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Abstract 

The present study evaluated the psychometric properties of the Early Literacy and Numeracy 

Observation Tool (ELNOT), a tool aimed at identifying children who are at-risk or gifted, and 

monitoring children’s academic progress. Kindergarteners (N = 356; 173 junior kindergarteners) 

were assessed at two time points (fall and spring). ELNOT consists of four literacy and six 

numeracy tasks; some tasks were eliminated from the analyses due to floor or ceiling effects. The 

measurement precision of three tasks (Print Concepts, Letter Identification, Number 

Recognition) was examined through item analyses. Overall, these tasks demonstrated sufficient 

measurement precision for most junior kindergarteners and some senior kindergarteners. The 

measurement invariance of five tasks (Print Concepts, Letter Identification, Early Spelling, 

Number Naming, Magnitude Comparison) was examined across gender, kindergarten level, and 

time through multiple-group confirmatory factor analyses; the model structure was invariant 

across all comparisons. ELNOT can accurately identify junior kindergarteners who are 

potentially at-risk.  
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Evaluating the Psychometric Properties of the Early Literacy and Numeracy Observation Tool 

(ELNOT) 

Early literacy and numeracy skills serve as the building blocks for later academic success 

(Aunio & Räsänen, 2016; Desoete & Grégoire, 2006; Krajewski & Schneider, 2009; Lonigan et 

al., 2016; Schatschneider & Westberg, 2008; Storch & Whitehurst, 2002). Early literacy refers to 

children’s conceptual and procedural knowledge about reading and writing (Sénéchal et al., 

2001), and early numeracy refers to children’s knowledge of symbolic numbers and their 

associations to quantities (LeFevre et al., 2010). The skills that children develop before they start 

formal education in grade 1 are fundamental for developing proficient reading, writing, and 

mathematical skills. However, in kindergarten, there are only a few instruments that assess both 

early literacy and numeracy that are available to educators. The goal of this thesis is to evaluate 

the psychometric properties of a teacher-administered observation tool that would allow teachers 

to track kindergarten children’s progress in early reading, writing, and mathematics.   

Early Literacy 

Sénéchal and colleagues (2001) proposed a model of early literacy that distinguished 

conceptual and procedural literacy knowledge. Conceptual knowledge about literacy 

encompasses children’s understanding of the functions of print, whereas procedural knowledge 

about literacy encompasses children’s understanding of the mechanics of reading and writing. 

The most studied examples of conceptual knowledge include the concepts of knowing that print 

conveys the message, as well as the understanding of word and letter concepts. The most studied 

examples of procedural knowledge include children’s knowledge of the alphabet, their awareness 

of the phonological structure of oral language, and their early attempts at spelling.  
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Individual differences in reading skills are established early (e.g., Francis et al., 1996; 

Torgesen & Burgess, 1998). For instance, reading skills in grade 1 uniquely predicted 27% of the 

variance in reading comprehension 10 years later, after accounting for general cognitive ability 

(Cunningham & Stanovich, 1997). Importantly, differences in children’s reading skills in grade 1 

seem to result from differences in the building blocks of reading already apparent during the 

kindergarten years or earlier (Ortiz et al., 2012; Ozernov-Palchik & Gaab, 2016). Both 

conceptual and procedural knowledge have been shown to be significant and independent 

predictors of later reading achievement for children in preschool and kindergarten. The following 

section is a review of these building blocks with special attention to longitudinal research. 

Specifically, I will review the literature on the three foundational early literacy skills: learning 

the concepts of print, knowing the names and sounds of letters, and distinguishing between the 

different sounds of the oral language, as well as young children’s early spelling and reading.  

Print Concepts 

From very early on, children encounter print in different settings (e.g., on signs and 

labels, in books) and observe adults use print for various purposes (e.g., making lists, writing 

letters). They begin to develop their own concepts about print (Clay, 1991). These concepts 

about print represent their perception of what reading and writing mean, as well as their 

knowledge of the functions and conventions of written language. Children’s perception of the 

meaningfulness of print includes recognizing that the labels on a cereal box or the print on a stop 

sign convey meaning (i.e., identifying an object or action), understanding that speech can be 

written down and in turn print represents speech, and knowing that written messages can be 

reread to share with others. Children’s knowledge of the functions and conventions of print 

include understanding the terminology used for written language, knowing the behaviours 
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involved in book orientation, and differentiating between written text and drawing (Sulzby et al., 

1989). Children continue to develop print concepts during or after kindergarten. For example, 

children can differentiate between a picture and written text earlier than they can identify the 

function of punctuation marks. In fact, children typically master print concepts after second or 

third grade (Beach & Robinson, 1992), which is around the same time that children become 

relatively proficient writers and fluent readers, according to provincial standards (i.e., Ontario 

curriculum expectations; Ontario, 2008). 

Clay’s Concepts about Print (CAP; Clay, 2013) instrument has been used extensively to 

assess children’s knowledge of print-related concepts (e.g., Dickinson & Snow, 1987; Haden et 

al., 1996; Hecht & Close, 2002; Neumann, 2018). For example, it assesses children’s 

understanding that it is the text, not the pictures, that are being read. Print concepts are predictive 

of early reading achievement. Children’s performance on the CAP task has been shown to be 

indicative of their developmental progress in reading and writing (Clay, 2013). Children's 

performance on the CAP task at four years of age was correlated with their reading achievement 

at ages 7 and 11 (Tizard et al., 1988). A meta-analysis by the National Early Literacy Panel 

(NELP; 2008) showed that print concepts have moderate (.30 < r < .50) to strong (r ≥ .50) 

predictive relations with later literacy outcomes. Across 12 studies with 2,604 children in 

preschool or kindergarten, print concepts yielded an average moderate relation with later 

decoding skills (r = .34). Similarly, across four studies involving 534 children, print concepts 

had an average moderate correlation with later spelling (r = .43). Furthermore, across three 

studies with 535 children, print concepts were, on average, strongly related to later reading 

comprehension (r = .54). Print concepts continued to be a significant predictor when age and 

language were controlled. Nevertheless, when variables such as alphabet knowledge and 
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phonological awareness are controlled, print concepts did not uniquely predict reading 

performance (NELP, 2008).  

Alphabet Knowledge 

Alphabet knowledge is the knowledge of the names and sounds of the letters in one’s 

language (Puranik et al., 2011). Children first learn the names and shapes of letters that they are 

most exposed to, such as the letters in their names, and build upon this knowledge between the 

ages of 3 and 5 (Bloodgood, 1999; Treiman & Broderick, 1998). The assessment of letter-name 

and letter-sound knowledge typically involves untimed recognition or production of letter names 

and sounds, respectively (Piasta & Wagner, 2010). For example, children may be asked to 

produce the associated names of letters that are presented on cards. It is important to note that 

producing letter names (such as singing the alphabet song) is not the same as being able to 

recognize or label them out of sequence. As such, letters are usually presented to children in a 

random order on flashcards to differentiate those who merely recite the letters in the alphabet 

song from those who actually recognize them. There are also assessment tools that incorporate 

both uppercase and lowercase letters, which tests children’s ability to identify both  forms of the 

letters. However, in an attempt to shorten an assessment of letter name knowledge, it could be 

argued that including just lowercase letters as opposed to presenting both forms can provide an 

equally effective assessment of children’s ability (Bowles et al., 2014). 

In alphabetic languages, letters are the building blocks of literacy skills, and thus, 

learning about letters and their properties is an important foundation for reading and writing 

(Snow et al., 1998). Accordingly, knowledge of letter names and sounds is a consistent predictor 

of children’s later reading and spelling abilities (Hammill, 2004; Scarborough, 1998; 

Schatschneider et al., 2004), and is independent of other important predictors including 
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phonological awareness and oral language (Burgess & Lonigan, 1998; McBride-Chang, 1999; 

Wagner et al., 1994). In fact, a meta-analysis reveals that alphabet knowledge has moderate (.30 

< r < .50) to strong (r ≥ .50) predictive relations with later literacy outcomes, and maintains its 

predictive power even after variables such as age, socioeconomic status, oral language, 

phonological awareness, and IQ are controlled (NELP, 2008). On average, alphabet knowledge 

was moderately correlated with later reading comprehension in 17 studies (r = .48) and highly 

correlated with later decoding in 52 studies (r = .50) and with later spelling in 18 studies (r = 

.54). Furthermore, children who have poor alphabet knowledge at preschool and kindergarten are 

more likely to experience difficulties with learning to read and be identified as having reading 

disabilities (Gallagher et al., 2000; O’Connor & Jenkins, 1999; Torppa et al., 2006). 

Understanding the link between letters and their sounds seems to be particularly 

important – knowledge of letter-sounds is crucial for decoding of words, and individual 

differences among children in reading comprehension are often related to skill differences at the 

word level (Perfetti, 2007). Furthermore, children who are poor at identifying the sounds of 

visually presented letters are at higher risk of having reading problems (e.g., Hulme et al., 2012; 

Schatschneider et al., 2004). In contrast, children’s reading performances improve when the links 

between letters and sounds are emphasized during instruction (e.g., McArthur et  al., 2018). 

Phonological Awareness 

Phonological awareness is the ability to identify and manipulate units of speech, at the 

word, syllable, or phoneme level. It typically begins to develop between the ages of 4 and 5 and 

continues to improve over time (Burgess & Lonigan, 1998). Children first recognize larger units 

such as syllables and onset-rime before smaller units such as individual phonemes. In addition, 

with respect to phonemes, children are able to identify beginning and ending sounds of words 
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before medial sounds (Anthony & Francis, 2005; Blachman, 2000; Carroll et al., 2003). For 

example, children can identify that the word “cat” begins with /k/ and ends with /t/ before being 

able to identify that the middle sound is /a/. 

A wide range of tasks are used to assess children’s phonological awareness, including 

rhyming, isolating the sounds in the beginning, middle, and end of words, sounding out words 

(e.g., cat – /k/ /æ/ /t/), and saying words with certain sounds deleted (e.g., cat without saying /k/ – 

at; Blachman, 2000; Spector, 1992). The common element in all these tasks is that they all 

require the child to focus on the underlying phonological structure of the spoken word, not the 

meaning of the word (Blachman, 2000). 

There is extensive evidence showing that children’s performance on measures of 

phonological awareness predict their future reading and writing achievement. As reported in the 

meta-analysis by NELP (2008), similar to alphabet knowledge, phonological awareness 

maintains its predictive power even after individual differences among children such as IQ and 

socioeconomic status are controlled. On average, when assessed in preschool or kindergarten, 

phonological awareness was moderately correlated with later decoding across 69 studies 

involving 8,443 children (r = .40), reading comprehension across 20 studies involving 2,461 

children (r = .44), and spelling across 21 studies involving 2,522 children (r = .40). Catts and 

colleagues (2017) found that children who lacked phonological awareness skills in kindergarten 

were five times more likely to become poor readers in grade 2 compared to children who have 

adequate phonological awareness skills.  

Early Spelling 

Before children learn to spell, that is, to map letter sounds to symbols using orthographic 

conventions of their language, young children's attempts at spelling words may yield 
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phonologically accurate but orthographically inaccurate outputs (e.g., “ez” for “easy”). These 

attempts are often referred to as invented spelling (Read, 1971). Children’s invented spellings 

demonstrate their level of understanding of basic early literacy skills such as print concepts, 

alphabet knowledge, and phonological awareness (Bear & Templeton, 1998; Gentry & Gillet, 

1993). At the beginning, most children capture only the first sounds in words correctly, for 

example, writing “b” for bike (Gentry & Gillet, 1993). Then, they typically learn to correctly 

spell the final sounds in words (e.g., writing “bk” for bike) before gradually learning to spell the 

medial sounds. Finally, as they receive training in reading and spelling, they achieve 

conventional spelling skills.  

Accordingly, a meta-analysis found that invented spelling has strong (r ≥ .50) predictive 

relations with later literacy outcomes (NELP, 2008). Ten studies that assessed invented spelling 

in preschool or kindergarten children (N = 778) showed an average correlation of .58 with later 

decoding skills. Across three studies with 354 children, invented spelling had an average 

correlation of .69 with later spelling skills. Intervention studies have found that facilitating 

invented spelling had an additional impact on children’s word reading compared to phoneme 

awareness instruction alone (Ouellette & Sénéchal, 2008; Sénéchal et al., 2012). For example, 

studies have found that English-speaking kindergarten non-readers (Ouellete & Sénéchal, 2008) 

and at-risk kindergarten children (Sénéchal et al., 2012) learned more novel words when 

assigned to an invented spelling group compared to children in other conditions, such as 

phoneme awareness training. Invented spelling integrates phoneme and orthographic 

representation of words and can support at-risk children in developing their reading skills 

(Sénéchal et al., 2012). 
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Children’s ability to spell is foundational for both writing and reading (Graham et al., 

2002; Treiman, 1998). As reported in the meta-analysis by NELP (2008), spelling skills assessed 

in preschool and kindergarten have been found to have strong (r ≥ .50) predictive relations with 

later literacy outcomes. Across seven studies with 1,184 children in preschool or kindergarten, 

spelling had an average of .60 correlation with later decoding skills. Similarly, across four 

studies involving 398 children, spelling in kindergarten or earlier had, on average, a strong 

correlation with later spelling (r = .78). However, Sénéchal (2017) found that accurate spelling at 

the beginning of grade 1 was no longer predictive of reading at the end of grade 1 after 

accounting for children’s early word reading skills at beginning of grade 1. She argued that 

appropriate reading skills are required for accurate orthographic spelling. 

As briefly mentioned, children’s invented spelling can become more sophisticated as they 

develop the skill. As such, studies have examined whether the sophistication of kindergarten 

students’ invented spelling is predictive of their reading and spelling in grade 1. In one 

longitudinal study, Ouellette and Sénéchal (2016) used path modelling to determine whether 

there was a causal role of invented spelling in kindergarten students’ later literacy outcomes. 

Findings demonstrated that invented spelling influenced children’s subsequent reading and 

alphabetic knowledge, while also mediating the connection between phonological awareness and 

early reading. Similarly, Sénéchal (2017) found that the sophistication of students’ invented 

spelling mediated the relationship between phoneme awareness and letter knowledge and early 

reading. These findings continue to support the understanding that invented spelling has a unique 

contribution to children’s literacy outcomes that is separate from phonological awareness. 
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Early Reading 

The goal of reading is to construct meaning from what has been read. The three stages of 

reading development that Chall (1983) proposed were pre-reading, decoding, and fluency stages. 

In the pre-reading stage, children develop an understanding of the nature of reading – that speech 

can be written down and read by someone else, which is the same as perception of the 

meaningfulness of print mentioned under the print concepts section. In the decoding stage, 

children learn letter-sound relations and phonological awareness. Teachers play an important role 

at this stage in terms of helping children understand the complex symbol system. In the fluency 

stage, children are able to recognize words with ease while understanding their meaning. 

Although it is dependent on the level of formal instruction children receive, they typically run 

through this stage in second and third grades. However, it is important to assess children’s early 

reading before they enter elementary school so that children at risk of falling behind their peers 

when receiving formal instruction may be identified and provided with additional help.  

Assessment of young children’s reading typically involves decoding, sight word 

recognition, and oral reading fluency (Piasta & Wagner, 2010). Decoding words can be 

described as mapping letter sounds with their representations to read real words or as using 

orthographic knowledge to read sight words. Word decoding is typically assessed using a 

standardized test such as the word identification subtest of the Woodcock Reading Mastery Test. 

As reported in a meta-analysis, preschool and kindergarten children’s performances in decoding 

words had moderate (.30 < r < .50) to strong (r ≥ .50) predictive relations with later literacy 

outcomes (NELP, 2008). Across 21 studies involving 4,121 children, decoding words in 

kindergarten or earlier had an average correlation of .52 with later decoding skills. Across six 

studies involving 1,091 children, decoding words had an average correlation of .40 with later 
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reading comprehension skills. Across six studies with 1,112 children, decoding words had an 

average correlation of .54 with later spelling skills.  

 A few children enter preschool, kindergarten, and first grade as readers (Clark, 1976; 

Durkin, 1966). In other words, without receiving any formal instruction, these children can 

decode words and read with comprehension at or above the level of second graders (Olson et al., 

2006). Given that early readers make up only a small percentage of the population, research on 

these children is limited with respect to their later academic success. In a longitudinal study, 

Stainthorp and Hughes (2004) assessed children’s literacy skills such as reading accuracy, speed 

and comprehension, as well as phonological awareness, at 5, 6, 7 and 11 years of age (N = 28; 14 

early readers). Across all time points, the early readers maintained their significantly advanced 

abilities compared to the nonearly readers. Although the gap between the two groups on reading 

accuracy slightly narrowed from age 5 to 11, the early readers continued to have great advantage 

over the nonearly readers.  

The goal of reading, as mentioned earlier, is to understand the meaning of written texts, 

which is referred to as reading comprehension. Children’s reading comprehension skills are 

typically assessed with standardized tests such as the passage comprehension subtests of the 

Woodcock Reading Mastery Test (NELP, 2008). As reported in the meta-analysis, across five 

studies with 700 children in preschool or kindergarten, reading comprehension skills had an 

average strong correlation with later decoding skills (r = .52).  

Conclusion 

Children's early literacy skills are highly predictive of their future literacy skills; as such, 

it is essential to provide children with appropriate literacy instruction during their early years as 

well as to identify struggling readers at an early age for early intervention. Although there are 
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existing tools that identify children's knowledge in the areas of print concepts, alphabet 

knowledge, phonological awareness (distinguishing between the different sounds of the oral 

language), as well as early spelling and reading skills, these well-established tools are costly and 

may take up too much time in the classroom for teachers and educators to administer. In 

conclusion, teachers and educators would benefit from a low cost, easily administered tool that 

assesses children's literacy skills to appropriately target instruction in the classroom to their 

individual needs. 

Early Numeracy 

Early numeracy skills form the basis for later math learning. Some of the key skil ls 

include counting skills and understanding number relations (Aunio & Niemivirta, 2010; Purpura 

& Reid, 2016), identifying number symbols (Göbel et al., 2014; Pinto et al., 2016), and 

differentiating numerical magnitudes (LeFevre et al., 2010; Merkley & Ansari, 2016; Muldoon et 

al., 2013). Individual differences in numeracy skills are established early (Klibanoff et al., 2006). 

For example, children’s ability to identify numbers and discriminate between quantities at the 

end of kindergarten strongly predicted their mathematics outcomes at the end of grade 1 (Chard 

et al., 2005; Clarke & Shinn, 2004). The predictive relationship between early numeracy skills 

and later math achievement continues in subsequent grades; higher levels of number competence 

in kindergarten predicted composite mathematics achievement at the end of grade 3 (Jordan et 

al., 2009). The following section is a review of the foundational precursor skills for mathematics 

development in children, with special attention given to longitudinal research. These precursor 

skills (verbal counting, cardinality, number identification, and magnitude comparison) have been 

proven extensively in research to be predictive of children's later mathematical skills. 
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Verbal Counting 

Verbal counting, that is, reciting the numbers in order out loud, is an important skill for 

young children because it is their first introduction to the symbolic number system (Gelman & 

Gallistel, 1986). From 2- to 3-years of age, children recite number words through memorization 

without being aware of the relationship between those number words and their corresponding 

quantities (Wynn, 1992). Most 3-year-olds learn to count to ten in the correct order before they 

can recognize the symbolic representation of these numbers (Mix, 2002, 2009). Because 

numbers 0-19 have unique names in English, children can only learn them through 

memorization. However, once they figure out the counting system of up to 20, they learn the rest 

of the counting sequence relatively easily.  

Gradually, children link number words to other representations such as quantities and 

digits. Verbal counting thus forms the foundation of numerical abilities such as the cardinality 

principle, that is, mapping number words to quantities (Jiménez Lira et al., 2017) and, more 

generally, counting aids children’s understanding of the link between quantitative information of 

numbers and their symbolic representations (Xu, 2018).  

Researchers typically assess verbal counting ability by asking children to count as high as 

they can starting from one (e.g., Clarke & Shinn, 2004; Purpura & Lonigan, 2015). As a core 

numeracy skill, verbal counting skills are one of the best predictors of later mathematics 

performance (Aubrey et al., 2006; Aubrey & Godfrey, 2003; Kavkler et al., 2003). Kindergarten 

children’s more sophisticated counting skills, which require knowing the counting string, such as 

number-word correspondence and enumeration skills, have been found to predict basic 

arithmetic skills in the early years of elementary school (Aunola et al., 2004; Desoete et al., 

2009; Jordan et al., 2007; Koponen et al., 2007; Kurdek & Sinclair, 2001; LeFevre et al., 2006). 
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For example, object counting plays an explicit role in arithmetic because children use counting 

strategies in their early calculations (Geary, 2004). Counting eventually becomes a more 

automatic process, allowing children to use their cognitive resources towards more complex 

mathematical tasks (Gersten & Chard, 1999; Resnick, 1989).  

Cardinality 

Cardinality means that the final number word in a counting sequence represents the 

quantity of the set (LeFevre et al, 2006). It takes quite a long time for children to learn how 

number words map onto exact, cardinal numbers (Briars & Siegler, 1984; Frye et al., 1989; 

Fuson, 1988; Le Corre et al., 2006; Sarnecka & Carey, 2008; Wagner & Walters, 1982). After 

learning to recite the counting sequence by rote, children learn the numerical meanings of the 

first few number words, one at a time, in sequential order (Le Corre et al., 2006; Sarnecka & 

Lee, 2009; Wynn, 1990, 1992). Their progress can be observed clearly through the Give-N task 

(Frye et al., 1989; Le Corre et al., 2006; Sarnecka & Lee, 2009; Wynn, 1990, 1992), where 

children are asked to form a set of a given number (e.g., “Can you give three apples to the 

puppet?’’). The predictive value of the Give-N task is supported by many studies, both 

longitudinal (Wynn, 1992) and cross-sectional (Condry & Spelke, 2008; Le Corre & Carey, 

2007; LeCorre et al., 2006; Sarnecka & Gelman, 2004; Sarnecka et al., 2007; Schaeffer et al., 

1974; Wynn, 1990).  

By age 3, most English-speaking children only understand the meaning of the number 

“one” (Sarnecka & Carey, 2008). Thus, during the Give-N task, the “one-knowers” give one 

object when asked for one, and generally give two or more objects when asked for any other 

numeral. Several months later, children develop an understanding of “two”, at which point they 

give two objects when asked for two (i.e., “two-knowers”), and give three or more objects for 
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higher numbers. They later learn the meaning of three (i.e., “three-knowers”), then four (i.e., 

“four-knowers”) over several months. Children at any of these levels are referred to as subset-

knowers (Slusser et al., 2013) because even though they can recite the number words in order to 

ten or higher, they know the exact, numeral meanings of only a subset of those number words 

(Le Corre & Carey, 2007; Le Corre et al., 2006; Sarnecka & Carey, 2008). 

By age 4, many children have developed an understanding of the cardinal principle for 

sets up to five or six (Le Corre & Carey, 2007; Le Corre et al., 2006; Sarnecka & Carey, 2008; 

Shusterman et al., 2010). At this point, they are referred to as cardinal principle knowers (CP-

knowers). CP-knowers know the meaning of every number in their count list and, more 

generally, that the cardinal meaning of any number word is dependent on that word’s position in 

the counting list (Gelman & Gallistel, 1978). CP-knowers can demonstrate their knowledge by 

generating the set size that corresponds to any number they can count to. It is important to note 

that what separates the CP-knowers from the subset-knowers is not just the size of the sets that 

they can produce; rather, it is that CP-knowers understand the principle of counting, whereas 

subset-knowers do not (Sarnecka & Carey, 2008). In summary, by age 5 or 6, children 

understand how number words are connected to quantities (i.e., they have cardinal principle 

knowledge and enumeration skills). They can then learn to attach this quantity knowledge to 

Arabic symbols (Case et al., 1996) and shift their focus to the cardinality of a set, that is, the 

symbolic digit representation, as opposed to the number’s physical representation as a concrete 

object (Bialystok, 1992). 

Another task that is used to assess children’s understanding of the cardinal principle is 

magnitude comparison of sets (Krajewski & Schneider, 2009; Sarnecka & Wright, 2013). 

Children need to have an understanding of both cardinality and equinumerosity, that is, “only 
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sets whose items can be placed in one-to-one correspondence have the same number of items” in 

order to succeed in this task (Sarnecka & Wright, 2013). Therefore, this task requires more 

knowledge on children’s part and differentiates CP-knowers from non-CP-knowers. 

Acquiring cardinal knowledge is critical in the development of quantitative skills 

(Brainerd, 1979; Fuson, 1988; Gelman & Gallistel, 1978; Sarnecka & Carey, 2008; Wynn, 

1990). For example, preschoolers’ performance on the Give-N task in the fall predicted 48% of 

the variance in their mathematics achievement at the end of the school year (van Marle et al., 

2014). Similarly, children who had not yet developed the cardinal value of at least three at the 

beginning of preschool performed significantly worse on a complex task that required the 

addition of two or more cardinal values (represented with symbolic or non-symbolic stimuli) in 

kindergarten compared to CP-knowers (Moore et al., 2016). This relationship was still in place 

after controlling for variables such as executive functions, intelligence, and number naming 

fluency. However, the Give-N task becomes less sensitive in detecting individual differences in 

cardinal knowledge as children get older. By age 4, most children are three-knowers (Moore et 

al., 2016), and by age 5, the majority are CP-knowers (Sarnecka & Carey, 2008). Therefore, a 

relatively more difficult task (e.g., point-to-x; Wynn, 1990) may be more appropriate in 

measuring the cardinal knowledge of children who are already CP-knowers. 

Number Identification  

Children build on their simple counting knowledge by learning the symbolic 

representation of numbers (1, 2, 3, …) that correspond to each number word (one, two, three, …) 

in the count sequence (Bialystok, 1992). Children’s ability to map number words and digits is 

typically assessed through numeral identification tasks (e.g., Hornburg et al., 2018; Jiménez Lira 

et al., 2017; Purpura & Lonigan, 2015), where children are given the names of the numbers (e.g., 
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“Show me seven”) and asked to point to the corresponding Arabic digits (e.g., 7) or presented 

with Arabic digits and asked to say the corresponding names. Both tasks speak to the mapping of 

number words and digits, but in different directions: The former tests children’s ability to map 

number words onto digits, while the latter tests their ability to map digits onto number words 

(Jiménez Lira et al., 2017). Typically, children are equally good at both directions of mapping 

(Hurst et al., 2017). 

The beginning of children’s numeracy development may be marked with their ability to 

differentiate between numerals and other signs and symbols (e.g., knowing that numbers and 

letters are different), which is followed by learning the names of numbers (Krajewski & 

Schneider, 2009; Sarama & Clements, 2009). At this point, they do not understand that digits 

hold quantitative meanings as well. Children develop an understanding of the link between 

number words and digits during preschool: Approximately 25% of children correctly identified 

numbers 1 to 9 by age four (Ginsburg & Baroody, 2003). In another study, four-year-old children 

had an average of 40% success rate in naming digits from 0 to 9, while five- and six-year-olds 

had approximately a 60% and 90% success rate, on average (Berteletti et al., 2010). 

Studies have shown that, alongside counting, kindergarten children’s numeral 

identification ability of numbers between 0-20 (Clarke & Shinn, 2004), 0-100 (Lembke & 

Foegen, 2009), or greater (Cirino, 2011) is important for their mathematics growth in grade 1. In 

addition, children’s ability to identify one-, two-, and three-digit Arabic numerals at school entry 

were found to be a strong predictor of growth in arithmetic skills during the following year 

(Göbel et al., 2014).  
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Magnitude Comparison of Digits 

Magnitude comparison of digits is the ability to map digits to quantities (Bialystok, 1992) 

in order to decide which digit represents the larger quantity. Numerical magnitude processing is 

frequently measured using number comparison paradigms in which participants choose the larger 

of the two numbers. Individuals respond more quickly and accurately when comparing numbers 

that are numerically more distant (e.g., 5 vs 9) than when they are closer (e.g., 5 vs 6; Moyer & 

Landauer, 1967).  

Research across different studies and populations consistently shows positive relations 

between symbolic magnitude comparison skills and mathematics (e.g., De Smedt et al., 2013). 

Children who are accurate and efficient at magnitude comparison tend to also perform well in 

more complex mathematics tasks, including arithmetic (Nosworthy et al., 2013), word problems 

(Fuchs et al., 2010), fractions (Mou et al., 2016), and geometry (Lourenco & Bonny, 2017). In a 

recent meta-analysis, symbolic comparison and mathematical competence were moderately 

correlated (r = .30, averaged across 89 effect sizes; Schneider et al., 2017). This relationship is 

further supported through longitudinal findings of several studies (Bartelet et al., 2014; Matejko 

& Ansari, 2016; Vanbinst et al., 2018; Xenidou-Dervou et al., 2017). For example, children’s 

symbolic comparison skills (digit range: 1–9) in kindergarten are a robust and consistent 

predictor of mathematics performance (i.e., number relations, mental arithmetic, applied 

calculations and measurement) in both grades 1 and 2, even after ruling out the individual 

differences related to IQ and working memory (Xenidou-Dervou et al., 2017).  

Conclusion 

Early numeracy skills serve as the building blocks of acquiring mathematics and have 

long term relations with children’s future mathematical skills. It is therefore essential to identify 
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struggling math learners at an early age for early intervention. Although there are existing tools 

that identify children's knowledge in the areas of verbal counting, cardinality, number 

identification, and magnitude comparison, a tool that combines both early literacy and numeracy 

measures would be valuable for teachers and educators. Teachers and educators could use this 

tool to identify children’s areas of strengths and weaknesses to appropriately target instruction in 

the classroom to children’s individual needs. 

Relations Between Literacy and Numeracy in Kindergarten 

The two main domains of school achievement can be identified as achievement in 

reading and math, and the close relationship between these domains has been supported across 

different levels of age (Chen & Chalhoub-Deville, 2016; Purpura & Napoli, 2015) and across 

gender (Abedi & Lord, 2001). Early literacy and numeracy skills seem to be highly related 

(Duncan et al., 2007; Hecht et al., 2001; Purpura et al., 2011; Welsh et al., 2010). A recent meta-

analysis found an average large correlation (r = .55) between measures of reading and math 

(Singer & Strasser, 2017). For example, basic knowledge of print and mathematics (letter 

identification and number identification) were significantly associated with each other in 

preschool (Piasta et al., 2010) and kindergarten (Matthews et al., 2009). In conclusion, it is 

important to measure children’s knowledge in both early literacy and numeracy to identify areas 

of need in the two domains to ensure academic achievement.   

Gender 

Do girls and boys differ in their early literacy or numeracy skills? There is no consensus. 

In terms of literacy achievement, girls seem to have an advantage in memorizing the alphabet 

(Lundberg et al., 2012), which is foundational to developing early literacy skills. They also 

perform better in some areas of reading development compared to boys (McGuinness et al., 
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1995). On the other hand, gender was not found to be a strong predictor of children’s reading 

ability (Limbrick et al., 2011).  

Several studies report identical primary numerical abilities between girls and boys (e.g., 

Dehaene, 1997, Nunes & Bryant, 1996); however, some studies indicate gender differences. For 

example, girls aged four to seven years outperformed boys in basic arithmetic tasks on the 

British National Curriculum Key Stage 1 measurements (Demie, 2001; Gorard et al., 2001; 

Strand, 1997, 1999). To be more precise, girls performed better than boys during Baseline 

measurements (i.e., 4-years-old) and Key Stage 1 measurement (i.e., 7-years-old); however, 

between the two measurement points, the boys showed higher progress (Strand, 1999). Similarly, 

Finnish girls aged 4 to 7 years (Aunio et al., 2008, Aunio et al., 2006) and Australian girls aged 5 

to 6 years (Boardman, 2006) had better early numeracy skills than same aged boys. Contrary to 

these findings, Jordan et al. (2006) found that kindergarten boys had higher performances in the 

overall number sense, nonverbal calculation and estimation skills compared to girls. Yet, no clear 

gender differences have been found in mathematical performance in the early years of 

elementary school (Aubrey & Godfrey, 2003, Aunola et al., 2004, Carr & Jessup, 1997, Fennema 

et al., 1998).  

Achievement studies where task scores are compared among different subgroups often do 

not assess whether the latent variables tested are functioning similarly across different subgroups 

(e.g., girls and boys; Dimitrov, 2010). It is important to check that each item in a task, as well as 

the task as a whole, have the same meaning across these groups for the results to be accurate; 

that is, the measurement is invariant across gender. Establishing measurement invariance for 

standardized tests such as the Wechsler tests is even more crucial considering their wide use 

around the world (Bowden, 2013). For example, some items in the Arithmetic subtest of the 
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Wechsler Intelligence Scale for Children – Third Edition (WISC-III; Wechsler, 1991) functioned 

differently across gender (Maller, 2001). These items were more difficult for girls than boys with 

the same latent ability level. In other words, the probability of children with the same underlying 

arithmetic skills passing or failing these items changes as a function of group membership 

(gender). Thus, it would not be accurate to state that boys have a higher level of arithmetic skills 

than girls based on their performances on these items. Measurement invariance across gender 

was established in the later versions of the WISC (e.g., WISC-V; Chen et al., 2015).  

Kindergarten in Ontario 

Kindergarten in Ontario is a two-year play-based program (full-day). Children in the first 

year of kindergarten, formerly referred to as junior kindergarten, start in September of the year 

they turn four, and thus range in age from 3:8 to 4:7 (years, months) when they start school. 

Children in the second year of kindergarten, formerly referred to as senior kindergarten, range 

from 4:8 to 5:7. Although these two kindergarten levels are now labelled Year 1 and Year 2, I 

will use the terms junior and senior kindergarten for clarity. 

Research supports the benefits of the play-based approach mandated in the Ontario 

kindergarten program. Throughout the day, children have many opportunities to engage in 

literacy- and numeracy-rich activities as they play. For example, when children write their names 

with magnetic letters, they naturally engage in literacy behaviours involving awareness of print 

concepts, the alphabetic principle, and the fact that letters make sounds and the sounds carry 

meaning (i.e., phonological awareness). Furthermore, children spontaneously engage in 

mathematics behaviours during play as they measure, sort, and count (Ginsberg, 2006; Sarama & 

Clements, 2008; Seo & Ginsberg, 2004; Hunting, 2010).  
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However, to maximize children’s learning, teachers must make intentional and 

purposeful interactions during play (Baroody et al., 2006; Thomas et al., 2011; Balfanz, 1999; 

Ginsburg et al., 2008). By being mindful of children’s questions and interests, teachers can 

embed learning experiences in the classroom in a developmentally appropriate way. For 

example, after a child successfully spells their name with magnetic letters, a teacher can provide 

the child with the name cards of other students and ask them to spell those names. With regard to 

the cardinality principle for example, when a child talks about their age (e.g., “I am four now and 

I am going to be five”), teachers can situate a question that would provoke the child to compare 

the magnitude of two numbers (e.g., “Are you going to be older or younger on your next 

birthday?”). 

As part of the curriculum, children are expected to demonstrate their literacy and 

mathematics knowledge. Each learning outcome has specific expectations, and educators can 

assess children’s learning through what they say, what they do, and what they depict or 

represent. For example, children might show that they can draw meaning from texts that they 

read as beginner readers by saying out loud the words that they sight (e.g., “I know that says 

the”). As beginner writers, children might show that they can communicate with others by 

writing letters to one another and to family members. They might also show their understanding 

of number concepts (e.g., counting, quantity and number relationships) through noticing that two 

groups of objects are the same in number (e.g., both sides of the sorting tray have the same 

number of objects). Thus, teachers encourage children to engage in literacy and numeracy 

behaviours that closely resemble real-life situations and assess children’s progress by observing 

their behaviours and listening and asking probing questions. 
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In summary, the foundational early literacy and numeracy skills that research highlights 

(e.g., alphabet knowledge, counting) are embedded within the learning objectives of 

Kindergarten in Ontario. However, these expectations do not indicate where on the spectrum of 

skills the children should be at by the end of kindergarten, nor is there a boundary between the 

two levels of kindergarten. Therefore, children’s scores on instruments that measure their early 

literacy and numeracy skills cannot be compared directly to the kindergarten curriculum. It 

would be helpful for teachers and educators to have access to Ontario norms or district-level 

norms on a psychometrically sound tool to which they could compare their students’ 

performances. 

Age and Schooling 

Age and school experience may provide an advantage to children in acquiring literacy 

and numeracy skills. As children get older, their competencies increase (Fayol et al., 1998; 

Huang & Invernizzi, 2012; Jordan et al., 2006; Ransdell & Hecht, 2003). However, it is 

important to separate the effects of schooling from those of age-related development (Burrage et 

al., 2008). The former is experienced by only one group of children (e.g., senior 

kindergarteners), whereas the latter is experienced by all children. For example, if a group of 

senior kindergarteners outperform same-aged junior kindergarteners on an alphabet knowledge 

test in the fall (who are in a different year of schooling due to the age cut-off criteria in Ontario), 

this outperformance is in part due to a year of education experienced only by the senior 

kindergarteners. Indeed, Burrage and colleagues (2008) have found that children in senior 

kindergarten performed better than their same-age junior kindergarten counterparts on a word 

reading task both in the fall and spring. The difference in the fall performance may be interpreted 

as an effect of senior kindergarteners’ additional schooling experience of junior kindergarten, 
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which is not experienced by junior kindergarteners. The difference in the spring performance 

may be interpreted as an effect of the differential schooling experiences (growth from fall to 

spring) of children in junior and senior kindergarten.  

Similar to comparing children’s performances across gender, it is important to check that 

the tasks used are invariant across age or school year (Dimitrov, 2010). For example, junior and 

senior kindergarteners are likely to perform differently in both fall and spring. However, the 

differences in performances would only be meaningful if the tasks function similarly across 

kindergarten level. In addition, to accurately assess growth within each kindergarten level from 

fall to spring, the tasks must be invariant across time.  

Early Identification of Children Who Need Additional Support 

Children enter the kindergarten program with different levels of early literacy and 

numeracy skills. Depending on where they start, the experiences they have, and the instruction 

received in the classroom, children will achieve varying levels of growth with regards to the 

learning expectations of the program. Although many children succeed in meeting expectations, 

some young learners do not acquire well-developed early academic skills (Lonigan et al., 2011). 

As a result, they will have difficulty in becoming skilled in literacy and numeracy with just the 

typical instructions delivered in the early elementary grades. Identification of these children, who 

either enter kindergarten at a disadvantage or do not make sufficient progress, will ensure that 

they get the help they need to avoid any permanent delay in their academic skills.  

Longitudinal studies show that children’s reading-related skills in junior kindergarten 

(i.e., preschool in other countries) have a high degree of continuity in elementary school (e.g., 

Lonigan et al., 2000; Storch & Whitehurst, 2002); this finding reveals that the developmental 

precursors that underlie the acquisition of reading appear before children begin formal schooling 
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(Lonigan et al., 2011). Children who read well also read more, and therefore grow their 

knowledge in various domains (Mol & Bus, 2011). On the other hand, children who have reading 

difficulties read less (Allington, 2014), receive less practice in acquiring reading comprehension 

strategies (Paris, 2005), and develop negative attitudes towards reading (Woolley, 2011). With 

time, the gap in their reading skills as well as their achievement in other academic areas, 

becomes greater compared to their literate peers (Chall et al., 2009).  

Similar to literacy outcomes, children who perform poorly in early numeracy skills are at 

risk of having later mathematical learning difficulties (Jordan et al., 2006). In one study, the 

majority of children who performed below the 10th percentile in mathematics in the fall and 

spring of senior kindergarten had low levels of performance in the first, third, and/or fifth grades 

(Morgan et al., 2009). These children had difficulty in memorizing the count sequence, made 

errors when counting sets of objects, and had difficulty making magnitude comparisons and 

basic addition and subtraction; these are behaviours that teachers can observe during typical 

classroom activities (Aunio & Niemivirta, 2010; Desoete et al., 2009; Jordan et al., 2006). 

Because these differences exist prior to formal schooling (Aunio et al., 2009) and without 

intervention (Missall et al., 2012), both of which would be expected to produce differences, early 

assessment in kindergarten is necessary to identify children who need additional support. 

Early identification of children at risk for developing later literacy and math challenges is 

crucial for many reasons. For example, the educational and occupational achievement of children 

who are having difficulties in these areas are greatly impacted. Indeed, a child who has trouble 

learning to read will have trouble in other subject areas, which may lead to developing negative 

attitudes towards both reading and school. Research has shown that children who are poor 

readers at the end of the first grade are highly likely (roughly 90% probability) to remain poor 
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readers at the end of the fourth grade (Boyer, 1991). Furthermore, the drop-out rate of students 

with below-average reading skills from high school was reported to be 23 percent, which is the 

highest compared to students with basic reading skills (9 percent) and proficient readers (4 

percent; McGencey, 2011). People with low numeracy were found to have lower incomes and 

poorer health outcomes, and to be more likely to have been involved with the law (Parsons & 

Bynner, 2005). Moreover, numerical knowledge at the age of seven is predictive of one’s 

socioeconomic status (SES) at age 42, even after accounting for the students’ IQ and the SES of 

the family that they were born into (Ritchie & Bates, 2013). 

Several tools have been developed to assess children’s early literacy and numeracy skills. 

For example, the Get Ready to Read! Revised Screening Tool (GRTR-R; Whitehurst & Lonigan, 

2001; Lonigan &Wilson, 2008) is a 25-item task that measures some of the foundational early 

literacy skills including letter-name and letter-sound knowledge, directionality of print, and 

phonological awareness. The GRTR-R was found to have good reliability with an alpha value of 

.88 (Lonigan & Wilson, 2008). It also had adequate latent ability estimates, with a greater 

precision of measurement for children who have below average abilities, which is in line with its 

primary purpose of identifying children who are in need of additional assessment (Farrington & 

Lonigan, 2015). That is, once children with below average abilities are identified using the 

GRTR-R, it is necessary to follow with a diagnostic assessment to identify any disabilities the 

children might have and to tailor the intervention to the needs of the children. An example of a 

recently developed and commonly used early numeracy tool is the Early Numeracy Assessment, 

which consists of 12 tasks that assess essential early numeracy skills including number 

identification and cardinality (Purpura & Lonigan, 2015). The reliability of the tasks ranged from 

an alpha of .69 to .90, and the tool was found to be psychometrically sound.  
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Although these tools provide valuable resources for researchers, none of these measures 

are normed for kindergarteners in Ontario, and specifically in Ottawa. In an attempt to fill this 

gap, a large school board in Ontario, Canada developed the Early Literacy and Numeracy 

Observation Tool (ELNOT; 2017). The ELNOT is a standardized progress-monitoring tool for 

teachers and educators to use. 

Early Literacy and Numeracy Observation Tool (ELNOT) 

History 

In 2008-2009, the school board piloted a tool labeled the Early Literacy Observation Tool 

(ELOT) which included the original or adapted version of three of Clay’s (1993) early literacy 

measures: Letter Identification, a shortened version of Concepts about Print, and an adapted 

version of Hearing and Recording Sounds in Words. Based on findings from this pilot, they 

made revisions to the observation protocol and implemented the revised ELOT in the 2009-2010 

school year. The tool, however, did not have norms due to several problems (e.g., missing data, 

inaccurate reporting), nor did it include a numeracy component. In 2014-2015, the school board 

initiated a project to update the ELOT. To do so, two literacy measures were modified, and a 

numeracy component was added. The research officer in charge of the project added 

fundamental numeracy components after consulting with experts in the numeracy field. The goal 

of the Early Literacy and Numeracy Observation Tool (ELNOT) is to provide educators with a 

research-based assessment tool that measures early literacy and numeracy skills. In line with 

that, the final version of ELNOT was established in 2017. It has a total of 10 measures, four 

literacy and six numeracy components—these are described in the Methods section.  
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District-Level Norms 

The goal of the ELNOT is to give teachers and educators a clear indication of whether a 

student requires further assessment, which involves discussions with other school staff like the 

learning support services regarding the observations of the teachers and educators about the 

student, and intervention. Hence, as a point of reference for evaluating children’s performance, 

the school board developed district-level norms from the administration of the final version of 

the ELNOT during the 2017-2018 academic year (1,113 kindergarteners; about half in junior 

kindergarten). With such information available to school staff, they can gauge children’s 

developmental growth throughout the two-year kindergarten program. As was the case with the 

ELOT, the ELNOT protocol indicates that teachers are to use their judgement to determine 

whether a student needs to complete any or all of the observation components and when to 

conduct the measures of the ELNOT during the school year. 

Purpose of Study 

 The purpose of this thesis was to evaluate the psychometric properties of the ELNOT by 

examining its measurement precision through item analyses and measurement invariance through 

multiple-group CFA tests. The findings of this thesis provide valuable information on the 

accuracy and precision of the ELNOT and suggestions for potential revisions.  

Research Questions 

1. Do the tasks with item-level data provide a good coverage of the latent abilities? 

Specifically, what are the patterns of difficulty and discrimination for the items on the 

Print Concepts, Letter Identification, and Number Recognition tasks? 
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2. Is the ELNOT invariant across gender, kindergarten-level (junior and senior), and time 

(fall and spring)?  

a. Configural invariance: Do the groups have the same factor structure? 

b. Metric invariance: Do the groups have the same factor loadings? 

c. Scalar invariance: Do the groups have the same item intercepts? 

d. Residual variance invariance: Do the groups have the same item residual 

variances? 

Methods 

Participants 

Sixty-five schools in the school board that include kindergarten children were randomly 

selected to participate in the project, from which 1,133 children in kindergarten were randomly 

selected to participate. Of these children, 569 were in junior kindergarten (50% boys) and 564 

were in senior kindergarten (50% girls). For this thesis, only participants who met the following 

criteria (set by the school board) were included in the analyses: (a) the assessor was one of three 

primary research officers who used identical ways of assessment to ensure standardization in 

data collection, and (b) each child completed all components of the ELNOT at both data 

collection time points conducted in the fall and spring of the school year. As such, the participant 

sample for this study was 356 children from 32 schools including 173 in junior kindergarten 

(49% male) and 183 in senior kindergarten (46% male). Participation was voluntary; children 

could refuse to complete the tasks at any time during the assessments. The data were completely 

anonymized.  

Measure 

The ELNOT consists of four literacy and six numeracy measures described below. 
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Literacy 

The four literacy measures, described below, are Print Concepts, Letter Identification, 

Early Spelling, and Reading. 

Print Concepts. The Print Concepts task measures children’s knowledge about the way 

we print language and whether they have developed important print awareness concepts. It does 

not require that children know how to read. This measure is an adapted version of Clay’s (1993) 

Concepts about Print task which had 24 items. As per the guidelines of the original task, the 

assessor read one of two books to participating children and asked them questions before or after 

reading each page. The 22 questions assessed seven categories of concepts as listed in Table 1. 

Children received one point for correctly responding to each question with two 

exceptions. Some items from the concepts of word and concepts of letter categories required 

children to respond to two questions for them to receive one point (e.g., word concepts – “Show 

me just one word” and “Now show me two words”). The maximum score was 22. In the present 

study, children were read books titled Stones in the fall and Follow Me, Moon in the spring 

testing session. 
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Table 1 

Seven Categories of Concepts in the Print Concepts Task (Total Items = 22) 

Concepts Example n items 

Book Title – “Show me the name of this book.” 3 

Orientation Line sequence – “What’s wrong with this?” (reading the 

bottom line first, then the top line) 

3 

Reading Print carries the message as opposed to the picture – “Where 

do I begin to read?” 

2 

Directionality Left to right – “Which way do I go?” 3 

Word Last word – “Use your finger to show me the last word on 

this page.” 

3 

Letter concepts Capital letter – “Use your finger to show me a capital letter.” 4 

Punctuation marks Period – “What is this called/for?” 4 

Letter Identification. The Letter Identification task (Clay, 1993) measures children’s 

knowledge of the names and sounds of the alphabet. The 26 letters of the alphabet, both in 

uppercase and lowercase formats, plus two alternative fonts of lowercase letters a and g (i.e., a, 

a, g, g) were presented, on a card, in the same random order. To introduce the task, the assessor 

showed the letter card to the child and asked what they were called. The assessor then pointed at 

each letter and asked the child to name it (i.e., “What is the name of this letter?”). If the child 

gave a response, the assessor moved onto the next letter. If the child was unable to respond or did 

not know the name of the letter, the assessor then asked the child the sound of the letter (i.e., 

“What sound does it make?”). If the child was unable to respond or did not know the sound of 

the letter, the assessor asked the child to say a word that starts with the letter (i.e., “Can you tell 

me a word that starts with this letter?”). Children received a single point for either correctly 

naming, sounding out, or saying a word that starts a letter. The maximum score was 54.  



31 

 

 

 

Early Spelling. The Early Spelling task measures children’s ability to link sounds with 

letters. It is adapted from Clay’s (1993) Hearing and Recording Sounds in Words task in the 

Observation Survey of Early Literacy Achievement. Children were asked to listen to two 

sentences and correctly spell each word in the sentences by listening carefully to the sounds. The 

sentences for the fall session were: I have a big dog at home. Today I am going to take him to 

school; and those for the spring session were: The boy is riding his bike. He can go very fast on 

it. The assessor read the sentences first at a neutral speed, then a second time slowly word by 

word, of which the children were made aware of beforehand, to allow them to listen carefully to 

each word and attempt to write the sentences accurately. Children received a score for every 

phoneme (sound) that they spelled correctly. For example, a child wrote “I H A B D A H T I M 

G T T H T S” in the fall, successfully capturing 16 sounds. The maximum score was 37. 

Reading. The Progress for Meaning Benchmark Reading Assessment Resource (Nelson, 

2003, 2010) is a commercially available basal series of 30 booklets each increasing in difficulty 

that allow teachers to measure children’s level of independent reading level. Depending on the 

resources available at each of the schools, the assessor used either Kit-1 (Nelson, 2003) or Kit-2 

(Nelson, 2010). Each booklet comes with a Reading Record that allowed the recording of 

reading errors, and a child has to read accurately 95% of the words in the booklet in order to be 

assessed on comprehension. Each booklet comes with an Assessment Record that includes 

questions to assess the child’s comprehension, with questions increasing in difficulty across the 

30 booklets. To pass a reading level (i.e., one point per booklet), the child must correctly answer 

questions that reflect general to thorough comprehension of the story. The maximum score was 

30.  
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Numeracy 

The six numeracy tasks, described below, are Verbal Counting, Number Recognition, 

Number Naming, Give-N, Compare Sets, and Magnitude Comparison. 

Verbal Counting. The Verbal Counting task, adapted from Purpura and Lonigan (2015), 

measures children’s verbal counting abilities. The assessor instructed children to start counting 

from one and go as high as they can. Children received one point for correctly counting to five, 

and an additional point for correctly counting to each of the following numbers: 10, 15, 20, 25, 

40, and 100. The highest count was determined to be the largest number counted before an error. 

For example, if the child omitted thirteen (e.g., “…11, 12, 14), his/her highest count was 

recorded as twelve. Or if the child repeated a cycle (e.g., “…28, 29, 30, 21, 22”), his/her highest 

count was recorded as thirty. The maximum score was seven.  

Number Recognition. The Number Recognition task, adapted from Olson and colleagues 

(2009), measures children’s ability to map number names to digits. Children were presented with 

14 sets of numbers each presented in a row, with four numbers in each row presented in a 

random order (e.g., 2, 10, 6, 4) that ranged from 0 to 90. There were 56 items in total. The 

assessor named in a random order each number in the set (e.g., 10, 4, 2, 6; “Show me number 

10.”) and the child had to point to the number named (e.g., 10, 4, 2, 6). Before beginning the 

task, children received two practice items, and the assessor corrected them if they were unable to 

identify the numbers correctly. The random order of administration was consistent across 

children and test time. Children received one point for each number identified correctly, for a 

maximum score of 56. 

Number Naming. The Number Naming task (Lembke & Foegen, 2005) measures 

children’s ability to map digits to number names. This task included two lists of 56 numbers 
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between 1 and 100. Each list was administered once, for a total of 112 items. Numbers in each 

list were randomly ordered. The assessor pointed to the numbers in order, and children were 

asked to say the names of as many numbers as they could in one minute (per list). The same lists 

were used in both assessment periods (i.e., Fall and Spring). Before starting the task, the assessor 

introduced the task (i.e., “There are numbers in boxes.”) and gave four practice items (i.e., 6, 15, 

1, and 44 – pointing at every box and asking, “What number is this?”). If children gave an 

incorrect response, the assessor corrected them. Children received one point for each number that 

they identified correctly, and their scores on both lists were averaged to assign them a total score 

for this task. If the child did not respond to an item within 3 seconds, that item was scored as 

incorrect, and the assessor pointed to the next number. If the child skipped an item or an entire 

row, each item that they skipped was scored as incorrect. The maximum score was 56.  

Give-N. The Give-N task, adapted from Wynn (1990), measures children’s understanding 

of the relationship between number words and the quantities that they represent (i.e., the 

cardinality principle). The assessor asked children to give a certain number of blocks to the 

finger puppet, starting at three blocks and increasing the number of blocks by one if successful in 

the previous trial. The task ended when the child gave two correct responses for a number and 

two incorrect responses for the next number. For example, if unsuccessful at any level, the child 

moved down by one number (e.g., if unsuccessful at presenting four blocks, asked to present 

three blocks again); if successful at this stage, the child revisited the level they had failed 

previously. So, if the child responded incorrectly (i.e., did not present four blocks the second 

time), they would be identified as a “3-knower” and receive a score of three. However, if the 

child was successful at presenting four blocks, they continued increasing by one block until they 

reached a maximum number of eight blocks. If the child accurately reached eight blocks (i.e.., 
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maximum), the assessor asked for seven (and eight) blocks again to ensure that both numbers 

were revisited. The highest number of blocks that children correctly “gave” the finger puppet 

was the score that they received on this task. The maximum score was eight. 

Compare Sets. This second measure of the Cardinality Principle, adapted from Sarnecka 

and Wright (2013), requires more sophisticated knowledge on the part of the child than Give-N 

and assesses children’s ability to make one-to-one correspondence of two sets with the same 

number of objects. The task included four items: peaches (5 to 5), cupcakes (5 to 6), apples (6 to 

5) and cookies (6 to 6). Children were presented with pictures of these snacks, each set of snacks 

lined up in same-length rows, with either an equal number of snacks (peaches and cookies) or 

not (cupcakes and apples). When the two sets of snacks had different amounts, like cupcakes, it 

was visually apparent that one of the sets had one fewer cupcake. There was also a practice item 

in the beginning (oranges; 5 to 5) where the assessor corrected any errors in comprehension to 

clarify the task. The assessor asked the child whether the two sets of snacks that they gave to the 

two finger puppets were the same or different and asked if a particular set was “five or six.” 

Children had to correctly identify the number of snacks in a set to receive a score. Otherwise, if a 

child correctly identifies that two sets have the same number of snacks but fails to express the 

correct amount, the child does not receive any points for that item. Each child was allowed to 

pick which snack to give next, and therefore the order of the trials was randomized. The 

maximum score on this task was four. 

Magnitude Comparison. The Magnitude Comparison task (Lembke & Foegen, 2005) 

measures children’s understanding of the relationship between quantities and digits and their 

ability to make magnitude comparisons. Randomly selected numbers (ranging from 0 to 20) were 

paired together, and children were asked to identify the “bigger” number in each set. This task 
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included two lists with a total of 63 different sets (or items) in each, and children answered as 

many items as they could in one minute (per list). The same lists were used in both assessment 

periods (i.e., Fall and Spring). Before beginning the task, children were given three practice 

items, where the assessor repeated the correct response (e.g., “Good. 7 is bigger than 1.”) or 

corrected the child every time if they were unable to identify the bigger number in each of the 

three sets (e.g., “The number that is bigger is 7.”). Children received a score for each item that 

they identified correctly, and their scores on both lists were averaged to assign them a total score 

for this task. As was the case with the Number Naming task, if the child did not respond to an 

item within 3 seconds, that item was scored as incorrect, and the assessor moved to the next item. 

If the child skipped an item or an entire row, each item that they skipped was scored as incorrect. 

The maximum score was 63.  

Procedure 

The ELNOT was administered twice, in the fall and spring of the kindergarten year, by 

three research officers of the school board. The Fall administration was conducted between 

November and December of 2017, whereas the Spring administration was conducted between 

May and June of 2018. At each assessment time, the tasks were administered in two sessions, 

lasting approximately 15 minutes each, because young children’s attention span is typically short 

and that they may lose interest in participation if kept for longer. Moreover, the sessions were 

scheduled within a maximum of one week from each other because kindergarten children’s 

knowledge can grow quickly. The first session consisted of the following five tasks, in order: 

Letter Identification, Verbal Counting, Number Recognition, Print Concepts, and Number 

Naming. The second session consisted of the following five tasks, in order: Give-N, Early 
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Spelling, Magnitude Comparison, Reading, and Compare Sets. To avoid any errors related to 

scoring, each assessor scored the tasks that they have administered right after each session.  

Analysis Overview 

The purpose of this thesis was to evaluate the psychometric properties of the ELNOT. 

Preliminary analyses were performed to assess the suitability of each task for further analyses. 

Excluded from further analyses were tasks that had more than 15-20% of children scoring at 

floor or ceiling (McHorney & Tarlov, 1995), or items within tasks that had 100% of children 

scoring the same (i.e., zero variance; Ellis, 2017). Two series of analyses were conducted on the 

tasks retained. First, item analyses were conducted on the three tasks for which item-level data 

were available, namely, Print Concepts, Letter Identification, and Number Recognition. Second, 

the measurement invariance of the ELNOT was assessed with a series of multiple-group 

confirmatory factor analyses (CFA). Analyses were conducted separately for the fall and spring 

data.  

Item Analyses 

Item Response Theory (IRT) analysis is a model-based method of latent trait 

measurement that assumes that the probability of every possible response that participants can 

give to any of the items in a task is closely related to the level of the underlying characteristic 

that the task assesses (i.e., the latent ability [theta or θ]; Kline, 2005). One of the most frequently 

used binary-response models (e.g., correct or incorrect) in IRT is a two-parameter logistic model 

(2-PL; Kline, 2005). The two item-level characteristics, or parameters, estimated in a 2-PL 

model are the item difficulty and discrimination parameters.  

The difficulty parameter (b) of an item represents the latent ability level required for 50% 

of the participants to correctly respond to that item (b = θ at 50% probability of a correct 
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response). As such, the difficulty parameter (b) provides an estimate of how easy or difficult an 

item is for the participants. The higher the b value, the more difficult is the item. If the difficulty 

parameters are widely spread from the lowest to the highest levels of the trait, which usually 

ranges between -3 to +3, the scale measures the entire range of the trait and makes it 

generalizable to a variety of populations (Kline, 2005).  

The discrimination parameter (a) gives an estimate of how well an item differentiates 

between participants of varying latent-ability levels. The larger the a value, the more sharply the 

response categories are defined for participants with different levels of the trait, therefore 

indicating that an item has more precision. As such, discrimination values from 0.01 to 0.24 are 

considered very low, 0.25 – 0.63 low, 0.65 – 1.34 moderate, 1.35 – 1.69 high, and greater than 

1.7 are considered very high in precision (Baker, 2001).   

From the examination of the item parameters, one can determine which items are and are 

not contributing to the precision of the tasks, that is, items that are too easy or difficult and that 

are low in discriminating among children with different levels of the latent ability weaken the 

value of a test or task. The discrimination and difficulty parameters of items work together to 

affect the probability of children’s correct responses. A 2-PL model provides a more realistic 

picture of achievement-based items and would be suitable for analyzing the tasks used in this 

thesis.  

In addition to the previous analyses, the examination of the test information curves allows 

one to determine at which level of latent ability the tasks provide the most information and 

whether each task covers the entire range of latent ability, and as such it provides information on 

how well a task measures the latent ability along the latent trait continuum. It is ideal to have the 

curve peak at the average level of the latent trait and spread out on either side, indicating that the 
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test information function is spread across a wide range of thetas. The standard error is the lowest 

at the theta level for which the most information is provided; the peak point of the test 

information curve and the trough of the standard error curve occur at the trait level where the 

information is highest (Kline, 2005). 

Unidimensionality 

The first step in item analyses is to assess the assumption of unidimensionality, that is, 

that a task measures only one domain; and local independence, namely, that responses to each 

item on a task are conditional on the latent ability level assessed and are not conditional on 

responses to other items (Embretson & Reise, 2000). When a task meets the assumption of 

unidimensionality, it is assumed to meet the assumption of local independence because both are 

isomorphic with one another (Lord, 1968). Establishing unidimensionality, via factor analysis, is 

critical to ascertain that items belong to the same construct (Tay et al., 2015).  

To assess the factor structure of each of the three tasks, separate exploratory factor 

analyses (EFA) were conducted in Mplus version 7 (Muthén & Muthén, 2012) using data from 

junior and senior kindergarten together because sample sizes of at least 300 are considered 

adequate for factor analysis (Comrey & Lee, 1992). To determine whether tasks were 

unidimensional, I used the “ratio of first to second eigenvalue greater than three” rule (Slocum & 

Zumbo, 2011). All items that had significant factor loadings at alpha level of .05 were retained in 

order to remain as close as possible to the initial task. Model fit was assessed with Hu and 

Bentler’s (1999) recommended indices for a good model: root mean square error of 

approximation (RMSEA) smaller than .06, comparative fit index (CFI) larger than .95, Tucker-

Lewis index (TLI) larger than .95, and standardized root mean square residual (SRMR) smaller 

than .08. 
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Differential Item Functioning (DIF) Tests 

Assessing the measurement equivalence of items in a task is necessary to ensure that 

scores can be compared between subgroups, kindergarten level in our case (Vandenberg & 

Lance, 2000). Analysis of measurement equivalence in the IRT framework is referred to as 

differential item functioning (DIF) analysis. Using the R mirt package version 1.32 (Chalmers, 

2012), IRT likelihood ratio (IRT-LR) tests were conducted on each task to determine whether 

item-level bias existed between gender or kindergarten level (Thissen et al., 1993). To control for 

Type-I error in each DIF analyses, I applied the Benjamini and Hochberg (B-H) procedure to 

identify significant DIF (Benjamini & Hochberg, 1995). Further description of the DIF tests are 

provided in Appendix A.  

Reliability 

 The classical test theory reliabilities (Cronbach’s α) for each of the three tasks were 

calculated at each time point (if applicable). Reliability coefficients above .70 are considered 

acceptable, those greater than .80 are considered fair, and those higher than .90 are considered 

ideal (Nunnally & Bernstein, 1994).  

Measurement Invariance Analyses 

Given that the ELNOT assesses building blocks predictive of later academic skills and 

given that previous studies have shown strong correlations between early literacy and numeracy 

skills (Duncan et al., 2007; Hecht et al., 2001; Matthews et al., 2009; Piasta et al., 2010; Purpura 

et al., 2011; Singer & Strasser, 2017; Welsh et al., 2010), the model tested was one of a single 

underlying construct of early academic skills. The psychometric evaluation of the ELNOT 

required the verification that the structure of the underlying construct was the same across 
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subgroups (e.g., gender) and across time. Age and gender are among the variables that are 

typically involved in measurement invariance analyses (Tay et al., 2015). 

Multiple-group confirmatory factor analyses (CFA), a multistage test within the structural 

equation modeling framework, were conducted in MPlus version 7 (Muthén & Muthén, 2012) to 

assess the measurement invariance of the ELNOT across groups and across time (Byrne, 2004). 

Four types of measurement invariance were assessed sequentially, each requiring invariance at 

the preceding step to move forward. First, configural invariance assessed whether the factors and 

pattern of factor loadings were similar for all groups (Schmitt & Kuljanin, 2008). Once an 

invariant model with good data fit is established in this step, this baseline model is then used to 

compare the restricted models in the next three steps. To do so, the chi-square difference test 

between the two models is conducted and if it is not statistically significant, then this would 

suggest that invariance at the subsequent step is in place (Putnick & Bornstein, 2016). The three 

subsequent models are: (1) metric invariance testing the equivalence of factor loadings across 

groups by constraining factor loadings to be equal across groups; (2) scalar invariance testing 

whether the intercepts are similar for all groups; and (3) residual invariance testing, across 

groups, the equivalence of residuals that are error variances and covariances. At any point along 

this four-step procedure, the model comparison might not support invariance. The degree of 

partial invariance in these situations can be determined by modifying the noninvariant model 

(see Appendix B). Because each step requires that the preceding model be fully or partially 

supported, any constraints applied in the preceding model are retained. 
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Results 

Preliminary Analyses  

Floor or Ceiling Effects 

The literacy tasks with item-level data (Print Concepts and Letter Identification) did not 

have floor or ceiling effects in the fall or spring testing. This was not the case for the numeracy 

tasks. On the Compare Sets task, 45% and 65% of children, averaged across kindergarten level, 

were at ceiling in the fall and spring, respectively. On the Number Recognition, there was no 

ceiling or floor effect in the fall, but 37% of children in senior kindergarten were at ceiling in the 

spring testing. Therefore, Compare Sets was eliminated from further analyses, while Number 

Recognition was retained for the fall analyses only.  

Of the six tasks without item-level data, one literacy task was not analyzed and four 

numeracy tasks were not analyzed further due to floor effects on Reading and ceiling effects on 

Verbal Counting, Give-N, Compare Sets, and Number Recognition (Spring). Floor effects were 

observed for the reading task, with 100% of junior and 88% of senior kindergarten children 

scoring zero on the Reading task in the fall, and 94% of junior and 74% of senior kindergarten 

children scoring zero in the spring. In contrast, ceiling effects were observed on numeracy tasks. 

More than half of the children (65%) achieved the highest possible score on the Give-N task in 

the fall, whereas both junior (50%) and senior (57%) kindergarten children were at ceiling when 

analyzed separately. In the spring, the ceiling effect’s severity on the Give-N task increased by 

about 20%, and Verbal Counting had a ceiling effect of 20%. However, it should be noted that 

the ceiling effect on the Verbal Counting task was due to the performance of senior 

kindergarteners alone as no ceiling effects were observed on this task in junior kindergarten. 
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Specifically, 33% of children in senior kindergarten achieved the maximum score on the Verbal 

Counting task. 

Zero Variance Items 

The item-level examination of the three tasks retained with item-level data at both 

assessment times revealed that the Print Concepts and Number Recognition tasks had a few 

items with zero variability, whereas Letter Identification did not.   

Print Concepts. Two items in the fall and one item in the spring had zero variance. 

Specifically, no child in both junior and senior kindergarten correctly responded to Item 17–

“Quotation Mark” in the fall and spring, and no child in junior kindergarten correctly responded 

to Item 18–“Comma” at both assessment times. These two items were eliminated because they 

did not contribute to the tasks and were not comparable across groups. Therefore, the new 

possible maximum score on the Print Concepts task was 20. 

Number Recognition. All children in senior kindergarten correctly responded to Item 

13–“Number 4 in row four.” This item was eliminated because it did not make any contributions 

to the task and was not comparable across groups. Therefore, for the Number Recognition task, 

the new possible maximum score was 55.                       

Item Analyses 

Print Concepts 

Factor Structure. The factor loadings for each item at both assessment times are 

presented in Table 2. 

Fall. The first eigenvalue was 8.97, which was substantially larger than the second value, 

1.96. The ratio of the two was 4.56—thus, a unidimensional model was acceptable. All items of 

the Print Concepts task significantly loaded onto a single factor at the alpha level of .05. The 
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majority of the items had loadings greater than 0.35, ranging from moderately strong to strong 

loadings; however, Item 11–“Inversion of Picture” had a particularly weak loading of 0.21. It 

may be argued that this item relates more distally to the construct; nonetheless, because it 

managed to surpass the cut-off criteria (significant loading), I did not omit this item from 

subsequent analyses. The fit measure indices indicated an adequate model fit: RMSEA = .078, 

CFI = .943, TLI = .936, and SRMR = .145. Therefore, the Print Concepts task was judged to be 

unidimensional.  

Spring. The first eigenvalue was 9.17, which was substantially larger than the second 

value, 1.86. The ratio of the two was 4.93—thus, a unidimensional model was acceptable. All 

items of the Print Concepts task significantly loaded onto a single factor at the alpha level of .05. 

The majority of the items had loadings greater than 0.35, ranging from moderately strong to 

strong loadings. Interestingly, the factor loading of Item 11–“Inversion of Picture” that was 

particularly weak in the fall increased to 0.30. However, this time, Item 3–“Book Title” had a 

particularly weak loading of 0.22. It may be argued that this item relates more distally to the 

construct; nonetheless, I kept this item as well. The fit measure indices indicated an adequate 

model fit: RMSEA = .066, CFI = .947, TLI = .940, and SRMR = .140. Therefore, the Print 

Concepts task was unidimensional at both assessment times, with mostly adequate model fit 

indices. 
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Table 2 

Exploratory Factor Analyses of the Print Concepts Task as a Function of Testing Time  

(N = 356) 

      

Fall 

Factor 

Loading 

Spring 

Factor 

Loading 

Item Concept Description 1 1 

3 Book Title 0.28 0.22 

1 Book  Front cover 0.87 0.96 

2 Book Back cover 0.94 0.90 

11 Orientation Inversion of picture 0.21 0.30 

12 Orientation Response to inverted print 0.78 0.78 

13 Orientation Line sequence 0.61 0.43 

6 Directionality Left to right 0.94 0.88 

5 Directionality Beginning of text 0.89 0.89 

7 Directionality Return sweep 0.95 0.88 

4 Reading  Print carries the message 0.85 0.88 

8 Reading One-to-one match 0.62 0.59 

9 Word First word 0.70 0.72 

21 Word One word and two words 0.77 0.72 

10 Word Last word 0.66 0.76 

15 Letter Small letter 0.38 0.54 

20 Letter One letter and two letters 0.47 0.57 

14 Letter Capital letter 0.29 0.50 

22 Letter First letter and last letter 0.68 0.74 

16 Punctuation  Question mark 0.44 0.45 

19 Punctuation  Period 0.67 0.63 

Note. Items 17 and 18 were eliminated due to zero variance. 

DIF by Gender and K-Level. The anchor set of the Print concepts task contained five 

items (25% of the total number of items; see Table A1 in Appendix A). After applying B-H 

correction for multiple comparisons, none of the items showed significant DIF by gender in the 

fall or spring. Therefore, girls and boys were merged in subsequent analyses. However, after 

applying B-H correction for multiple comparisons, three items in the fall and four items in the 

spring presented significant DIF by kindergarten level.  
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Items with significant DIF in the fall were Item 2–“Back cover,” Item 10–“Last word,” 

and Item 21–“First letter and last letter.” The follow-up DIF test showed that Items 10 and 21 

had uniform DIF, whereas Item 2 had nonuniform DIF. While senior kindergarteners had a 

higher probability of correctly responding to items with uniform DIF across all levels of the 

latent trait, the direction of the DIF changed at a certain point on Item 2. Junior kindergarteners 

had a higher probability of giving a correct response until that point, after which the item seemed 

to favour senior kindergarteners.  

Items with significant DIF in the spring were Item 3–“Title,” Item 8–“One-to-one 

match,” Item 10–“Last word,” and Item 12–“Response to inverted print.” The follow-up DIF test 

showed that Items 3, 8, and 12 had uniform DIF, whereas Item 10 had nonuniform DIF. The 

senior kindergarteners were at a constant advantage again on the items with uniform DIF. All 

items with significant DIF were eliminated from the subsequent analyses, resulting in a new total 

number of 14 items on the Print Concepts task. 

Item Parameter Estimates. The parameter estimates for each item at both assessment 

times are presented in Table 3 for junior and senior kindergarten. 

Fall. 

Junior Kindergarten. The discrimination parameters of the items for junior kindergarten 

varied greatly, from low to very high. The three most discriminating items were related to 

directionality concepts. Among these, Item 7–“Return sweep” had a particularly very high 

discrimination value of 7.96. Overall, the discrimination values ranged from 0.32 (Item 15–“One 

letter and two letters”) to 7.96 (Item 7–“Return sweep”), with a very high average of 1.90.  

The difficulty parameters of the items had a wide range, with values between -3.78 (Item 

15–“Small letter”) and 2.73 (Item 13–“Line sequence”), which covers the entire level of the 
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latent trait. The difficulty values for 5 of the 14 items were below zero, meaning that these items 

required below average levels of the latent ability for a correct response to be obtained beyond 

chance. Of the five items with negative difficulty values, three items had difficulty values less 

than -2, suggesting that children whose level of knowledge about print concepts was higher two 

standard deviations below the mean had a greater than 50% probability of correctly responding 

to these items. The remaining nine items had difficulty values above zero. The difficulty 

parameters of four of these items did not exceed one, meaning that children whose latent ability 

level was between zero and one standard deviation above the mean had a greater than 50% 

probability of correctly responding to nine items on this task. On the other hand, three items’ 

difficulty parameters exceeded 1, and two items exceeded 2. Thus, only children whose latent 

ability level is about three standard deviations above the mean had a greater than 50% chance of 

correctly responding to all questions about print concepts.  

The test information curve (see Figure 1) showed that when all items are considered, the 

Print Concepts task provided the most information for junior kindergarteners with ability levels 

of about 0.40. This is also where the lowest standard error was observed, indicating good 

discrimination or high precision. Contrary to what the range of the difficulty parameter values 

suggested, the task seems to cover a narrow range of the latent ability with more information 

provided for higher levels of the latent trait. This difference in interpretation could be explained 

by the jump in magnitude among difficulty parameter values. Although the lower end of the 

range is at -3.78, the mean of the difficulty values was -0.02, and the median was 0.32. The mean 

alone suggests that, overall, the Print Concepts task was neither too easy nor too hard for junior 

kindergarteners. However, the median implies that the task is leaned towards being a 

little challenging for junior kindergarteners. Considering that there are a few difficulty values on 
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the lower end of the range (three values smaller than -2.00), the median presents a more realistic 

picture of the overall difficulty of this task.   

Senior Kindergarten. The discrimination parameters of the items for senior kindergarten 

varied considerably, from low to very high. Like junior kindergarten, the two items with the 

highest discrimination values were related to directionality concepts. Overall, the discrimination 

values ranged from 0.37 (Item 14–“Capital letter”) to 5.48 (Item 6–“Left to right”), with an 

average of 2.00 that is in the very high discrimination range.  

The difficulty parameters of the items for senior kindergarten had a relatively narrow 

range, with values between -2.79 (Item 15–“Small letter”) and 1.88 (Item 13–“Line sequence”), 

about one standard deviation difference from junior kindergarten discrimination range at both 

ends. The difficulty values for 12 of the 14 items were below zero, meaning that these items 

required below average levels of the latent ability for a correct response to be obtained beyond 

chance. In other words, the Print Concepts task was much easier for senior kindergarteners than 

for junior kindergarteners. Despite the differences in item parameter estimates, similar trends 

were observed between the two groups. For example, the three least difficult items for junior 

kindergarteners were also the easiest for senior kindergarteners. Also, the two items that had 

difficulty values above zero (Items 19 and 13) were the most difficult for junior kindergarteners. 

One item’s difficulty parameter did not exceed 1, meaning that children whose latent ability level 

was between zero and one standard deviation above the mean had a greater than 50% probability 

of correctly responding to 13 items on this task. On the other hand, the difficulty parameter of 

one item exceeded 1. Thus, only children whose latent ability level is about two standard 

deviations above the mean had a greater than 50% chance of correctly responding to all 

questions about print concepts on this task. The average of the difficulty values was -0.82, and 
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the median was -0.78, which suggests that, overall, the Print Concepts task was easy for senior 

kindergarteners. 

The test information curve (see Figure 2) of the Print Concepts task for senior 

kindergarten was bimodal: it first peaked at around θ = -0.60 and then again at around θ = 1.90. 

However, the task provided the most information at the first peak, which is also where the lowest 

standard error was observed, indicating good discrimination or high precision. Although the 

difficulty parameter range of the items for senior kindergarteners was narrower than that of 

junior kindergarteners, the task provided information on a wider range of the latent ability for 

senior kindergarteners. However, very little discrimination occurred at higher levels of latent 

ability. Overall, the test information curve confirmed that this task was easy for senior 

kindergarteners.  

Spring.  

Junior Kindergarten. The spring dataset showed a trend similar to the fall dataset. The 

discrimination parameters of the items for junior kindergarten in the spring varied greatly, from 

low to very high. Two items related to directionality concept continued to be among the most 

discriminating items; however, despite being an easy item, Item 4–“Print carries the message” 

was the second most discriminating item among 14 items. In other words, children who 

responded incorrectly to this item need to receive additional attention as only low performers or 

children with low levels of the latent ability do not yet understand that it is the print not the 

picture that carries the message. Overall, the discrimination values ranged from 0.30 (Item 11–

“Inversion of picture”) to 3.82 (Item 7–“Return sweep”), with a high average of 1.67.  

The difficulty parameters of the items had a similarly wide range, with values between -

3.75 (Item 20–“One letter and two letters”) and 2.88 (Item 13–“Line sequence”), which covers 
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the entire level of the latent trait. Item 13 continued to be the most difficult item for junior 

kindergarteners in the spring. Of note, the number of items with difficulty values below zero 

increased from 5 to 10 out of 14 items. The average of the difficulty values dropped to -0.43 with 

the median at -0.24, which suggests that, overall, the Print Concepts task was easier for junior 

kindergarteners in the spring than it was in the fall.  

The test information curve for the spring dataset (see Figure 3) showed that when all 

items are considered, the Print Concepts task provided the most information for junior 

kindergarteners with ability levels of about -0.35. This is also where the lowest standard error 

was observed, indicating good discrimination or high precision. Although a little bit narrower 

than the range of the difficulty parameters suggested, the distribution supported the task’s 

coverage area of the latent trait. Also, even though the task became easier for junior 

kindergarteners in the spring, Print Concepts covered a wider range of the latent ability in the 

spring for junior kindergarten compared to the fall. Overall, the test information curve confirmed 

that while this task was easy for junior kindergarteners in the spring, it could still discriminate 

children who have not yet attained an average latent ability level. 

Senior Kindergarten. The discrimination parameters of the items for senior kindergarten 

in the spring varied greatly as well, from low to very high. The two items related to the 

directionality concept that were among the three most discriminating items for junior 

kindergarteners were also the most discriminating for senior kindergarteners. As was the case in 

junior kindergarten, these items were easy. Children who incorrectly responded to these items do 

not yet know where the text begins or that the direction of reading goes from the top line to the 

bottom line. Considering that these children are at the end of the academic year of senior 

kindergarten, incorrect responses on these items might indicate a red flag. Overall, the 
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discrimination values ranged from 0.60 (Item 13–“Line sequence”) to 4.04 (Item 5–“Beginning 

of text”), with an average of 1.86 that is in the very high discrimination range.  

The four most difficult items for senior kindergarteners were also the hardest for junior 

kindergarteners. However, the difficulty parameter values of these items were very different 

across the two groups. Although all four items had difficulty values above zero for junior 

kindergarteners, only one item (Item 13–“Line sequence”) had a positive difficulty value for 

senior kindergarteners. Interestingly, contrary to the overall trend, this item seems to be more 

difficult for senior kindergarteners than it was for junior kindergarteners. Also, the most difficult 

item was also the least discriminating among the 14 items. Overall, the difficulty parameters of 

the items for senior kindergarten had a relatively narrow range, with all values between -2.78 

(Item 1–“Front cover”) and -0.36 (Item 19–“Period”) except for Item 13–“Line sequence” with a 

difficulty value of 5.22. Although the average of the difficulty values was the same as in the fall 

(-0.82), the median was -1.06, suggesting that the Print Concepts task was much easier for senior 

kindergarteners in the spring.  

The test information curve for the spring dataset (see Figure 4) showed that when all 

items are considered, the Print Concepts task provided the most information for senior 

kindergarteners with ability levels of about -1.10. This is also where the lowest standard error 

was observed, indicating good discrimination or high precision. The distribution supported that 

the task covered only the lower levels of the latent ability. In fact, the information provided for 

latent ability levels above average was close to none. Overall, the Print Concepts task was too 

easy for senior kindergarteners in the spring. 
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Table 3 

Discrimination (a) and Difficulty (b) Estimates for Print Concepts for Junior (n = 173) and Senior (n = 183) Kindergarten in Fall and 

Spring 

        Fall   Spring 

    

Junior 

Kindergarten 
 Senior 

Kindergarten 
 Junior 

Kindergarten 
 Senior 

Kindergarten 

Item Concept Description  a b  a b  a b  a b 

1 Book  Front cover  0.36 -3.46  1.49 -2.04  1.44 -1.78  1.79 -2.78 

11 Orientation Inversion of picture  0.38 -0.73  0.37 -1.14  0.30 -1.58  0.80 -0.78 

13 Orientation Line sequence  2.22 2.73  3.95 1.88  1.59 2.88  0.60 5.22 

6 Directionality Left to right  3.88 0.29  5.48 -0.69  3.19 -0.42  3.02 -1.29 

5 Directionality Beginning of text  4.02 0.34  2.66 -0.59  2.97 -0.24  4.04 -1.03 

7 Directionality Return sweep  7.96 0.45  5.30 -0.45  3.82 -0.15  3.12 -1.08 

4 Reading  Print carries the message  2.46 -0.01  2.73 -0.99  3.59 -0.70  2.68 -1.63 

9 Word First word  1.39 1.13  1.23 -0.27  1.58 0.33  1.29 -0.68 

15 Letter Small letter  0.32 -3.78  0.82 -2.79  1.31 -2.15  1.38 -2.47 

20 Letter One letter and two letters  0.45 -2.21  1.15 -1.88  0.47 -3.75  2.18 -1.90 

14 Letter Capital letter  0.35 0.03  0.37 -1.72  0.77 0.43  0.89 -0.51 

22 Letter First letter and last letter  1.09 1.08  1.01 -0.44  1.17 -0.24  2.27 -1.02 

16 Punctuation  Question mark  0.39 1.68  0.59 -0.88  0.38 -0.09  0.95 -1.22 

19 Punctuation  Period   1.30 2.15   0.84 0.53   0.83 1.40  1.10 -0.36 

Note. Items 17 and 18 were removed due to zero variance, and items 2, 3, 8, 10, 12, and 21 were removed due to DIF.  

The final total number of items was 14.  
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Figure 1 

Test Information Curve of the Print Concepts Task for Junior Kindergarten (N = 173) in the Fall 

 

 
Figure 2 

Test Information Curve of the Print Concepts Task for Senior Kindergarten (N = 183) in the Fall 
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Figure 3 

Test Information Curve of the Print Concepts Task for Junior Kindergarten (N = 173) in the 

Spring 

 

 
Figure 4 

Test Information Curve of the Print Concepts Task for Senior Kindergarten (N = 183) in the 

Spring 
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Reliability. After eliminating items with zero variance and those with a significant DIF, 

the Print Concepts task had acceptable reliabilities of α = .79 and .80 in the fall and spring, 

respectively.  

Letter Identification 

Factor Structure. At both assessment times, the Letter Identification task was 

unidimensional, with mostly good model fit indices. The factor loadings for each letter at both 

assessment times are presented in Table 4. 

Fall. The first eigenvalue was 40.34, which was significantly larger than the second 

value, 2.12. The ratio of the two was 19.04—thus, a unidimensional model was acceptable. All 

items of the Letter Identification task significantly loaded onto a single factor at the alpha level 

of .05. In fact, all items had strong loadings, with the smallest loading at 0.64. It would be 

surprising to have found otherwise, because the underlying construct of this task is alphabet 

knowledge, and each item on the task is a letter from the alphabet directly linked to the construct. 

The fit measure indices indicated a good model fit: RMSEA = .049, CFI = .984, TLI = .984, and 

SRMR = .082. Therefore, the Letter Identification task was unidimensional.  

Spring. The first eigenvalue was 36.50, which was significantly larger than the second 

value, 2.81. The ratio of the two was 12.98—thus, a unidimensional model was acceptable. All 

items of the Letter Identification task significantly loaded onto a single factor at the alpha level 

of .05. In fact, all items had strong loadings, with the smallest loading at 0.52. The fit measure 

indices indicated a good model fit: RMSEA = .042, CFI = .974, TLI = .973, and SRMR = .094. 

Therefore, the Letter Identification task was unidimensional.  
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Table 4 

Exploratory Factor Analyses for the Letter Identification Task as a Function of Testing Time  

(N = 356) 

 Fall   Spring 

 
Factor 

Loading 
    

Factor 

Loading 
    

Factor 

Loading 

 
  

Factor 

Loading 

Letter 1  Letter 1  Letter 1  Letter 1 

A 0.86  a 0.89  A 0.83  a 0.91 

   a 0.89     a 0.87 

B 0.85  b 0.72  B 0.84  b 0.63 

C 0.93  c 0.92  C 0.84  c 0.81 

D 0.94  d 0.78  D 0.87  d 0.70 

E 0.88  e 0.90  E 0.87  e 0.87 

F 0.92  f 0.97  F 0.94  f 0.91 

G 0.92  g 0.86  G 0.88  g 0.87 

   g 0.79     g 0.72 

H 0.88  h 0.87  H 0.87  h 0.86 

I 0.89  i 0.84  I 0.80  i 0.78 

J 0.85  j 0.84  J 0.78  j 0.79 

K 0.89  k 0.91  K 0.81  k 0.86 

L 0.87  l 0.71  L 0.81  l 0.66 

M 0.89  m 0.87  M 0.84  m 0.85 

N 0.93  n 0.88  N 0.90  n 0.90 

O 0.90  o 0.92  O 0.85  o 0.86 

P 0.89  p 0.89  P 0.94  p 0.88 

Q 0.92  q 0.63  Q 0.88  q 0.52 

R 0.90  r 0.90  R 0.90  r 0.88 

S 0.91  s 0.87  S 0.82  s 0.73 

T 0.91  t 0.81  T 0.88  t 0.82 

U 0.93  u 0.92  U 0.95  u 0.90 

V 0.92  v 0.95  V 0.87  v 0.89 

W 0.89  w 0.90  W 0.88  w 0.82 

X 0.87  x 0.90  X 0.76  x 0.76 

Y 0.90  y 0.90  Y 0.89  y 0.88 

Z 0.90   z 0.90   Z 0.90  z 0.91 

Note. Items are presented in alphabetical order in this table; however, they were presented to the 

children in a random order.   
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DIF by Gender and K-Level. The Letter Identification task’s anchor set contained 14 

items (25% of the total number of items; see Table A2 in Appendix A). After applying B-H 

correction for multiple comparisons, none of the items had significant DIF by gender. Therefore, 

girls and boys were merged in subsequent analyses. Also, none of the items had significant DIF 

by kindergarten level. Thus, none of the letters were removed from the task.  

Item Parameter Estimates. The item parameters for junior and senior kindergarten at 

both assessment times are presented in Table 5.  

Fall. 

 Junior Kindergarten. The discrimination parameters of the letters varied substantially, 

from moderate to very high. Two of the letters had particularly high discrimination values: 4.35 

(letter f) and 4.66 (letter o). These letters had the highest degree of precision among the 54 letters 

in discriminating children’s latent ability, that is, between children with high and low levels of 

alphabet knowledge. 

Looking closely at the discrimination parameters, uppercase letters had discrimination 

values ranging from 1.50 (letter X) to 3.74 (letter N), while lowercase letters had values ranging 

from 1.18 (letter l) to 4.66 (letter o). Uppercase letters on average (2.57) were not significantly 

different in discriminating between low and high performers than were lowercase letters (2.58), 

both of which are classified as very highly discriminating.  

The range of all letters’ difficulty parameters was between -1.15 (letter O) and 2.83 (letter 

q), which is wide enough to cover the entire range of the latent trait with an average of 0.19. The 

difficulty values for 21 of the 54 letters (62% uppercase) were below zero, meaning that a below-

average level of alphabet knowledge was sufficient to identify these letters correctly at an above-

chance probability. Of the 21 letters with negative difficulty values, four letters (x, o, X, and O) 
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had difficulty values less than -1, suggesting that children whose level of alphabet knowledge 

was more than one standard deviation below the mean had a greater than 50% probability of 

correctly identifying these letters. The remaining 33 letters had difficulty values above zero. The 

difficulty parameters of 28 of these letters did not exceed one, meaning that children whose 

latent ability level were between zero and one standard deviation above the mean had a greater 

than 50% probability of correctly identifying 49 letters. On the other hand, the difficulty 

parameters of three letters (t, d, and g) exceeded 1, and two letters (l and q) exceeded 2. Thus, 

only children whose alphabet knowledge level is about three standard deviations above the mean 

had a greater than 50% chance of correctly identifying all letters of the alphabet.  

Examining the letters’ difficulty parameters more specifically, the difficulty values for 

the uppercase letters ranged from -1.15 (letter O) to 0.57 (letter V). On the other hand, the 

lowercase letters’ difficulty values ranged from -1.02 (letter o) to 2.83 (letter q), which is a much 

wider range than that of the uppercase letters with a substantially higher upper bound. Thus, 

lowercase letters on average (0.48) were considerably more difficult than uppercase letters ( -

0.11).  

The test information curve (see Figure 5) showed that when all items are considered, the 

Letter Identification task provided the most information for junior kindergarteners with ability 

levels of about 0.15. This is also where the lowest standard error is observed, indicating good 

discrimination or high precision. The distribution presented a strong picture, with a peak near the 

average level of the latent trait and tails spread out on either side. Thus, the test information 

curve confirmed that this task covered a wide range of latent ability and was neither too easy nor 

too difficult for junior kindergarteners.  
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 Senior Kindergarten. Like junior kindergarten, the discrimination values of the letters for 

senior kindergarten varied substantially, from moderate to very high. Uppercase letters had 

discrimination values ranging from 1.20 (letter X) to 5.69 (letter D), while lowercase letters had 

values ranging from 0.73 (letter x) to 5.50 (letter v). Uppercase letters on average (2.89) were not 

significantly different in discriminating between children with different latent ability levels than 

were lowercase letters (2.50), both of which are classified as very highly discriminating.  

The difficulty parameter range for all letters was between -4.08 (letter x) and 1.66 (letter 

q), with a much higher lower bound. The difficulty values for 50 of the 54 letters (52% 

uppercase) were below zero, meaning that a below-average level of alphabet knowledge was 

sufficient to identify these letters correctly at an above-chance probability. Of the 50 letters with 

negative difficulty values, 26 letters (62% uppercase) had difficulty values less than -1, 

suggesting that children whose level of knowledge of the alphabet were higher one standard 

deviation below the mean had a greater than 50% probability of correctly identifying these 

letters. The remaining four letters had difficulty values above zero. The difficulty parameters of 

three of these letters (d, g, and l) did not exceed one, meaning that children whose latent ability 

level were between zero and one standard deviation above the mean had a greater than 50% 

probability of correctly identifying 53 letters. However, because one letter’s (q) difficulty 

parameter exceeded 1, only children whose level of alphabet knowledge is between one and two 

standard deviations above the mean had a greater than 50% chance of correctly identifying all 

letters of the alphabet in both uppercase and lowercase formats. 

The uppercase letters’ difficulty values ranged from -2.92 (letter X) to -0.58 (letter V), 

which suggests that uppercase letters were very easy for senior kindergarteners. On the other 

hand, lowercase letters’ difficulty values ranged from -4.08 (letter x) to 1.66 (letter q), which is 
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again a much wider range than that of the uppercase letters with a substantially higher upper 

bound. Thus, lowercase letters on average (-0.79) were considerably more difficult than 

uppercase letters (-1.29). Letters q and l had the highest difficulty values among the 54 letters for 

senior kindergarten as well, with letter d as the fourth and letter b as the seventh most difficult 

letter.   

The test information curve (see Figure 6) showed that when all items are considered, the 

Letter Identification task provided the most information for senior kindergarteners with ability 

levels of about -0.80. This is also where the standard error was lowest, indicating good 

discrimination or high precision. As the difficulty parameter range suggested, the task covered 

latent ability levels below one standard deviation above the mean. There was less discrimination 

at higher levels of the latent ability compared to junior kindergarten. Hence, the test information 

curve confirmed that this task was easy for senior kindergarteners and covered a narrower range 

of latent ability relative to junior kindergarten.  

Spring.  

Junior Kindergarten. The spring dataset showed a trend similar to that of the fall dataset.  

The item discrimination parameters for junior kindergarten in the spring varied greatly, from 

moderate to very high. Both the uppercase and lowercase letters showed a similar range of 

discrimination parameters as in the fall. Overall, the discrimination values ranged from 1.00 

(letter q) to 4.64 (letter U), with a very high average of 2.55.  

The item difficulty parameters had a wider range compared to that in the fall, with values 

between -1.92 (letter X) and 4.55 (letter q), which covers the entire level of the latent trait. The 

three least difficult letters in the fall (letters X, O, x) continued to be the easiest ones in the 

spring. Likewise, the six most difficult letters in the fall (q, l, g, d, t, and g) continued to be the 
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hardest ones in the spring. Of note, the number of letters with difficulty values below zero 

increased from 21 to 46 out of 54 items (57% uppercase). Interestingly, the difficulty value of all 

letters except for letter q decreased over time. The difficulty values’ average dropped to -0.52, 

which is more than half a standard deviation difference. While the uppercase letters only had 

difficulty values below zero, lowercase letters had a wide enough range of item difficulty 

parameters with both negative and positive values (-1.89 to 4.55). Overall, the Letter 

Identification task was easier for junior kindergarteners in the spring than it was in the fall.  

The test information curve for the spring dataset (see Figure 7) showed that when all 

items are considered, the Letter Identification task provided the most information for junior 

kindergarteners with ability levels of about -0.60. This is also where the lowest standard error 

was observed, indicating good discrimination or high precision. Although there was less 

information for higher latent ability levels, the task continued to have a large coverage area of 

the latent trait. Overall, the test information curve confirmed that this task was easy for junior 

kindergarteners in the spring but could still discriminate well between children who have and 

have not yet attained an average level of the latent ability. 

Senior Kindergarten. The letters’ discrimination parameters in the spring varied greatly 

for senior kindergarten as well, from low to very high. Three letters had an exceptionally high 

discrimination value of 26.38: A, O, and o. All three of these letters also had a difficulty value of 

-2.50; super easy yet key items in identifying children who have yet to develop alphabet 

knowledge. Overall, the discrimination values ranged from 0.57 (letter x) to 26.38 (letter A), 

with an average of 4.09 that is in the very high discrimination range.  

The five most difficult letters for junior kindergarteners, t, d, g, l, and q, were also the 

hardest for senior kindergarteners. However, these items’ difficulty parameter values were very 
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different across the two groups: there was at least one standard deviation difference, with each 

letter being easier for senior kindergarteners. Overall, the difficulty parameters of the letters for 

senior kindergarten had a relatively narrow range, with all values between -6.92 (letter x) and 

0.12 (letter g) except for letter q with a difficulty value of 1.51. The upper bound of the latent 

trait was not covered well, and the uppercase letters had a narrower range of difficulty values (all 

below zero) compared to lowercase letters. The difficulty values’ average reduced to -1.63, 

suggesting that the Letter Identification task was much easier for senior kindergarteners in the 

spring.  

The test information curve (see Figure 8) of the Letter Identification task for senior 

kindergarten in the spring was bimodal: it first peaked at around θ = -2.50 and then again at 

around θ = -1.40. However, the task provided the most information (unusually high) at the first 

peak, which is also where the lowest standard error was observed, indicating good discrimination 

or high precision. As the range of the item difficulty parameters indicated, the task provided 

information on a narrower range of the latent ability for senior kindergarten compared to junior 

kindergarten. In fact, almost no information was present for latent ability levels above average. 

Overall, the test information curve confirmed that this task was too easy for senior 

kindergarteners in the spring.  
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Table 5 

Discrimination (a) and Difficulty (b) Estimates for Letter Identification for Junior (n = 173) and 

Senior (n = 183) Kindergarten in Fall and Spring 

    Fall   Spring 

  

Junior 

Kindergarten 
 Senior 

Kindergarten 
 Junior 

Kindergarten 
 Senior 

Kindergarten 

Letter  a b  a b  a b  a b 

A  2.35 -0.97  3.62 -2.34  2.15 -1.79  26.38 -2.50 

B  2.04 -0.67  2.94 -1.73  2.85 -1.26  2.29 -2.49 

C  2.67 -0.37  2.79 -1.36  2.31 -1.29  2.51 -1.79 

D  2.84 0.17  5.69 -0.73  3.01 -0.65  3.19 -1.61 

E  2.06 -0.22  3.13 -1.19  3.02 -0.98  3.65 -1.42 

F  2.95 -0.01  3.23 -1.02  3.93 -0.72  6.12 -1.46 

G  2.67 0.36  4.07 -0.75  2.21 -0.42  5.78 -1.23 

H  2.15 -0.08  2.93 -1.24  2.55 -0.82  3.79 -1.56 

I  2.33 0.41  2.86 -0.79  2.18 -0.46  1.55 -1.74 

J  2.02 0.33  2.41 -0.80  1.77 -0.50  2.20 -0.95 

K  3.15 -0.22  2.54 -1.25  2.30 -0.88  2.78 -1.54 

L  2.26 0.05  2.43 -1.08  2.69 -0.77  1.91 -1.88 

M  3.25 -0.25  1.70 -1.85  2.25 -0.84  3.12 -1.79 

N   3.74 0.09  3.02 -0.93  3.38 -0.65  3.96 -1.40 

O  3.06 -1.15  2.18 -2.78  3.08 -1.85  26.38 -2.50 

P  2.19 0.01  2.59 -1.00  3.65 -0.83  4.65 -1.74 

Q  2.94 0.43  3.31 -0.85  3.01 -0.22  2.78 -1.36 

R  2.83 0.01  2.52 -1.26  3.01 -0.94  5.19 -1.51 

S  2.41 -0.57  2.58 -1.88  1.91 -1.33  2.44 -2.70 

T  2.80 0.12  3.62 -0.83  2.46 -0.50  4.15 -1.33 

U  3.22 0.29  2.93 -0.76  4.64 -0.30  4.21 -1.20 

V  2.78 0.57  3.22 -0.58  3.16 -0.40  3.23 -1.19 

W  2.10 -0.03  1.77 -1.44  3.02 -0.70  1.46 -2.14 

X  1.50 -1.12  1.20 -2.92  1.66 -1.92  0.98 -4.36 

Y  2.23 0.18  2.77 -0.80  2.95 -0.44  1.73 -1.65 

Z  2.24 -0.27  3.13 -1.40  2.70 -1.23  1.94 -2.55 

 (Continued) 
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Table 5 

Continued 

    Fall   Spring 

  

Junior 

Kindergarten 
 Senior 

Kindergarten 
 Junior 

Kindergarten 
 Senior 

Kindergarten 

Letter  a b  a b  a b  a b 

a  2.59 -0.12  2.94 -1.14  4.03 -0.79  2.93 -1.93 

a  3.02 0.62  2.25 -0.56  2.79 -0.17  2.79 -1.36 

b  1.33 0.70  1.95 -0.25  1.00 0.11  1.65 -0.73 

c  2.95 -0.29  2.48 -1.20  2.09 -1.08  1.98 -1.90 

d  2.23 1.30  1.48 0.07  1.13 0.52  1.69 -0.64 

e  2.44 0.16  3.02 -1.04  2.63 -0.73  3.53 -1.43 

f  4.35 0.31  4.96 -0.75  2.92 -0.42  4.58 -1.22 

g  2.85 0.96  2.08 -0.15  2.60 0.18  2.69 -0.80 

g  2.40 1.73  2.02 0.52  1.71 1.44  1.36 0.12 

h  2.39 0.75  2.21 -0.76  2.75 -0.17  2.43 -1.26 

i  1.85 0.57  2.26 -0.62  1.50 0.03  2.79 -1.02 

j  2.33 0.55  2.16 -0.45  1.81 -0.05  2.34 -0.71 

k  2.96 -0.13  3.15 -1.19  3.22 -0.79  2.61 -1.64 

l   1.18 2.50  1.30 0.57  1.04 1.55  1.44 0.03 

m  3.22 -0.03  1.47 -1.62  2.75 -0.68  2.24 -1.72 

n  2.50 0.66  3.03 -0.46  3.38 -0.08  3.00 -1.21 

o  4.66 -1.02  2.05 -2.58  3.64 -1.84  26.38 -2.50 

p  2.12 0.11  2.79 -0.80  2.28 -0.73  2.99 -1.55 

q  2.01 2.83  2.60 1.66  1.00 4.55  1.12 1.51 

r  2.60 0.36  2.89 -0.89  2.62 -0.69  4.81 -1.41 

s  2.31 -0.62  1.87 -1.82  1.72 -1.39  1.04 -3.59 

t  1.73 1.13  3.06 -0.06  1.70 0.51  2.76 -0.69 

u  3.11 0.67  3.02 -0.48  2.76 -0.16  3.20 -0.91 

v  3.02 0.56  5.50 -0.45  3.29 -0.36  4.26 -1.14 

w  2.26 0.01  1.78 -1.37  2.28 -0.83  1.05 -2.32 

x  2.49 -1.00  0.73 -4.08  1.80 -1.89  0.57 -6.92 

y  2.56 0.36  2.45 -0.65  2.91 -0.30  1.76 -1.42 

z  2.75 -0.28  2.42 -1.41  2.65 -1.18  2.76 -2.09 

Note. Items are presented in alphabetical order in this table; however, they were presented to the 

children in a random order.   
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Figure 5 

Test Information Curve of the Letter Identification Task for Junior Kindergarten (N = 173) in the 

Fall 

 

 
Figure 6 

Test Information Curve of the Letter Identification Task for Senior Kindergarten (N = 183) in the 

Fall 
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Figure 7 

Test Information Curve of the Letter Identification Task for Junior Kindergarten (N = 173) in the 

Spring 

 

 
Figure 8 

Test Information Curve of the Letter Identification Task for Senior Kindergarten (N = 183) in the 

Spring 
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Reliability. The Letter Identification task’s reliability was α = .98 and .97 in the fall and 

spring, respectively. When the uppercase and lowercase letters were analyzed separately, the task 

continued to have excellent reliability coefficients. The uppercase letters’ coefficients were .96 

and .94 in the fall and spring, whereas the lowercase letters were .97 and .95 in the fall and 

spring, respectively.  

Number Recognition 

The item analyses for Number Recognition was conducted only for the fall because, as 

was found through the preliminary analyses, it showed ceiling effects in the spring. 

Factor Structure. The first eigenvalue was 31.95, which was noticeably larger than the 

second value, 5.36. The ratio of the two was 5.96—thus, a unidimensional model was acceptable. 

The factor loadings are presented in Table 6. All except two of the items, Number 64 and 

Number 14 (row 14), on the Number Recognition task significantly loaded onto a single factor at 

the alpha level of .05. Other than these two items, Number 82 had a particularly weak loading of 

0.17. Although this item met the cut-off criteria (significant loading), I decided to remove this 

item a posteriori to item parameter estimate analyses where I observed this item to be 

problematic: its discrimination parameter value was negative. A negative discrimination 

parameter is a clear indication of a problematic item as discrimination values must be positive.  

A second EFA was performed without the following three items: Number 64, Number 

82, and Number 14 (row 14). The resulting factor loadings are presented in Table 7. The one-

factor model slightly improved after removing these three items, with the first eigenvalue ratio to 

the second increasing to 7.40. All items significantly loaded onto a single factor at the alpha level 

of .05. Two of the 52 items had weak loadings of 0.21 and 0.24, while all remaining items had 

moderately strong to strong loadings with the lowest loading at 0. 0.41. The fit measure indices 
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indicated a good model fit: RMSEA = 0.052, CFI = 0.967, TLI = 0.965, and SRMR = 0.126. 

Therefore, the Number Recognition task was unidimensional. 

 

Table 6 

Exploratory Factor Analysis for the Number Recognition Task for Fall as a Function of Stimuli 

Size (N = 356) 

  
Factor 

Loading 
    

Factor 

Loading 

Stimuli Row Item 1  Stimuli Row Item 1 

0 12 48 0.85  18 3 9 0.87 

1 2 5 0.92  18 8 29 0.82 

1 8 31 0.90  18 11 44 0.92 

2 1 3 0.92  
19 4 15 0.93 

2 10 40 0.93  19 9 35 0.84 

3 9 34 0.79  20 2 8 0.91 

4 1 2 0.89  20 9 33 0.45 

5 4 16 0.95  
20 10 37 0.87 

5 10 39 0.93  24 11 41 0.60 

6 1 4 0.85  27 11 43 0.61 

6 3 10 0.76  29 14 54 0.22 

6 8 30 0.85  
30 6 22 0.76 

6 11 42 0.93  30 14 53 0.81 

7 6 24 0.93  33 7 27 0.72 

8 2 7 0.91  34 9 36 0.88 

8 3 11 0.90  
36 6 23 0.41 

9 3 12 0.56  38 13 50 0.75 

9 12 47 0.83  43 5 19 0.89 

10 1 1 0.86  45 14 56 0.74 

10 5 17 0.90  
46 7 26 0.61 

11 5 20 0.90  48 4 14 0.60 

12 13 51 0.74  55 6 21 0.85 

13 8 32 0.79  64 7 28 0.11 

14 7 25 0.25  
69 10 38 0.87 

14 14 55 0.10   70 5 18 0.93 

15 12 46 0.95  82 13 52 0.16 

16 12 45 0.88  90 13 49 0.51 

17 2 6 0.89      

Note. Item 13 was removed due to zero variance.  
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Table 7 

Second Exploratory Factor Analysis for the Number Recognition Task for Fall as a Function of 

Stimuli Size (N = 356) 

  
Factor 

Loading 
    

Factor 

Loading 

Stimuli Row Item 1  Stimuli Row Item 1 

0 12 48 0.85  17 2 6 0.89 

1 2 5 0.92  18 3 9 0.86 

1 8 31 0.90  18 8 29 0.82 

2 1 3 0.92  18 11 44 0.92 

2 10 40 0.93  19 4 15 0.93 

3 9 34 0.79  19 9 35 0.84 

4 1 2 0.89  20 2 8 0.91 

5 4 16 0.95  20 9 33 0.44 

5 10 39 0.93  20 10 37 0.88 

6 1 4 0.85  24 11 41 0.60 

6 3 10 0.76  27 11 43 0.61 

6 8 30 0.85  29 14 54 0.21 

6 11 42 0.93  30 6 22 0.76 

7 6 24 0.93  30 14 53 0.82 

8 2 7 0.91  33 7 27 0.72 

8 3 11 0.90  34 9 36 0.88 

9 3 12 0.56  36 6 23 0.41 

9 12 47 0.83  38 13 50 0.75 

10 1 1 0.86  43 5 19 0.89 

10 5 17 0.91  45 14 56 0.75 

11 5 20 0.90  46 7 26 0.61 

12 13 51 0.74  48 4 14 0.60 

13 8 32 0.79  55 6 21 0.85 

14 7 25 0.24  69 10 38 0.87 

15 12 46 0.95   70 5 18 0.93 

16 12 45 0.88  90 13 49 0.50 

Note. Item 13 was removed due to zero variance, and Items 28, 52 and 55 were removed due to 

insufficient loadings. 

 

DIF by Gender and K-Level. The anchor set of the Number Recognition task contained 

13 items (25% of the total number of items; see Table A3 in Appendix A). After applying B-H 

correction for multiple comparisons, none of the items showed significant DIF by gender in the 
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fall. Therefore, girls and boys were merged in subsequent analyses. However, after applying B-H 

correction for multiple comparisons, four items had significant DIF by kindergarten level in the 

fall: Numbers 30 and 36 each in row six, Numbers 20 and 69 each in row 10. Hence, a follow-up 

DIF test was performed to determine whether the differences were uniformed or not. Of the 

items that showed DIF, all except Number 36 (row six) showed uniform DIF, where the senior 

kindergarteners had outperformed junior kindergarteners along all points on the latent trait 

continuum. However, Number 36 (row six) seemed to favour junior kindergarteners up to one 

standard deviation below the mean latent trait (θ = -1), after which senior kindergarteners had a 

higher probability of correctly recognizing this number. In sum, these four items were removed 

from subsequent analyses, resulting in a new total number of 48 items on the Number 

Recognition task. 

Item Parameter Estimates. Each item’s difficulty and discrimination parameters in the 

fall for junior and kindergarten are presented in Table 8.  

Junior Kindergarten. The discrimination parameters of the items for junior kindergarten 

varied from very low to very high. Three of the items had especially high discrimination values:  

7.36, 7.66, and 10.01 for numbers 2 (row one), 5 (row ten), and 1 (row two), respectively. 

Overall, the discrimination values ranged from 0.13 (Number 14, row seven) to 10.01 (Number 

1, row two), with an average of 3.10. The ten most discriminating numbers were 1, 2, 4, 5, 7, 8, 

and 19 – with numbers 1, 2 and 5 appearing twice in different rows.  

The range of difficulty parameters of all except two items was between -1.91 (Number 

90) and 0.65 (Number 30), which is not wide enough to cover the entire level of the latent trait. 

The two least discriminating items were also notably easy: Number 14 (row seven) had a 

difficulty value of -9.05, and Number 29 had a difficulty value of -3.53. The difficulty values of 
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35 items were below zero. Ten items had difficulty values of less than -1, and all items had 

difficulty values below 1. Thus, children whose latent ability level is about one standard 

deviations above the mean had a greater than 50% chance of correctly recognizing all numbers 

on this task. The average of the difficulty values was -0.70, which suggests that, overall, the 

Number Recognition task was easy for junior kindergarteners. Interestingly, the smallest 

numbers were not necessarily the easiest to recognize for children. In fact, the largest number on 

the task, Number 90, was the third least difficult number with a difficulty value of -1.91. 

The test information curve (see Figure 9) showed that when all items are considered, the 

Number Recognition task provided the most information for junior kindergarteners with ability 

levels of about -0.85. This is also where the lowest standard error is observed, indicating good 

discrimination or high precision. Although not wide enough to cover the entire range of the latent 

trait, the task covered at least one standard deviation above and below the average level of the 

latent ability. However, there was less information provided for higher levels of latent ability. In 

sum, the test information curve confirmed that the Number Recognition task was easy for junior 

kindergarteners.  

Senior Kindergarten. The discrimination parameters of the numbers for senior 

kindergarten varied from moderate to very high. Three items had extremely high discrimination 

values, namely, numbers 1 (rows two and eight) and number 2 (row one) at 38.21, 25,11, and 

24,25, respectively. Overall, the discrimination values ranged from 0.71 (Number 48) to 38.21 

(Number 1, row two), with an average of 4.59. The ten most discriminating numbers were 

similar to that of junior kindergarten, except a digit greater than 20 made it to the list : 1, 2, 4, 5, 

6, 7, 10, and 70 – numbers 1 and 2 appearing twice.  



71 

 

 

 

The ease of this task for senior kindergarteners is reflected by difficulty parameters that 

were all below zero. This means that the task did not cover the average or higher latent abilities. 

In fact, 42 items had difficulty values that were less than -1; however, only children whose latent 

ability levels were between zero and one standard deviation below the mean had a greater than 

50% probability of correctly recognizing all numbers on this task.  Of note, as was the case with 

junior kindergarten, smaller numbers were not necessarily the easiest items, and neither were the 

largest numbers the most difficult. For example, Number 90 was the fifth least difficult item on 

the task (b = -2.67). On the other hand, Number 45 was the most difficult among all items (b = -

0.41). These two numbers were among the largest numbers on the task, yet they had very 

different parameter values. 

The test information curve (see Figure 10) of the Number Recognition task for senior 

kindergarten provided the most information at about θ = -2.10, which also where the lowest 

standard error was observed, indicating good discrimination or high precision. As the range of 

the item difficulty parameters indicated, the task provided almost no information for an average 

level of latent ability or higher. Overall, the test information curve demonstrated that this task 

was extremely easy for senior kindergarteners. 
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Table 8 

Discrimination (a) and Difficulty (b) Estimates for Number Recognition for Junior (n = 173) and 

Senior (n = 183) Kindergarten in Fall and Spring 

         

Junior 

Kindergarten 
  

Senior 

Kindergarten 

Stimuli Row Item  a b  a b 

0 12 48  3.55 -0.82  4.06 -2.18 

1 2 5  10.01 -1.15  38.21 -2.12 

1 8 31  6.65 -1.07  25.11 -2.05 

2 1 3  7.36 -0.96  24.25 -2.05 

2 10 40  6.76 -0.81  9.70 -1.94 

3 9 34  2.57 -0.94  2.40 -2.35 

4 1 2  5.87 -0.86  6.58 -2.19 

5 4 16  6.51 -0.68  2.93 -2.13 

5 10 39  7.66 -0.72  4.86 -1.88 

6 1 4  3.46 -0.81  5.38 -2.08 

6 3 10  1.99 -0.64  2.23 -1.76 

6 8 30  3.53 -0.68  2.11 -2.48 

6 11 42  4.89 -0.40  3.15 -1.52 

7 6 24  5.89 -0.46  4.67 -1.69 

8 2 7  5.35 -0.53  4.02 -1.72 

8 3 11  1.41 0.61  1.91 -0.63 

9 3 12  1.07 -1.06  1.62 -1.96 

9 12 47  2.09 -0.43  3.36 -1.53 

10 1 1  4.28 -0.87  3.98 -2.18 

10 5 17  3.03 -0.16  5.39 -1.35 

11 5 20  3.57 -0.20  3.98 -1.26 

12 13 51  1.07 0.65  1.92 -0.89 

13 8 32  1.95 -0.10  2.06 -1.53 

14 7 25  0.13 -9.05  0.84 -3.05 

15 12 46  3.61 0.10  4.17 -1.11 

16 12 45  1.97 0.03  3.45 -1.07 

17 2 6  1.92 0.03  2.47 -1.26 

18 3 9  1.29 0.46  1.54 -0.82 

18 8 29  1.96 0.05  2.32 -1.39 

18 11 44  3.91 -0.32  4.36 -1.40 

19 4 15  5.12 -0.54  2.06 -2.03 

19 9 35  1.97 -0.18  2.49 -0.95 

(Continued) 
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Table 8 

Continued 

        

Junior 

Kindergarten 
  

Senior 

Kindergarten 

Stimuli Row Item  a b  a b 

20 2 8  2.13 0.09  3.18 -1.15 

20 9 33  0.94 -1.48  1.15 -2.16 

24 11 41  1.32 -1.57  1.22 -3.23 

27 11 43  1.48 -1.31  1.76 -2.07 

29 14 54  0.42 -3.53  0.77 -2.88 

30 14 53  1.37 0.65  2.15 -0.69 

33 7 27  1.59 -0.38  1.18 -2.45 

34 9 36  2.31 -0.17  2.87 -1.06 

38 13 50  1.45 0.05  1.86 -1.11 

43 5 19  2.91 -0.20  3.54 -1.43 

45 14 56  1.27 0.55  1.66 -0.44 

46 7 26  1.01 0.30  0.85 -1.30 

48 4 14  1.63 -1.84  0.71 -6.78 

55 6 21  2.50 -0.34  3.73 -1.37 

70 5 18   2.93 0.15  4.93 -1.14 

90 13 49  1.00 -1.91  1.40 -2.67 

Note. Item 13 was removed due to zero variance. Items 28, 52 and 55 were removed due to 

insufficient loadings. Items 22, 23, 67 and 38 were removed due to significant DIF by 

kindergarten level.   

The final total number of items was 48.   
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Figure 9 

Test Information Curve of the Number Recognition Task for Junior Kindergarten (N = 173) in 

the Fall 

 

 
Figure 10 

Test Information Curve of the Number Recognition Task for Senior Kindergarten (N = 183) in 

the Fall 
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Reliability. After eliminating items with zero variance, insufficient loadings, and 

significant DIF, the Number Recognition task had very good reliability of α = .96 in the fall. 

Recall that the spring reliability could not be assessed because the task showed ceiling effects.  

Measurement Invariance Results 

Configural invariance was examined for all three variables: gender, kindergarten level, 

and time. Other levels of invariance (e.g.., scalar invariance) could not be tested. 

Preliminary Analyses 

Normality. I examined the normality of the data set by inspecting histograms and normal 

probability plots (P-P plots) and evaluating kurtosis and skew. The statistics for each 

kindergarten level at both assessment times are reported in Table 9; however, junior and senior 

kindergarten were merged during normality analyses as the measurement invariance analyses 

were conducted on the joint sample (N = 356), except for two additional invariance analyses 

across time, where each group alone had sufficient data points (N of junior kindergarten = 346, N 

of senior kindergarten = 366).  

Fall. Visual inspection of the five tasks’ histograms as well  as P-P plots using both junior 

and senior kindergarten data showed that none of the tasks had a normal distribution. Print 

Concepts was too flat (kurtosis = -1.03, skewness = -0.15); Letter Identification was too flat and 

negatively skewed (kurtosis = -1.23, skewness = -0.53); and Early Spelling (kurtosis = 1.83, 

skewness = -1.31), Number Naming (kurtosis = 4.67, skewness = 1.65) and Magnitude 

Comparison (kurtosis = 0.35, skewness = 0.75) were too peaked and positively skewed. The 

assumption of multivariate normality was not met when each kindergarten level was analyzed 

separately, either.  
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Spring. Like In the spring, Print Concepts was negatively skewed (kurtosis = -0.08, 

skewness = -0.80); Letter Identification was too peaked and negatively skewed (kurtosis = 0.56, 

skewness = -1.25); Early Spelling was too flat and positively skewed (kurtosis = -0.52, skewness 

= 0.75); Number Naming was too peaked and positively skewed (kurtosis = 1.54, skewness = 

1.30); and Magnitude Comparison was slightly positively skewed (kurtosis = -0.45, skewness = 

0.38). The assumption of multivariate normality was not met when each kindergarten level was 

analyzed separately, either.  



77 

 

 

 

Table 9 

Descriptive Statistics of the Retained Tasks of the ELNOT for Junior (n = 173) and Senior (n = 183) Kindergarten for Fall and Spring 

  
Fall 

Junior Kindergarten   Senior Kindergarten 

Task M SD Skewness Kurtosis   M SD Skewness Kurtosis 

Print Concepts 5.92 2.83 0.29 -0.65  9.01 3.00 -0.76* -0.19 

Letter Identification 24.71 16.45 0.12 -1.39*  41.38 13.78 -1.43* 0.80* 

Early Spelling 4.00 4.39 1.20* 1.66*  12.10 8.19 0.98* 0.77* 

Number Naming 7.64 5.12 1.74* 7.06*  15.04 8.20 1.58* 4.16* 

Magnitude Comparison 12.14 4.31 1.00* 1.59*   19.56 6.30 0.45* 0.31 

          

 Spring 

 Junior Kindergarten  Senior Kindergarten 

 M SD Skewness Kurtosis  M SD Skewness Kurtosis 

Print Concepts 7.95 3.04 -0.39 -0.52  10.32 2.72 -1.48* 2.16* 

Letter Identification 35.92 14.26 -0.79* -0.47  46.23 10.08 -2.03* 3.48* 

Early Spelling 7.13 6.95 1.42* 2.05*  17.79 10.47 0.23 -1.14* 

Number Naming 11.80 7.01 1.64* 5.27*  21.46 11.62 0.92* 0.24 

Magnitude Comparison 16.48 5.48 0.70* 0.04  25.27 7.09 -0.05 0.07 

Note. Reading, Verbal Counting, Number Recognition, Give-N and Compare Sets were eliminated due to floor or ceiling effects. 
* p < .05  
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Descriptive Statistics and Correlations. The means and standard deviations of the five 

tasks for each kindergarten level at both assessment times are presented in Table 9. Senior 

kindergarteners outperformed junior kindergarteners on both literacy and numeracy tasks at both 

assessment times. The correlations for junior and senior kindergarten in the fall and spring are 

reported in Tables 10 and 11. At both times, all retained tasks were significantly correlated with 

each other within each kindergarten level as well as when both groups were analyzed together.   

 

Table 10 

Correlations Among Tasks Retained for Junior (n = 173; below the diagonal) and Senior  

(n = 183; above the diagonal) Kindergarten in the Fall 

  1 2 3 4 5 

1. Print Concepts  .54 .55 .43 .54 

2. Letter Identification .43  .64 .59 .56 

3. Early Spelling .43 .67  .65 .55 

4. Number Naming .53 .69 .56  .64 

5. Magnitude Comparison .40 .36 .38 .53  

Note. The Reading, Verbal Counting, Number Recognition, Give-N, and Compare Sets tasks 

were eliminated due floor or ceiling.  

All correlations were significant at p < .01 

 

Table 11 

Correlations Among Tasks Retained for Junior (n = 173; below the diagonal) and Senior  

(n = 183; above the diagonal) Kindergarten in the Spring 

  1 2 3 4 5 

1. Print Concepts  .59 .56 .51 .55 

2. Letter Identification .57  .62 .52 .51 

3. Early Spelling .51 .62  .62 .46 

4. Number Naming .51 .64 .61  .66 

5. Magnitude Comparison .53 .51 .55 .63  
Note. The Reading, Verbal Counting, Number Recognition, Give-N, and Compare Sets tasks 

were eliminated due floor or ceiling.  

All correlations were significant at p < .01 
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Invariance Across Gender 

The CFA model of an early academic skills factor was tested for invariance across boys 

and girls across kindergarten level as a function of testing time (N = 356). The standardized 

factor loadings from the baseline model for each group (boys and girls) at both assessment times 

are presented in Table 12. 

 

Table 12 

Standardized Factor Loadings and Standard Errors for Boys (n = 170) and Girls (n = 186) in 

Fall and Spring 

  Fall  Spring 

Early Academic Skills Boys Girls  Boys Girls 

Print Concepts .69 (.05) .76 (.04)  .75 (.04) .73 (.04) 

Letter Identification .78 (.04) .83 (.03)  .73 (.04) .80 (.03) 

Early Spelling .83 (.03) .86 (.02)  .83 (.03) .83 (.03) 

Number Naming .89 (.02) .86 (.02)  .89 (.02) .84 (.03) 

Magnitude Comparison .81 (.03) .78 (.03)  .82 (.03) .81 (.03) 

Note. The Reading, Verbal Counting, Number Recognition, Give-N, and Compare Sets tasks 

were eliminated due floor or ceiling.  

 

Fall. The goodness-of-fit indices indicated a good model fit: RMSEA = .076, CFI = .991, 

TLI = .981, and SRMR = .019. The 5-task ELNOT had a single underlying construct that both 

the early literacy and numeracy tasks loaded onto, and factor loadings associated with both boys’ 

and girls’ responses had the same pattern. Hence, the CFA model involving the five tasks of the 

ELNOT had configural invariance across gender. 

After establishing configural invariance, I tested for metric invariance. Because the data 

did not have multivariate normality, I computed the Satorra-Bentler scale chi-square difference 

(∆SBSχ2) under the MLM estimation instead of using the usual chi-square values (Satorra & 

Bentler, 1999). As presented in Table 15, the chi-square difference between Model 1 and Model 

0 was statistically significant, ∆SBSχ2 (4) = 18.81, p < .001, which means that there is not 
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complete invariance of the factor loadings between boys and girls. The CFI difference between 

the models further supported this finding: ∆CFI = -.02, which was less than the -.01 mark that 

signals a lack of invariance in the respective comparison of nested models (Cheung & Rensvold, 

2002). Because metric invariance was not established, the next stages in multiple-group CFA 

were not tested.  

Spring. Similar results were obtained with the spring data to that of the fall. The model 

had an adequate fit: RMSEA = .139, CFI = .968, TLI = .936, and SRMR = .029. Thus, the CFA 

model involving the five tasks of the ELNOT had configural invariance across gender at both 

assessment times. 

After establishing configural invariance, I tested for metric invariance. As presented in 

Table 15, the chi-square difference between Model 1 and Model 0 was statistically significant, 

∆SBSχ2 (4) = 17.11, p = .002, which means that there is not complete invariance of the factor 

loadings between boys and girls. The CFI difference between the models further supported this 

finding: ∆CFI = -.013, which was less than the -.01 mark that signals a lack of invariance in the 

respective comparison of nested models (Cheung & Rensvold, 2002). Because metric invariance 

was not established, the next stages in multiple-group CFA were not tested.  

Invariance Across Kindergarten-Level 

The CFA model of a single factor (early academic skills) was tested for invariance across 

kindergarten level (N = 356). The standardized factor loadings from the baseline model for each 

group (junior and senior kindergarten) at both assessment times are presented in Table 13. 
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Table 13 

Standardized Factor Loadings and Standard Errors for Junior (n = 173) and Senior (n = 183) 

Kindergarten in Fall and Spring 

  Fall  Spring 

Early Academic Skills 
Junior 

Kindergarten 

Senior 

Kindergarten  

Junior 

Kindergarten 

Senior 

Kindergarten 

Print Concepts .60 (.06) .66 (.05)  .68 (.05) .73 (.04) 

Letter Identification .81 (.04) .77 (.04)  .78 (.04) .74 (.04) 

Early Spelling .73 (.05) .80 (.03)  .76 (.04) .76 (.04) 

Number Naming .84 (.04) .78 (.04)  .81 (.04) .78 (.04) 

Magnitude Comparison .55 (.06) .75 (.04)   .73 (.04) .72 (.04) 

Note. The Reading, Verbal Counting, Number Recognition, Give-N, and Compare Sets tasks 

were eliminated due floor or ceiling.  

 

Fall. The goodness-of-fit indices indicated a good model fit: RMSEA = .131, CFI = .959, 

TLI = .918, and SRMR = .034. The ELNOT with the five retained tasks had a single underlying 

construct, and factor loadings associated with both junior and senior kindergarteners’ responses 

had the same pattern. Hence, the CFA model involving the five tasks of the ELNOT had 

configural invariance across kindergarten level. 

After establishing configural invariance, I tested for metric invariance. Because the data 

did not have multivariate normality, I computed the Satorra-Bentler scale chi-square difference 

(∆SBSχ2) under the MLM estimation instead of using the usual chi-square values (Satorra & 

Bentler, 1999). As presented in Table 15, the chi-square difference between Model 1 and Model 

0 was statistically significant, ∆SBSχ2 (4) = 45.579, p < .001, which means that there is not 

complete invariance of the factor loadings between boys and girls. The goodness-of-fit indices of 

Model 1 also indicated poor fit: RMSEA was .178, CFI = .894, TLI = .894, and SRMR = .114. 

The decrease in the CFI value was too great (∆CFI = -.065), signalling a lack of invariance in the 

respective comparison of nested models (Cheung & Rensvold, 2002). Because metric invariance 

was not established, the next stages in multiple-group CFA were not tested.  
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Spring. Similar results were obtained with the spring data to that of the fall. The baseline 

model had good fit indices: RMSEA = .137, CFI = .958, TLI = .915, and SRMR = .033. Thus, 

configural invariance was established across junior and senior kindergarten. However, as 

presented in Table 15, the chi-square difference between Model 1 and Model 0 was statistically 

significant, ∆SBSχ2 (4) = 51.383, p < .001, which means that there is not complete invariance of 

the factor loadings between junior and senior kindergarten. The goodness-of-fit indices of Model 

1 also indicated poor fit: RMSEA = .170, CFI = .909, TLI = .870, and SRMR = .120. The 

decrease in the CFI value was too much (∆CFI = -.049). Because metric invariance was not 

established, the next stages in multiple-group CFA were not tested.  

Invariance Across Time 

The CFA model of a single factor (early academic skills) was tested for invariance across 

time using junior and senior kindergarten together (N = 712), only junior kindergarten (N = 346), 

and only senior kindergarten (N = 366). The standardized factor loadings from the baseline 

model for each assessment time using the samples mentioned above are presented in Table 14. 

 

Table 14 

Standardized Factor Loadings and Standard Errors by Time for Junior (n = 173) and Senior  

(n = 183) Kindergarten 

  
Junior and Senior 

Kindergarten 
  Junior Kindergarten   Senior Kindergarten 

Early Academic Skills Fall Spring  Fall Spring  Fall Spring 

Print Concepts .73 (.03) .75 (.03)  .60 (.06) .68 (.05)  .66 (.05) .73 (.04) 

Letter Identification .81 (.02) .76 (.03)  .81 (.04) .78 (.04)  .77 (.04) .74 (.04) 

Early Spelling .84 (.02) .82 (.02)  .73 (.05) .76 (.04)  .80 (.03) .76 (.04) 

Number Naming .85 (.02) .84 (.02)  .84 (.04) .81 (.04)  .78 (.04) .78 (.04) 

Magnitude Comparison .80 (.02) .82 (.02)   .55 (.06) .73 (.04)   .75 (.04) .72 (.04) 

Note. The Reading, Verbal Counting, Number Recognition, Give-N, and Compare Sets tasks 

were eliminated due floor or ceiling.  
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 Junior and Senior Kindergarten. The goodness-of-fit indices indicated a good model 

fit: RMSEA = .113, CFI = .978, TLI = .956, and SRMR = .022. The ELNOT with the five 

retained tasks had a single underlying construct, and factor loadings associated with junior and 

senior kindergarteners’ performances in both fall and spring had the same pattern. Hence, the 

CFA model involving the five tasks of the ELNOT had configural invariance across time. 

After establishing configural invariance, I tested for metric invariance. Because the data 

did not have multivariate normality, I computed the Satorra-Bentler scale chi-square difference 

(∆SBSχ2) under the MLM estimation instead of using the usual chi-square values (Satorra & 

Bentler, 1999). Although the fit of Model 1 indicated an acceptable fit (RMSEA = .146, CFI = 

.949, TLI = .927, and SRMR = .093), as presented in Table 15, the chi-square difference between 

Model 1 and Model 0 was statistically significant, ∆SBSχ2 (4) = 66.962, p < .001, which means 

that there is not complete invariance of the factor loadings between fall and spring. The CFI 

value decrease also indicated a lack of invariance between the models compared (∆CFI = -.029). 

Because metric invariance was not established, the next stages in multiple-group CFA were not 

tested.  

 Junior Kindergarten. A sample of just junior kindergarteners (N = 346) produced 

similar results to that of the joint sample of both kindergarten levels. The baseline model had 

good fit indices: RMSEA = .118, CFI = .966, TLI = .932, and SRMR = .032. Thus, configural 

invariance was established across time for junior kindergarten alone as well. However, as 

presented in Table 15, the chi-square difference between Model 1 and Model 0 was statistically 

significant, ∆SBSχ2 (4) = 20.154, p < .001, which means that there is not complete invariance of 

the factor loadings between fall and spring. The fit of Model 1 was also poorer: RMSEA = .141, 

CFI = .933, TLI = .904, and SRMR = .085. The decrease in the CFI value was indicative of a 
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lack of invariance as well (∆CFI = -.033). Because metric invariance was not established, the 

next stages in multiple-group CFA were not tested.  

 Senior Kindergarten. Like junior kindergarten, a sample of just senior kindergarteners 

(N = 366) produced a baseline model with good fit: RMSEA = .148, CFI = .966, TLI = .932, and 

SRMR = .035. Hence, configural invariance was established across time for senior kindergarten 

alone as well. However, as presented in Table 15, the chi-square difference between Model 1 and 

Model 0 was statistically significant, ∆SBSχ2 (4) = 24.834, p < .001, which means that there is 

not complete invariance of the factor loadings between fall and spring. The fit of Model 1 was 

very poor: RMSEA = .154, CFI = .926, TLI = .894, and SRMR = .101. The decrease in the CFI 

value was too much (∆CFI = -.040). Because metric invariance was not established, the next 

stages in multiple-group CFA were not tested.  

Reliability 

The five tasks of the ELNOT produced acceptable reliability coefficients of α = .82 in the 

fall and α = .86 in the spring.  
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Table 15 

Measurement Invariance Tests Across Gender, Kindergarten Level, and Time (N = 356) 

Testing 

Across 
Sample Model χ2 SBS χ2 df CFI SRMR 

Model 

Comparison 
∆SBS χ2 ∆df ∆CFI a Decision 

Gender Fall M0 Configural invariance 20.249 20.641 10 .991 .019 
     

M1 Metric invariance 45.893 42.094 14 .971 .069 M1-M0 18.809** 4 -.020 Reject 

Spring M0 Configural invariance 44.224 46.79 10 .968 .029 
     

M1 Metric invariance 62.452 63.757 14 .955 .071 M1-M0 17.108* 4 -.013 Reject 

K-Level Fall M0 Configural invariance 40.487 37.953 10 .959 .034 
     

M1 Metric invariance 92.985 85.224 14 .894 .114 M1-M0 45.579** 4 -.065 Reject 

Spring M0 Configural invariance 43.523 40.674 10 .968 .029 
     

M1 Metric invariance 85.686 85.792 14 .955 .071 M1-M0 51.383** 4 -.049 Reject 

Time 

  

JK and 

SK 

M0 Configural invariance 55.567 53.055 10 .978 .022 
     

M1 Metric invariance 120.649 117.615 14 .949 .093 M1-M0 66.962** 4 -.029 Reject 

JK M0 Configural invariance 34.181 30.751 10 .966 .032 
     

M1 Metric invariance 62.071 52.189 14 .933 .085 M1-M0 20.154** 4 -.033 Reject 

SK M0 Configural invariance 49.829 48.601 10 .966 .035 
     

M1 Metric invariance 74.743 73.352 14 .926 .101 M1-M0 24.834** 4 -.040 Reject 

Note. χ2 = conventional chi-square fit statistic; SBS χ2 = Satorra-Bentler scale chi-square test (under maximum-likelihood estimation);  

∆SBS χ2 = Satorra-Bentler scales chi-square difference; CFI = comparative fit index; SRMR = standardized root mean square residual; 

M0 = baseline model (no invariance imposed); M1 = invariant factor loadings;  

K-Level = kindergarten level; JK = junior kindergarten (n = 173); SK = senior kindergarten (n = 183) 
a ΔCFI ≤ −0.01 signals lack of invariance in the respective comparison of nested models. 
* p < .01 
** p < .001 
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Discussion 

The purpose of this thesis was to evaluate the psychometric properties of the ELNOT 

through two series of analyses. First, item analyses were performed on three tasks that had item-

level data (and were eligible) to determine the tasks’ degree of precision in measuring 

kindergarten children’s early academic skills. These three tasks are: Print Concepts, Letter 

Identification, and Number Recognition. Items on these tasks did not function significantly 

differently across gender. However, Print Concepts and Number Recognition had a few items 

with significant DIF across kindergarten level, which were removed from subsequent analyses. 

The three tasks were more suitable to be administered in the fall and for children in junior 

kindergarten, since the tasks covered a better range of abilities for junior kindergarteners 

compared to senior kindergarteners. The tasks were easy, if not too easy, for senior 

kindergarteners, even in the fall. Overall, Print Concepts, Letter Identification, and Number 

Recognition demonstrated sufficient measurement precision for a majority of children in junior 

kindergarten and for some children in senior kindergarten.  

In the second series of analyses, measurement invariance tests were performed on five 

tasks that were retained after preliminary analyses using the multiple-group CFA method. These 

tasks were Print Concepts, Letter Identification, Early Spelling, Number Naming, and Magnitude 

Comparison. The ELNOT with these five tasks presented a single factor model with adequate 

data fit. The model structure was invariant across all comparisons; that is, the ELNOT had 

configural invariance across gender, kindergarten level, and time. However, metric invariance, 

and therefore, other higher forms of invariances, were not established.  
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Item Analyses 

The Print Concepts and Letter Identification tasks showed similar trends with regards to 

item difficulty parameter across kindergarten level at both assessment timepoints. As would be 

expected, the tasks were easier for senior kindergarteners; in addition, the overall difficulty 

decreased over time for the two groups because children improved their abilities in between the 

testing times. Both tasks were neither too easy nor too difficult for junior kindergarteners in the 

fall but became easy in the spring. The two tasks were easy for senior kindergarteners in the fall 

and became even easier in the spring. The Number Recognition task was easy for junior 

kindergarteners, but extremely easy for senior kindergarteners in the fall.  

In general, tasks are less precise in discriminating at very low or very high levels of the 

latent ability. However, it is important to consider both item difficulty and discrimination 

parameters together because a low discriminating item is not necessarily too easy or too difficult. 

The tasks that were tested for item analyses had items with low discrimination values that were 

also easy, average, or difficult. For example, in Print Concepts (junior kindergarten; fall), Item 

15–“Small letter” was very easy (b = -3.78), Item 14–“Capital letter” was average (b = 0.03), and 

Item 16–“Question mark” was very difficult (b = 1.68). All these items had discrimination values 

below 0.40. The opposite is also true; although the test information curve generally peaks around 

the average level of latent ability, a highly discriminating item does not necessarily have an 

average level of difficulty. For example, in Letter Identification (junior kindergarten; fall), letter 

O was very easy (b = -1.15), letter R had an average level of difficulty (b = 0.01), and letter q 

was very difficult (b = 2.83). All these letters had discrimination values above 2.00. In Number 

Recognition, of the items with high discrimination values (a ≥ 1.35), 76% and 100% had 
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negative difficulty values for junior and senior kindergarten, respectively. Hence, there was no 

specific pattern between the discrimination and difficulty parameters of the items.  

Print Concepts  

For junior kindergarten in the fall, the Print Concepts task showed better precision for 

children with average or above average latent abilities than it did for children with below average 

abilities. In other words, the task is unlikely to be accurate in identifying junior kindergarteners 

who may need additional support because children who have sufficient knowledge of print 

concepts for their age may also get certain items incorrect. However, in the spring, the task had 

better precision for average or below average latent abilities than it did for children with above 

average abilities. This means that the task is likely to be accurate in identifying junior 

kindergarteners who have had insufficient progress within the academic year and may need 

additional support. So, depending on the purpose of administration (e.g., identifying children 

who are potentially at-risk or gifted), the appropriate time of administration of this task changes. 

If aiming to identify potentially gifted children, it is better to administer Print Concepts in the 

fall, whereas if aiming to identify children who are having difficulties in early literacy, it is better 

to administer it in the spring.   

For senior kindergarten in the fall, Print Concepts had better precision for children with 

below average latent abilities than it did for children with average abilities or higher. Almost all 

items on Print Concepts had negative difficulty values. Thus, the task can identify senior 

kindergarteners with low latent ability levels. In the spring, the latent abilities for which Print 

Concepts showed precision shifted to lower levels. The amount of information that Print 

Concepts provided for below average abilities was reduced in the spring. In other words, the task 

may only be able to identify children at low levels of the latent ability. However, given the 
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reduction in precision, there is very little value in administering this task to senior 

kindergarteners in the spring. 

Letter Identification 

For junior kindergarten in the fall, the Letter Identification task covered a good range of 

the latent ability, thus good precision across all levels. However, in the spring, it showed better 

precision for children with average or below average abilities than it did for children with above 

average abilities. Hence, regardless of the purpose of administration, it is appropriate to 

administer this task in the fall to junior kindergarteners; however, in the spring, it is appropriate 

to administer it only if the purpose is to identify children who are at risk.  

For senior kindergarteners even in the fall, Letter Identification showed better precision 

for children with below average latent abilities compared to children with average abilities or 

higher. Almost all letters had negative difficulty values, including all uppercase letters. Thus, 

there is no value in administering the uppercase letters in the Letter Identification task to children 

in senior kindergarten unless the purpose of administration would be to identify those children 

who are at risk. In the spring, the amount of information that Letter Identification provided at 

lower levels of the latent trait peaked significantly. In other words, even though the Letter 

Identification task was too easy for senior kindergarteners in the spring, the task could 

discriminate children with very low latent abilities. For example, a senior kindergartener who 

cannot yet correctly identify the letter A (a = 26.38, b = -2.50) in the spring should be considered 

for targeted intervention. 

During the administration process, assessors had observed that five lowercase letters were 

highly confusing for children because of their visual similarities: letters that are mirror images of 

one another (i.e., b and d, p and q) and letter l that looks like number 1. For both junior and 
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senior kindergarten at both assessment times, these letters were among the least discriminating 

letters. In addition, these visually confusing letters tended to be more difficult compared to other 

letters. For example, letters q and l had the highest difficulty values among the 54 letters for both 

kindergarten levels. Hence, teachers and educators can focus more on these letters when teaching 

them.  

Consistent with Bowles and colleagues’ (2014) findings, lowercase letters were more 

difficult than uppercase letters. Moreover, lowercase letters alone provided an equally precise 

assessment of children’s alphabet knowledge compared to all 54 letters included. Hence, unless 

the target is to measure children’s knowledge of specific letters in specific forms (e.g., 

uppercase), teachers and educators can test children’s alphabet knowledge through lowercase 

letters just as precisely as including both forms of letters.  

Alternatively, letters with the same difficulty values could be compared, and the one with 

the lower discrimination value could be dropped (see Tables C1 and C2 in Appendix C). There 

were six letters that could be dropped in the fall for each kindergarten level, as well as seven 

letters for junior kindergarten and six for senior kindergarten that could be dropped in the spring. 

If all letter comparisons are considered together (across kindergarten level and time), 22 letters 

(55% uppercase) would be dropped from the task, leaving a total of 32 letters. This procedure 

serves more than merely the shortening of a task. Multiple items with the same difficulty 

parameter value might reduce the precision of a task because of double counting of information 

on the same latent ability level. Thus, some children’s total scores on the task could be inflated 

(Purpura & Lonigan, 2015). Therefore, the letters recommended to be dropped can be found in 

Tables C1 and C2. 
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Another adjustment that could be made would be to administer different letters for fall 

and spring assessment, especially for children who have correctly identified the letters in the 

fall–they are not likely to forget what they have learned (Confrey et al., 2014). Rather, children 

build on their existing knowledge by learning new letters during the academic year. All letters 

became easier in the spring, so shortening the task by selecting the most difficult letters among 

these now easier ones would increase the efficiency of the testing. This improvement would be 

especially the case if the dropped items in the spring were already tested in the fall. Of course, if 

the children could not correctly identify certain letters in the fall, a follow-up may be beneficial 

to monitor children’s growth.  

Number Recognition  

The Number Recognition task covered a satisfactory range of latent ability for junior 

kindergarten; however, most information was provided for children with below average abilities. 

Despite being an easy task for junior kindergarteners even in the fall, depending on the purpose 

of its administration (e.g., identification of at-risk children), Number Recognition could still 

contribute to the precision of the ELNOT. For senior kindergarten in the fall, the Number 

Recognition task showed precision only for children with below average latent abilities. All 

items had difficulty values below zero. Hence, unless it is to identify children who need 

additional support, there is no value in administering this task to senior kindergarteners. 

Several numbers had identical difficulty parameter values. Items recommended to be 

dropped from the task are presented in Table C3 (see Appendix C). There were six items that 

could be dropped for junior kindergarten and five for senior kindergarten. If all item comparisons 

are considered together (across kindergarten level), nine items would be dropped from the task, 

leaving a total of 39 items.  
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Suggestions for Revision 

Children are expected to eventually reach perfect scoring on some of the tasks of the 

ELNOT. Although tasks like Give-N and Compare Sets that showed severe ceiling effects might 

as well be removed from the ELNOT, or administered to only children who are experiencing 

difficulties in early numeracy, it may be possible to increase the precision of easy tasks for 

children with higher latent abilities by adding items with higher difficulty levels. However, it is 

not necessary to do so if the primary purpose of administration is to identify children who are 

most in need of help. Also, easy tasks without ceiling effects may still be informative for 

children with higher latent abilities. For example, on the Letter Identification task, a score close 

to 54 (perfect score) would inform the teachers and educators of how close the child is to 

knowing all the letters, and which few letters they must work on.   

Although some showed improvements between the assessment times, a majority of 

children in both junior and senior kindergarten found the Reading task extremely difficult, which 

was evident by extreme floor effects at all time points. Hence, unless the goal is to identify 

children who may be gifted, there is no value in administering this task to children in 

kindergarten level at any time.  

A specific recommendation towards the revision of the ELNOT pertains to the Letter 

Identification task. Given the importance of letter-sound knowledge (Hulme et al., 2012; 

McArthur et al., 2018; Perfetti, 2007; Schatschneider et al., 2004), it would be beneficial to 

assess letter-sound knowledge of each letter separately along with letter-name knowledge. The 

Letter Identification task as was administered gives information on children’s ability to identify a 

letter in some way, but not precise information about children’s letter-name or letter-sound 
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knowledge alone, which together make up alphabet knowledge–a core early literacy skill 

(Puranik et al., 2011).   

Limitations 

  A number of limitations need be taken into consideration when interpreting the findings 

of this thesis. First, the sample size needs to be considered. Compared to other studies that 

conduct psychometric evaluations of assessment tools, the sample size used in this thesis was 

small, which limits the study’s power. It would be more appropriate to test measurement 

invariance across gender within each kindergarten level with large samples so that any non-

invariances present across kindergarten level do not affect the results. The measurement 

invariance analyses in particular must be re-run with a larger sample.  

The cut-off criterion to retain an item on a task was set to minimal (significant loading at 

an alpha of .05) in order to stay as close as possible to the standard forms of the tasks when 

performing item analyses, whereas in test construction studies, good items are identified as those 

with factor loadings of at least 0.35 (e.g., Clark & Watson, 1995). However, one must be 

cautious when dropping items based on a cut-off criterion, for theory is an important aspect of 

test construction. The researcher might choose to keep items with weak loadings if these items 

were predicted a priori to be strong indicators of a certain factor (Simms, 2008). Hence, had this 

been a test construction study, or the goal of this thesis been to revise the ELNOT, the 

recommended cut-off of 0.35 would have been used.   

The results of the DIF tests need to be interpreted with caution. The methods employed 

during these tests (see Appendix A) may be prone to errors. It would be better to perform item 

analyses, especially the DIF tests, on a software like IRTPRO that does not require known 

anchors to run the DIF tests (Tay et al., 2015). 
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Conclusion 

 As its name indicates, ELNOT is an observation tool aimed at guiding the teaching 

strategies of teachers and educators according to children’s responses on the tasks, through 

which they can identify children’s competencies and confusions (e.g., letters p and q), as well as 

their strengths and weaknesses. As Clay (2013) notes, effective teaching may benefit more from 

observational assessments than standardized tests, and provides the analogy of a football game: 

the quality of the team’s play cannot be improved by looking at the final score; instead, the coach 

must support the players in developing strategic moves to improve their overall performance 

during the game, which will then lead to a better final score. 

In conclusion, ELNOT is a tool with potential. It is most appropriate for assessing 

children who are having difficulties in early literacy or numeracy skills, for it showed better 

measurement precision at lower levels of the latent abilities. Depending on the goal of 

administration (assessing at-risk or gifted children, or monitoring growth), easy or difficult tasks 

may be skipped for one kindergarten level or the other, or both.  
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APPENDICES 

Appendix A: Further Explanation of the Differential Item Functioning (DIF) Tests 

Item Analyses 

Differential Item Functioning (DIF) Tests 

A significant DIF indicates that an item-level bias exists within a certain subgroup 

comparison (Holland & Wainer, 1993). That is, the estimated item parameters in the focal group 

(e.g., junior kindergarten) significantly differ from that of the reference group (e.g., senior 

kindergarten), even after accounting for the overall differences in the construct being measured. 

As is typically done in this type of analysis, the reference group is designated to be the group 

with a larger sample, namely females and senior kindergarteners in this thesis, and the focal 

group is the group with a smaller sample (Tay et al., 2015). Importantly, the assignment of 

reference and focal groups does not affect the computation of DIF. 

The IRT-LR test uses a chi-square distribution to compare two nested IRT models: a full 

model and a restricted model (Desjardins & Bulut, 2018). In the full model, all item parameters 

are set free, whereas, in the restricted model, the discrimination and difficulty parameters are 

constrained between subgroups. Items with statistically significant likelihood ratio statistic 

exhibit DIF, and therefore require follow-up tests to identify the type of DIF. If one subgroup has 

a constant advantage over the other on an item across the latent trait continuum, the item has 

uniform DIF (Desjardins & Bulut, 2018). On the other hand, if the magnitude and/or the 

direction of this advantage changes along the latent trait continuum, the item has nonuniform 

DIF. Therefore, items that have a different meaning for children in any of the subgroups would 

impede the accuracy of the tasks and confound the comparisons between these subgroups (Tay et 

al., 2015). To identify the type of DIF that an item exhibits, I conducted follow-up DIF tests by 
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constraining only the discrimination parameter (a) between subgroups instead of both item 

parameters (Desjardins & Bulut, 2018). Items with significantly different discrimination 

parameters have nonuniform DIF.  

To control for Type-I error in each DIF analyses, I applied the Benjamini and Hochberg 

(B-H) procedure to identify significant DIF (Benjamini & Hochberg, 1995). In this procedure, 

the p values of all items are ordered from smallest to largest, and the smallest p value is 

compared to the conventional alpha level of .05 divided by the total number of items (n). Then, 

in a linear fashion, the next smallest p value is compared to .05/n-1, the next to .05/n-2 until the 

item with the largest p value is compared to the conventional alpha level of .05. 

Anchor Selection. A requirement for carrying out the IRT-LR test for DIF detection is to 

equate the tasks between groups (Kolen & Brennan, 2004). That is, differences in groups’ latent 

means and variances may produce unwarranted DIF, and this can be prevented by selecting a set 

of anchor items that are assumed to have invariant item parameters across groups. After setting 

the parameters of anchor items to be constrained across groups, the mean and variance of the 

latent trait can then be freely estimated in all but the reference group (senior kindergarten). These 

two estimation properties help fix the metric of the groups (Chalmers et al., 2016). 

While there are many different anchor classes and selection strategies (Kopf et al., 2015), 

the IRT-LR test uses known anchors – a limitation in the case of this thesis and many studies as 

“it is seldom known which items are invariant prior to DIF testing” (Tay et al., 2015). As an 

alternative to the default known anchor approach, I used the iterative forward anchor class 

method with the all-other anchor selection strategy. This technique prescribes choosing the items 

with the smallest test statistic value, or equivalently, the largest p values as the anchor items 

(Kopf et al., 2015). Also, it is recommended to select 25% of total number of items as anchors 
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for maximum power of correctly detecting items with true DIF (Meade & Wright, 2012). Due to 

the limitation of the IRT-LR test and the mirt package, following the exact steps described in 

Kopf et al. (2015) to employ the iterative forward anchor class method with the all-other anchor 

selection strategy was not possible. Hence, I used a strategy that is very close to it. First, I ran a 

multiple-group DIF test without constraining any items. Next, I selected the item with the largest 

p value to be the first anchor in the anchor set and fixed its parameters to be equal across groups. 

This anchor selection then allowed to also command the test to freely estimate latent means and 

variances in the focal group. I continued this iterative forward technique until 25% of the total 

number of items were selected as anchors in each of the tasks. 
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Table A1 

Anchor Set of the Print Concepts Task Used for Differential Item Functioning by Kindergarten Level Test (Fall)  

  Fall   Spring 

Anchor Item Concept Description  Item Concept Description 

1 11 Orientation Inversion of picture  11 Orientation Inversion of picture 

2 13 Orientation Line sequence  15 Letter Small letter 

3 3 Book Title  13 Orientation Line sequence 

4 6 Directionality Left to right  14 Letter Capital letter 

5 4 Reading  Print carries the message   9 Word  First word 

Note. The total number of items on the Print Concepts task was 20. Hence, five items were selected as anchors. 
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Table A2 

Anchor Set of the Letter Identification Task Used for Differential Item Functioning by 

Kindergarten Level Tests 

  Fall   Spring 

Anchor Letter  Letter 

1 q  C 

2 C  E 

3 y  J 

4 j  c 

5 F  j 

6 U  K 

7 k  u 

8 a  V 

9 f  N 

10 P  e 

11 z  v 

12 L  k 

13 u  F 

14 s   z 

Note. The total number of items on the Letter Identification task was 54. Hence, 14 items were 

selected as anchors. 

Table A3 

Anchor Set of the Number Recognition Task Used for Differential Item Functioning by 

Kindergarten Level Test  

Anchor Item  Row Stimuli 

1 54 14 29 

2 33 9 20 

3 43 11 27 

4 56 14 45 

5 3 1 2 

6 20 5 11 

7 44 11 18 

8 10 3 6 

9 40 10 2 

10 7 2 8 

11 42 11 6 

12 49 13 90 

13 1 1 10 

Note. The total number of items on the Number Recognition task was 52. Hence, 13 items were 

selected as anchors. 
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Appendix B: Further Explanation of the Measurement Invariance Analyses Measurement 

Invariance Analyses 

I tested the measurement invariance of the ELNOT using multiple-group CFA in MPlus 

(Muthén & Muthén, 2012) using the codes published by Dimitrov (2010). The significance of the 

chi-square tests of model fit were evaluated based on the experiment-wise error rate of .007. As 

was mentioned under the item analysis section, it is a general rule of thumb to have at least 300 

participants when performing factor analysis (Comrey & Lee, 1992). Therefore, the multiple-

group CFAs testing for each of the variables (gender, kindergarten level and time) were 

conducted with junior and senior kindergarteners together.  

Partial invariance can be tested by freeing the intercept, for example, of some of the items 

(tasks in this thesis) based on their modification index (MI). The MIs are provided in the MPlus 

output. The MI indicates that the “expected drop in the model’s chi-square value if this 

parameter is freely estimated,” and is statistically significant if greater than 3.84 (Dimitrov, 

2010). It is recommended to free one item parameter (e.g., intercept) at a time when there are 

several parameters with statistically significant MIs, starting from the one with the largest MI. 

However, freeing up to 20% of the parameters is considered acceptable for a partial invariance. 

In sum, complete or partial invariance needs to be established at the end of each step to proceed 

to the next. Otherwise, the invariance tests must be terminated.  

Preliminary Analyses 

Before proceeding with the measurement invariance tests, the data need to be assessed for 

the assumption of multivariate normality, that is, the distributions of each variable (task) and all 

linear combinations of variables are normal (Tabachnick & Fidell, 2007). This assumption is 

violated if the individual variables are not normally distributed, without needing to test the 
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second part of the assumption. The tasks for which the only available data were total scores were 

checked for floor or ceiling effects, defined as 15-20% of children perform at the lowest or 

highest end, respectively (McHorney & Tarlov, 1995). 

The result of the normality assessment impacts the choice of estimation technique used 

for the multiple-group CFAs. The default estimator in MPlus is maximum likelihood (ML) for 

datasets where the multivariate assumption is met. If the assumption is violated, the maximum 

likelihood estimation technique with robust standard errors and a mean-adjusted chi-square test 

(MLM) can be used. The MLM estimator is also referred to as the Satorra-Bentler scale chi-

square test (SBSχ2; Satorra & Bentler, 1999). 
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Appendix C: Comparison of Items in Letter Identification and Number Recognition with 

Overlapping Information 

Table C1 

Recommendation to Drop Overlapping Items from the Letter Identification Task Based on Item 

Parameter Estimates in the Fall for Junior and Senior Kindergarten 

Comparison 

Within 
Letter   a b 

Recommended to 

Retain? 

Junior 

Kindergarten  

W  2.10 -0.03 No 

m   3.22 -0.03 Yes 

P  2.19 0.01 No 

w  2.26 0.01 No 

R   2.83 0.01 Yes 

y  2.56 0.36 No 

r  2.60 0.36 No 

G   2.67 0.36 Yes 

i  1.85 0.57 No 

V   2.78 0.57 Yes 

Senior 

Kindergarten 
E  3.13 -1.19 No 

k   3.15 -1.19 Yes 

J  2.41 -0.80 No 

Y  2.77 -0.80 No 

p   2.79 -0.80 Yes 

h  2.21 -0.76 No 

U   2.93 -0.76 Yes 

G  4.07 -0.75 No 

f   4.96 -0.75 Yes 

j  2.16 -0.45 No 

v   5.50 -0.45 Yes 
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Table C2 

Recommendation to Drop Overlapping Items from the Letter Identification Task Based on Item 

Parameter Estimates in the Spring for Junior and Senior Kindergarten 

Comparison 

Within 
Letter a b 

Recommended 

to Retain? 

Junior 

Kindergarten 
w 2.28 -0.83 No 

P 3.65 -0.83 Yes 

k 3.22 -0.79 No 

a 4.03 -0.79 Yes 

p 2.28 -0.73 No 

e 2.63 -0.73 Yes 

D 3.01 -0.65 No 

N 3.38 -0.65 Yes 

J 1.77 -0.50 No 

T 2.46 -0.50 Yes 

f 2.92 -0.42 No 

G 2.21 -0.42 Yes 

y 2.91 -0.30 No 

U 4.64 -0.30 Yes 

Senior 

Kindergarten 
O 26.38 -2.50 No 

A 26.38 -2.50 No 

o 26.38 -2.50 Yes 

C 2.51 -1.79 No 

M 3.12 -1.79 Yes 

I 1.55 -1.74 No 

P 4.65 -1.74 Yes 

y 1.76 -1.42 No 

E 3.65 -1.42 Yes 

Q 2.78 -1.36 No 

a 2.79 -1.36 Yes 
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Table C3 

Recommendation to Drop Overlapping Items from the Number Recognition Task Based on Item 

Parameter Estimates for Junior and Senior Kindergarten 

Comparison 

Within 
Stimuli Row Item 

  
a b 

Recommended 

to Retain? 

Junior 

Kindergarten 

 

6 1 4  3.46 -0.81 No 

2 10 40  6.76 -0.81 Yes 

6 8 30  3.53 -0.68 No 

5 4 16  6.51 -0.68 Yes 

43 5 19  2.91 -0.20 No 

11 5 20  3.57 -0.20 Yes 

17 2 6  1.92 0.03 No 

16 12 45  1.97 0.03 Yes 

38 13 50  1.45 0.05 No 

18 8 29  1.96 0.05 Yes 

12 13 51  1.07 0.65 No 

30 14 53  1.37 0.65 Yes 

Senior 

Kindergarten 
10 1 1  3.98 -2.18 No 

0 12 48  4.06 -2.18 Yes 

2 1 3  24.25 -2.05 No 

1 8 31  25.11 -2.05 Yes 

13 8 32  2.06 -1.53 No 

9 12 47  3.36 -1.53 Yes 

17 2 6  2.47 -1.26 No 

11 5 20  3.98 -1.26 Yes 

38 13 50  1.86 -1.11 No 

  15 12 46   4.17 -1.11 Yes 

 

 

 


