressive, t(28) = 3.31, p = .001; Language Receptive, t(29) = 4.52, p < .001] with large effect sizes (d = 
1.22 to 1.63). Furthermore, autistic participants showed significantly lower group mean values than the 
control sample for the evaluation of participation during the test session of intelligence, t(81) = 2.68, p = 
.004, executive functions, t(71) = 2.13, p = .018, and developmental functions, t(79) = 3.30, p < .001, with 
medium effect sizes (d = 0.50 to 0.73). We found no differences in the subtests Logical-Mathematical 
Reasoning, t(81) = 1.44, p = .153, Reading, t(74) = 1.35, p = .182, Spelling, t(65) = 1.26, p = .212, and in 
the motivation and attitude domain [composite score, t(46) = 0.11, p = .458; Conscientiousness, t(45) = 
0.06, p = .477; Achievement Motivation, t(47) = −0.07, p = .528], indicating similar performance in autistic 
and non-autistic participants.  

After controlling for multiple testing, significant group differences remained for the composite score 
of psychomotor skills (pH < .001) and subtests Gross Motor Skills (pH < .001) and Fine Motor Skills (pH = 
.046). Moreover, the composite score of language skills remained significant (pH = .008) as well as 
Phoneme Analysis (pH = .019) and Language Receptive (pH = .003) tasks. Finally, the evaluation of 
participation during testing of the developmental functions remained significant (pH = .035; see Table 4).3  

3.3 Post-Hoc Analyses  
To assess for age-related differences between children and adolescents, we further performed 

post-hoc analyses separately for children aged 5–10 years (n = 17) and adolescents aged 11–20 years (n 
= 26). After Hommel’s (1988) correction, autistic children scored significantly lower than non-autistic 
children in the composite scores of the cognitive functions, the intelligence group factors, Auditory Short-
Term Memory, Visuospatial Short-Term Memory, and Verbal Reasoning (including the corresponding 
subtests) as well as in psychomotor skills, social-emotional skills, and basic skills of the developmental 
functions (see Tables S3 and S4 in the Supplemental Material for results). We found no significant group 
differences between autistic and non-autistic adolescents for the cognitive and developmental functions of 
the IDS-2 after controlling for multiple testing (see Tables S5 and S6 in the Supplemental Material).  

 

4. Discussion 
In the present study, we compared autistic children and adolescents to a matched control sample 

on six cognitive and developmental functions assessed with the IDS-2. Our results provide evidence for 
differential validity for the IDS-2 test scores in psychomotor skills, language skills, and in the evaluation of 
participation during testing of the developmental functions, with autistic children and adolescents scoring 
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lower than non-autistic participants in these domains. No group differences were detected in the other 
domains after controlling for multiple testing. Overall, our findings provide an overview of important 
cognitive and developmental functions in autistic children and adolescents using a single comprehensive 
and standardized test battery.  

In line with our hypotheses, we found similar performance in autistic and non-autistic participants 
for the intelligence group factors Visual Processing and Abstract Reasoning, which corresponds to studies 
reporting relative strengths for autistic individuals in nonverbal domains (e.g., Grondhuis et al. 2018) and 
in subtests measuring fluid reasoning and visuospatial abilities (Charman et al. 2011; Nader et al. 2016). 
Specifically, the Shape Design subtest, which is part of the Visual Processing group factor of the IDS-2, 
requires participants to reproduce presented geometric figures with rectangles and triangles. This task is 
similar to the Block Design subtest of the Wechsler Intelligence Scales, for which autistic individuals 
oftentimes show at least comparable performance to non-autistic controls (e.g., Muth et al. 2014).  

However, in contrast to our hypotheses and previous research (e.g., Demetriou et al. 2018), no 
significant group differences emerged for the other cognitive functions scores of the IDS-2 after correcting 
for multiple testing, even though effect sizes were in the small-to-medium range. This finding suggests that 
our autistic sample included participants with overall average cognitive abilities. One explanation for this 
result could be that about half of our autistic participants had been diagnosed with Asperger’s syndrome, 
which is known for impairments in social interaction and restricted interests, but without deficits in cognitive 
development (10th ed.; World Health Organization 2016). Moreover, when assessing age-related 
differences in a set of post-hoc analyses, we found that autistic adolescents scored similarly to non-autistic 
adolescents in the IDS-2, while autistic children obtained significantly lower scores in several domains of 
the IDS-2 compared to non-autistic children. In particular, group differences between autistic and non-
autistic children remained significant after controlling for multiple testing in the composite scores of the 
intelligence and executive functions domains as well as in the intelligence group factors Verbal Reasoning 
and Auditory and Visuospatial Short-Term Memory. These results are in line with previous research 
reporting weaknesses of autistic children in verbal domains (e.g., Oliveras-Rentas et al. 2012) and in 
working memory tasks (e.g., Mayes and Calhoun 2003a) as the IDS-2 Auditory and Visuospatial Short-
Term Memory group factors also include tasks measuring working memory (i.e., [Mixed] Digit and Letter 
Span—backwards and Rotated Shape Memory; see Table S1 in the Supplement). In addition, autistic 
children scored lower on motor and language skills, and importantly, also on social-emotional skills. 
Interestingly, we did not find any differences between autistic and non-autistic participants when focusing 
on adolescents only. One reason for this finding could be that autistic adolescents have already received 
support and intervention in crucial developmental areas, whereas the included autistic children may have 
been recently diagnosed with autism and thus have had little or no treatment to that point. However, it 
should be noted that these results are based on small sample sizes. Thus, future studies should use larger 
age-specific samples to investigate developmental effects across childhood and adolescence and 
simultaneously control for previous interventions.  

Autistic participants had significant impairments in overall psychomotor skills as well as lower 
scores in gross and fine motor skills in the IDS-2 compared to the non-autistic participants. This finding is 
in line with results of a previous meta-analysis (Coll et al. 2020) and studies using the M-ABC-2 to assess 
motor abilities (e.g., Manicolo et al. 2019). Motor skills are particularly important for carrying out everyday 
tasks (e.g., grasping a glass) and performing activities of daily living (MacDonald et al. 2013a), as well as 
for participating in activities at school or in the community (Oliveira et al. 2021). It has been suggested that 
one reason for these motor differences may be that autistic individuals encounter problems in the 
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translation of sensory inputs into movements (Hannant et al. 2016). Moreover, structural and functional 
alterations in motor cortex regions of the brain (Mostofsky et al. 2007; Nebel et al. 2014) and in the 
cerebellum (Fatemi et al. 2012; Mostofsky et al. 2009) have been detected for autistic individuals, which 
might explain some of the motor impairments. The strong group difference we observed in gross motor 
skills, representing the largest effect in our study, is in accordance with previous research (Coll et al. 2020) 
and may be associated with the high prevalence of autistic individuals exhibiting hypotonia (51%) or motor 
apraxia (34%; Ming et al. 2007). Hence, autistic individuals tend to experience difficulties especially in 
movements that require activation of muscles in the entire body including balance, arm movements, and 
coordination. However, as this subtest is administered only to 5- to 10-year-olds in the IDS-2 and 
correlational research has shown that autistic children’s motor skills improve with age (Coll et al. 2020), 
future longitudinal studies are needed to study possible developmental effects. Although it is not 
compulsory to report potential difficulties in motor skills as part of the diagnostic criteria of ASD, our findings 
support the importance of assessing psychomotor abilities during the diagnostic evaluation of children and 
adolescents at increased likelihood of ASD, as they might be crucial for treatment programs (Bhat et al. 
2011; Colombo-Dougovito and Block 2019).  

As stated in previous studies, we found that autistic children scored lower in language skills, such 
as in phoneme analysis (Dynia et al. 2019) and receptive language tasks (Kwok et al. 2015), compared to 
the non-autistic participants. However, we detected no significant group differences after correcting for 
multiple testing in expressive language tasks. Although a previous meta-analysis showed equally impaired 
receptive and expressive language skills in autistic individuals (Kwok et al. 2015), our finding is in line with 
other studies that also indicated an atypical language pattern of autistic individuals with an advantage in 
expressive over receptive language skills (e.g., Hudry et al. 2010). One reason for this result might be that 
we used a direct measurement of language skills in our study. Previous research also found this pattern 
when using a similar test procedure but did not detect any expressive language advantages when using 
caregiver reports (Ellis Weismer et al. 2010). Given that having better language production than 
comprehension skills is contrary to what is generally anticipated in typically developing peers, researchers 
even suggested that this pattern may be unique to autism (e.g., Volden et al. 2011) and therefore could be 
used for differential diagnosis (Mitchell et al. 2011) and specific interventions (Hudry et al. 2010). 
Nevertheless, as the expressive and receptive language tasks are conducted only with 5- to 10-year-olds 
in the IDS-2 and previous studies have reported a decrease in the expressive–receptive discrepancy in 
older autistic individuals (Kwok et al. 2015; Volden et al. 2011), it could also be that our result was driven 
by age effects. Because of the diagnostic and therapeutic potential of this finding, future studies should 
continue to examine this potential discrepancy between expressive and receptive language in autistic 
individuals across development.  

Additionally, we found no significant group differences in tasks measuring phoneme-grapheme 
correspondence, which is consistent with our finding that autistic participants also scored similarly to the 
non-autistic control group in the reading and spelling subtests in our study. This result might be explained 
by the fact that knowledge of letter–sound correspondence is a prerequisite for the development of literacy 
skills (Carnine et al. 2010) and therefore needs to be intact for average reading and spelling skills. The 
finding that our autistic participants showed no differences in the basic skills logical-mathematical 
reasoning, reading, and spelling compared to non-autistic peers is in line with other studies (e.g., Brown 
et al. 2013; Chiang and Lin 2007). One reason may refer to the fact that most of the autistic participants in 
our study attended inclusive educational settings. The enrollment in integrative settings can have a positive 
impact on autistic individuals’ academic skills as individualized education plans in mainstream programs 
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focus more on academic enhancement than in specialized settings which place more emphasis on life 
competencies and developmental domains (Kurth and Mastergeorge 2010).  

Contrary to previous research (e.g., Cai et al. 2018; Yeung 2022), we found no significant group 
differences for social-emotional skills after correcting for multiple testing. One explanation for this result 
could be that the tasks assessing social-emotional skills in the IDS-2 mainly measure explicit knowledge, 
such as naming socially competent behavior in hypothetical social situations, rather than actual behavior 
in real-life situations. Since we did not observe any group differences in the cognitive functions of the IDS-
2 either, it might be that autistic participants could compensate for difficulties in social-emotional skills with 
higher-level analytical strategies (Harms et al. 2010; Leung et al. 2022). This would be in line with studies 
reporting that intelligence is positively associated with social-emotional skills (Jones et al. 2011), especially 
in autistic individuals (Dyck et al. 2006; Salomone et al. 2019; Trevisan and Birmingham 2016). We found 
further evidence for this assumption in supplementary analyses where we matched the non-autistic control 
sample by age, sex, and Full-Scale IQ and obtained lower effect sizes for the social-emotional skills 
composite score as well as for the subtests Identifying Emotions and Regulating Emotions compared to 
the effect sizes obtained by matching the samples by age, sex, and maternal education (see Table S2 in 
the Supplemental Material). In addition, time limits in testing procedures might explain part of the 
nonsignificant group differences in social-emotional skills. Nagy et al. (2021) found impairments only when 
time limits for responding were applied, and the present tasks assessing social-emotional skills did not 
have any time restrictions. However, it is important to note that although meta-analyses and reviews show 
significant deficits in social-emotional abilities of autistic individuals (e.g., Cai et al. 2018; Yeung 2022), 
several previous studies were also not able to detect impairments in emotion recognition and regulation 
(e.g., Jones et al. 2011; Mazefsky et al. 2014; Rosset et al. 2008) or reported difficulties only for certain 
emotions, for example, for negative emotions (e.g., Shanok et al. 2019). To clarify the interplay between 
explicit knowledge and social-emotional skills in the IDS-2, future research should use multiple methods 
to assess social-emotional skills and compare the autistic participants’ performance in the IDS-2 with the 
behavior they demonstrate in real-life social interactions using observational measures. Even though the 
group differences in the social-emotional skills of the IDS-2 were no longer significant after correcting for 
multiple testing, it is crucial to mention that effect sizes were within a medium range and comparable to 
those in a previous meta-analysis (Yeung 2022) which at least tends to indicate differential validity of test 
scores from the social-emotional skills domain of the IDS-2.  

A strength of our study is that we assessed the cognitive and developmental functions using a 
standardized test procedure with good psychometric properties. Moreover, we used a single test battery 
based on one standardization sample for the assessment of a broad range of cognitive and developmental 
domains. In addition, our sample covered a wide age range and was representative of the autistic 
population, in that the male:female ratio was approximately 4:1 (Maenner et al. 2020), different subtypes 
were included, and children and adolescents exhibited known comorbid conditions (Leyfer et al. 2006; 
Salazar et al. 2015). We also consider it a strength that we included participants with intellectual functioning 
below 70, which represents an understudied subpopulation in autism research (Russell et al. 2019). In 
addition, by selecting the control sample through a matching procedure, we could control for possible 
confounding influences of age, sex, and SES.  

The present study also has limitations that need to be considered and addressed in future 
research. First, we relied on diagnostic evaluations carried out by clinical services and experienced 
psychiatrists and psychotherapists and hence could not consider the standardization and comparability of 
the diagnoses. Second, we had no information regarding symptom severity or previous treatment programs 
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and could therefore not control for these factors. Third, analyses were conducted at the group level, which 
limits generalizability to individuals. Finally, although the sample size was larger than in previous studies, 
an even larger sample of children and adolescents would further increase the power to detect small effects 
in future studies.  

 

5. Conclusions 
In sum, our findings suggest that in particular, motor and language skills as well as achievement 

motivation rated by the test administrator were impaired in autistic children and adolescents in the IDS-2 
compared to non-autistic participants, which provides evidence for differential validity for these domains of 
the IDS-2. The largest difference was found in gross motor skills. We therefore advise that therapists 
working with autistic children should gain knowledge in the area of motor and language therapeutic 
intervention. Speech-language pathologists as well as psychomotor therapists should obtain autism-
specific knowledge, so that autistic children with limited motor and language skills receive appropriate 
therapeutic support regardless of the background of the therapist. Arguably, with optimal training, autistic 
participants may also perform tasks in the psychomotor and language domains with greater engagement, 
which, in turn, could have a positive impact on the long-term development of their motor and language 
abilities. In conclusion, our results highlight important domains beyond the core symptoms of ASD that 
need to be considered in future research, educational contexts, and clinical assessment and that seem 
particularly critical for interventions.  
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Footnotes 
1. According to current models of intelligence (Schneider and McGrew 2018) and executive functions 

(Miyake et al. 2000), working memory can be understood as a component of intelligence or executive 
functions. Because working memory is included in the intelligence domain in the IDS-2, we subsumed 
working memory under the realm of intelligence.  

2. Although the sample size met the robustness criteria for using independent-samples t tests (Eid et al. 
2017), we also examined the variables regarding normal distribution and variance homogeneity. 
Analyses using the Shapiro–Wilk test showed that 12 of the 55 dependent variables may not fulfill the 
normality assumption. Therefore, we additionally calculated Mann–Whitney U tests for these variables. 
The results remained largely the same with two exceptions: First, the mean difference in the subtest 
Identifying Emotions was no longer significant before controlling for multiple testing. Second, the mean 
difference in the composite score of language skills was no longer significant after controlling for 
multiple testing. Furthermore, we found that the Levene’s test was significant for fewer than 10 of the 
dependent variables, indicating unequal variances. Thus, Welch’s t tests were additionally performed. 
The results were identical to those obtained from the independent-samples t tests.  

3. To control for effects of intelligence, we repeated the independent-samples t tests for the 
developmental functions with a non-autistic control sample matched by age, sex, and intelligence (Full-
Scale IQ). The pattern of results remained largely the same, showing lower group mean values for the 
autistic participants than for the control sample in the domains psychomotor skills, social-emotional 
skills, language skills, and participation during testing (see Table S2 in the Supplemental Material for 
full results). These differences hold when correcting for multiple testing in the domain of psychomotor 
skills. These post-hoc analyses underscore the robustness of our findings.  
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Table 1 
Summary of our Hypotheses 

Domain 

Assumed Differences in Performance 
between Autistic and Non-Autistic 

Participants 

Assumed Similar Performance in 
Autistic and Non-Autistic Participants 

Variable Variable 
Intelligence Composite scores (Profile IQ, Full-Scale IQ, 

Screening IQ) 
Processing Speed 

Parrots 
Boxes 

Auditory Short-Term Memory 
Digit and Letter Span 
Mixed Digit and Letter Span 

Visuospatial Short-Term Memory 
Shape Memory 
Rotated Shape Memory 

Verbal Reasoning 
Naming Categories 
Naming Opposites 

Long-Term Memory 
Story Recall 
Picture Recall 

Visual Processing 
Shape Design 
Washer Design 

Abstract Reasoning 
Matrices: Completion 
Matrices: Odd One Out 

Executive functions Composite score 
Listing Words 
Divided Attention 
Animal Colors 
Drawing Routes 

 

Psychomotor skills Composite score 
Gross Motor Skills 
Fine Motor Skills 
Visuomotor Skills 

 

Social-emotional 
skills 

Composite score 
Identifying Emotions 
Regulating Emotions 
Socially Competent Behavior 

 

Basic skills Language skills 
Phoneme Analysis 
Phoneme–Grapheme Correspondence 
Language Expressive 
Language Receptive 

Text Comprehension 

Composite score 
Logical-Mathematical Reasoning 
Reading 

Reading Words 
Reading Pseudo Words 

Spelling 
Motivation and 
attitude  

Composite score 
Conscientiousness 
Achievement Motivation 

 

Participation during 
testing 

intelligence 
executive functions 
developmental functions 

 

Note. Differences in performance between autistic and non-autistic participants are interpreted as 
meaningful if the p value is significant after Hommel’s correction and the effect size is at least small. 
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Table 2 
Demographic Characteristics of Autistic and Non-Autistic Children and Adolescents 

Characteristic 
Autistic Sample 

n = 43 
Non-Autistic Sample 

n = 43 χ2 p 

n % n %   
Sex     11.33 1.000 

Female 8 19 8 19   
Male 35 81 35 81   

Maternal education     14.24 1.000 
No postsecondary education 23 54 23 54   

Compulsory school 1 2 2 5   
Apprenticeship 16 37 15 35   
High school 1 2 1 2   
Higher vocational education 5 12 5 12   

Postsecondary education  
(university degree) 

19 44 19 44   

Other 0 0 0 0   
Unknown 1 2 1 2   

Participants’ current education     7.00 1.000 
Kindergarten 0 0 1 2   
Elementary school 14 33 20 47   
Secondary school 10 23 11 26   
School for special education 8 19 1 2   
High school 6 14 5 12   
Apprenticeship 3 7 4 9   
University 0 0 1 2   
None 2 5 0 0   

Intelligence level     11.09 1.000 
<70 9 21 1 2   
70–84 7 16 6 14   
85–99 8 19 16 37   
100–114 11 26 14 33   
≥115 6 14 6 14   

Comorbid condition     12.15 1.000 
Visual impairment 6 14 8 19   
Motor problems 4 9 0 0   
Speech problems 4 9 1 2   
Dyslexia 2 5 2 5   
Dyscalculia 0 0 2 5   
AD(H)D 4 9 4 9   
Depression 1 2 1 2   
Medical problems 10 23 2 5   

Ethnicity     10.04 1.000 
German-speaking country 38 88 39 91   
Other European country 4 9 2 5   
Non-European country 1 2 1 2   
Unknown 0 0 1 2   

Native language     10.99 1.000 
Monolingual German 32 74 35 81   
Bilingual 6 14 6 14   
Other language than German 5 12 2 5   

Note. Samples were matched for age, sex, and maternal education (as a proxy for socioeconomic status). 
Autistic sample: Mage = 12.3 years, SD = 3.08; non-autistic sample: Mage = 12.51 years, SD = 3.56. Paired-
sample t test for age: t = 0.34, p = .733. χ2 test for sex (0 = male, 1 = female), maternal education (0 = no 
postsecondary education, 1 = postsecondary education), participants’ current education (0 = no special 
education, 1 = special education), intelligence level (0 = average, 1 = below/above average), comorbid 
condition (0 = no, 1 = yes), ethnicity (0 = German-speaking country, 1 = other), and native language (0 = 
monolingual, 1 = not monolingual). AD(H)D = attention deficit/hyperactivity disorder or attention deficit 
disorder.  
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Figure 1 
Means and Standard Deviations of the Cognitive Functions From the Intelligence and Development 
Scales–2 for Autistic and Non-Autistic Children and Adolescents 
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Note. Means and standard deviations are reported for (A) intelligence composite scores, (B) intelligence 
group factors, (C) intelligence subtests, and (D) executive functions composite score and subtests of the 
Intelligence and Development Scales–2 for autistic and non-autistic children and adolescents. Asterisks in 
grey indicate p values not adjusted with Hommel’s (1988) correction. Asterisks in black indicate p values 
adjusted according to Hommel (1988). Please note that after this correction, none of the comparisons were 
significant and therefore, no black asterisks are included in the present graphs. PrIQ = Profile IQ; FSIQ = 
Full-Scale IQ; ScrIQ = Screening IQ; VP = Visual Processing; PS = Processing Speed; ASTM = Auditory 
Short-Term Memory; VSTM = Visuospatial Short-Term Memory; AR = Abstract Reasoning; VR = Verbal 
Reasoning; LTM = Long-Term Memory; SD = Shape Design; WD = Washer Design; PSP = Parrots; PSB 
= Boxes; DLS = Digit and Letter Span; MDLS = Mixed Digit and Letter Span; SM = Shape Memory; RSM 
= Rotated Shape Memory; MC = Matrices: Completion; MOO = Matrices: Odd One Out; NC = Naming 
Categories; NO = Naming Opposites; SR = Story Recall; PR = Picture Recall; EFC = Executive functions 
composite score; LW = Listing Words; DA = Divided Attention; AC = Animal Colors; DR = Drawing Routes. 
* p < .05. ** p < .01. *** p < .001.   
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Figure 2 
Means and Standard Deviations of the Developmental Functions From the Intelligence and Development 
Scales–2 for Autistic and Non-Autistic Children and Adolescents 
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Note. Means and standard deviations are reported for (A) psychomotor skills composite score and 
subtests, (B) social-emotional skills composite score and subtests, (C) basic skills composite score and 
subtests, and (D) motivation and attitude composite score and subtests as well as for the evaluation of 
participation during testing of the Intelligence and Development Scales–2 for autistic and non-autistic 
children and adolescents. Asterisks in grey indicate p values not adjusted with Hommel’s (1988) correction. 
Asterisks in black indicate p values adjusted according to Hommel (1988). PSC = Psychomotor skills 
composite score; GM = Gross Motor Skills; FM = Fine Motor Skills; VM = Visuomotor Skills; SESC = Social-
emotional skills composite score; IE = Identifying Emotions; RE = Regulating Emotions; SC = Socially 
Competent Behavior; BSC = Basic skills composite score; MR = Logical-Mathematical Reasoning; LS = 
Language Skills; PA = Phoneme Analysis; PGC = Phoneme–Grapheme Correspondence; LE = Language 
Expressive; LR = Language Receptive; RD = Reading; RW = Reading Words; RP = Reading Pseudo 
Words; TC = Text Comprehension; SP = Spelling; MAC = Motivation and attitude composite score; CS = 
Conscientiousness; AM = Achievement Motivation; PDTIQ = Participation during testing, intelligence; 
PDTEF = Participation during testing, executive functions; PDTDF = Participation during testing, 
developmental functions. 
* p < .05. ** p < .01. *** p < .001.  
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Abstract 
In a two-sample investigation of 766 adolescents, we examined the associations and incremental validity 
of test-based intelligence, parent-rated conscientiousness, and self-rated achievement striving motivation 
with objective (grades) and subjective (parent-reported and self-reported academic performance) 
measures of academic achievement. The two studies yielded largely similar results. Intelligence was 
related to objective and subjective performance ratings. Conscientiousness showed associations and 
explained variance beyond intelligence in grades and parent-reported but mostly not in self-reported 
academic performance. Achievement striving motivation was largely related to and explained variance 
beyond intelligence and conscientiousness in grades and subjective performance ratings. Findings indicate 
that traits and motives predict objective and subjective academic achievement measures incrementally to 
abilities. Differential relationships for conscientiousness depended on the informant of academic 
performance. 

 
Keywords: intelligence; conscientiousness; achievement striving motivation; school grades; 

subjective performance ratings; adolescents 
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1. Introduction 
For adolescents, school represents a major part of their everyday lives, where they experience 

various learning settings, acquire important skills, and create the foundation for their future careers. 
Especially during this age span, academic achievement measures are of particular importance as they set 
the path for later educational and professional development. Intelligence has been identified in previous 
literature as the most significant predictor of overall academic achievement (e.g., Mammadov, 2022), 
including school grades (e.g., Roth et al., 2015) and standardized achievement tests (e.g., Deary et al., 
2007). Although intelligence explains a large share of the variance in academic performance, a substantial 
proportion remains unaccounted for. According to Roberts and Wood’s (2006) neo-socioanalytic theory, 
other personality characteristics besides abilities are critical for important life outcomes, namely, traits, 
motives, and narratives. In the context of academic performance, particularly traits and motives, such as 
conscientiousness and achievement striving motivation,1 have been identified as meaningful predictors of 
academic achievement (e.g., Richardson et al., 2012; Steinmayr & Spinath, 2007) as they are described 
as the “will do” (Gottfredson, 2003, p. 369) for academic work. Moreover, research has suggested that 
conscientiousness (e.g., Mammadov, 2022) and achievement striving motivation (e.g., Steinmayr & 
Spinath, 2009) show incremental contributions beyond intelligence to variance in grades. However, studies 
investigating the relations of traits and motives with subjective measures of academic achievement, that 
is, parent-reported and self-reported academic performance, in addition to grades, are scarce or lacking in 
adolescents. 

The aim of the present work2 was therefore to examine the relationships of students’ intelligence, 
parent-rated conscientiousness, and self-rated achievement striving motivation with grades as well as with 
subjective performance ratings from parents and students3—who offer additional perspectives on students’ 
academic achievement. Moreover, incremental validity was assessed. To achieve these goals, two 
independently recruited samples of adolescents were used, which allowed for direct cross-validation of the 
results. 
1.1 Intelligence and Academic Achievement Measures 

Intelligence has been described as a general mental capacity for reasoning, problem solving, 
planning, and learning quickly (Gottfredson, 1997) and represents the individual’s “can do” (Gottfredson, 
2002, p. 37) or “ability to do academic work” (Di Domenico & Fournier, 2015, p. 156). Previous literature 
has demonstrated the significance of intelligence for academic achievement, as it explains up to a quarter 
of the variance in academic achievement, and has suggested an average correlation of r = .50 between 
intelligence and academic performance (Gustafsson & Undheim, 1996; Kuncel et al., 2004). Meta-analyses 
of cross-sectional and longitudinal studies have reported corrected correlations between intelligence and 
school grades of ρ = .54 for the elementary to secondary school level (N = 105,185; Roth et al., 2015) and 
ρ = .21 for the postsecondary school level (N = 7,820; Richardson et al., 2012). 

In comparison, research on the relationship between students’ intelligence and parent-reported 
academic performance is scarce. However, a few studies have suggested that children’s intelligence is 
linked to parental factors, such as parents’ perceptions, beliefs, and expectations of their children’s 
academic competence (e.g., Phillipson, 2010; Phillipson & Phillipson, 2012), as parents observe how their 
children use their cognitive ability, such as their reasoning and planning skills, in everyday tasks (e.g., 
when solving homework problems). Gut et al. (2013), for instance, found very high associations (β = .56) 
between intelligence and parents’ performance ratings of their 5- to 7-year-old children. 

Students’ intelligence also appears to be related to their self-reported academic performance. 
Studies that assessed intelligence and students’ global performance ratings—among other constructs—



APPENDIX B: STUDY 2  

 

77 

found correlations ranging from moderate to very large (e.g., Chamorro-Premuzic et al., 2010; Lotz et al., 
2018). Students are likely to evaluate their academic performance on the basis of their intelligence because 
their learning skills directly impact their ability to complete school-related tasks. To our knowledge, only 
one study has primarily addressed the relationship between intelligence and self-reported academic 
performance. Spinath and Spinath (2005) reported in a cross-sectional study that the strength of the 
correlation between intelligence and self-reported academic ability increased from first to fourth grade and 
reached a moderate association (r = .23) at the end of elementary school. However, longitudinal evidence 
on the association between students’ intelligence and their self-reported academic performance in 
adolescents is lacking. Building on these findings, we expected that intelligence would be positively related 
to objective and subjective measures of academic achievement (i.e., grades, parent-reported and self-
reported academic performance) in our two studies (Hypothesis 1). 

1.2 Conscientiousness and Academic Achievement Measures 
In the neo-socioanalytic framework (Roberts & Wood, 2006), the Big Five traits represent the 

broadest personality domains. Among these traits, conscientiousness encompasses the extent to which 
individuals are self-disciplined, dutiful, and achievement oriented (Costa & McCrae, 1992) and has been 
described as “the readiness to do academic work” (Di Domenico & Fournier, 2015, p. 157). More 
conscientious individuals tend to be more able to delay gratification, plan ahead, be goal directed, and 
control their impulses (Roberts et al., 2009). Empirically, conscientiousness is considered the strongest 
predictor of academic achievement among the Big Five traits and an incremental predictor beyond 
intelligence (Mammadov, 2022). Meta-analyses have indicated corrected correlation coefficients of ρ = .23 
(N = 27,875; postsecondary school level; Richardson et al., 2012), ρ = .27 (N = 413,074; elementary to 
postsecondary school level; Mammadov, 2022), and ρ = .50 (N = 5,706; elementary school level; Poropat, 
2014) for conscientiousness and average grades. 

Yet, less is known regarding the association between students’ conscientiousness and their 
parent-reported academic performance. There is evidence of intercorrelations between students’ 
conscientiousness and the effort they invest in their homework (Göllner, Damian, et al., 2017; Trautwein & 
Lüdtke, 2007) and studying for exams (Bleidorn, 2012). As parents directly observe the level of effort their 
children put into academic-related activities and their children’s study habits, adolescents’ 
conscientiousness consequently might be related to parents’ performance ratings of their children. 
However, to our knowledge, the link between conscientiousness and parent-reported academic 
performance has not yet been directly examined. 

In terms of self-reported academic performance, it can be assumed that part of adolescents’ 
performance ratings is built on their personality traits, in particular their level of conscientiousness. In other 
words, it is likely that more conscientious adolescents also evaluate themselves as being more 
academically competent. This might be partly because more conscientious individuals stay more focused 
on tasks even in stressful situations (Saklofske et al., 2012), use self-regulated learning strategies such as 
time-management (Bidjerano & Dai, 2007), and have more likely experienced being good in school (e.g., 
getting good grades on report cards) in the past. Thus, their conscientiousness might be linked to their 
self-reported academic performance. In line with this reasoning, previous research has suggested a 
positive moderate relationship between conscientiousness and students’ self-reported academic 
performance (e.g., Wilmot & Ones, 2019). Marsh et al. (2006) found in a study of adolescents that 
conscientiousness was positively linked to multiple variables of self-reported performance ratings, showing 
the highest association (of moderate strength) with self-reported academic performance in mathematics (r 
= .26). Another study using data from the Program for International Student Assessment also demonstrated 
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positive but somewhat lower correlations between conscientiousness and different school subjects in ninth 
and 10th graders, reporting the highest relationship with self-reported performance ratings in French (r = 
.20; Spengler et al., 2016). On the basis of this research, we expected that conscientiousness would be 
positively associated with objective and subjective measures of academic achievement (i.e., grades, 
parent-reported and self-reported academic performance; Hypothesis 2.1) and, in addition, would be an 
incremental predictor for grades beyond intelligence (Hypothesis 2.2) in our two studies. Moreover, we 
sought to explore the incremental validity of conscientiousness for subjective measures of academic 
achievement (Research Question 1): Does conscientiousness explain additional variance in parent-
reported and self-reported academic performance beyond intelligence? 

1.3 Achievement Striving Motivation and Academic Achievement Measures 
A third domain of the neo-socioanalytic theory (Roberts & Wood, 2006) encompasses values and 

motives. Values and motives represent all the characteristics that are desirable to a person (Roberts & 
Wood, 2006) and have been subsumed under the broad and heterogeneous concept of motivation (Eccles 
& Wigfield, 2002). For academic achievement, especially the facet achievement striving motivation—a 
person’s need to be successful in life (Murray, 1938)—seems to be a relevant factor as it contains the 
“willingness to do academic work” (Di Domenico & Fournier, 2015, p. 156). A meta-analysis reported 
corrected correlations of subordinate achievement motivation of ρ = .30 with school grades for the 
postsecondary school level (N = 9,330; Robbins et al., 2004). Likewise, a more recent study of secondary 
school students showed that achievement motives explained some variance in school grades (2.72%), 
even after intelligence, the Big Five traits (including conscientiousness), and other motivational processes 
were controlled (Lavrijsen et al., 2022). Achievement striving motivation, more specifically, was also 
associated with grade point average (GPA; β = .23–.36) in a sample of adolescents (Steinmayr & Spinath, 
2007, 2009). 

Regarding parent-reported academic performance, various theories, such as the self-
determination theory (Deci & Ryan, 1985) and the expectancy–value theory (Wigfield & Eccles, 2000), 
postulate the importance of parents’ beliefs for their children’s achievement motivation. For example, within 
the framework of self-determination theory (Deci & Ryan, 1985), it has been proposed that parents’ 
engagement, including the communication of reasonable expectations and rules, may satisfy students’ 
needs for autonomy, competence, and relatedness, which in turn may enhance students’ motivation. 
Support for this notion comes from Pomerantz et al. (2007), who argued that parents’ perceptions might 
promote or diminish their children’s motivation when parents share their beliefs during everyday 
interactions, for instance, while assisting with homework. However, empirical research supporting this 
assumption is scarce and limited to parents’ influence in predicting motivation (e.g., Dinkelmann & Buff, 
2016). Nevertheless, given that any kind of development reflects the output of reciprocal processes 
between individuals and their environmental systems (Bronfenbrenner, 1979), it can be assumed that the 
relationship between adolescents’ achievement striving motivation and parents’ performance ratings of 
their children operates bidirectionally. 

Adolescents’ achievement striving motivation might also be linked to their self-reported academic 
performance, as students with higher levels of achievement motivation engage with more persistence and 
intensity in learning activities (Wigfield et al., 2015) and may therefore rate themselves as more 
academically competent. Empirically, a study of seventh graders revealed a large correlation (r = .35) 
between achievement motivation and self-reported performance ratings (Lavrijsen et al., 2022). Likewise, 
focus, accuracy, and persistence—core aspects of achievement striving motivation—were overall 
moderately to very strongly associated (β = .21–.47) with self-reported academic performance in a study 
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of adolescents (Kulakow, 2020). Earlier literature found slightly lower correlations (r = .11–.21) between 
achievement striving motivation and self-reported performance ratings in different subjects (Steinmayr & 
Spinath, 2007, 2009). However, only a handful of studies have examined the direct association between 
students’ achievement striving motivation and their self-reported academic performance so far. Drawing 
from this literature, we expected that achievement striving motivation would show positive associations 
with objective and subjective measures of academic achievement (i.e., grades, parent-reported and self-
reported academic performance; Hypothesis 3.1) and, additionally, would be an incremental predictor for 
grades beyond intelligence and conscientiousness (Hypothesis 3.2) in our two studies. Moreover, we 
aimed to explore the incremental validity of achievement striving motivation for subjective measures of 
academic achievement (Research Question 2): Does achievement striving motivation explain additional 
variance in parent-reported and self-reported academic performance beyond intelligence and 
conscientiousness? 

1.4 The Present Work 
Parent-reported and self-reported academic performance provide different perspectives on 

students’ academic functioning. Parents’ reports of academic performance are based on implicit 
evaluations, judgments, and expectations about their child’s academic capabilities drawn from daily 
observations of their child’s behavior outside of school, feedback from teachers, and comparisons with 
other children’s performance (Frischknecht et al., 2014). Especially in the case of scholastic difficulties, 
parental performance ratings of their children play an important role because parents are the primary 
observers of developmental deficiencies, and because their involvement leads to higher acceptance of 
adopted measures (e.g., long-term educational decisions; Schrader, 2006). For example, if parents 
consider their child to be very competent, but the school grades do not reflect this, it might be difficult for 
parents to accept and support assistance for their child. On the other hand, self-reported academic 
performance reflects a person’s evaluations of their competence within a specific academic domain based 
on feedback, performance experiences, and social comparison (Marsh & Martin, 2011). Self-evaluations 
become crucial for students’ academic development as they begin to reflect on their own capabilities. 
Moreover, these evaluations appear to be reciprocally related to other measures of academic achievement 
with both skill-development and self-enhancement effects (Guay et al., 2003; Marsh et al., 2005). In 
general, subjective performance ratings from parents and students are likely to be based on actual school 
grades but depend, in addition, on the child’s and parents’ awareness and knowledge of the performance 
of the child as well as of other students in the class as we assessed them in the sense of a social 
comparison based on relative performance rankings in the present work. 

Thus, including assessments from all key players in the school context (i.e., teachers, parents, and 
students) results in a more valid picture of students’ academic achievement (Morris & Bronfenbrenner, 
2006) and supports, from a systemic point of view, the successful promotion of students’ learning needs. 
For example, when questions arise regarding students’ academic performance, diagnosticians such as 
school psychologists usually consider all perspectives in the diagnostic process to connect school and 
home environments. Parents, as experts on their adolescents’ home life, can provide important insights 
into students’ academic behavior outside of school, and students can add information about their own 
learning progress. An isolated view of school grades is questionable because school is a distinct setting 
compared to the home environment, with its distractions, differing social demands, and performance 
situations. Therefore, a comprehensive assessment of students’ academic achievement by including 
multiple perspectives is needed. 
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Furthermore, conscientiousness and achievement striving motivation seem to be somewhat less 
stable compared to intelligence (e.g., Roberts & Yoon, 2022) and might therefore be used for interventions 
(Lazowski & Hulleman, 2016; Roberts et al., 2017; Stieger et al., 2021). Thus, it is of great interest to 
investigate their associations with academic achievement measures. Because our goal was to deepen the 
understanding regarding the associations of conscientiousness and achievement striving motivation with 
academic performance from multiple perspectives, we went beyond objective performance ratings, such 
as grades, and solicited subjective performance ratings from parents and students. Moreover, we add 
insights regarding the incremental validity of conscientiousness and achievement striving motivation 
beyond intelligence for the prediction of objective and, importantly, subjective academic achievement 
measures. We also contribute to previous findings by broadening the scope to different school-subject 
domains (i.e., humanities and science). Specifically, we investigated the associations and incremental 
contributions of students’ intelligence, parent-rated conscientiousness, and self-rated achievement striving 
motivation with school grades and parent-reported and self-reported academic performance in two studies 
considering overall academic achievement estimates and achievement in specific school-subject domains. 
The two studies included samples of adolescents in the same age range and identical measures regarding 
conscientiousness, achievement striving motivation, and academic achievement as well as similar 
intelligence test procedures. Thus, we were able to validate our results across two similar samples with 
identical analytical strategies. 

 
2. Methods 

2.1 Procedure 
 Both studies were approved by the legally responsible Ethics Committee (BLINDED) and 
performed in accordance with the 1964 Helsinki declaration [Study 1: 221/10, Study 2: 2015-009]. Informed 
consent was obtained from parents and their children. We recruited participants in the German-speaking 
part of Switzerland, Germany, and Austria in 2007 (Study 1) and 2015 (Study 2) by distributing flyers with 
study information at different schools without targeting specific classrooms. Parents and their children 
could register to participate in the studies by sending back a registration form free of charge. Participants 
were then contacted to schedule an appointment for the intelligence testing. To assess intelligence, 
participants were individually tested with standardized test procedures by psychologists or trained 
undergraduate psychology students. The testing of the intelligence domain took about 45 min in both 
studies and was conducted in a laboratory at the university or at the participants’ homes. Two 
questionnaires were sent to the families subsequently (in Study 2) or 7 years later (in Study 1). Parents 
rated the child’s conscientiousness, reported the academic performance of their child, and indicated the 
child’s school grades and the highest completed degree of the child’s mother in a questionnaire. 
Adolescents provided information about their achievement striving motivation and reported their academic 
performance in another questionnaire. 

2.2 Participants  

2.2.1 Study 1 
 Study 1 consisted of 301 students who participated at both time points (Time 1: 2007, Time 2: 
2014). Students who were assessed only once were excluded from the analyses. Participants ranged in 
age from 5 to 10 years during intelligence testing at Time 1 (M = 8.11 years, SD = 1.54) and 12 to 18 years 
during questionnaire collection at Time 2 (M = 15.45 years, SD = 1.52; 52% female). Seventy-six percent 
of the participants’ mothers had completed formal job training or compulsory education (i.e., no 
postsecondary education), whereas 24% had earned a university degree (i.e., postsecondary education). 
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This is comparable with census data of the corresponding population in recent years (e.g., 2014–2021: 
22.7–29.2% of Swiss females had completed postsecondary education; Swiss Federal Statistical Office, 
2022). Adolescents attended the first (n = 139) or second (n = 152) secondary school level, or other school 
programs (n = 6). Twenty-two students had skipped at least one grade, and 28 had to repeat one grade. 
About 9% of the adolescents had a diagnosed learning disorder (dyscalculia: n = 9; dyslexia: n = 17; 
language development disorder: n = 2). 

2.2.2 Study 2 
 Study 2 consisted of 465 students who participated in the study between 2015 and 2017. 
Participants ranged in age from 12 to 18 years (M = 15.16 years, SD = 1.56; 53% female) during 
intelligence testing and questionnaire collection. Sixty-six percent of the participants’ mothers had 
completed formal job training or compulsory education (i.e., no postsecondary education), whereas 34% 
had earned a university degree (i.e., postsecondary education). This is slightly higher than in the 
corresponding population in recent years (e.g., 2014–2021: 22.7–29.2% of Swiss females had completed 
postsecondary education; Swiss Federal Statistical Office, 2022). Adolescents attended the first (n = 169) 
or second (n = 157) secondary school level, or other school programs (n = 21). Thirteen students had 
skipped at least one grade, and 24 had to repeat one grade. About 6% of the adolescents had a diagnosed 
learning disorder (dyscalculia: n = 4; dyslexia: n = 15; language development disorder: n = 7). 

2.3 Measures 
2.3.1 Intelligence 

Intelligence was assessed using the Intelligence and Development Scales (IDS; Grob et al., 2009) 
in Study 1 and the Intelligence and Development Scales–2 (IDS-2; Grob & Hagmann-von Arx, 2018a) in 
Study 2. Both test batteries measure general intelligence (M = 100, SD = 15) and contain comparable 
tasks, as the IDS-2 is based on the IDS (see Table S1 for a description of the IDS and Table S2 for a 
description of the IDS-2 intelligence subtests). The intelligence domains of both test batteries are largely 
grounded in Spearman’s (1904) g or two-factor theory. In addition, the IDS intelligence domain is based 
on the theory of fluid mechanics by Baltes (1990), focusing on fluid intelligence aspects. The IDS-2 is 
additionally based on the Cattell–Horn–Carroll (CHC) model (McGrew, 1997, 2009; Schneider & McGrew, 
2018), which also includes scholastic abilities, such as quantitative knowledge or reading and writing, 
within the intelligence domain. However, in contrast to the CHC model, the IDS-2 does not assess 
scholastic skills within the intelligence domain. 

Both tests are often used in psychological research and practice in German-speaking countries 
and several international adaptations with other languages have been conducted (e.g., a Dutch version; 
Grob et al., 2018). Psychometric properties reported for the standardization studies of the IDS and the 
IDS-2 show excellent internal consistencies (IDS: α = .92; IDS-2: α = .97) and test–retest reliabilities (IDS: 
r = .83; IDS-2: r = .89) for general intelligence (Grob et al., 2009; Grob & Hagmann-von Arx, 2018b). 
Several studies have demonstrated predictive validity evidence of intelligence assessed with the IDS (β = 
.21–.32; Gut et al., 2012, 2013) and concurrent validity evidence of intelligence assessed with the IDS-2 
(β = .38; Grieder et al., 2022) for school grades. Moreover, both test batteries show differential validity 
(e.g., Hagmann-von Arx et al., 2008; Odermatt et al., 2022) and convergent validity with other intelligence 
tests often used in German-speaking countries, such as with the Wechsler Intelligence Scale for Children–
Fourth Edition (IDS: r = .69; IDS-2: r = .67; Grob et al., 2009; Grob & Hagmann-von Arx, 2018b; Petermann 
& Petermann, 2011).4 
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2.3.2 Conscientiousness 
In both studies, conscientiousness was measured with a parental questionnaire using the German 

Five Factors Questionnaire for Children [Fünf-Faktoren-Fragebogen für Kinder] (FFFK; Asendorpf, 1998). 
A previous meta-analysis indicated that adult reports on conscientiousness demonstrated higher validity 
than self-reports in predicting academic performance (Poropat, 2014). Parents evaluated their child’s 
conscientiousness on eight items. The items consist of bipolar adjectives and were answered on a 5-point 
Likert scale ranging from 1 to 5, introduced with the following instructions: “Here you find trait words. They 
are pairs of opposites that describe how children can be. We are interested in your opinion about how your 
child compares to other children their age.” An example of an item is “My child is: 1 (sloppy) vs. 5 
(conscientious).” Studies have indicated good internal consistencies (range: α = .83 to .91; Asendorpf & 
Van Aken, 1999) and validity (Asendorpf & Van Aken, 2003) for the FFFK. 

2.3.3 Achievement Striving Motivation 
Achievement striving motivation was assessed in both studies with an adolescent questionnaire 

using the German Achievement Motivation Questionnaire for 7th- to 13th-Grade Students [Fragebogen 
zur Leistungsmotivation für Schüler der 7. bis 13. Klasse] (Petermann & Winkel, 2007). Adolescents rated 
their achievement striving motivation on eight items on a 5-point Likert scale ranging from 1 (totally 
disagree) to 5 (totally agree). An example of an item is “At school, I want to be the best.” Analyses of the 
standardization sample demonstrated acceptable internal consistency (α = .73) and test–retest reliability 
(r = .72) after 6 weeks as well as construct and criterion validity for achievement striving motivation 
(Petermann & Winkel, 2007). 

2.3.4 School Grades 
School grades were obtained in both studies using parent reports of their children’s school grades 

in five subjects (i.e., language; geography and history; mathematics; biology, chemistry, and physics; 
environment) from the school records. These five subjects cover the core school subjects for students in 
this age group. In the Swiss school system, students’ grades range from 1 (lowest) to 6 (highest), with 
grades 4 through 6 representing passing grades. Grades of German (ranging from 6 [lowest] to 1 [highest]) 
and Austrian (ranging from 5 [lowest] to 1 [highest]) students were converted to the Swiss grading scale.5 

2.3.5 Parent-Reported Academic Performance 
Parent-reported academic performance was assessed in both studies with the parental 

questionnaire. In line with previous research (e.g., Frome & Eccles, 1998; Gut et al., 2013), parents were 
asked: “How would you rate your child’s school performance? Please compare your child’s performance 
with their peers’ performance.” They indicated their performance ratings of their children for each of the 
five subjects on a 5-point Likert scale ranging from 1 (much worse) to 5 (much better). 

2.3.6 Self-Reported Academic Performance 
Self-reported academic performance was assessed in both studies with the adolescent 

questionnaire. Similar to the assessment of the parent-reported academic performance, adolescents were 
asked: “How would you rate your school performance? Please compare your performance with the 
performance of your peers.” They indicated their performance ratings for each of the five subjects on a 5-
point Likert scale ranging from 1 (much worse) to 5 (much better). 

2.4 Statistical Analyses 
We performed identical analyses for both studies to establish comparability in the studies’ results. 

We calculated descriptive statistics and bivariate correlations for the demographic characteristics and 
study variables. Reliability was computed using omega reliabilities. Effect sizes were interpreted according 
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to Funder and Ozer (2019; small effect: r ≥ .10, medium effect: r ≥ .20, large effect: r ≥ .30, very large 
effect: r ≥ .40). All analyses were performed in R (R Core Team, 2022). 

Information about school grades and parent-reported and self-reported academic performance in 
the five subjects were grouped into three school-subject domains for theoretical reasons. First, the school-
subject domain humanities comprised the two aggregated subjects language and geography and history, 
as they focus on aspects of human experience, include social facets, and help promote intercultural 
competences. Second, the school-subject domain science was composed of the two averaged subjects 
mathematics and biology, chemistry, and physics, as they are part of the natural sciences and share the 
same methods and principles, such as relying on experiments. Third, the last domain, environment, 
focuses on the acquisition of skills in four different areas: (1) nature and technology, (2) economy, work, 
and household, (3) spaces, times, and societies, and (4) ethics, religions, and community. This subject 
aims to improve students’ ability to understand fundamental knowledge about the world (Swiss-German 
Conference of Directors of Education, 2016). Accordingly, as this subject contains elements from both the 
humanities and science school-subject domains, we decided to treat it as its own subject domain. 

To investigate whether different personality characteristics contributed to the variance in academic 
achievement measures beyond intelligence (and conscientiousness), we conducted hierarchical 
regression analyses (cf., Hypotheses 2.2 and 3.2; Research Questions 1 and 2). For that purpose, we 
included the control variables—sex and socioeconomic status (SES; represented as maternal educational 
attainment)—in Step 1, intelligence in Step 2, conscientiousness in Step 3, and achievement striving 
motivation in Step 4 as predictors. We used the standardized scores (M = 100, SD = 15) for intelligence 
and the raw sum scores for conscientiousness and achievement striving motivation. To further test our 
Hypotheses 1, 2.1, and 3.1, we performed structural equation modeling analyses to investigate the 
relationships between the constructs while correcting for measurement error. For these models, we 
generated three parcels per latent factor following the item-to-construct balance technique (Little et al., 
2002) to create the factors for intelligence, conscientiousness, and achievement striving motivation (a 
detailed description of the statistical approach for the structural equation modeling analyses is provided in 
the Supplement). We used the standardized scores (M = 10, SD = 3) for the intelligence subtests and the 
raw scores for the conscientiousness and achievement striving motivation items. We employed the lavaan 
package to conduct the structural equation modeling analyses (Rosseel, 2012). 

 
3. Results 

3.1 Descriptive Statistics and Bivariate Correlations 
Table 1 provides an overview of the descriptive statistics of the study variables of Studies 1 and 2. 

Omega reliabilities of the measures ranged from .71 to .91 (except for intelligence in Study 1, which had a 
reliability of .54). Distributions of the academic achievement measures are presented in the Supplement 
(see Figures S1 to S3). Table 2 shows the bivariate correlations between the sample characteristics and 
the study variables. Patterns of correlations were largely similar in the two studies. 

3.2 Overall Estimates 
 Hierarchical regression analyses to investigate the incremental validity of conscientiousness and 
achievement striving motivation for the overall estimates of academic achievement measures are 
presented in Table 3 for both studies. After controlling for sex and SES, analyses demonstrated positive 
associations between intelligence and each academic achievement measure in Step 2, explaining between 
4% and 14% of additional variance. In line with Hypothesis 2.2, conscientiousness, entered in Step 3, was 
also significantly associated with grades, explaining between 8% and 10% of additional variance beyond 
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intelligence. Concerning Research Question 1, conscientiousness was also significantly associated with 
subjective measures of academic achievement, explaining between 5% and 12% of additional variance, 
with one exception: No relation was found with adolescents’ self-reported academic performance in Study 
1. In accordance with Hypothesis 3.2, achievement striving motivation, included in Step 4, was related to 
grades, explaining between 2% and 7% of additional variance beyond intelligence and conscientiousness. 
Regarding Research Question 2, achievement striving motivation revealed positive associations with 
subjective measures of academic achievement, except for self-reported academic performance in Study 
2. This final step explained between 1% and 7% of additional variance in subjective performance ratings. 

Structural equation models6 of both studies for the overall estimates of the academic achievement 
measures are displayed in Figure 1.7 The overall models meet the criteria of a satisfactory to good model 
fit (Study 1: comparative fit index [CFI] = .943, root-mean-square error of approximation [RMSEA] = .051, 
standardized root-mean-square residual [SRMR] = .061; Study 2: CFI = .968, RMSEA = .037, SRMR = 
.053). In line with Hypothesis 1, intelligence was related to GPA (95% confidence interval [CI] [0.03, 0.21]; 
95% CI [0.07, 0.19]), parent-reported academic performance (95% CI [0.08, 0.33]; 95% CI [0.12, 0.25]), 
and self-reported academic performance (95% CI [0.01, 0.23]; 95% CI [0.04, 0.14]). In accordance with 
Hypothesis 2.1, conscientiousness was associated with GPA (95% CI [0.11, 0.30]; 95% CI [0.08, 0.24]) 
and parent-reported academic performance (95% CI [0.03, 0.24]; 95% CI [0.07, 0.28]), but no associations 
emerged between conscientiousness and adolescents’ self-reported academic performance in either study 
(95% CI [-0.05, 0.12]; 95% CI [-0.07, 0.09]). Finally, confirming Hypothesis 3.1, achievement striving 
motivation was related to GPA (95% CI [0.12, 0.33]; 95% CI [0.14, 0.33]), parent-reported academic 
performance (95% CI [0.10, 0.39]; 95% CI [0.16, 0.42]), and self-reported academic performance (95% CI 
[0.14, 0.45]; 95% CI [0.24, 0.47]). To contrast the models of the two studies, we compared the 95% CIs of 
the regression coefficients of the structural equation models. All 95% CIs showed moderate to high overlap 
according to the definition of Cumming (2012). Hence, no significant differences were detected between 
the regression coefficients of the two studies. In addition, the χ2 difference test showed no significant 
difference between the multigroup structural equation models with and without constrained regression 
coefficients (∆χ2 = 2.490, ∆df = 6, p = .870). 

3.3 School-Subject Domains 
3.3.1 Humanities 

Table S3 presents the hierarchical regression analyses for the school-subject domain humanities 
for both studies. Intelligence was significantly associated with each academic achievement measure after 
accounting for sex and SES, explaining between 2% and 11% of additional variance. In Step 3, 
conscientiousness also showed significant relations with GPA as well as with parent-reported academic 
performance, but no relationship emerged with self-reported academic performance in humanities in Study 
1. Between 3% and 12% of additional variance was explained beyond intelligence. Achievement striving 
motivation, entered in Step 4, was associated with each academic achievement measure, explaining 
between 2% and 9% of additional variance beyond intelligence and conscientiousness, except for the 
nonsignificant association with parent-reported academic performance in humanities in Study 2. 

Figure S4 displays the structural equation models of both studies for the academic achievement 
measures in humanities. The overall models meet the criteria of a good model fit (Study 1: CFI = .953, 
RMSEA = .050, SRMR = .049; Study 2: CFI = .983, RMSEA = .030, SRMR = .045). Similar to the overall 
estimates, intelligence was related to GPA (95% CI [0.04, 0.26]; 95% CI [0.10, 0.24]), parent-reported 
academic performance (95% CI [0.07, 0.53]; 95% CI [0.14, 0.32]), and self-reported academic performance 
(95% CI [0.02, 0.37]; 95% CI [0.06, 0.26]) in humanities. Conscientiousness was associated with GPA 



APPENDIX B: STUDY 2  

 

85 

(95% CI [0.12, 0.32]; 95% CI [0.08, 0.26]) and parent-reported academic performance (95% CI [0.07, 0.33]; 
95% CI [0.09, 0.39]) but not with adolescents’ self-reported academic performance (95% CI [-0.12, 0.14]; 
95% CI [-0.09, 0.20]) in humanities. Achievement striving motivation was related to GPA (95% CI [0.07, 
0.27]; 95% CI [0.09, 0.30]), parent-reported academic performance (95% CI [0.07, 0.42]; 95% CI [0.04, 
0.37]), and self-reported academic performance (95% CI [0.13, 0.45]; 95% CI [0.24, 0.48]) in humanities. 

3.3.2 Science 
Table S4 displays the hierarchical regression analyses for the school-subject domain science for 

both studies. Results revealed positive associations between intelligence and each academic achievement 
measure when controlling for sex and SES. Between 2% and 17% of additional variance was explained. 
Conscientiousness, entered in Step 3, also showed positive relations with each academic achievement 
measure, explaining between 1% and 11% of additional variance beyond intelligence, except for self-
reported academic performance in science in Study 1. Achievement striving motivation, added in the final 
step, was significantly associated with each academic achievement measure beyond intelligence and 
conscientiousness. Additional accounted variance ranged from 1% to 7%. 

Figure S5 shows the structural equation models of both studies for the academic achievement 
measures in science. The overall models meet the criteria of a good model fit (Study 1: CFI = .959, RMSEA 
= .050, SRMR = .051; Study 2: CFI = .966, RMSEA = .045, SRMR = .047). Similar to the overall estimates 
and the academic achievement measures in humanities, intelligence was related to GPA (95% CI [0.07, 
0.32]; 95% CI [0.08, 0.21]), parent-reported academic performance (95% CI [0.14, 0.50]; 95% CI [0.16, 
0.35]), and self-reported academic performance (95% CI [0.05, 0.39]; 95% CI [0.08, 0.23]) in science. 
Conscientiousness was associated with GPA (95% CI [0.12, 0.40]; 95% CI [0.06, 0.26]) and parent-
reported academic performance (95% CI [0.03, 0.39]; 95% CI [0.03, 0.35]) but not with adolescents’ self-
reported academic performance (95% CI [-0.17, 0.23]; 95% CI [-0.15, 0.16]) in science. Achievement 
striving motivation was related to GPA (95% CI [0.18, 0.49]; 95% CI [0.20, 0.47]), parent-reported academic 
performance (95% CI [0.19, 0.74]; 95% CI [0.28, 0.68]), and self-reported academic performance (95% CI 
[0.37, 0.94]; 95% CI [0.41, 0.80]) in science. 

3.3.3 Summary 
The patterns of results for humanities and science were almost identical to the overall estimates 

reported earlier. Conscientiousness contributed to additional explained variance beyond intelligence in 
grades (Hypothesis 2.2) and parent-reported but not self-reported academic performance in humanities 
and science in Study 1 (Research Question 1). Achievement striving motivation explained additional 
variance beyond intelligence and conscientiousness in grades (Hypothesis 3.2) and subjective 
performance ratings, except for parent-reported academic performance in humanities in Study 2 (Research 
Question 2). As they were for the overall estimates, both Hypotheses 1 and 3.1 were confirmed for the 
specific school-subject domains, but Hypothesis 2.1 was only partly supported, as conscientiousness was 
not related to self-reported academic performance in humanities or science. 

3.4 Post-Hoc Analyses 
3.4.1 Socioeconomic Status (SES) 
 To control for effects of SES, we further conducted post-hoc analyses including the manifest 
variable maternal educational attainment as a predictor of the academic achievement measures in the 
models. In both studies, model fit deteriorated slightly (Study 1: CFI = .928, RMSEA = .055, SRMR = .065; 
Study 2: CFI = .962, RMSEA = .038, SRMR = .057). All regressions remained significant except for the 
association between students’ intelligence and their self-reported academic performance in Study 1. 
Maternal educational attainment was not related to any of the academic achievement measures in Study 
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1, while in Study 2 a significant association with parent-reported academic performance was detected in 
that participants whose mothers had completed postsecondary education were rated by their parents as 
more academically competent than participants of mothers without postsecondary education (see Figure 
S8 in the Supplement for full results).  

3.4.2 Sex 
We also performed post-hoc analyses controlling for effects of sex in the structural equation 

models. In both studies, model fit deteriorated with the manifest variable sex as a predictor of the academic 
achievement measures in the models (Study 1: CFI = .919, RMSEA = .059, SRMR = .070; Study 2: CFI = 
.948, RMSEA = .044, SRMR = .064). All regressions remained significant. Sex was related to parent-
reported academic performance in Studies 1 and 2 and to self-reported academic performance in Study 2 
in that parents rated their sons to be more academically competent than their daughters and boys exhibited 
higher self-ratings of academic performance than girls (see Figure S9 in the Supplement for full results). 

3.4.3 Summary 
The observed results of the structural equation models showed minimal variation when controlling 

for SES or sex. Nevertheless, these results should be interpreted with caution because of the lower model 
fit. 

 
4. Discussion 

In two studies of adolescents (total N = 766) aged 12–18 years, we found a largely identical pattern 
of results for overall estimates and specific school-subject domains: Students’ intelligence was associated 
with grades and subjective performance ratings. Conscientiousness was related to and incrementally 
explained additional variance beyond intelligence in grades and parent-reported academic performance, 
while mostly no associations were evident between conscientiousness and adolescents’ self-reported 
academic performance. Achievement striving motivation was in most analyses associated with and 
explained additional variance beyond intelligence and conscientiousness in grades and subjective 
performance ratings. The findings suggest that traits and motives are incremental predictors for objective 
and subjective measures of academic achievement beyond abilities. Moreover, traits, such as 
conscientiousness, seem to be differentially related depending on the informant and, hence, the lens 
through which academic performance is evaluated. 

4.1 Personality Characteristics and School Grades 
Intelligence, conscientiousness, and achievement striving motivation showed significant 

associations and independent contributions with school grades in both studies. In line with previous 
research conducted with the IDS (Gut et al., 2012, 2013) and the IDS-2 (Grieder et al., 2022), intelligence 
was related to school grades longitudinally (Study 1) and cross-sectionally (Study 2) and explained 
between 2% and 12% of additional variance. Intelligence eases comprehension and learning in school (Di 
Fabio & Busoni, 2007) because it reflects the capability to reason, plan, solve problems, and learn quickly 
(Gottfredson, 1997). Students with higher intelligence can therefore acquire more knowledge and can use 
their better learning and problem-solving skills in scholastic tasks. Intelligence had a weaker association 
with school grades in both studies compared to studies where academic achievement was measured with 
standardized achievement tests (e.g., r = .81 between intelligence and national school test scores; Deary 
et al., 2007). In contrast to standardized achievement tests, grades assess academic achievement over a 
longer time period and comprise composites of several performances—not only exams but also, for 
example, extended assignments that require long-term organization and perseverance to succeed. Thus, 
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other characteristics such as conscientiousness and achievement striving motivation may be also linked 
to grades. 

In accordance with this reasoning and findings in the literature, conscientiousness (e.g., 
Mammadov, 2022) and achievement striving motivation (e.g., Steinmayr & Spinath, 2009) were associated 
with school grades and incrementally explained 7% to 12% and 2% to 7% of the variance beyond 
intelligence (and conscientiousness), respectively. Hence, not only the individual’s “can do” (Gottfredson, 
2002, p. 37) is important for grades but also the “will do” (Gottfredson, 2003, p. 369). Conscientious 
students, who are more self-disciplined, dutiful, and achievement oriented (Costa & McCrae, 1992), are 
thus more likely to get higher grades as these characteristics are crucial to be successful in school. This 
might be explained by the fact that conscientious students report more regular engagement in study 
routines and less absenteeism in class (Wilmot & Ones, 2019) and show fewer counterproductive 
academic behaviors at school, such as cheating, breaking rules, or working with low effort (Cuadrado et 
al., 2021). It might therefore be that students’ conscientiousness-related behavior affects teachers’ ratings 
and, accordingly, their school grades. Conscientiousness might also be associated with school grades 
because it is linked to motivation for goal-directed and persistent performance, which is most effectively 
realized in a predictable and well-structured environment with clear expectations and predefined goals, 
such as in educational settings (Wilmot & Ones, 2019). Moreover, students who demonstrated high levels 
of achievement striving motivation, describing themselves as ambitious, hardworking, and perseverant 
(Petermann & Winkel, 2007), achieved higher school grades. One reason may be that as motivation 
influences behavior (Spinath et al., 2006), highly motivated students might intend to achieve more than 
others (Petermann & Winkel, 2007). Therefore, they might embrace challenges in achievement situations, 
such as speaking up and contributing their ideas in the classroom. This active participation may be 
acknowledged by teachers and then be reflected, for instance, in a higher oral grade. 

4.2 Personality Characteristics and Subjective Performance Ratings 
Intelligence, conscientiousness, and achievement striving motivation were significantly related and 

incrementally contributed to the prediction of subjective performance ratings from parents and students in 
both studies, except for the nonsignificant associations between conscientiousness and adolescents’ self-
reported academic performance. 

4.2.1 Personality Characteristics and Parent-Reported Academic Performance 
In line with previous research (Gut et al., 2013), our results show similar associations between 

intelligence and parent-reported academic performance, as those found for children aged 5–7 years, which 
suggests that parents continue to have close interactions with their children into adolescence. Moreover, 
intelligence explained between 2% and 17% of variance in parent-reported academic performance. It can 
be assumed that how parents rate the academic competence of their children is mainly the result of 
adolescents’ previous performance in school and behaviors in daily situations at home (Frischknecht et 
al., 2014; Pomerantz & Dong, 2006). For example, if students struggle with homework or studying, they 
will most likely seek help from their parents first. Hence, parents might observe how able their children are 
to perform achievement-related tasks and what learning or problem-solving strategies they use. 

Moreover, conscientiousness was also associated with parent-reported academic performance 
and explained between 1% and 9% of variance beyond intelligence. This result supports previous research 
findings that students with higher conscientiousness studied and did their homework with more effort 
(Bleidorn, 2012; Trautwein & Lüdtke, 2007), which in turn might lead to parents perceiving their children 
as more academically competent. Last, achievement striving motivation was also related to parent-
reported academic performance and explained between 1% and 6% of additional variance over and above 
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intelligence and conscientiousness. This finding supports theoretical considerations (e.g., self-
determination theory; Deci & Ryan, 1985) and previous studies that underline the importance of parental 
beliefs in the prediction of achievement motivation (e.g., Dinkelmann & Buff, 2016). However, our result 
suggests that the link between adolescents’ achievement motivation and parent-reported academic 
performance could also operate in the other direction: It might be that students high on achievement striving 
motivation may invest more time in doing their homework or studying for exams than less-motivated peers. 
This may be recognized by their parents, which could lead them to rate their child as academically 
competent. 

4.2.2 Personality Characteristics and Self-Reported Academic Performance 
With respect to self-reported academic performance, associations were observed with students’ 

intelligence which correspond to previous findings (e.g., Lotz et al., 2018), explaining between 2% and 6% 
of variance. Students may be aware of their cognitive ability because it affects their competence to do 
homework, study for exams, or complete assignments which might then be reflected in their self-reported 
academic performance. In addition, students, particularly during adolescence, may compare their learning 
abilities to those of their peers. In Study 1, we demonstrated for the first time that intelligence predicts self-
reported academic performance in a longitudinal design over 7 years, which supports the idea that the 
effects of intelligence are stable and long lasting. 

Moreover, consistent with previous literature (e.g., Steinmayr & Spinath, 2009), achievement 
striving motivation was also related to self-reported academic performance and explained between 5% 
and 9% of variance beyond intelligence and conscientiousness. One explanation might be that students 
high on achievement motivation may take more responsibility for their learning while showing persistence 
in studying activities and engaging with more intensity (Wigfield et al., 2015). Furthermore, some theories, 
such as the expectancy–value theory (Wigfield & Eccles, 2000), also consider performance ratings to be 
self-perceptions of academic competence, reflecting a motivational construct (i.e., expectancies to 
succeed), which may also partially explain the associations we found. Nevertheless, as we assessed 
cognitive-evaluative performance ratings (e.g., “I am good at history”) and not affective evaluations (e.g., 
“I like science”; Möller & Trautwein, 2015), which would have been closer to the concept of motivation, we 
might have captured a different construct. 

In contrast to previous studies (e.g., Marsh et al., 2006; Wilmot & Ones, 2019), conscientiousness 
was not related to adolescents’ self-reported academic performance in most of our analyses. We attribute 
slight differences between the results of the hierarchical regression and structural equation model analyses 
to the fact that structural equation modeling corrects the estimated associations for measurement error 
variance. Hence, the finding suggests that how parents think about how conscientious their children are, 
seems not to be connected to how adolescents rate their own academic performance. This is interesting 
when contrasted with the result that conscientiousness showed associations with parent-reported 
academic performance. 

There are several potential reasons for these differential findings between parent- and self-
reported academic performance. First, observer reports of personality and academic performance by 
parents may provide unique information that differs from what adolescents report about themselves 
because parents may tap into aspects of their children’s personality and academic performance that the 
adolescents might not report, disclose, or be aware of. Parents may use a different set of comparison and 
compare, for example, their child’s academic performance with that of siblings or with their own past school 
experiences whereas adolescents may compare their performance with that of their classmates. Second, 
it could also be that students focus on other characteristics such as intelligence and motivation when 
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evaluating their academic performance. For this reason, the student perspective should also be considered 
in the assessment of academic achievement, as adolescents do not necessarily rely on the same sources 
of information as their parents. Third, another potential reason might be that parents’ and children’s ratings 
of conscientiousness during adolescence do not perfectly align (Göllner, Roberts, et al., 2017). Parental 
evaluations of conscientiousness might be contingent on factors other than those considered by the child, 
which might drive the differences in effects. Fourth, individuals tend to become more conscientious over 
the life span (Roberts et al., 2006), suggesting that conscientiousness might not yet be related to 
adolescents’ self-reported academic performance at this stage in life as studies found associations 
between conscientiousness and self-reported academic ability in university students (Noftle & Robins, 
2007). Last, however, that an association of conscientiousness with parental performance ratings but not 
with adolescents’ self-reported academic performance emerged, could also be due to shared method 
variance or measurement artefacts, such as the halo effect, where a positive impression in one domain 
(i.e., parent-rated conscientiousness) can lead to a positive impression in another (i.e., parent-reported 
academic performance). 

4.3 Strengths, Limitations, and Future Directions 
A major strength of the present work is that we included multiple perspectives of academic 

performance and took into account both objective and subjective measures of academic achievement, 
thereby revealing insights into differential associations with personality characteristics and presenting a 
more comprehensive picture than previous research. Moreover, we considered not only overall estimates 
of academic achievement but also specific school-subject domains and could show that our findings hold 
for humanities and science. Furthermore, the intelligence tests used in both studies do not assess school-
related skills (e.g., quantitative knowledge) within the intelligence domain and therefore provide purer 
measures of intelligence. Additionally, we controlled for important sociodemographic confounders, such 
as sex and SES (e.g., Liu et al., 2020). Finally, we performed the same analyses with two independent 
samples, thus providing a direct replication of the main results, which underscores the robustness of our 
findings. 

Our work also has limitations that should be recognized in future studies. First, adolescents 
attended different school tracks within school levels, which is due to the national school systems. In 
German-speaking countries, there exist several school tracks for specific age groups that are divided 
according to students’ performance. Unfortunately, we did not collect information about specific schools 
and classes that the students attended. Thus, we could not control for the probably partly nested nature of 
our data in the analyses and, hence, for influences of students’ reference group on the academic 
achievement measures, such as the big-fish–little-pond effect (for a review, see Marsh & Seaton, 2015). 
Future studies should gather more information about students’ current school situation and control for 
clustering of students within schools and classrooms. Second, the predictors had unequal and, in some 
cases, only marginally sufficient reliability. Concerning the low reliability of intelligence in Study 1, however, 
age-separated analyses showed higher reliability for older children and the mean and standard deviation 
were distributed nearly the same as in the general population (see Table 1). Third, associations were 
almost completely cross-sectional and therefore no conclusions on causal relationships can be made. In 
future studies, growth curve designs using longitudinal data or experimental studies should be employed 
to investigate the directionality of the effects. Fourth, our findings may be generalizable exclusively to 
Western countries, as our samples included participants from so-called WEIRD (Western, educated, 
industrialized, rich, and democratic) nations (Muthukrishna et al., 2020) as well as only to the two 
intelligence tests employed, as intelligence test scores can differ greatly across tests on an individual level 
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(e.g., Bünger et al., 2021; Hagmann-von Arx et al., 2018). Future studies that take into account the cultural 
context and use different test batteries are required. Fifth, as conscientiousness was solely rated by 
parents and achievement striving motivation only rated by adolescents in our studies, we cannot rule out 
the possibility that the results are driven by measurement-related factors (e.g., shared method variance). 
Hence, both self- and parental evaluations of traits and motives should be included in future work. Finally, 
since few previous studies have examined the associations of traits and motives with performance ratings 
from parents and students, research should further investigate subjective measures of academic 
achievement, in addition to grades, and also examine subjective performance ratings from teachers for a 
better understanding of academic achievement.  

4.4 Implications 
Implications for theory, research, and practice can be drawn from our findings. In line with Roberts 

and Wood’s (2006) neo-socioanalytic theory, our results suggest that abilities as well as traits and motives 
constitute overall important aspects for both objective and subjective measures of academic achievement. 
Specifically and for most cases, traits and motives show incremental validity beyond intelligence. This 
implies that it is crucial to pursue a holistic understanding of personality by considering multiple 
characteristics and abilities of the individual. 
 Moreover, as relations of personality characteristics with objective and subjective measures of 
academic achievement varied depending on whether academic performance was reported by parents or 
by the students themselves, the goal should also be to consider the informant when applying interventions. 
Our findings suggest that for promoting self-reported academic performance, conscientiousness may play 
a subordinate role compared to achievement striving motivation, whereas for parent-reported academic 
performance both conscientiousness and achievement striving motivation might be beneficial. It has been 
suggested that conscientious behavior and habits such as punctuality or focus on a task can be practiced 
(Dumfart & Neubauer, 2016). Similarly, motivation depends on, for example, learning contexts, situational 
factors, and instructional characteristics (Midgley et al., 1995). However, specific intervention studies are 
needed that examine whether increases in conscientiousness and achievement striving motivation can 
also improve subjective performance ratings. 
 Finally, as our findings indicated that both objective and subjective measures of academic 
achievement are of relevance, multiple perspectives of academic performance should be assessed in 
educational settings. Hence, we encourage teachers to regularly assess parents’ and students’ 
performance ratings in addition to assigning school grades, especially when working with adolescents. For 
example, when discussing learning reports with parents and students, their performance ratings should be 
elicited and considered when making decisions. Evaluations from all key stakeholders in the school context 
(i.e., teachers as experts on adolescents at school, parents as experts on adolescents at home, and 
adolescents themselves as experts on their own learning) will provide a more comprehensive picture when 
identifying students’ strengths and difficulties. Teachers should be more aware of potential perceptual 
discrepancies and pay attention to the multiple perspectives available in the school context. 
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Footnotes 
1. According to personality (e.g., Costa & McCrae, 1992) and motivation (e.g., Eccles & Wigfield, 2002) 

conceptualizations, achievement striving represents a facet of conscientiousness as well as of 
achievement motivation. However, the way achievement striving was measured in the present work 
likely reflects part of the concept of achievement motivation, which may also explain why 
conscientiousness and achievement striving were not, or only weakly, correlated in the two studies 
(see descriptive statistics in Results section). To make it clear that achievement striving refers to 
motivation in the present work, we use the term “achievement striving motivation.” 

2. The two studies and our hypotheses were not preregistered. The data and study material presented 
here are not publicly available owing to property rights restrictions. The first author was involved in: 
Conceptualization; Methodology; Formal analysis; Writing – original draft; Writing – review & editing; 
Visualization. The second author was involved in: Conceptualization; Methodology; Writing – review & 
editing. The third author was involved in: Conceptualization; Writing – original draft; Writing – review 
& editing. The last author was involved in: Conceptualization; Funding acquisition; Project 
administration; Resources; Writing – review & editing; Supervision. 

3. In the two studies, parent-reported and self-reported academic performance are measured as a social 
comparison relative to the performance of the children’s peers in five school subjects. 

4. It has to be noted that the IDS-2 includes three intelligence composite scores (a Screening IQ with two 
subtests, a Full-Scale IQ with seven subtests, and a Profile IQ with 14 subtests). As the Screening IQ 
is intended only for a rough initial assessment and the Profile IQ is primarily administered to calculate 
intelligence factors, the Full-Scale IQ was used in Study 2 because it provides a reliable and valid 
estimate of a general intelligence score that is most similar to the intelligence composite score obtained 
with the IDS in Study 1. 

5. The following formula, employed by Swiss universities, was used to convert international grades into 
the Swiss grading scale (6 = maximum grade in Swiss grading scale; 2 = conversion factor; Grademax 
= maximum grade in the foreign grading scale; Grademin = lowest passing grade in the foreign grading 
scale; Grade = grade that is intended to be converted): 

Converted	grade = 6 − 2	 ∙ 	2
Grade!"# − Grade

Grade!"# − Grade!$%
4 

6. We also performed the structural equation models of Studies 1 and 2 without any restricted 
covariances and received a similar pattern of results with one exception: Intelligence was no longer 
significantly related to self-reported academic performance in Study 1 (see Figure S6 in the 
Supplement). Moreover, we additionally conducted the structural equation modeling analyses with the 
five individual school subjects (i.e., language; geography and history; mathematics; biology, chemistry, 
and physics; environment) as indicators of the latent factors of the academic achievement measures 
and obtained comparable results (see Figure S7 in the Supplement). 

7. We restricted the covariances between intelligence and achievement striving motivation (r = .10, 95% 
CI [-0.03, 0.14]; r = -.02, 95% CI [-0.14, 0.11]) as well as between GPA and self-reported academic 
performance (r = .27, 95% CI [0.00, 0.05]; r = .12, 95% CI [-0.01, 0.03]) to zero (see dashed lines in 
Figure 1) as these correlations were nonsignificant in both studies. 
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Highlights 
• Included subjective performance ratings additional to grades  
• Consisted of two studies of adolescents (total of N = 766) 
• Intelligence, conscientiousness, achievement striving motivation were predictors 
• Conscientiousness was not related to self-reported academic performance 
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Figure 1 
Structural Equation Model of Study 1 (n = 301) and Study 2 (n = 465) Focusing on Overall Estimates 
(Standardized Coefficients for Study 1 Are Shown Left of the Slash, Those for Study 2 Right of the Slash) 
 

 
 
Note. Model fit was χ2 = 203.186, p < .001, df = 113, comparative fit index (CFI) = .943, root-mean-square 
error of approximation (RMSEA) = .051, standardized root-mean-square residual (SRMR) = .061 for Study 
1 and χ2 = 182.655, p < .001, df = 113, CFI = .968, RMSEA = .037, SRMR = .053 for Study 2. Nonsignificant 
covariances between grade point average (GPA) and self-reported academic performance (SAP) and 
between intelligence and achievement striving motivation were restricted to zero (see dashed lines). 
Correlations of residuals (e) are shown in Table S7. Significant coefficients with a p value below .05 are 
depicted in bold. In Study 1, intelligence was measured 7 years before the other constructs (Time 1); all 
other constructs were assessed at the same time (Time 2). In Study 2, all constructs were assessed at the 
same time (Time 1). IQP1 = intelligence parcel 1; IQP2 = intelligence parcel 2; IQP3 = intelligence parcel 
3; CP1 = conscientiousness parcel 1; CP2 = conscientiousness parcel 2; CP3 = conscientiousness parcel 
3; ASMP1 = achievement striving motivation parcel 1; ASMP2 = achievement striving motivation parcel 2; 
ASMP3 = achievement striving motivation parcel 3; GH = grade in humanities; GS = grade in science; GE 
= grade in environment; PAP = parent-reported academic performance; PAPH = PAP in humanities; PAPS 
= PAP in science; PAPE = PAP in environment; SAP = self-reported academic performance; SAPH = SAP 
in humanities; SAPS = SAP in science; SAPE = SAP in environment.  
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Supplementary Material 
 

Supplemental Methods: Structural Equation Modeling 
We used the comparative fit index (CFI), the root-mean-square error of approximation (RMSEA), 

and the standardized root-mean-square residual (SRMR) for model evaluation. According to Hu and 
Bentler (1999) and van de Schoot et al. (2012), CFIs above .95, RMSEAs below .06, and SRMRs below 
.08 were considered a good model fit and CFIs above .90 as satisfactory. To deal with missing data that 
resulted from parents or adolescents not completing the questionnaires or test sessions where not all 
intelligence subtests were administered, we used the full-information maximum likelihood approach. 

The latent factor grade point average (GPA) was created by the grades in humanities, science, 
and environment. In addition, the latent parent-reported academic performance factor and the self-reported 
academic performance factor were generated by the performance ratings from parents and students in the 
three school-subject domains, respectively. For the humanities domain, we used the grades in language 
and geography and history to model the latent factor GPA in humanities as well as the performance ratings 
from parents and students in the two subjects to create the parent-reported and self-reported academic 
performance factor in humanities, respectively. For the science domain, we used the grades in 
mathematics and biology, chemistry, and physics to model the latent factor GPA in science as well as the 
performance ratings from parents and students in the two subjects to create the parent-reported and self-
reported academic performance factor in science, respectively. 

We allowed the residuals of the corresponding school-subject domains and subjects of the grades, 
performance ratings by parents, and performance ratings by adolescents to covary as the wording of the 
items was similar and they represented the same subject domains and subjects. Nonsignificant 
covariances between latent factors, when found for both studies, were adjusted to zero in the structural 
equation models to simplify the models and reduce model complexity according to the principle of 
parsimony. Descriptive statistics and intercorrelations of indicator variables are shown in Tables S5 and 
S6 for both studies. 

To compare the regression coefficients of the models of Studies 1 and 2 focusing on overall 
estimates and thus including all school-subject domains, we used two approaches: First, we calculated the 
95% confidence intervals of the regression coefficients for both models. If the 95% confidence intervals 
showed at least a moderate overlap, which was defined as half the length of the average margin of error 
(i.e., half the length of the confidence interval; Cumming, 2012), we concluded that the coefficients of the 
two studies were not significantly different. Second, we compared a multigroup structural equation model 
without any constraints with a multigroup structural equation model with constrained regression coefficients 
across the two studies (except for the intelligence parameters, as different intelligence test batteries were 
used in the two studies) by calculating a χ2 difference test. If the χ2 difference test was nonsignificant, we 
concluded that there were no differences between the two studies that were significantly different from 
each other.  
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Table S7 
Correlations of the Residuals From the Structural Equation Models from Study 1 (n = 301) and Study 2 (n 
= 465) Focusing on Overall Estimates (see Figure 1) 

Residual Study 1 Study 2 
r p r p 

e10          e13 .43 < .001 .49 < .001 
e10          e16 .36 < .001 .36 < .01 
e11          e14 .48 < .001 .55 < .001 
e11          e17 .58 < .001 .57 < .001 
e12          e15 .50 < .001 .47 < .01 
e12          e18 .33 < .01 .57 < .001 
e13          e16 .52 < .001 .45 < .001 
e14          e17 .69 < .001 .72 < .001 
e15          e18 .29 < .01 .25 < .05 
Note. e10 is the residual of GH, e11 is the residual of GS, e12 is the residual of GE, e13 is the residual of 
PAPH, e14 is the residual of PAPS, e15 is the residual of PAPE, e16 is the residual of SAPH, e17 is the 
residual of SAPS, and e18 is the residual of SAPE. GH = grade in humanities; GS = grade in science; GE = 
grade in environment; PAPH = parent-reported academic performance in humanities; PAPS = parent-
reported academic performance in science; PAPE = parent-reported academic performance in 
environment; SAPH = self-reported academic performance in humanities; SAPS = self-reported academic 
performance in science; SAPE = self-reported academic performance in environment. 
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Figure S1 
Histogram of Grades in Different Subjects of Study 1 (n = 301) and Study 2 (n = 465) 
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Figure S2 
Histogram of Parent-Reported Academic Performance (PAP) in Different Subjects of Study 1 (n = 301) 
and Study 2 (n = 465) 
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Figure S3 
Histogram of Self-Reported Academic Performance (SAP) in Different Subjects of Study 1 (n = 301) and 
Study 2 (n = 465) 
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Figure S4 
Structural Equation Model of Study 1 (n = 301) and Study 2 (n = 465) Focusing on the School-Subject 
Domain Humanities (Standardized Coefficients for Study 1 Are Shown Left of the Slash, Those for Study 
2 Right of the Slash) 
 

 
 
Note. Model fit was χ2 = 127.038, p < .001, df = 73, comparative fit index (CFI) = .953, root-mean-square 
error of approximation (RMSEA) = .050, standardized root-mean-square residual (SRMR) = .049 for Study 
1 and χ2 = 103.121, p < .05, df = 73, CFI = .983, RMSEA = .030, SRMR = .045 for Study 2. Nonsignificant 
covariances between intelligence and achievement striving motivation and between GPAH, PAPH, and 
SAPH were restricted to zero (see dashed lines). Significant coefficients with a p value below .05 are 
depicted in bold. In Study 1, intelligence was measured 7 years before the other constructs (Time 1); all 
other constructs were assessed at the same time (Time 2). In Study 2, all constructs were assessed at the 
same time (Time 1). IQP1 = intelligence parcel 1; IQP2 = intelligence parcel 2; IQP3 = intelligence parcel 
3; CP1 = conscientiousness parcel 1; CP2 = conscientiousness parcel 2; CP3 = conscientiousness parcel 
3; ASMP1 = achievement striving motivation parcel 1; ASMP2 = achievement striving motivation parcel 2; 
ASMP3 = achievement striving motivation parcel 3; GPAH = grade point average in humanities; GL = grade 
in language; GGH = grade in geography and history; PAPH = parent-reported academic performance in 
humanities; PAPL = parent-reported academic performance in language; PAPGH = parent-reported 
academic performance in geography and history; SAPH = self-reported academic performance in 
humanities; SAPL = self-reported academic performance in language; SAPGH = self-reported academic 
performance in geography and history; e = residual. 
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Figure S5 
Structural Equation Model of Study 1 (n = 301) and Study 2 (n = 465) Focusing on the School-Subject 
Domain Science (Standardized Coefficients for Study 1 Are Shown Left of the Slash, Those for Study 2 
Right of the Slash) 
 

 
 
Note. Model fit was χ2 = 127.262, p < .001, df = 72, comparative fit index (CFI) = .959, root-mean-square 
error of approximation (RMSEA) = .050, standardized root-mean-square residual (SRMR) = .051 for Study 
1 and χ2 = 135.845, p < .001, df = 72, CFI = .966, RMSEA = .045, SRMR = .047 for Study 2. Nonsignificant 
covariances between intelligence and achievement striving motivation, between GPAS and PAPS, and 
between GPAS and SAPS were restricted to zero (see dashed lines). Significant coefficients with a p value 
below .05 are depicted in bold. In Study 1, intelligence was measured 7 years before the other constructs 
(Time 1); all other constructs were assessed at the same time (Time 2). In Study 2, all constructs were 
assessed at the same time (Time 1). IQP1 = intelligence parcel 1; IQP2 = intelligence parcel 2; IQP3 = 
intelligence parcel 3; CP1 = conscientiousness parcel 1; CP2 = conscientiousness parcel 2; CP3 = 
conscientiousness parcel 3; ASMP1 = achievement striving motivation parcel 1; ASMP2 = achievement 
striving motivation parcel 2; ASMP3 = achievement striving motivation parcel 3; GPAS = grade point 
average in science; GM = grade in mathematics; GBCP = grade in biology, chemistry, and physics; PAPS = 
parent-reported academic performance in science; PAPM = parent-reported academic performance in 
mathematics; PAPBCP = parent-reported academic performance in biology, chemistry, and physics; SAPS 
= self-reported academic performance in science; SAPM = self-reported academic performance in 
mathematics; SAPBCP = self-reported academic performance in biology, chemistry, and physics; e = 
residual. 
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Figure S6 
Structural Equation Model of Study 1 (n = 301) and Study 2 (n = 465) Focusing on Overall Estimates 
Without Restrictions of Nonsignificant Paths (Standardized Coefficients for Study 1 Are Shown Left of the 
Slash, Those for Study 2 Right of the Slash) 
 

 
 
Note. Model fit was χ2 = 197.716, p < .001, df = 111, comparative fit index (CFI) = .945, root-mean-square 
error of approximation (RMSEA) = .051, standardized root-mean-square residual (SRMR) = .057 for Study 
1 and χ2 = 181.936, p < .001, df = 111, CFI = .966, RMSEA = .038, SRMR = .053 for Study 2. None of the 
nonsignificant paths were restricted to zero. Significant coefficients with a p value below .05 are depicted 
in bold. In Study 1, intelligence was measured 7 years before the other constructs (Time 1); all other 
constructs were assessed at the same time (Time 2). In Study 2, all constructs were assessed at the same 
time (Time 1). IQP1 = intelligence parcel 1; IQP2 = intelligence parcel 2; IQP3 = intelligence parcel 3; CP1 
= conscientiousness parcel 1; CP2 = conscientiousness parcel 2; CP3 = conscientiousness parcel 3; 
ASMP1 = achievement striving motivation parcel 1; ASMP2 = achievement striving motivation parcel 2; 
ASMP3 = achievement striving motivation parcel 3; GPA = grade point average; GH = grade in humanities; 
GS = grade in science; GE = grade in environment; PAP = parent-reported academic performance; PAPH 
= PAP in humanities; PAPS = PAP in science; PAPE = PAP in environment; SAP = self-reported academic 
performance; SAPH = SAP in humanities; SAPS = SAP in science; SAPE = SAP in environment; e = 
residual. 
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Figure S7  
Structural Equation Model of Study 1 (n = 301) and Study 2 (n = 465) With Five Subjects as Indicators of 
Academic Achievement Measures (Standardized Coefficients for Study 1 Are Shown Left of the Slash, 
Those for Study 2 Right of the Slash) 
 

 
 
Note. Model fit was χ2 = 369.806, p < .001, df = 223, comparative fit index (CFI) = .930, root-mean-square 
error of approximation (RMSEA) = .048, standardized root-mean-square residual (SRMR) = .065 for Study 
1 and χ2 = 375.970, p < .001, df = 223, CFI = .946, RMSEA = .039, SRMR = .065 for Study 2. Nonsignificant 
covariances between intelligence and achievement striving motivation were restricted to zero (see dashed 
line). Correlations of residuals are not depicted in the figure for readability reasons. Significant coefficients 
with a p value below .05 are depicted in bold. In Study 1, intelligence was measured 7 years before the 
other constructs (Time 1); all other constructs were assessed at the same time (Time 2). In Study 2, all 
constructs were assessed at the same time (Time 1). IQP1 = intelligence parcel 1; IQP2 = intelligence 
parcel 2; IQP3 = intelligence parcel 3; CP1 = conscientiousness parcel 1; CP2 = conscientiousness parcel 
2; CP3 = conscientiousness parcel 3; ASMP1 = achievement striving motivation parcel 1; ASMP2 = 
achievement striving motivation parcel 2; ASMP3 = achievement striving motivation parcel 3; GPA = grade 
point average; GL = grade in language; GM = grade in mathematics; GE = grade in environment; GBCP = 
grade in biology, chemistry, and physics; GGH = grade in geography and history; PAP = parent-reported 
academic performance; PAPL = PAP in language; PAPM = PAP in mathematics; PAPE = PAP in 
environment; PAPBCP = PAP in biology, chemistry, and physics; PAPGH = PAP in geography and history; 
SAP = self-reported academic performance; SAPL = SAP in language; SAPM = SAP in mathematics; SAPE 
= SAP in environment; SAPBCP = SAP in biology, chemistry, and physics; SAPGH = SAP in geography and 
history; e = residual.  
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Figure S8  
Structural Equation Model of the Post-Hoc Analyses Including Maternal Educational Attainment in Study 1 
(n = 301) and Study 2 (n = 465; Standardized Coefficients for Study 1 Are Shown Left of the Slash, Those 
for Study 2 Right of the Slash) 
 

 
  
Note. Maternal educational attainment was added as a dichotomous variable (0 = no postsecondary 
education, 1 = postsecondary education). Model fit was χ2 = 246.734, p < .001, df = 128, comparative fit 
index (CFI) = .928, root-mean-square error of approximation (RMSEA) = .055, standardized root-mean-
square residual (SRMR) = .065 for Study 1 and χ2 = 208.818, p < .001, df = 128, CFI = .962, RMSEA = 
.038, SRMR = .057 for Study 2. Nonsignificant covariances between GPA and SAP and between 
intelligence and achievement striving motivation were restricted to zero (see dashed lines). Significant 
coefficients with a p value below .05 are depicted in bold. In Study 1, intelligence was measured 7 years 
before the other constructs (Time 1); all other constructs were assessed at the same time (Time 2). In 
Study 2, all constructs were assessed at the same time (Time 1). MEA = maternal educational attainment; 
IQP1 = intelligence parcel 1; IQP2 = intelligence parcel 2; IQP3 = intelligence parcel 3; CP1 = 
conscientiousness parcel 1; CP2 = conscientiousness parcel 2; CP3 = conscientiousness parcel 3; ASMP1 
= achievement striving motivation parcel 1; ASMP2 = achievement striving motivation parcel 2; ASMP3 = 
achievement striving motivation parcel 3; GPA = grade point average; GH = grade in humanities; GS = 
grade in science; GE = grade in environment; PAP = parent-reported academic performance; PAPH = PAP 
in humanities; PAPS = PAP in science; PAPE = PAP in environment; SAP = self-reported academic 
performance; SAPH = SAP in humanities; SAPS = SAP in science; SAPE = SAP in environment; e = 
residual.  
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Figure S9  
Structural Equation Model of the Post-Hoc Analyses Including Sex in Study 1 (n = 301) and Study 2 (n = 
465; Standardized Coefficients for Study 1 Are Shown Left of the Slash, Those for Study 2 Right of the 
Slash) 
 

 
 
Note. Sex was added as a dichotomous variable (0 = male, 1 = female). Model fit was χ2 = 261.542, p < 
.001, df = 128, comparative fit index (CFI) = .919, root-mean-square error of approximation (RMSEA) = 
.059, standardized root-mean-square residual (SRMR) = .070 for Study 1 and χ2 = 242.596, p < .001, df = 
128, CFI = .948, RMSEA = .044, SRMR = .064 for Study 2. Nonsignificant covariances between GPA and 
SAP and between intelligence and achievement striving motivation were restricted to zero (see dashed 
lines). Significant coefficients with a p value below .05 are depicted in bold. In Study 1, intelligence was 
measured 7 years before the other constructs (Time 1); all other constructs were assessed at the same 
time (Time 2). In Study 2, all constructs were assessed at the same time (Time 1). IQP1 = intelligence 
parcel 1; IQP2 = intelligence parcel 2; IQP3 = intelligence parcel 3; CP1 = conscientiousness parcel 1; 
CP2 = conscientiousness parcel 2; CP3 = conscientiousness parcel 3; ASMP1 = achievement striving 
motivation parcel 1; ASMP2 = achievement striving motivation parcel 2; ASMP3 = achievement striving 
motivation parcel 3; GPA = grade point average; GH = grade in humanities; GS = grade in science; GE = 
grade in environment; PAP = parent-reported academic performance; PAPH = PAP in humanities; PAPS = 
PAP in science; PAPE = PAP in environment; SAP = self-reported academic performance; SAPH = SAP in 
humanities; SAPS = SAP in science; SAPE = SAP in environment; e = residual. 
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Abstract 
Assessing cognitive and developmental functions in multilingual participants is challenging, as proficiency 
in the test language may interfere with test performance. We examined whether different language aspects 
(i.e., receptive and expressive language abilities, multilingualism) contribute independently to the variance 
in scores on cognitive and developmental functions of the Intelligence and Development Scales–2 (IDS-
2). The sample comprised 826 children aged 5–10 years. Hierarchical regression analyses revealed that 
receptive language ability was significantly associated with almost all IDS-2 scores. Expressive language 
ability explained little additional variance, except for the intelligence composites, Verbal Reasoning, 
including corresponding subtests, and the basic skills subtests. Multilingualism explained variance above 
objectively measured language abilities only in subtests of Verbal Reasoning and verbal Long-Term 
Memory. Findings highlight the importance of considering language proficiency, particularly in tasks with 
high verbal demands, when assessing cognitive and developmental functions with the IDS-2 in participants 
at risk for linguistic disadvantages. 

 
Keywords: language abilities, assessment, cognitive functions, developmental functions, 

Intelligence and Development Scales–2, multilingual children 
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1. Introduction 
Assessments of individuals’ cognitive abilities and developmental domains play a crucial role in a 

comprehensive evaluation in clinicians’ daily practice. For example, performance on psychometric tests 
provides information about individuals’ strengths and difficulties and forms the groundwork for the 
development of clinical hypotheses and intervention measures (Flanagan & Harrison, 2012). Yet, 
participants’ test performance can be compromised by factors other than the examined construct, including 
aspects of measurement and participant characteristics, such as individuals’ level of proficiency in the test 
language (American Educational Research Association et al., 2014). This is particularly relevant as 
worldwide migration rates have been increasing over the past decades (United Nations, 2022). For 
instance, in German-speaking countries, the national censuses have identified approximately 29% of the 
German (German Federal Statistical Office, 2023), 39% of the Swiss (Swiss Federal Statistical Office, 
2022a), and 25% of the Austrian (Austrian Federal Statistical Office, 2022) population as currently having 
a migration background. 

Because of this relatively high percentage of individuals with a migration background, the number 
of children in schools and in psychological services who need educational assessment but whose native 
language is not the test language of the region in which they are living has consequently increased. 
Furthermore, in some cases they may also have a different cultural background. Thus, the accurate 
assessment of these individuals’ abilities may be hampered, as, for example, multilingual individuals often 
have insufficient knowledge of the test language, such as lower levels of language comprehension and 
grammar and smaller vocabularies in each of their languages (Bialystok et al., 2010; Hoff et al., 2012; 
Reich et al., 2002). Therefore, language issues may arise when conducting standardized tests (e.g., 
Guthke & Wiedl, 1996; Ortiz, 2019).1 In particular, individuals with linguistically diverse backgrounds may 
have difficulties understanding verbal instructions or, if required, giving verbal responses during the test 
administration (Cormier et al., 2022; Weiss et al., 2006). These constraints depend on the verbal demands 
a test places on the participant with respect to complexity, length, and verbosity of instructions (Cormier et 
al., 2011), response options, as well as the proportion of verbal components within the tasks (Flanagan & 
Ortiz, 2001). Specifically, children who are bilingual or have a migration background tend to exhibit lower 
test scores especially in tasks that are more verbal dependent (Hagmann-von Arx et al., 2013; Schweizer 
et al., 2021). As a result, these children might not show their full potential, which bears the danger of biased 
test results and in consequence may lead to an underestimation of their true abilities (Hagmann-von Arx 
et al., 2013). In particular, the abilities of younger children who enter the school system may be 
underestimated, as attending formal educational institutions enhances the development of language 
proficiency (Grob et al., 2014). This is critical, as an underestimation of abilities, such as intelligence, can 
lead to possible negative consequences regarding the children’s future school career and long-term 
development (Calero et al., 2013; Goldstein et al., 2015; Hessels, 1997; Klingner et al., 2007; Sullivan, 
2011).   

Thus, it is essential to evaluate the contribution of participants’ proficiency in the test language to 
their performance on standardized assessments, to identify possible participant characteristics that could 
compromise the validity of the test score interpretation (see also fairness in testing; American Educational 
Research Association et al., 2014). Our aim in the present study was therefore to investigate the relative 
importance of different language aspects, namely, children’s receptive language ability, expressive 
language ability, and multilingualism,2 on test performance on various cognitive (i.e., intelligence, executive 
functions) and developmental (i.e., psychomotor skills, social-emotional skills, basic skills) functions of the 
Intelligence and Development Scales–2 (IDS-2; Grob & Hagmann-von Arx, 2018a). The IDS-2 is a paper-



APPENDIX C: STUDY 3    

 

129 

and-pencil test for children and adolescents between 5 and 20 years, based on the Intelligence and 
Development Scales for children between 5 and 10 years (IDS; Grob et al., 2009). The series also includes 
a version for children between 3 and 5 years, the Intelligence and Development Scales–Preschool (IDS-
P; Grob, Reimann, et al., 2013). The IDS-2 is a multidimensional psychometric tool for obtaining a 
comprehensive assessment of individuals’ cognitive and developmental functions using a single test 
battery (see Figure 1 and Table S1 in the Supplement for a summary of the IDS-2 domains included in our 
study; Grob & Hagmann-von Arx, 2018b). The IDS-2 was standardized between 2015 and 2017 in the 
German-speaking part of Switzerland, Germany, and Austria and was published in 2018. Subsequently, 
additional language adaptations have been released, such as in Dutch, English (UK), Italian, and Polish 
(Grob et al., 2018, 2019, 2021, 2022), or are currently in progress in several further countries (e.g., Brazil, 
Denmark, Finland, France, Norway, Sweden, Spain, and the United States).   

The IDS-2 has rarely been used in previous research to investigate possible relations between 
individuals’ proficiency in the test language and performance on the IDS-2. To date, Schweizer et al. (2021) 
conducted the only study so far, which examined mean-level differences between matched monolingual, 
simultaneously bilingual, and successively bilingual children and adolescents (each group: n = 132; Mage 
= 12.34 years) in the intelligence domain of the IDS-2. They found that successive bilinguals showed lower 
mean values than those of monolinguals—and to some extent also lower than those of simultaneous 
bilinguals—in the intelligence composites and in the group factors Verbal Reasoning and verbal Long-
Term Memory. At the level of subtests, significant group differences were reported for Naming Categories, 
Naming Opposites, and Story Recall. No differences were detected between monolingual and 
simultaneously bilingual participants. However, evidence on the several other IDS-2 domains (e.g., 
executive functions, psychomotor skills, social-emotional skills, basic skills) is currently lacking. 

With respect to the two other versions—the IDS and IDS-P—previous research examined mean-
level differences between children with a migration background (defined as having a language other than 
German as their native language) and matched control samples (Grob, Meyer, & Hagmann-von Arx, 2013; 
Grob, Reimann, et al., 2013; Hagmann-von Arx et al., 2013). These studies reported no group differences 
in the intelligence composite (Grob, Meyer, & Hagmann-von Arx, 2013; Grob, Reimann, et al., 2013; 
Hagmann-von Arx et al., 2013), which assesses mainly fluid intelligence aspects (Baltes, 1987, 1990), and 
in most of the intelligence subtests, except for the subtest Auditory Memory. On this subtest, which 
measures verbal long-term memory, children with a migration background scored lower than the control 
group (Grob, Meyer, & Hagmann-von Arx, 2013; Grob, Reimann, et al., 2013), which has been explained 
by the fact that active language abilities may be necessary to solve the task (Grob, Reimann, et al., 2013). 
In addition, the majority of these studies found no mean-level differences in psychomotor skills, while mixed 
results were reported for social-emotional skills and mathematics (Grob, Meyer, & Hagmann-von Arx, 
2013; Grob, Reimann, et al., 2013; Hagmann-von Arx et al., 2013). Regarding executive functions as well 
as the basic skills reading and spelling, which are also included in the IDS-2 but are not part of the IDS 
and IDS-P, we refer to other literature, even though comparability with the IDS-2 tasks may be limited to 
some degree. 

Although previous research reported that individuals with linguistically diverse backgrounds scored 
lower than their monolingual peers in many domains, studies have indicated an advantage for bilingual 
individuals in executive functions, such as inhibitory control and cognitive flexibility (Barac et al., 2014; 
Grundy, 2020; Yurtsever et al., 2023). Specifically, bilingual children outperformed their monolingual peers 
mainly on nonverbal executive function tasks, while no differences or lower performance were found on 
verbal tasks (Bialystok & Craik, 2010; Foy & Mann, 2014). This advantage has been explained by the fact 
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that both languages are constantly active in bilinguals (Kroll et al., 2012; Rodriguez-Fornells et al., 2002; 
Thierry & Wu, 2007) and managing these jointly activated languages results in the training of executive 
functions, as, for example, responding in the target language has to be controlled (Abutalebi & Green, 
2008). 

Concerning basic skills, language abilities are crucial for learning processes in school and hence 
for the successful acquisition of reading, spelling, and mathematics (e.g., Storch & Whitehurst, 2002). 
Previous research indicated that multilingual individuals and individuals with a migration background 
achieved lower test scores than their control peers in reading and spelling (Konsortium PISA.ch, 2019; 
Melby-Lervåg & Lervåg, 2014; Verhoeven, 2000). Moreover, there is evidence that vocabulary size relates 
to scholastic performance (e.g., Kastner et al., 2001) and the acquirement of literacy skills (Lee Swanson 
et al., 2008; Ouellette, 2006). Although previous studies on the IDS and IDS-P produced inconsistent 
results with respect to mathematics (Grob, Meyer, & Hagmann-von Arx, 2013; Grob, Reimann, et al., 2013; 
Hagmann-von Arx et al., 2013), several other studies reported group differences between individuals with 
and without a migration background in the natural sciences (Konsortium PISA.ch, 2018) and mathematics 
(e.g., Bos et al., 2007; Ehm et al., 2011; Paetsch et al., 2016). Moreover, basic skills are also described 
as “cultural skills,” which seem to be related to previous language experiences in the school context (Grob 
& Hagmann-von Arx, 2018b; Köller & Baumert, 2008). 

Nevertheless, a large part of the existing literature usually focused on group differences, such as 
between individuals with and without a migration background (Grob, Meyer, & Hagmann-von Arx, 2013; 
Grob, Reimann, et al., 2013; Hagmann-von Arx et al., 2013) or between monolinguals and bilinguals 
(Schweizer et al., 2021). This makes it difficult to disentangle the relative importance of language abilities 
in test performance, as other factors, such as cultural background, can also play a role. Moreover, 
individuals within these groups may also have distinct levels of proficiency in the test language and 
therefore be at different positions on the continuum of language abilities (Ortiz, 2019). This has not been 
taken into account in analyses comparing groups. However, to derive concrete recommendations for 
practice, a closer look at individuals’ measurable language abilities has been suggested (Ortiz, 2019). To 
the best of our knowledge, only one recent study (Cormier et al., 2022) followed this approach and 
investigated the effects of participants’ receptive and expressive language abilities in English on test 
performance in the Woodcock–Johnson Tests of Cognitive Abilities (4th ed.; Schrank et al., 2014). Results 
of this study indicated that both language abilities were significantly related to test performance in this 
cognitive test battery, with receptive language ability showing slightly higher associations than expressive 
language ability. However, the authors noted in their Limitations section that the sample did not include 
many English-language learners (Cormier et al., 2022), which might have restricted the generalizability of 
the findings. Moreover, these results also raise the question to what extent objective measures of receptive 
and expressive language abilities relate to performance in other important domains of the child 
development, beyond cognitive abilities. 

1.1 The Present Study 
Building on this literature, we aimed to examine how different language aspects (i.e., children’s 

receptive language ability, expressive language ability, and multilingualism) contribute beyond each other 
to test performance on the cognitive and developmental functions assessed with the IDS-2 (Grob & 
Hagmann-von Arx, 2018a). We thereby sought to follow a holistic approach by integrating multiple 
language aspects on one side and various cognitive and developmental domains on the other. Specifically, 
we investigated the relations of distinct language abilities to test scores on the IDS-2 after controlling for 
relevant sociodemographic variables (i.e., sex and socioeconomic status [SES], represented by maternal 
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educational background; Weiss & Saklofske, 2020).3 We distinguished between children’s receptive and 
expressive language abilities and relied on standardized assessments of these two language skills. 
Moreover, we added multilingualism in the final step to explore whether other components of having a 
linguistically diverse background contribute beyond objectively measured language abilities to the variance 
in test scores on the IDS-2. We employed the IDS-2 because this test battery offers a comprehensive 
assessment of important cognitive and developmental functions (see Figure 1 for an overview; Grob & 
Hagmann-von Arx, 2018b). Additionally, this test procedure is widely used by clinicians, such as 
psychologists and physicians, in countries that have a high number of immigrants (i.e., Switzerland, 
Germany, and Austria; Austrian Federal Statistical Office, 2022; German Federal Statistical Office, 2023; 
Swiss Federal Statistical Office, 2022a) and therefore many children with linguistically diverse backgrounds 
in psychological assessment settings. Hence, it is crucial that clinicians are aware of the composites, group 
factors, and subtests that relate to aspects of language in order to take these effects into account when 
administering the IDS-2 to participants at risk for linguistic disadvantages. However, there is currently no 
evidence concerning the relative importance of receptive and expressive language abilities on children’s 
test performance in the IDS-2 intelligence domain, and relations between language aspects and the other 
IDS-2 domains have not yet been investigated. Thus, we also aimed to extend current knowledge regarding 
the validity of test-score interpretations of the IDS-2. 

In line with previous research (e.g., Hagmann-von Arx et al., 2013), we assumed that as the verbal 
demands of a task increase—with respect to instructions, content, and response format—language abilities 
will be more strongly associated with the test score and explain more variance. Therefore, we hypothesized 
that performance on those subtests and intelligence group factors of the IDS-2 that we classified as “low 
linguistic loading” (see Table 1) would show the smallest positive associations with receptive and 
expressive language abilities. In contrast, we expected that performance on subtests and intelligence 
group factors of the IDS-2 that we categorized as “high linguistic loading” (see Table 1) would show the 
strongest positive associations with receptive and expressive language abilities. We based our 
classification on findings from previous studies presented above and on considerations of the verbal 
demands of the specific tasks. Concerning multilingualism, we formulated the following research question, 
as this represented an exploratory analysis: Does multilingualism explain variance beyond language 
abilities in test scores on the IDS-2? 

 
2. Method 

We report how we determined our sample size, all data exclusions, all manipulations, and all 
measures in the study. 

2.1 Participants 
The sample consisted of participants from the IDS-2 standardization and validation study (N = 

2,030, 52% female, age range 5–20 years). As the IDS-2 subtest Language Skills is administered only to 
participants aged 5–10 years, we omitted adolescents aged 11–20 years (n = 1,120) from our analyses. 
Additionally, we excluded participants with missing data concerning their receptive and expressive 
language abilities, native language, age, sex, or maternal educational background (n = 84). The final 
sample comprised 826 children (Mage = 8.06 years, SD = 1.66, age range: 5.02–10.99 years) with 51% 
being female. In terms of education, 59.6% of the participants’ mothers had not gone beyond mandatory 
education or had vocational job training (i.e., no postsecondary education), while 40.4% of the participants’ 
mothers had obtained a university degree (i.e., postsecondary education), which is higher than in the 
corresponding population (e.g., 29.2% of women currently hold a postsecondary degree in Switzerland; 
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Swiss Federal Statistical Office, 2022b). Regarding children’s current education, they attended preschool 
(n = 5), kindergarten (n = 189), elementary school (n = 590), secondary school (n = 14), special education 
services (n = 23), other (n = 3), or unknown (n = 2). About 15% of the sample reported one or more medical 
or psychological diagnosis.4 

Participants were from the German-speaking part of Switzerland (n = 529), Germany (n = 252), 
and Austria (n = 45). A total of 26.0% reported being multilingual (bilingual: 24.4%; trilingual or more than 
three languages: 1.6%), which we defined as speaking German (the test language) and having at least 
one other language as their native language. This percentage corresponds to recent studies on the 
proportion of multilingual individuals in the corresponding population (e.g., in Switzerland, 33% of children 
under the age of 15 years were exposed to two languages at home; in Germany, 21% of children under 
the age of 14 years spoke a language other than German in the family context; German Federal Statistical 
Office, 2022; Swiss Federal Statistical Office, 2021). Besides German, the children in our study spoke 
Russian (n = 32), English (n = 29), French (n = 26), Italian (n = 19), Turkish (n = 18), Spanish (n = 14), 
Albanian (n = 12), Serbian (n = 12), Tamil (n = 9), Portuguese (n = 7), Dutch (n = 5), Chinese (n = 4), 
Croatian (n = 4), and 23 other languages (each under n = 4). However, all participants had to speak the 
test language (i.e., German) sufficiently to take part in the study. Hence, all participants’ educational 
language was German. The other 74.0% reported being monolingual German speakers and indicated 
German as their native language. Characteristics of monolingual and multilingual children are presented 
in Table S2 in the Supplement. 

2.2 Procedure  
Recruitment was conducted between 2015 and 2017 through day care centers, playgroups, 

kindergartens, schools, and school psychological services in Switzerland as well as through psychosocial 
institutions and universities in Germany and Austria. Participants were individually tested with the IDS-2 at 
their homes, at a laboratory of the university, or at the respective institutions’ laboratories by one of several 
trained test administrators (i.e., undergraduate psychology students or psychologists). The administration 
of the IDS-2 took about 4 h, depending on participants’ age and performance, as there are age-specific 
implementation rules and performance-based rules for ending testing. Testing could be divided into two 
sessions one week apart if the participant wished. Parents were asked to report demographic variables, 
such as their children’s native language(s) and parental educational background, in a questionnaire 
administered by the test administrator prior to testing. The families received a monetary incentive for 
participation either as a gift card or in cash. The local ethics committee (BLINDED) approved the study 
protocol. Parents were asked to sign a consent form. 

2.3 Instrument 
The IDS-2 (Grob & Hagmann-von Arx, 2018a) assesses cognitive (i.e., intelligence and executive 

functions) and developmental (i.e., psychomotor skills, social-emotional skills, basic skills, and motivation 
and attitude) functions in children and adolescents aged 5–20 years. An overview and a detailed 
description of the IDS-2 domains included in our study are provided in Figure 1 and Table S1, respectively. 
The IDS-2 also assesses participants’ language skills in terms of their level of language comprehension 
(i.e., receptive language ability) and language production (i.e., expressive language ability). Children’s 
receptive language ability is measured by asking them to carry out recited instructions using multiple 
materials (e.g., a ball or a pencil); to assess their expressive language ability, children are asked to form 
meaningful sentences from spoken and pictorially depicted words. Several studies have documented the 
psychometric properties of the IDS-2 for the standardization sample (e.g., Grieder & Grob, 2020; Odermatt 
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et al., 2022) , showing, for example, high correlations with other frequently used test procedures in 
German-speaking countries (Grob & Hagmann-von Arx, 2018b). 

2.4 Statistical Analyses 
Hierarchical regression analyses were conducted to examine whether different language variables 

(i.e., receptive language ability, expressive language ability, and multilingualism) predicted scores on 
composites, intelligence group factors, and subtests of the cognitive and developmental functions of the 
IDS-2, beyond sex and SES. We used age-standardized IDS-2 scores (M = 100, SD = 15, for Profile IQ, 
Full-Scale IQ, Screening IQ, and the seven intelligence group factors; M = 10, SD = 3, for other composites 
and subtests) and therefore omitted controlling for age. We formed the variable multilingualism using 
information regarding children’s native language reported by the parents. In all regression analyses, we 
entered control variables (i.e., sex and SES) in Step 1, children’s receptive language ability in Step 2, and 
their expressive language ability in Step 3. Multilingualism (i.e., being multilingual vs. being monolingual) 
was added in Step 4. We calculated separate analyses for each composite, intelligence group factor, and 
subtest of the IDS-2, resulting in 40 analyses.5 To adjust for multiple testing, we corrected p values 
(hereafter denoted pH) according to Hommel (1988). Moreover, reliabilities for the IDS-2 scores were 
indicated, including Cronbach’s alpha for homogeneous subtests, reliabilities computed using a formula 
by Lienert and Raatz (1998) for composites, and retest reliabilities for single-item or heterogeneous 
subtests obtained from the IDS-2 manual (Grob & Hagmann-von Arx, 2018b). Analyses were performed 
using R (R Core Team, 2022).  

 
3. Results 

Table 2 presents the descriptive statistics of the predictors (i.e., sex, SES, receptive and 
expressive language abilities, multilingualism) and the IDS-2 scores. Reliability coefficients were high for 
composites and intelligence group factors and high to satisfactory for subtests of the IDS-2. Pearson 
correlations showed moderate associations between receptive language ability, expressive language 
ability, and multilingualism and therefore no multicollinearity between the language aspects was detected 
(see Table S3 in the Supplement). The proportion of variance explained (R2) by each predictor in the IDS-
2 scores is displayed in Figure 2 for the cognitive functions and in Figure 3 for the developmental functions. 
Results of the hierarchical regression analyses are reported in Tables S4 to S11 in the Supplement.6 

3.1 Cognitive Functions 
3.1.1 Intelligence 

After controlling for sex and SES, children’s receptive language ability was significantly associated 
with higher scores on Profile IQ (β = .57, pH < .001), Full-Scale IQ (β = .56, pH < .001), and Screening IQ 
(β = .49, pH < .001), explaining between 23% and 32% of additional variance. Children’s receptive language 
ability was also significantly related to each intelligence group factor score (highest for Verbal Reasoning: 
β = .55, pH < .001; lowest for Processing Speed: β = .32, pH < .001) and each subtest score (highest for 
Naming Opposites: β = .50, pH < .001; lowest for Washer Design: β = .20, pH < .001). Additional explained 
variance ranged between 4% and 28%. Expressive language ability, entered in Step 3, significantly 
correlated with higher scores on Profile IQ (β = .28, pH < .001), Full-Scale IQ (β = .28, pH < .001), and 
Screening IQ (β = .28, pH < .001), accounting for 6% of additional variance in each composite. Expressive 
language ability was related to scores on each intelligence group factor, except for Processing Speed (β 
= .11, pH = .665) and Visuospatial Short-Term Memory (β = .13, pH = .111), additionally explaining between 
2% and 8% of variance. At the level of subtests, children’s expressive language ability was associated with 
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scores on Shape Design (β = .14, pH = .024), Digit and Letter Span (β = .20, pH < .001), Matrices: 
Completion (β = .21, pH < .001), Naming Categories (β = .26, pH < .001), Story Recall (β = .25, pH < .001), 
Mixed Digit and Letter Span (β = .21, pH < .001), Rotated Shape Memory (β = .16, pH = .006), and Naming 
Opposites (β = .31, pH < .001). Between 2% and 7% of variance was explained beyond children’s receptive 
language ability. Adding the variable multilingualism in Step 4 only explained variance in the subtests Story 
Recall (β = .13, pH = .022) and Naming Opposites (β = .16, pH < .001), accounting for 2% of additional 
variance in each of these subtests. No significant associations were found between multilingualism and 
scores on the intelligence composites or group factors (see Figure 2 and Tables S4 to S7 in the 
Supplement). 

3.1.2 Executive Functions 
Beyond the control variables sex and SES, children’s receptive language ability was significantly 

related to higher scores on the executive functions composite (β = .42, pH < .001) and on each subtest in 
the executive functions domain (highest for Listing Words: β = .38, pH < .001; lowest for Drawing Routes: 
β = .18, pH < .001), explaining between 3% and 17% of additional variance. In Step 3, children’s expressive 
language ability was associated with scores on the executive functions composite (β = .20, pH < .001) as 
well as with scores on the subtests Listing Words (β = .16, pH = .007) and Divided Attention (β = .19, pH < 
.001), explaining between 2% and 3% of additional variance. The variable multilingualism did not account 
for variance in any of the scores in the executive functions domain in Step 4 (see Figure 2 and Table S8 
in the Supplement). 

3.2 Developmental Functions 
3.2.1 Psychomotor Skills 

Concerning psychomotor skills, positive associations between children’s receptive language ability 
and scores on the psychomotor skills composite (β = .33, pH < .001) as well as all subtests (highest for 
Visuomotor Skills: β = .28, pH < .001) were found, explaining between 5% and 11% of additional variance 
beyond the control variables. Expressive language ability, entered in Step 3, was related only to scores on 
the psychomotor skills composite (β = .15, pH = .010; ΔR2 = 2%) and not to scores on the subtests. The 
variable multilingualism did not explain any additional variance in the scores in the psychomotor skills 
domain in Step 4 (see Figure 3 and Table S9 in the Supplement). 

3.2.2 Social-Emotional Skills 
After controlling for sex and SES, children’s receptive language ability was significantly associated 

with scores on the social-emotional skills composite (β = .21, pH < .001) and the subtests Identifying 
Emotions (β = .19, pH < .001) and Regulating Emotions (β = .17, pH < .001), explaining between 3% and 
4% of variance. No relationship was found with scores on the subtest Socially Competent Behavior (β = 
.10, pH = .742). When children’s expressive language ability was entered in Step 3, significant correlations 
were detected only with scores on the social-emotional skills composite (β = .18, pH = .002) and the subtest 
Regulating Emotions (β = .17, pH = .006), explaining between 2% and 3% of additional variance. The 
variable multilingualism did not explain additional variance in any of the scores in the social-emotional skills 
domain in Step 4 (see Figure 3 and Table S10 in the Supplement). 

3.2.3 Basic Skills 
Regarding basic skills, children’s receptive language ability was significantly related to higher 

scores on each subtest (highest for Logical-Mathematical Reasoning: β = .46, pH < .001), explaining 
between 12% and 21% of additional variance. In Step 3, expressive language ability was also significantly 
correlated with higher scores on each subtest (highest for Spelling: β = .31, pH < .001) and accounted for 
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between 6% and 8% of additional variance. No significant associations were found when the variable 
multilingualism was entered in Step 4 (see Figure 3 and Table S11 in the Supplement). 

 
4. Discussion 

In the present study, we sought to investigate the relative importance of different language aspects 
(i.e., receptive and expressive language abilities, multilingualism) for participants’ test performance on 
various cognitive and developmental functions of the IDS-2 using a sample of children aged 5–10 years. 
Hierarchical regression analyses showed that children’s receptive language ability was significantly related 
to all scores on the IDS-2 when accounting for sex and SES, except for the subtest Socially Competent 
Behavior. Children’s expressive language ability explained overall little additional variance above receptive 
language ability in the IDS-2 scores. The highest amounts of additional explained variance were found for 
intelligence composites, the intelligence group factor Verbal Reasoning and its corresponding subtests 
Naming Categories and Naming Opposites, and the subtests in the basic skills domain (i.e., Logical-
Mathematical Reasoning, Reading, and Spelling). In contrast, multilingualism, entered in the final step, 
explained variance beyond receptive and expressive language abilities solely in the two intelligence 
subtests Story Recall and Naming Opposites. Overall, language aspects explained the largest variance in 
scores in the intelligence and basic skills domains. The results emphasize the relevance of considering 
children’s proficiency in the test language within the assessment of cognitive and developmental functions 
with the IDS-2, especially in tasks with high verbal demands, when testing participants at risk for linguistic 
disadvantages. 

4.1 Receptive Language Ability and Test Performance on the IDS-2 
In line with previous research (Cormier et al., 2022), children’s receptive language ability explained 

variance in scores on almost all subtests, intelligence group factors, and composites of the IDS-2. Hence, 
the ability to understand verbal instructions is crucial to completing the IDS-2 tasks and therefore for 
children’s test performance. This can be explained by the fact that all test directions are given verbally in 
the IDS-2. Moreover, about one third and approximately a quarter of the variance in scores in the 
intelligence and basic skills domains, respectively, was explained by receptive language ability. With 
respect to the intelligence domain, especially in the intelligence composites Profile IQ, Full-Scale IQ, and 
Screening IQ as well as in the group factor Verbal Reasoning and its corresponding subtests Naming 
Categories and Naming Opposites, high associations were found with children’s receptive language ability. 
These findings are in line with our hypotheses (see Table 1) and previous research on group differences 
in the IDS-2 intelligence domain by Schweizer and colleagues (2021). As the intelligence group factor 
Verbal Reasoning is designed to measure the broad ability Comprehension-Knowledge according to the 
Cattell–Horn–Carroll (CHC) model (McGrew, 1997, 2009; Schneider & McGrew, 2018), which 
encompasses language-based knowledge (Schneider & McGrew, 2018), mainly crystallized and verbal 
aspects of intelligence are covered. 

In terms of basic skills, children’s receptive language ability explained variance in scores on all 
subtests, including Logical-Mathematical Reasoning, Reading, and Spelling. These findings are consistent 
with our hypotheses (see Table 1) and in line with previous research that has emphasized the importance 
of language abilities for the acquirement of basic skills (e.g., Storch & Whitehurst, 2002). In the case of 
Logical-Mathematical Reasoning, we even found one of the highest associations with children’s receptive 
language ability across all analyses. One reason for our finding might be that the items in this subtest are 
presented according to a flexible interview approach (Ginsburg, 1997). This includes test instructions with 
extensive verbal explanations and the possibility of asking children specific questions about the solution 
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paths they used. Therefore, a high level of language comprehension may be required to understand the 
tasks of the Logical-Mathematical Reasoning subtest in the IDS-2. However, as previous research on the 
IDS and IDS-P has provided mixed evidence (Grob, Meyer, & Hagmann-von Arx, 2013; Grob, Reimann, 
et al., 2013; Hagmann-von Arx et al., 2013), future studies are needed to clarify these inconsistencies. 

In addition, children’s receptive language ability was related to all scores in the executive functions 
domain, with the highest amounts of variance explained in the composite and in the subtests Listing Words 
and Divided Attention which was in line with our hypotheses (see Table 1). As both of these subtests 
include long and to some degree complex instructions, more language comprehension is demanded from 
the participant. Moreover, one explanation for the smaller associations between receptive language ability 
and scores on the other executive function subtests, Animal Colors and Drawing Routes, may be that these 
include pictorially depicted tasks, which might help participants understand test directions. 

In accordance with our hypotheses (see Table 1), children’s receptive language ability explained 
comparatively little variance in scores on subtests in the psychomotor skills domain. This result 
corresponds to studies that reported no mean-level differences between children with a migration 
background and control samples in the IDS and IDS-P psychomotor skills domains (Grob, Reimann, et al., 
2013; Hagmann-von Arx et al., 2013). One explanation for this finding might be that in tasks in the IDS-2 
psychomotor skills domain, test directions are accompanied by gestures from the test administrator, which 
serve to demonstrate the task during the instruction phase (e.g., test administrators show how to balance 
on a rope before the testing starts). 

Concerning the social-emotional skills domain, children’s receptive language ability explained the 
lowest amounts of variance in scores in this domain. Hence, children’s language comprehension skills play 
a minor role in performance on these IDS-2 tasks. For the Socially Competent Behavior subtest, we did 
not find a significant association with children’s receptive language ability, representing the only 
nonsignificant association with respect to this variable. One reason for this finding may be that the 
instructions in this subtest are presented with detailed pictorial illustrations of social situations, which might 
have helped participants understand the verbal directions. Moreover, the results for the social-emotional 
skills domain of the IDS reported in previous studies are inconsistent (Grob, Meyer, & Hagmann-von Arx, 
2013; Hagmann-von Arx et al., 2013). For example, one study found a significant mean-level difference 
between participants with and without a migration background in the composite score in the IDS social 
emotional skills domain in older children aged 9–10 years, but not in younger children between 6 and 8 
years (Hagmann-von Arx et al., 2013). However, they did not examine group differences at the subtest 
level. Since the few previous studies have provided mixed evidence, this finding should be treated with 
caution and ought to be replicated by further studies. 

4.2 Expressive Language Ability and Test Performance on the IDS-2 
Children’s expressive language ability was related to 25 of the 40 IDS-2 scores that we have 

analyzed but explained only little additional variance beyond children’s receptive language ability in most 
of these scores. This is in line with our classification of linguistic loading (see Table 1), as we assumed 
that most of the IDS-2 subtests and intelligence group factors make low to moderate linguistic demands. 

Nevertheless, in accordance with our hypotheses and previous research (e.g., Melby-Lervåg & 
Lervåg, 2014; Paetsch et al., 2016; Schweizer et al., 2021; Verhoeven, 2000), we observed some 
considerable levels of additional explained variance in the intelligence group factor Verbal Reasoning and 
its corresponding subtests Naming Categories and Naming Opposites as well as in the basic skills subtests 
Logical-Mathematical Reasoning, Reading, and Spelling. Thus, these tasks require not only the ability to 
understand but also the ability to produce verbal information. For example, concerning basic skills, children 
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have to verbally explain their solution processes in the subtest Logical-Mathematical Reasoning, or they 
need to answer questions about a previously read text in the subtest Reading. The strong associations we 
have found between receptive and expressive language abilities and basic skills might also be explained 
by the fact that language abilities are generally central to learning in the school context, not only for 
understanding the content of lessons but also for being able to communicate with others about it (Paetsch 
et al., 2016). Concerning the subtests Naming Categories and Naming Opposites, the participant has to 
answer the questions verbally, with no opportunity to respond non-verbally. In addition, the quality of the 
verbal response is also evaluated and embedded as part of the task content, as vocabulary and verbal 
logical reasoning are required (Grob & Hagmann-von Arx, 2018b). Hence, the linguistic demands represent 
an element of the measurement and an aspect of the construct itself that is intended to be assessed in 
these two subtests. 

4.3 Multilingualism and Test Performance on the IDS-2 
Finally, multilingualism explained variance beyond receptive and expressive language abilities in 

only two subtests of the intelligence domain, namely, Story Recall and Naming Opposites. These findings 
correspond to earlier literature that reported group differences in these IDS-2 subtests (Schweizer et al., 
2021) and in the IDS and IDS-P subtest Auditory Memory (Grob, Meyer, & Hagmann-von Arx, 2013; Grob, 
Reimann, et al., 2013). We assume that—as we accounted for language abilities—other components of 
having a linguistically diverse background contributed to the variance in Story Recall and Naming 
Opposites. Nevertheless, we can provide only assumptions about possible explanations for our results 
since these were exploratory analyses. One reason for the significant association between multilingualism 
and Naming Opposites might be that this subtest of Verbal Reasoning measures crystallized components 
of intelligence according to the CHC model (McGrew, 1997, 2009; Schneider & McGrew, 2018). This 
includes, besides verbal aspects, “the ability to comprehend and communicate culturally-valued 
knowledge…developed through experience, learning and acculturation” (Schneider & McGrew, 2018, p. 
114). Therefore, this subtest might be dependent on factors such as cultural background, socialization, 
and previous schooling and learning experiences. 

The subtest Story Recall assesses verbal Long-Term Memory and encompasses a verbal-
dependent presentation and recall format (Schweizer et al., 2021). In addition, the content of the story 
might also partly contain socialization or culture-specific aspects as it includes names (e.g., Judith, Daniel) 
that are commonly used in German-speaking countries and elements, such as “inflatable boat” or “oar”, 
which have to be remembered by the participants. Children from linguistically diverse backgrounds might 
be less familiar with such names or expressions and therefore may have more difficulties remembering 
them. However, our results should be considered preliminary, and future research is needed. 

In contrast to previous research (e.g., Foy & Mann, 2014; Yurtsever et al., 2023), we did not find 
any advantage for multilingual children in the executive functions domain. This might be explained by the 
fact that previous studies found results in favor of bilinguals mainly when examining nonverbal executive 
functions, whereas the IDS-2 executive function tasks tend to be more dependent on verbal skills, as the 
associations with language abilities in our study have shown. However, it is important to note that there is 
a growing body of research that challenges the bilingual advantage hypothesis in general (Lowe et al., 
2021; Paap et al., 2016). 

4.4 Strengths, Limitations, and Future Directions 
One strength of the present study is that we relied on a comprehensive test battery and could 

therefore provide a more complete picture and nuanced exploration of the relative importance of language 
aspects in test performance in various cognitive and developmental domains compared to previous 
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studies. In line with this, we could also investigate relations at the level of subtests, intelligence group 
factors, and composites. Moreover, we used standardized assessments of children’s receptive and 
expressive language ability and included therefore an objective measure of language abilities. We also 
consider it a main strength that we incorporated multiple language aspects to gain insights regarding their 
differential contribution to test performance, thus following an integrated approach. In addition, we included 
a rather large sample that was representative of the percentage of multilingual children in German-
speaking countries (German Federal Statistical Office, 2022; Swiss Federal Statistical Office, 2021). We 
also controlled for sex and SES in the hierarchical regression analyses before entering the language 
aspects in the model, which allowed us to take into account possible confounding effects of relevant 
sociodemographic characteristics (Weiss & Saklofske, 2020). 

Our study also has limitations that should be acknowledged in future research. Our sample 
included only children aged 5–10 years because the subtest Language Skills is not administered to 
adolescents in the IDS-2. As previous research found age effects in the IDS (Hagmann-von Arx et al., 
2013) and in the intelligence domain of the IDS-2 (Schweizer et al., 2021), future research should examine 
the relations between objectively measured language abilities and test scores on the IDS-2 in adolescents. 
Although we controlled for SES, as represented by maternal educational background, a larger proportion 
of the children’s mothers had completed postsecondary education in our study compared to census data 
of the corresponding population (e.g., Swiss Federal Statistical Office, 2022b), which reduces 
generalizability. In addition, we had only limited information regarding children’s native languages and 
therefore could not consider other variables, such as when the children were first exposed to the test 
language or how often they spoke the test language in the family context. As the majority of the children 
in our study attended regular school settings and did not display psychological diagnoses, our findings 
may not be generalizable to children with developmental risk factors or disorders (e.g., children with autism 
spectrum disorder). Future studies should therefore investigate the role of language aspects in test 
performance in the IDS-2 specifically in children with special needs, as these children typically undergo 
assessments of cognitive and developmental functions in psychological practice. We further encourage 
future research to investigate possible effects of culture on test performance by focusing on samples with 
culturally diverse individuals (e.g., non-European origin) and including assessments of participants’ level 
of acculturation. Finally, studies examining measurement invariance should be conducted to test the 
equivalence and reliability of the IDS-2 across groups with linguistically diverse samples. For test 
construction, we suggest developing test batteries with minimal verbal demands. In such batteries, 
nonverbal instructions and response options could be implemented through gestures, pictures, and novel 
digital approaches using sound and video elements. 

4.5 Implications 
When assessing cognitive and developmental functions in multilingual participants, clinicians 

encounter substantial challenges, as limited proficiency in the test language could mean an individual’s 
true ability is underestimated (Hagmann-von Arx et al., 2013). According to current guidelines on standards 
for psychological testing, test administrators should therefore examine the validity of score interpretations 
for participants who have reduced proficiency in the test language (American Educational Research 
Association et al., 2014). In line with this, our study provides evidence to support the claim that information 
about participants’ language proficiency should be gathered during the diagnostic process (Flanagan et 
al., 2007), if there are hints that the participant may have linguistic disadvantages in the test language 
(e.g., assessed as part of the anamnestic evaluation and clinical judgment). By doing this, it would be 
possible to determine where on the continuum of language proficiency the participants are located, which 
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would lead to a more accurate consideration of possible language effects on individuals’ test performance 
(Cormier et al., 2022). 

Considering that the IDS-2 even includes a standardized measure of language skills, we therefore 
suggest that—when there is a suspicion that the participant may have difficulties in the test language—
clinicians should assess children’s receptive language abilities prior to the administration of all domains of 
the IDS-2. We further propose measuring children’s expressive language abilities before administering the 
IDS-2 intelligence and basic skills domains to participants at risk for linguistic disadvantages. If proficiency 
in the test language cannot be guaranteed or multilingual participants show, despite sufficient language 
abilities, considerable difficulties in IDS-2 subtests with high verbal demands, a nonverbal or culture-fair 
test should be conducted. If there is no such test battery available for the specific domain, possible linguistic 
disadvantages have to be considered in the interpretation of the IDS-2 test scores. However, as basic skills 
represent “cultural skills” that are, for example, related to input from the school environment and therefore 
reflect previous language experiences (Grob & Hagmann-von Arx, 2018b; Köller & Baumert, 2008), 
associations between language abilities and performance on the basic skills subtests are to be expected. 
Hence, the validity of test score interpretations in this domain is not compromised by insufficient test 
language proficiency. However, participants’ language abilities should still be taken into account in the 
interpretation of scores derived from the basic skills domain. Finally, although measuring participants’ 
language abilities in addition to the cognitive or developmental domain that covers the main question of 
the psychological assessment will result in a somewhat longer duration of the test administration, it is 
essential to consider children’s proficiency in the test language to draw accurate and valid conclusions for 
recommendations, treatment, and high-stakes diagnostic decisions. 
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Footnotes 
1. Although there may also be cultural aspects that are associated with assessment in this context, in the 

present study we focused on the relative importance of language aspects for participants’ test 
performance. 

2. We formed the variable multilingualism using information regarding children’s native language: 
Multilingual children spoke German (the test language) and had at least one other language as their 
native language, whereas monolingual children indicated German as their native language. 

3. As we used age-standardized scores, we did not additionally control for age. 
4. In this sample, the following medical and psychological diagnoses were reported: visual problems (n 

= 59), hearing problems (n = 6), motor problems (n = 16), speech problems (n = 16), giftedness (n = 
21), intellectual disabilities (n = 19), scholastic problems (n = 15), behavioral problems (n = 20), autism 
spectrum disorder (n = 5), affective symptoms (n = 2), physical problems (n = 28), and other (n = 2). 

5. We did not perform analyses for the basic skills composite because receptive and expressive language 
abilities are also contained in the calculation of this score. Moreover, we did not examine the IDS-2 
domain motivation and attitude as its subtests are administered only to adolescents aged 11–20 years. 

6. To control for effects of intelligence, we repeated the hierarchical regression analyses with intelligence 
(Profile IQ) included as a predictor of the IDS-2 domains executive functions, psychomotor skills, 
social-emotional skills, and basic skills. Although children’s language abilities were no longer 
associated with many of the IDS-2 scores after accounting for intelligence, the overall pattern of results 
remained largely the same, as receptive and expressive language abilities were still particularly related 
to the subtests of the basic skills domain (see Tables S12 to S15 in the Supplement for full results). 
However, as the Profile IQ is highly correlated with language abilities (r = .50 to .60), these findings 
need to be treated with caution and further research should use a nonverbal intelligence assessment. 
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Table 1 
Cognitive and Developmental Functions From the Intelligence and Development Scales–2 Ranked 
According to Their Assumed Degree of Linguistic Loading 

Domain Low linguistic loading 
variable 

Moderate linguistic loading 
variable 

High linguistic loading 
variable 

Intelligence Visual Processing Auditory Short-Term Memory Verbal Reasoning 
 Shape Design Digit and Letter Span Naming Categories 
 Washer Design Mixed Digit and Letter Span Naming Opposites 
 Processing Speed Long-Term Memory Long-Term Memory 
 Parrots Picture Recall Story Recall 
 Boxes   
 Abstract Reasoning   
 Matrices: Completion   
 Matrices: Odd One Out   
 Visuospatial Short-Term 

Memory 
  

 Shape Memory   
 Rotated Shape Memory   
Executive functions Animal Colors Listing Words  
 Drawing Routes Divided Attention  
Psychomotor skills Gross Motor Skills   
 Fine Motor Skills   
 Visuomotor Skills   
Social-emotional skills  Identifying Emotions  
  Regulating Emotions  
  Socially Competent Behavior  
Basic skills   Logical-Mathematical 

Reasoning  
   Reading 
   Spelling 
Note. It is assumed that performances in subtests and in intelligence group factors of the IDS-2 that are 
classified as “low linguistic loading” would be least susceptible to language effects, whereas performances 
in subtests and in intelligence group factors of the IDS-2 that are classified as “high linguistic loading” 
would be most susceptible to language effects. Long-Term Memory is listed in two categories as it contains 
subtests with different linguistic loadings. Intelligence group factors are printed in italics.  
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Figure 2 
The Proportion of Variance Explained by Each Predictor in the Scores on the Cognitive Functions From 
the Intelligence and Development Scales–2 
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Note. The explained variance by each of the four predictors (i.e., Step 1: control variables, Step 2: receptive 
language ability, Step 3: expressive language ability, Step 4: multilingualism) is shown for (A) intelligence 
composites, (B) intelligence group factors, (C) intelligence subtests, and (D) executive functions composite 
and subtests of the Intelligence and Development Scales–2. CV = control variables (i.e., sex and 
socioeconomic status); RLA = receptive language ability; ELA = expressive language ability; ML = 
multilingualism; PrIQ = Profile IQ; FSIQ = Full-Scale IQ; ScrIQ = Screening IQ; VP = Visual Processing; 
PS = Processing Speed; ASTM = Auditory Short-Term Memory; VSTM = Visuospatial Short-Term Memory; 
AR = Abstract Reasoning; VR = Verbal Reasoning; LTM = Long-Term Memory; SD = Shape Design; WD 
= Washer Design; PSP = Parrots; PSB = Boxes; DLS = Digit and Letter Span; MDLS = Mixed Digit and 
Letter Span; SM = Shape Memory; RSM = Rotated Shape Memory; MC = Matrices: Completion; MOO = 
Matrices: Odd One Out; NC = Naming Categories; NO = Naming Opposites; SR = Story Recall; PR = 
Picture Recall; EFC = Executive functions composite; LW = Listing Words; DA = Divided Attention; AC = 
Animal Colors; DR = Drawing Routes.  
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Figure 3 
The Proportion of Variance Explained by Each Predictor in the Scores on the Developmental Functions 
From the Intelligence and Development Scales–2 
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Note. The explained variance by each of the four predictors (i.e., Step 1: control variables, Step 2: receptive 
language ability, Step 3: expressive language ability, Step 4: multilingualism) is shown for (A) psychomotor 
skills composite and subtests, (B) social-emotional skills composite and subtests, and (C) basic skills 
subtests of the Intelligence and Development Scales–2. CV = control variables (i.e., sex and 
socioeconomic status); RLA = receptive language ability; ELA = expressive language ability; ML = 
multilingualism; PSC = Psychomotor skills composite; GM = Gross Motor Skills; FM = Fine Motor Skills; 
VM = Visuomotor Skills; SESC = Social-emotional skills composite; IE = Identifying Emotions; RE = 
Regulating Emotions; SC = Socially Competent Behavior; MR = Logical-Mathematical Reasoning; RD = 
Reading; SP = Spelling.  
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Table S2 
Characteristics of Monolingual and Multilingual Children 

Characteristic Monolingual 
N = 611 

Multilingual 
N = 215 

t χ2 p 

 M SD n % M SD n %    
Age (years) 8.09 1.67   7.98 1.64   -0.81  .418 
Sex          117.89 1.000 

Female   322 53%   102 47%    
Male   289 47%   113 53%    

SES (maternal 
education) 

         126.90 1.000 

No  
postsecondary  
education 

  371 61%   121 56%    

Postsecondary  
education  

  240 39%   94 44%    

Receptive 
language ability 

10.69 2.81   9.32 3.26   -5.47  < .001 

Expressive 
language ability 

10.70 2.85   9.10 3.40   -6.17  < .001 

Note. SES = socioeconomic status. Independent-samples t tests for age, receptive language ability, and 
expressive language ability. χ2 test for sex and SES. Significant results are presented in bold. 
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Table S3 
Pearson Correlations of the Predictors Included in the Hierarchical Regression Analyses 

Variable 1 2 3 4 

1 Sex —    

2 SES .03 —   

3 RLA .12*** .16*** —  

4 ELA .11** .17*** .45*** — 

5 ML .05 -.04 .20*** .23*** 
Note. Sex: -1 = male, 1 = female; SES = socioeconomic status: -1 = no postsecondary maternal education, 
1 = postsecondary maternal education; ML = multilingualism: -1 = yes, 1 = no. RLA = receptive language 
ability; ELA = expressive language ability. 
*pH < .05. **pH < .01. ***pH < .001. 
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