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Abstract 

This study examines the effects of morphological awareness and reading ability on the 

accuracy and speed of reading multi-morphemic words. Test of word reading ability and 

morphological awareness were given to 134 Grade 5 students. They also completed a test 

of their ability to read morphologically complex words, in which accuracy and response 

times were recorded. Two sets of response time scores were calculated – the first taking 

into account only the accurately pronounced words, and the second taking into account 

both the accurately and the inaccurately pronounced words. These words varied in surface 

frequency, base frequency, and transparency. Analysis of variances indicated that multi-

morphemic word reading accuracy and speed were positively related to reading ability, 

morphological awareness, surface and base frequencies, and transparency. Significant 

interactions showed that (a) high base frequency increased reading accuracy and speed for 

words with low surface frequency, particularly for the less able students, and (b) the 

combination of high base frequency and transparency increased reading accuracy and 

speed for words with low surface frequency. Findings were similar for accuracy and both 

sets of response time scores. These results imply that morphological knowledge is 

involved in the reading of multi-morphemic words, suggesting that investigation of 

instruction that targets the morphological characteristics of words is warranted.    
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Chapter 1: Introduction 

Literacy is a fundamental skill in our society, surfacing in almost every part of our 

lives. In fact, it has been suggested that the ever-growing technological world has 

increased the necessity of strong reading skills (National Early Literacy Panel, 2008). 

Despite its importance, learning to read can be difficult for many children and the 

negative impacts of poor early reading can extend into adulthood (National Early Literacy 

Panel, 2008). As a result, it is important for researchers to gain a better understanding of 

reading development, to better inform educators about how to provide more effective 

regular classroom and remedial instruction.  

Researchers have focused on a number of cognitive constructs that have been 

shown to underlie children‟s ability to learn to read (e.g., Kirby, Desrochers, Roth, & Lai, 

2008). There has been a great deal of research that has focused on children‟s phonological 

skills, including both phonological awareness, which refers to the ability to recognize and 

manipulate the sounds in spoken words, and phonological decoding, which is the 

understanding of which written letters make which sounds. However, it is not just these 

two phonological skills that can affect reading ability (e.g., Bus & van IJzendoorn, 1999; 

Wolf & Bowers, 1999; Barker, Torgesen, and Wagner, 1992; Carlisle, 2000). Another 

construct is naming speed, which is the speed at which one can name a series of objects, 

colours, letters, or digits. Related to naming speed is orthographic processing, which 

refers to the ability to recognize the letter patterns within words. Finally, morphological 

awareness is the understanding of how the smallest units of meaning are combined to 

make meaningful words.  

Most recently, research has focused on morphological awareness as it is the least 

researched of the cognitive constructs. Researchers have indicated that morphological 
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awareness is important in order to help students develop good reading skills (Nunes & 

Bryant, 2006). The current study examines the role of morphology in reading to gain 

further insight into children‟s ability to accurately and quickly read different 

morphologically complex words. Less is known about how children learn to read multi-

syllabic words (Verhoeven & Perfetti, 2003).  A greater understanding of how students 

read complex words is important as it has been argued that “concern for students with 

reading difficulties centers around their ability to read multisyllabic and multi-morphemic 

words” (Carlisle & Katz, 2006). It has been suggested that in order to be able to fully 

understand the role of morphology in word reading ability, there needs to be additional 

evidence on the specific characteristics of multi-morphemic words (Carlisle & Stone, 

2005). This is the focus of the current study.  

 The remainder of this chapter examines the literature on morphological awareness 

and reading. Specifically, after a more thorough discussion of the nature of morphological 

awareness, it examines the findings on the ability of morphological measures to predict 

various aspects of reading ability in students from early elementary school into high 

school. This is followed by a review of the literature regarding the effects of particular 

characteristics of morphologically complex words on children‟s ability to read them. The 

chapter concludes with the specific purposes of the current study.  

What is Morphological Awareness? 

 Morphological awareness refers to children‟s “conscious awareness of the 

morphemic structure of words and their ability to reflect on and manipulate that structure” 

(Carlisle, 1995, p. 194). Words are made up of smaller units of meaning called 

morphemes. Words that contain more than one morpheme are called morphologically 

complex or multi-morphemic words. Not surprisingly, words increase in morphological 
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complexity as children‟s vocabulary expands. In fact, more than half the words in English 

are considered to be morphologically complex (Nagy, Berninger, & Abbott, 2006). For 

example, the word dangerous has two morphemes: danger is a noun and the base of the 

word and ous makes the word an adjective and tells us that what is being described is full 

of danger. Knowledge of these smaller units can help children pronounce, spell, and 

define novel complex words that they encounter when reading (Verhoeven & Carlisle, 

2006).  

There is a distinction to be made regarding the affixes that are added to a word to 

create a morphologically complex word. Inflections (inflectional affixes) change the 

grammatical function of the word (e.g., present to past tense or singular to plural) but the 

word class does not change (e.g., the word stays a verb). Therefore, the s at the end of the 

word dogs is an inflectional affix. In contrast, derivations (derivational affixes) may 

change both the grammatical function of the word and often the word class. Essentially, 

derivations lead to a new word that is based on the old word. For example, adding the 

derivational suffix er to teach (teacher) changes the original verb into a noun.  

 There are many different tasks that have been used to measure morphological 

awareness skills (see Deacon, Parrila, & Kirby, 2008; and Nunes & Bryant, 2006). Tasks 

may have an oral or a written presentation and/or response. Different tasks require various 

amounts of knowledge. Tasks that involve more implicit or less conscious knowledge are 

generally known as morphological processing tasks. For example, in judgment tasks, 

participants are required to make a choice between a set of options by using their 

knowledge of morphology. One example of a judgment task requires students to indicate 

whether a set of words is morphologically related. For example, a sentence with two 

words that are morphologically related would be: “A person who teaches is a teacher”. 
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Alternatively, “A person who makes dolls is a dollar”, would be an example of a sentence 

with two words that are not morphologically related (Carlisle & Nomanbhoy, 1993). In 

these types of tasks, participants are not required to directly manipulate the morphemic 

structure of the words (Deacon et al., 2008).  

Other types of tasks require students to produce words. These tasks are likely to 

be more difficult and require explicit morphological knowledge (Carlisle & Nomanbhoy, 

1993; Deacon et al., 2008). The tasks that involve explicit knowledge of morphological 

structures are referred to as morphological awareness tasks and are often seen as a part of 

children‟s morphological knowledge. For example, in word or sentence analogy tasks 

(Nunes, Bryant, & Bindman, 1997), students are shown a pattern from a pair of words or 

sentences and are asked to provide the missing word from another pair following the 

same model. To be able to complete this task accurately, students have to determine what 

the morphological change is in the first set of words or sentences and then use the same 

rule to produce the missing word in the second set. For example, students would be given 

the word pair teach is to teacher, and would then have to provide the missing word when 

given work [worker].  

Morphological awareness skills can also be tested through morphological 

production or decomposition tasks, which also require explicit morphological awareness 

(Carlisle & Fleming, 2003). In these tasks, students have to complete a sentence by using 

the morphologically complex word when given the base word (e.g., Farm. My uncle is a 

_______. [farmer]) or by producing the base word when given the morphologically 

complex word (e.g., Driver. Children are too young to ________. [drive]).  

Finally, in another task designed to measure morphological awareness adapted 

from Berko (1958), children are read aloud two sentences which contain a pseudoword 
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and then are asked to complete another sentence using that word. An example of an item 

would be: “This is a person who knows how to mab along the street. Yesterday he 

mabbed along the street. Every day he does the same thing. What does he do every day? 

Every day he? [mabs]” (Nunes & Bryant, 2006, p. 12).  

From about age three, children seem to have some knowledge of morphology. For 

example, they begin to derive new words by adding affixes (mostly inflections) to create 

plural words, possessive words, past tenses, etc. (Nunes & Bryant, 2006). Their 

knowledge is not advanced, but they often combine known words when trying to express 

a word that is new to them such as using fix-man when trying to talk about a mechanic 

(Carlisle & Nomanbhoy, 1993). However, children are often not explicitly aware of the 

morphemes within a complex word. For example, Nunes et al. (1997) gave a sentence 

analogy task to six-, seven-, and eight-year olds. In the task, the researcher said a sentence 

such as „Bob gives the ball to Anne‟ and a puppet repeated the sentence but changed the 

verb tense „Bob gave the ball to Anne‟. The researcher then said another similar sentence 

such as „Bob sings to Anne‟ and asked the children to repeat that sentence the same way 

that the puppet did [Bob sang to Anne]. Even though all the children were able to use 

affixes in their everyday language, they struggled to complete this task correctly, with 

six-year olds getting only 31% of the items correct, seven-year olds correctly completing 

41% of the items, and eight-year olds getting 56% correct. Therefore, one way to describe 

this pattern is that, from a young age, children use morphemes spontaneously in language, 

however they seem to have difficulties demonstrating explicit knowledge of morphemes. 

Though this ability improves as they get older, it has been argued that children need 

greater explicit knowledge of morphemes as this may help them learn to be better readers 

(Nunes & Bryant, 2006).  
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There are a variety of reasons why morphological awareness may help students 

learn to read (see Deacon et al., 2008). Phonological awareness is known to be a 

weakness for poor readers; strong morphological awareness skills may lessen their 

reliance on phonological processes. Furthermore, it is possible that children begin to use 

morphemes within words to help them read the words. The morphemes give them hints to 

the pronunciation. When reading unknown words, children may be able to recognize 

smaller words within morphologically complex words, which would help them to read the 

new words. Understanding the morphology may help the reader access the meaning and 

pronunciation of words even if they are novel.   

Morphological awareness may be particularly important for poor readers though 

there has been some debate about whether morphological awareness is a relative strength 

or another area of weakness for less able readers (Deacon, Parrila, & Kirby, 2008). Poor 

readers tend to have weaker morphological awareness skills compared to age matched 

controls. For example, Fowler and Lieberman (1995) found that children between the 

ages of 7 and 9 who were considered to be poor readers had more difficulties completing 

morphological tasks compared to other children who were considered to be good readers. 

Furthermore, Carlisle, Stone, and Katz (2001) found that poor readers in upper 

elementary and early high school had particular difficulties reading morphologically 

complex words compared to average readers. However, when poor readers are matched 

with younger, normal reading participants, research has shown that the morphological 

ability of the older poor readers is not significantly lower than that of the younger, normal 

readers. By using a control group matched by reading level instead of by age, the 

differences in morphological abilities cannot be explained by differences in reading 

ability (Deacon et al., 2008).  For example, Tsesmeli and Seymour (2006) examined the 
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morphological ability of 10 adolescents diagnosed with dyslexia compared to students in 

an age-matched control group and students in a reading level matched control group. 

Consistent with previous research, the authors found that the students with dyslexia had 

significantly lower morphological awareness compared to the age-matched control group. 

However, there was no significant difference in morphological awareness skills between 

the participants with dyslexia and the reading level matched control group. Similar results 

were found in a study with French speaking children (ages 8 to 12) diagnosed with 

dyslexia (Casalis, Colé, & Sopo, 2004). Therefore, it has been argued that morphological 

awareness may be a relative strength for poor readers allowing individuals to compensate 

for their weak phonological abilities (Deacon et al., 2008). These results led the authors to 

argue that poor readers may benefit from interventions in morphology to develop their 

reading skills: “…if individuals do not respond to phonological training, then literacy 

training at some point may need to rely more heavily upon other routes, such as the 

morphological pathway…” (Deacon et al., 2008, pp. 234).  

As students become more morphologically aware, they should become 

increasingly able to manipulate the morphemes within words which may help them when 

they encounter new words to read, define, or spell (Bowers & Kirby, in press; Nagy, et 

al., 2006). In fact, morphological awareness has been found to be significantly related to 

reading comprehension (Carlisle, 2000). Thus students who have greater morphological 

awareness skills are likely to be better at reading unknown, complex words compared to 

students who are less morphologically aware, even after controlling for reading ability 

(Carlisle, 2003; Kirby, Deacon, Bowers, Izenberg, Wade-Woolley, & Parrila, submitted).  

 

 



 Characteristics of Multi-Morphemic Words 8 

Contribution to Reading Ability 

Research on morphology has focused on its contribution to various aspects of 

reading ability such as word reading, reading comprehension, and vocabulary 

development (e.g., Deacon & Kirby, 2004; McBride-Chang, Wagner, Muse, Chow, & 

Shu, 2005; Nagy, Berninger, & Abbott, 2006). In many of these studies, the authors 

considered the role of morphological awareness after controlling at least one of the other 

cognitive constructs (e.g., phonological awareness, phonological decoding, naming speed, 

or orthographic processing) because previous research has indicated that there are 

relationships between them. For example, with respect to morphological awareness, there 

is evidence to suggest that there is a correlation between it and orthographic processing 

(visual patterns in words) because every morpheme is also considered an orthographic 

unit (Fowler & Lieberman, 1995). As students‟ reading ability develops and they become 

better readers, the relationship between these two reading constructs is expected to 

increase as students begin to read more morphologically complex words (Verhoeven & 

Carlisle, 2006). Furthermore, there appears to also be a relationship between 

morphological awareness and phonological awareness (the ability to manipulate sounds in 

spoken words). For example, Kirby, Geier, and Deacon (2009) found that morphological 

awareness is substantially correlated with phonological awareness. Using hierarchical 

regression analyses, they found that Grade 3 phonological awareness predicted Grade 5 

morphological awareness and that Grade 3 morphological awareness predicted Grade 5 

phonological awareness. In other studies, it has been found that explicit instruction in 

phonological awareness led to greater morphological awareness and vice versa, further 

emphasizing the relationship between phonology and morphology (Casalis & Colé, 2009; 

Kirk & Gillon, 2007). Although morphological awareness has been shown to be related to 
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other cognitive factors that affect reading, research has also indicated that morphological 

awareness contributes to reading ability from Kindergarten until early high school above 

and beyond the other constructs (e.g., Kirby et al., 2009; Roman, Kirby, Parrila, Wade-

Woolley, & Deacon, 2009).  

Morphological awareness contributes to reading ability in early elementary 

school. For example, McBride-Chang et al. (2005) examined the contribution of 

morphological awareness to knowledge of vocabulary in English speaking students in 

Kindergarten and in Grade 2.  The results showed that morphological awareness 

contributed an additional 10% of the variance in vocabulary knowledge after controlling 

for age, word reading ability, and phonological awareness. Thus morphology seems to be 

important to reading development as early as Kindergarten. 

As further evidence of the contribution of morphological awareness in early 

elementary school years, Carlisle and Fleming (2003) conducted a two year longitudinal 

study to examine the growth of morphological awareness. Thirty-four students in Grade 1 

and 26 students in Grade 3 were followed until Grades 3 and 5 respectively. Results 

showed that, compared to the older students, the younger students had significantly more 

difficulty in determining whether a word was one morpheme or two morphemes (e.g., 

wind or pinned, respectively). In addition, students in Grade 1 were significantly less able 

to define morphologically complex words compared to students in Grade 3. For students 

in both grades, their initial abilities on some tasks (specifically their ability to define 

morphologically complex words) significantly predicted their reading comprehension and 

their ability to use decomposed and derived words in sentences. This indicates that 

morphological awareness affects vocabulary and reading comprehension in early 

elementary school years.  
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Deacon and Kirby (2004) followed 103 participants from Grades 2 to 5 and used 

hierarchical regression analyses to examine how morphological awareness measured in 

Grade 2 students affected aspects of their reading skills in Grades 3, 4, and 5. The results 

showed that morphological awareness significantly affected pseudoword reading and 

reading comprehension above and beyond intelligence (verbal and non-verbal), prior 

achievement (defined by an autoregressor of the same outcome variable either 

pseudoword reading, word reading, or reading comprehension), and phonological 

awareness. It did not significantly affect word reading when controlling for prior 

achievement. However, morphological awareness did significantly contribute to single 

word reading when controlling for intelligence and phonological awareness, but not prior 

achievement.  

These previous three studies focused on reading comprehension, word and 

pseudoword reading ability, and vocabulary as outcome variables. Deacon and Bryant 

(2006) examined how morphological awareness abilities affected children‟s spelling 

abilities. It has been suggested that spelling abilities can affect overall reading abilities 

(Nunes, Bryant, & Olsson, 2003), thus it is important to consider how morphology affects 

students‟ ability to spell. In Deacon and Bryant‟s (2006) study, children in lower 

elementary school were significantly better at spelling words that were morphologically 

complex compared to words that were not morphologically complex (after controlling for 

word length and frequency), indicating that young children can use their morphological 

awareness abilities to help them to spell words.   

Morphological awareness continues to be a significant contributor to reading 

development into the upper elementary school and early high school years. For example, 

Singson, Mahony, and Mann (2000) found that morphological awareness made unique 
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contribution to reading ability beyond working memory and pseudoword reading ability 

for children in Grades 3 through 6. In their second experiment, using hierarchical 

regression analyses, the authors found that morphological awareness contributed to 

reading ability beyond phonological awareness skills for children in Grades 5 and 6. 

These two studies provide evidence for the importance of morphological awareness in 

higher grades.   

In a cross-sectional study, Nagy et al. (2006) continued to extend our knowledge 

of the impact of morphological awareness on reading ability for older students. Their 

sample consisted of 182 students in Grades 4 and 5, 198 students in Grades 6 and 7, and 

207 students in Grades 8 and 9. The authors found that morphological awareness made a 

significant contribution to vocabulary, spelling, and reading comprehension in all three 

groups of students after controlling for phonological awareness and phonological 

decoding. In the group of Grade 8 and 9 students, morphological awareness also uniquely 

contributed to word reading speed and to word reading accuracy. It also contributed 

significantly to word reading accuracy in the group of Grade 4 and 5 students.  

Roman et al. (2009) examined the effect of morphological awareness on reading 

ability controlling for intelligence, phonological awareness, naming speed, and 

orthographic processing. Thirty-three fourth graders, 33 sixth graders, and 26 eighth 

graders completed a series of tasks designed to measure their abilities in the four 

constructs as well as tests of word and pseudoword reading ability. The results of their 

regression analyses showed that morphological awareness contributed to both word and 

pseudoword reading ability across grades and above the other three predictors.  

Kirby et al. (2009) also looked at phonological awareness, naming speed, 

orthographic processing, and morphological awareness as predictors of reading ability 



 Characteristics of Multi-Morphemic Words 12 

considered in the context of each other after controlling for verbal and nonverbal 

intelligence. In their longitudinal study, 126 participants were recruited in Grade 3 and 

were followed to Grade 5. The results showed that despite the strong relationships among 

the constructs, each one (including morphological awareness) made a unique contribution 

to reading ability in almost every outcome variable (which included two measures of 

word reading, two reading fluency measures, and one reading comprehension task) in all 

grades. Specifically, morphological awareness made its greatest contribution to reading 

comprehension and also to a measure of word reading ability. Furthermore, there was 

evidence that growth in morphological awareness between Grades 3 and 5 affected most 

of the outcome variables, which suggests that changes in morphological abilities in later 

elementary school are associated with greater successes in reading ability. As a result of 

its significant contribution to reading, morphological awareness should be considered a 

distinct construct beyond the other three constructs measured.  

All these studies provide strong evidence for the unique contribution of 

morphology to numerous aspects of students‟ reading development from as early as 

Kindergarten through to early high school years. This knowledge is valuable in our 

understanding of the contribution morphological awareness makes to children‟s reading 

ability.  

Characteristics of Multi-Morphemic Words 

Up to this point, it has been shown that morphology uniquely contributes to 

reading ability. Most recently, research has begun to focus on the characteristics of the 

morphologically complex words as this may provide more explicit evidence of the 

contribution of morphology to children‟s ability to learn to read (e.g., Deacon, Whalen, & 

Kirby, submitted). Systematic manipulation of the characteristics of multi-morphemic 
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words should provide additional evidence of the effects of morphological characteristics 

on children‟s ability to read different complex words (e.g., Carlisle & Stone, 2005). This 

is valuable information for educators as an understanding of this area has implications for 

the ways in which we teach children to read.  

Morphologically complex words can vary in a variety of ways including the 

transparency of the words, the surface frequency of the words, and the base frequency of 

the words. Transparency refers to the extent that the base word is revealed in the complex 

word. Transparent words are words with no shift in pronunciation (phonological 

transparency), spelling (orthographic transparency), or meaning (semantic transparency) 

between the base word and the multi-morphemic word. In the current study, the focus is 

specifically on the phonological transparency of the word which refers specifically to the 

shift in pronunciation. For example, walk and walker would be considered transparent 

because the pronunciation of walk stays the same in walker. Words in which the 

pronunciation of the base changes when it is used to form a morphologically complex 

word are called opaque words. For example, signal would be considered to be opaque 

because the pronunciation of its base, sign, changes. 

Words also vary in their surface and base frequencies. Surface frequency is the 

term used to describe the occurrence of the whole word. For example, completely would 

be a high surface frequency word whereas wonderment would be a low surface frequency 

word based on the Zeno Word Frequency Guide (Zeno, Ivenz, Millard, & Duvvuri, 1995). 

Furthermore, morphologically complex words also differ in the occurrence of their base 

word. In the case of the current study, as defined by Nunes & Bryant (2006), base “refers 

to the complex word from which it is derived” (pp. 5). For example, in the word medical, 

the base word is medic, which is in contrast to the root of the word which would be med. 
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Therefore, in the current study, addition would be considered to have a high base 

frequency because the base, add, has a high frequency (Zeno et al., 1995). However, a 

word such as normal would be considered to have a low base frequency because the base 

norm is not a common word and has a low frequency (Zeno et al., 1995). As was seen in 

the example, the frequency of the base was determined by its level of occurrence as a 

single, whole word. The frequency of the base did not take into account family size which 

refers to “the number and frequency of words with the same base morpheme, especially 

across both inflected and derived forms” (Deacon et al., submitted, pg. 23).  

The little research that has examined the role of the characteristics of multi-

morphemic words on children‟s ability to read has looked mainly at the effects of 

transparency and base frequency and has infrequently incorporated surface frequency 

despite the fact that surface frequency has long been studied (e.g., Sereno & Jongman, 

1997). Base frequency is considered to be important for two reasons – first, because it 

allows readers to access the meaning and the pronunciation of a word even if the word is 

unfamiliar and second, if it is related to ability to  define or pronounce a word, because it 

implicates (subconscious or conscious) morphological analysis. Furthermore, because it is 

well understood that low surface frequency words are more difficult to read, an 

understanding of how base frequency may moderate the difficulty of these words is 

important.  

One study that has looked at this examined the ability of Grade 3 and 5 students‟ 

abilities to read multi-morphemic words (Carlisle, 2000). All of the 45 words had high 

base frequencies, however 25 of the words had a high surface frequency and 20 of the 

words had a low surface frequency. Of the 25 words that had high base and high surface 

frequencies, 9 were transparent and 16 were opaque. Results showed that for both 3rd and 
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5th graders, the transparent/high-surface frequency words were easier to read than the 

transparent/low-surface frequency words indicating that the high base frequency of all the 

words did not make the low surface frequency words easier to read. Furthermore, Carlisle 

found that the transparent/high-surface frequency words were easier to read than the 

opaque/high-surface frequency words for all students. However, the author noted that due 

to the ceiling effects in Grade 5 and the relatively small sample size, the results of the 

study should be taken with caution. Furthermore, she did not incorporate words with low 

base frequencies into her study.  

To continue the examination of morphological characteristics, Mann and Singson 

(2003) manipulated the transparency and base frequencies of morphologically complex 

words. Students from Grades 3 to 6 were asked to read 39 multi-morphemic words that 

differed systematically in transparency (transparent and opaque words) and base 

frequency (high and low base frequency). The results showed that students were 

significantly better at reading words with high base frequencies than words with low base 

frequencies. Furthermore, transparent words were easier to read than opaque words for 

students in Grades 3 and 4. However, there were no significant effects of these two 

morphemic word characteristics for students in Grades 5 and 6.  

In 2005, Carlisle and Stone examined students‟ ability to read words with 

different morphological characteristics. In contrast to Mann and Singson (2003), they 

examined both accuracy and speed of reading morphologically complex words. Reading 

speed, or response time, was calculated using both accurately and inaccurately 

pronounced words. In the first study, they examined how base frequency affected the 

ability of children in early elementary years (39 students in Grades 2 and 3) and children 

in later elementary years (33 students in Grades 5 and 6) to read morphologically 
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complex words. They found that all of the students were more accurate reading two 

syllable words with two morphemes (e.g., hilly) than two syllable words with one 

morpheme (e.g., silly) matched on word length and frequency. The participants in Grades 

2 and 3 were also significantly faster reading the two-morpheme words than the one-

morpheme words. The authors explained that words with two morphemes were easier to 

read due to the recognition of the base in the two-morpheme words. In the same study, the 

authors had the participants read words of high base frequency and low surface 

frequency, such as stardom, to see if the high base frequency affected word reading 

accuracy and speed. Results showed that high base frequency contributed to the accuracy 

of word reading for the participants in Grades 5 and 6, but not for those in Grades 2 and 

3. In the second study, the authors examined the role of transparency in middle school 

students (aged 10 to 12) and high school students (aged 13 to 15). They showed that, 

overall, the students were able to read words that are transparent (e.g., classic - classical) 

more accurately than words that are opaque (e.g., major – majority) matched on word 

length, base frequency, and surface frequency. However, only the middle school students 

were faster at reading the phonologically transparent words compared to the words that 

were not phonologically transparent. Overall, the authors concluded that students in early 

elementary years use morphemic characteristics to read words and argued that instruction 

in morphology may be beneficial for these students. Furthermore, the results suggest that 

students in middle and high schools continue to use morphemic structure in order to read 

words.  

Deacon et al. (submitted) have continued to examine the role of morphological 

structure by not only examining the effect of transparency and base frequency of 

morphologically complex words on reading ability, but also by examining the role of 
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surface frequency. They argued that the addition of surface frequency was important in 

the examination of adults reading morphologically complex words (e.g., Taft, 1979) and 

thus it may also be important in the examination of children reading these types of words. 

The inclusion of surface frequency allows the examination of interaction between base 

and surface frequencies.  Essentially, are high surface frequency words recognized as a 

whole thus reducing the impact of base frequency?  Students in Grades 4, 6, and 8 were 

asked to read 64 words that differed in transparency (transparent and opaque), base 

frequency (high and low), and surface frequency (high and low). Similarly to Carlisle and 

Stone (2005), the authors examined both accuracy and response time data. With respect to 

differences in transparency, results showed that in Grade 4, students were significantly 

more accurate reading transparent/low-surface frequency words than opaque/low-surface 

frequency words. This effect became limited in Grade 8 because these students were 

significantly better at reading transparent words compared to opaque words only when the 

words had low surface and low base frequency. The effects of base frequency were found 

to be more complex. When examining the accuracy data, the authors found that the 

effects of base frequency decreased from Grade 4 (when students were significantly more 

accurate at reading high base frequency words compared to low base frequency words 

regardless of transparency and surface frequency) to Grade 8 (when base frequency did 

not affect word reading ability). However, when examining the response time data, 

students in Grades 4 through 8 were significantly faster at reading words with high base 

frequency only when the words also had low surface frequency. One interpretation of this 

is that the ability to read morphologically complex words may directly involve the 

knowledge of the base of the word when students are trying to read the harder words (i.e., 

the low surface frequency words), but as the words become more familiar (i.e., high 
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surface frequency words), students are more likely to be able to recognize and read the 

words as a whole.    

The Current Study 

The previous studies have shown that morphological awareness contributes to 

reading ability above and beyond other cognitive constructs and that instruction in 

morphological awareness can improve reading, indicating its importance in helping 

children to learn to read. Research has begun to examine how the features of 

morphologically complex words affect children‟s ability to read particular words. 

However, there have been only a few studies that have examined the effects of 

transparency, surface frequency, and base frequency together on word reading ability. 

Furthermore, these studies have not taken into account the effects of individual 

differences, other than age.  Specifically, do poor readers have particular difficulties 

reading certain types of multi-morphemic words (e.g., words with low base frequency or 

transparent words) compared to children who are stronger readers? In other words, do 

differences in ability (e.g., reading ability or morphological awareness) change the pattern 

of results? Finally, in prior research, there have been methodological decisions that may 

have affected the results. For example, both Carlisle and Stone (2005) and Deacon et al. 

(submitted) analyzed the response time scores for words read both accurately and 

inaccurately to ensure that they would have an adequate number of responses from 

participants when making cross-grade comparisons.  It would be beneficial to determine 

if similar patterns of results were found (a) using just the accurately read words as is more 

typically done (e.g., Carlisle & Katz, 2006; Marslen-Wilson et al., 1994), and (b) when 

comparing the effects on response time scores and accuracy scores. A greater 

understanding of this area is important both for theory and for practice. Theoretically, 



 Characteristics of Multi-Morphemic Words 19 

new knowledge on the particular morphological characteristics of multi-morphemic 

words will extend our understanding of the role of morphology on word reading. 

Practically, a deeper examination in this area is important to determine if and how 

morphology should be included in the classroom.  

The proposed study has three research questions. First, do the features of 

morphologically complex words affect students‟ ability to read them accurately and 

quickly and do these effects differ according to reading ability or morphological 

awareness ability? The operational definitions of both reading ability and morphological 

awareness will be found in the Method chapter. This research question will be addressed 

to determine if the morphological characteristics interact with overall reading ability and 

morphological awareness. This will provide additional evidence of how knowledge of the 

characteristics of multi-morphemic words may help students develop good reading skills 

and how this may in turn help struggling readers. If we know which effects increase the 

ability of less able readers to read multi-morphemic words, we may be able to use this 

knowledge to help them learn to read. Consistent with the previous research summarized 

above, it is hypothesized that the morphemic characteristics of the words will affect 

children‟s reading accuracy and speed (e.g., Carlisle and Stone, 2005; Deacon et al., 

submitted). Specifically, it is hypothesized that morphologically complex words that are 

opaque or have low surface or low base frequencies will be read less accurately and 

slower, particularly for the students with low reading ability and low morphological 

awareness, given that previous research has shown that transparency and base frequencies 

and surface frequencies affect reading in students of similar ages (e.g., Mann & Singson, 

2003; Deacon et al., submitted).  
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 Second, do the accuracy results lead to the same conclusions as the response time 

results? Though it seems reasonable to expect that the two different types of scores would 

lead to the same patterns of results because the stronger readers should be more accurate 

and faster, the results may differ because accuracy is a measure of the complete response 

whereas response time is measured to the beginning of the response. Therefore, a 

participant could quickly start to say the word, but take more time to read the complete 

word. Alternatively, there could be participants who really consider their answer before 

reading the word aloud resulting in their responses being slow, yet accurate. Previous 

studies have shown contradictory results. In one study, it was found that there were some 

differences in the effects of base frequency and transparency on accuracy and response 

time scores (Deacon et al., submitted). Specifically, high base frequency led to an 

increased reading speed for only low surface frequency words for students in all grades. 

However, for students in Grade 4, high base frequency led to an increase in reading 

accuracy for all words regardless of surface frequency. In addition, the transparency of a 

word increased word reading accuracy for all students, but did not affect response time. In 

contrast, Carlisle and Stone (2005) found that the transparency of the word increased 

reading accuracy for both the middle school and the high school students and also 

affected response time scores for the middle school students. In the current study, it is 

hypothesized that there will be similar patterns in the results when using accuracy or 

response time scores.  

 The final research question relates only to response time scores. In particular, is 

there a difference in the results when calculating response times using only accurately 

pronounced words compared to calculating response times using both accurately and 

inaccurately pronounced words? Both Carlisle and Stone (2005) and Deacon et al. 
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(submitted) examined response times of words that were either read correctly or 

incorrectly to make certain that the results could be compared across grades and to ensure 

that they had an adequate number of responses. Because both studies had participants in a 

range of grades, they authors argued that if they had only used the response times of the 

correctly read items as is typically done in adult research (e.g., Marslen-Wilson, Tyler, 

Waksler, & Older, 1994), the response times of the younger students would be based on 

fewer items compared to the older students. As a result, in their studies, both Carlisle and 

Stone (2005) and Deacon et al (submitted) included both accurately and inaccurately 

pronounced words so that the number of items used to calculate the response time scores 

was adequate and was the same in each group of students. It is not clear whether this 

decision affected their results. Thus, as suggested in Deacon et al. (submitted), to address 

the third research question a comparison will be made between the two types of response 

times which will provide new information on methods to analyse response time scores. 

To my knowledge, there has not been a study that has specifically done this type of 

comparison. Thus it is difficult to form a hypothesis given that these two types of 

response time scores have yet to be compared. However, in Carlisle and Stone‟s (2005) 

study, the authors did follow-up analyses on the response time scores of a random subset 

of 20 participants to compare the reading response times using only the accurately 

pronounced words and those using both the accurately and inaccurately pronounced 

words. In their item analysis, they found that regardless of which way the response time 

scores were calculated, the results were comparable. Based on these preliminary analyses, 

I hypothesize that the patterns of results will be comparable regardless of which set of 

response time scores are used.  
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 In summary, there are three hypotheses in the current study. My first hypothesis is 

that morphologically complex words that are opaque, or have low surface or low base 

frequencies will be read less accurately and slower, particularly for students with low 

reading ability and low morphological awareness. My second hypothesis is that the 

accuracy scores will lead to the same patterns of results as the response time scores. 

Finally, my third hypothesis is that the results will be equivalent regardless of whether 

response time scores using only the accurately pronounced data or response time scores 

using both the accurately and the inaccurately pronounced data are used.  
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Chapter 2: Method 

Participants 

Kirby, Parrila, Deacon, and Wade-Woolley (2004-2007) collected data from 134 

students in Grade 5 in Kingston, Ontario and St. Albert, Alberta, of whom 63 were males 

and 71 were females. The average age was 10.73 years (SD = 4.38). To be included in the 

study, participants had to understand and follow the task instructions. The parents of all 

students received letters of information (see Appendix A) and signed consent forms (see 

Appendix B), and all students assented to participation. The study was cleared for ethics 

by the General Research Ethics Board (GREB) (see Appendix C).   

Measures 

Morphological Word Analogy (Kirby, et al., submitted).  

Based on the Word Analogy task by Nunes, et al. (1997), this measure of 

morphological awareness required students to provide a missing word based on a pattern 

from a previous set of words. There were 20 items, 10 inflection items and 10 derived 

items (see Appendix D for a complete list of items): for example, mouse is to mice as 

child is to __________ [children] and magic is to magician as music is to _________ 

[musician]. To provide the appropriate missing word, students must apply their 

morphological abilities to first determine the morphological change between the two 

words in the first part of the analogy, and then apply the same rules to produce the correct 

word in the second part of the analogy. Students with greater morphological awareness 

should have a higher total score. In the current study, the Cronbach‟s alpha reliability 

coefficient was .81.   
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Sentence Completion (Kirby et al., 2004-2007).  

This second task designed to measure morphological awareness was administered 

through a computer. The students listened through headphones to sentences each with a 

missing word at the end. Following each sentence being read, two words that varied by 

only one morpheme were presented by the computer both visually and orally. The 

students were then asked to select which word best completed the sentence by pressing a 

designated key on the computer. As shown in Appendix E, there were 20 items, 10 being 

transparent pseudowords and 10 opaque pseudowords with respect to their presumed 

pseudo base. Two example items are: My uncle is a dog _______________ 

(chaver/chavely) and The tree had a large ______________ (midely/midth). The items 

were administered in random order. The total score was the number of correct items, with 

higher scores indicating greater morphological awareness. In the current study, the 

Cronbach‟s alpha reliability coefficient was .62.   

Word Identification.  

This task, taken from the Woodcock Reading Mastery Test – Revised (WRMT-R, 

Woodcock, 1998; Form H), was used as a measure of reading ability. Students were 

asked to read up to 106 words of decreasing frequency. After six consecutive errors, the 

task was stopped. The score is the number of correct responses. In the current study, the 

split-half reliability was .94. This measure will be referred to as reading ability in the 

remainder of this study.  

Multi-Morphemic Word Reading (MMWR; Deacon et al., submitted).  

In this computer administered task, participants were asked to read 64 

morphologically complex words presented in random order. Participants were instructed 

to accurately read each word out loud as fast as possible and had three practice words 
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before commencing the test. The 64 words differed in transparency, surface frequency, 

and base frequency. In this task, the base refers to the smaller word from which the 

complex word is directly derived and the base frequency was defined as the level of 

occurrence of that single, whole word. (The base frequency did not take into account the 

family size of the word, that is, the number of times that the base appeared in all other 

words.) Therefore, there were eight different conditions, each with eight words. The first 

four groups of words were transparent and the other four groups of words were opaque. 

Within each of the four groups, there were eight words with high base and high surface 

frequencies, eight words with high base and low surface frequencies, eight words with 

low base and high surface frequencies, and eight words with low base and low surface 

frequencies as shown in Appendix F. Words were selected based on their frequency using 

the Zeno Word Frequency Guide (Zeno, et al., 1995) by Deacon et al. (submitted), who 

reported that the base frequency of the high base frequency words was comparable across 

conditions as was the base frequency of the low base frequency words. This was also 

done with the two levels of surface frequency across conditions. Furthermore, they 

indicated that there was no significant difference in the number of letters, number of 

sounds, or number of syllables in the multi-morphemic words across conditions.  All the 

phonologically transparent words were also orthographically transparent (no change in 

pronunciation or spelling between the base word and the multi-morphemic word). 

However, some of the opaque items included both a phonological shift (change in 

pronunciation) and an orthographic shift (change in spelling) whereas others included 

only a phonological shift.  

All participants read three practice items (cat, tree, and jumper) before beginning 

the test. Throughout the test, participants were told to focus on accuracy instead of speed. 
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Accuracy and response time scores were created for each of the eight groups with higher 

accuracy scores and lower response time scores indicating better reading. Response time 

was recorded directly by the computer. However, the experimenter noted the response 

times that were invalid if, for example, the participants made a sound that stopped the 

timer before they had been read the word. In the current study, the Cronbach‟s alpha 

reliability coefficient was .96 for the accuracy scores. For the response time scores only 

taking into account accurately pronounced words, the Spearman-Brown split half 

reliability coefficient was .89. Finally, for the response time scores taking into account 

both accurately and inaccurately pronounced words, the Spearman-Brown split half 

reliability coefficient was .91.   

Procedure 

The materials used in the current study were part of a larger group of tasks. The 

tasks were administered in two 45 minute sessions by trained research assistants. Testing 

occurred individually in a quiet room in each student‟s school. The two computer-

administered tasks were presented and responses recorded by the DirectRT software 

(Jarvis, 2000). The participants wore a headset and spoke into a microphone when 

completing the computer administered tasks.  
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Chapter 3: Results 

Calculations of Response Time Scores and Descriptive Statistics 

 Two sets of response time scores were calculated. The first set included the 

response times to only the words read correctly as is more commonly done (e.g., Carlisle 

& Katz, 2006; Marslen-Wilson et al., 1994; Perea & Pollatsek, 1998; Strain, Patterson, 

Graham, & Hodges, 1998); these will be referred to as the Accurate response times. The 

second set included the response times to all the words, regardless of whether they were 

read correctly or incorrectly as done in Carlisle and Stone (2005) and Deacon et al. 

(submitted); these will be referred to as All response times. For both sets of response 

times, all extreme values (7.1%) which were defined as below 400ms and above 6000ms, 

and invalid response times (4.1%) were removed. 

 Because of the two sets of response time scores and the inclusion of the accuracy 

scores, three different sample sizes were used in the current study. When accuracy scores 

were used as the dependent measures, the sample size was 134 participants. As has been 

done previously when calculating the response time scores (e.g., Carlisle & Katz, 2006; 

Marslen-Wilson et al., 1994; Perea & Pollatsek, 1998; Strain, et al., 1998), participants 

who had high error rates (those who had lost six or more responses out of eight in any of 

the eight categories of words due to the criteria discussed above) were not included. As a 

result, there were 86 participants included in the Accurate response time scores and 120 

participants included in the All response time scores. The means and standard deviations 

for each of the within-subjects factors are shown in Table 1.   
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Table 1 

Descriptive Statistics of Multi-Morphemic Word Task Scores 

 

  

Accuracy Scores 

 

 

(n = 134) 

 

  

Response Time Scores 

(Accurate)
  

 

(n = 86) 

 

  

Response Time Scores  

(All) 
 

(n = 120)
 

 
 Mean SD  Mean SD  Mean SD 

 

Transparent, High Base, and 

High Surface Frequency Words 

 

 

7.25 

 

1.56 

  

1023.97 

 

314.26 

  

1221.81 

 

527.91 

Transparent, High Base, and Low 

Surface Frequency Words 

 

6.46 1.56  1285.90 446.02  1531.83 564.60 

Transparent, Low Base, and High 

Surface Frequency Words 

 

7.35 1.26  1020.56 314.24  1189.78 463.52 

Transparent, Low Base, and Low 

Surface Frequency Words 

 

5.28 1.77  1497.72 521.67  1947.86 701.21 

Opaque, High Base, and High 

Surface Frequency Words 

 

7.19 1.54  1058.38 293.14  1265.96 492.30 

Opaque, High Base, Low Surface 

Frequency Words 

 

5.05 1.83  1396.12 515.08  1604.61 588.70 

Opaque, Low Base, High Surface 

Frequency Words 

 

7.24 1.43  1048.42 439.10  1207.42 507.92 

Opaque, Low Base, Low Surface 

Frequency Words 

 

5.05 2.19  1703.70 675.40  2091.99 803.63 

 

Note. SDs = Standard Deviations. 
 
Response Time Scores Accurate – Including only accurately pronounced 

words. Response Time Scores All – Including both accurately and inaccurately pronounced words 

 

 

 Furthermore, to address the effects of individual differences, two between-

subjects factors were used throughout the analyses: reading ability and morphological 

awareness ability. Reading ability was measured with the Woodcock Word Identification 

task (Woodcock, 1998; M = 73.11, SD = 11.34, Grade equivalent = 5.1) which was 

divided into two levels (high and low) at the median of the scores used in the given 
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analysis: 74.5 for the accuracy scores, 78.5 for the Accurate response time scores, and 

75.0 for the All response time scores. For the accuracy scores, the participants in the 

higher group had a mean score equivalent to Grade 7.4 – these students will be referred to 

as the high ability readers.  The participants in the lower group had a mean score 

equivalent to Grade 3.9 – these students will be referred to as the low ability readers.   

Morphological awareness was measured with the Word Analogy task (Kirby et 

al., submitted; M = 14.97, SD =3.61) and the Sentence Completion task (Kirby et al., 

2004-2007; M = 15.41, SD = 2.75). A composite measure of morphological awareness 

was created by averaging the z-scores of these two tasks. The correlation between the two 

tasks was .47, p < .001. The morphological awareness distribution was divided into two 

levels (high and low) which was based on the median of the morphological awareness 

scores in the given analysis: 0.23 for the accuracy scores, 0.53 for the Accurate response 

time scores, and 0.34 for the All response time scores. The correlation between Reading 

Ability and Morphological Awareness was .63, p < .001. Descriptive statistics of the 

between-subjects factors are shown in G to J.  

Analyses of Variance 

 Six four-way mixed model analyses of variance (ANOVAs) were conducted to 

evaluate the effect of word transparency, word base frequency, word surface frequency, 

and either reading ability or morphological knowledge on the accuracy and speed of 

reading morphologically complex words. In all analyses, there were three within-subjects 

factors each with two levels: transparency (transparent and opaque), base frequency (high 

base frequency and low base frequency), and surface frequency (high surface frequency 

and low surface frequency). In addition, there was a between-subjects factor, either 

reading ability or morphological awareness. All within-subjects and between-subjects 
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effects (except the between-subjects main effects) were tested using the multivariate 

criterion of Wilks‟ lambda (). The remainder of this chapter first reports the accuracy 

and response time results regarding the within-subjects effects. This is followed by the 

accuracy and response time results using reading ability as the between-subjects factor 

and then with morphological awareness as the between-subjects factor. Results for all 

analyses are in Appendix K. Table 2 is a summary of the significant effects across 

analyses. 

Within-subjects effects. 

Accuracy scores.  

When analyzing the accuracy scores, there were three significant main effects 

with transparent words, high base frequency words, and high surface frequency words 

being easier to read (Transparency, Wilks‟  = .61, F(1, 132) = 86.21, p < .001; Base 

Frequency, Wilks‟  = .83, F(1, 132) = 27.15, p < .001; and Surface Frequency, Wilks‟  

= .15, F(1, 132) = 730.94, p < .001). Furthermore, there were three significant two-way 

interactions (Transparency x Base Frequency, Wilks‟  = .82, F(1, 132) = 28.81, p < 

.001; Transparency x Surface Frequency, Wilks‟  = .69, F(1, 132) = 59.44, p < .001; and 

Base Frequency x Surface Frequency, Wilks‟  = .76, F(1, 132) = 42.29, p < .001). 

However, these main effects and two-way interactions were qualified by a significant 3-

way interaction: Transparency x Surface Frequency x Base Frequency, Wilks‟  = .81, 

F(1, 132) = 30.64, p < .001 (see Figure 1).  
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Table 2 

 

Summary of Effects across Analyses 

 

 Accuracy Scores 

 

Response Time 

(Accurate)  

 

Response Time (All)
 

 

  

Within-Subjects Effects 

 

T  

 

*** 

 

*** 

 

*** 

B *** *** *** 

S *** *** *** 

T x B ***   

T x S *** ** * 

B x S *** *** *** 

T x B x S ***   

  

Between-Subjects Effects of Reading Ability 

 

RA 

 

*** 

 

*** 

 

*** 

T x RA ***   

B x RA   * * 

S x RA ***   

T x B x RA    

T x S x RA     

B x S x RA * * *** 

T x B x S x RA    

  

Between-Subjects Effects of Morphological Awareness 

 

MA 

 

*** 

  

** 

T x MA **   

B x MA  * * 

S x MA ***   

T x B x MA    

T x S x MA    

B x S x MA *  ** 

T x B x S x MA 

 

   

Note. T = Transparent. B = Base Frequency. S = Surface Frequency. RA = Reading 

Ability. MA = Morphological Awareness. Response Time (Accurate) = Response time 

scores taking into account only accurately pronounced words. Response Time (All) = 

Response time scores taking into account both accurately and inaccurately pronounced 

words.  

*** p < .001. ** p < .01. * p < .05. blank = p > .09.  
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Figure 1. Average number of words read correctly per condition, illustrating the 

Transparency x Base Frequency x Surface Frequency interaction.  Error bars represent 

Standard Errors. 

 

Analysis of the three-way interaction indicated that neither base frequency nor 

transparency affected students‟ reading of high surface frequency words, ps > .25. 

However, for low surface frequency words, transparent/high-base frequency words were 

significantly easier for students to read compared to transparent/low-base frequency 

words, t(133) = 9.60, p < .001, d = .83. Conversely, there was no significant difference in 

students‟ abilities to read low surface frequency, low base frequency, opaque words 

compared to low surface frequency, high base frequency, opaque words, t(133) = 0.00, 

n.s.  

Response time scores (accurate). 

The within-subjects main effects were significant with transparent words, words 

with high base frequency, and words with high surface frequency being read faster 

(Transparency, Wilks‟  = .83, F(1, 84) = 17.14, p < .001; Base Frequency, Wilks‟  = 
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.65, F(1, 84) = 44.77, p < .001; and Surface Frequency, Wilks‟  = .26, F(1, 84) = 

238.91, p < .001). There were two significant interaction effects: Transparency x Surface 

Frequency, Wilks‟  = .89, F(1, 84) = 10.56, p < .01; and Base Frequency x Surface 

Frequency, Wilks‟  = .62, F(1, 84) = 52.61, p < .001 (see Figures 2 and 3 respectively). 

These interactions show that transparency and base frequency did not have effects with 

high surface frequency words, t(85) = 1.41, n.s.; t(85) = .38, n.s., respectively. However, 

students were significantly faster reading low surface frequency words when they were in 

combination with transparency or high base frequency, t(85) = 4.39, p < .001, d, = .47; 

t(85) = 7.61, p < .001, d = .82, respectively.  
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Figure 2. Average reading time per condition taking into account only the accurately 

pronounced words, illustrating the Surface Frequency x Transparency interaction.  Error 

bars represent Standard Errors. 
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Figure 3. Average reading time per condition taking into account only the accurately 

pronounced words, illustrating the Surface Frequency x Base Frequency interaction.  

Error bars represent Standard Errors. 

 

 

Response time scores (all).  

As with the previous set of analyses, all three within-subjects main effects were 

significant with transparent words, words with high base frequency, and words with high 

surface frequency being faster to read (Transparency, Wilks‟  = .90, F(1, 118) = 13.49, p 

< .001; Base Frequency, Wilks‟  = .48, F(1, 118) = 130.62, p < .001; and Surface 

Frequency, Wilks‟  = .19, F(1, 118) = 504.40, p < .001). Furthermore, similar to the 

analyses of Accurate response time scores, the results of the second set of response time 

scores revealed the same two significant interaction effects: Transparency x Surface 

Frequency, Wilks‟  = .96, F(1, 118) = 4.53, p < .05; and Base Frequency x Surface 

Frequency, Wilks‟  = .41, F(1, 118) = 173.44, p < .001 (see Figures 4 and 5 

respectively). The Transparency x Surface Frequency interaction showed that transparency 

does not affect words with high surface frequency, t(119) = 1.40 n.s., however for low 

surface frequency words, the participants were significantly faster reading the transparent 
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words compared to the opaque words, t(119) = 3.63, p < .001, d = .33. The Base 

Frequency x Surface Frequency interaction showed that for the high surface frequency 

words, the words with high base frequency were read slower than the words with low base 

frequency, t(119) = 2.37, p < .05, d = .22; this finding is contrary to hypotheses and to the 

other results presented here. Although this is a statistically significant difference, one could 

argue the practical implications are limited because it is only a difference of 44.4 ms (see 

Table 1). However, because this result differs from the overall pattern, continued 

exploration into these differences is warranted. The more powerful part of the interaction 

was for words with low surface frequency; words with high base frequency were read 

significantly faster than words with low base frequency, t(119) = 13.74, p < .001, d = 1.25. 

Therefore, at least for the low surface frequency words, transparent words and high base 

frequency words can moderate the difficulty of reading words.  
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Figure 4. Average reading time per condition taking into account both the accurately and 

inaccurately pronounced words, illustrating the Transparency x Surface Frequency 

interaction.  Error bars represent Standard Errors. 
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Figure 5. Average reading time per condition taking into account both the accurately and 

inaccurately pronounced words, illustrating the Base Frequency x Surface Frequency 

interaction. Error bars represent Standard Error. 

 

 

Reading ability as the between-subjects factor. 

Accuracy scores. 

The between-subjects main effect was statistically significant, F(1, 132) = 75.02, 

p < .001, partial η
2
 = .36, and indicated that students with high reading ability performed 

better on the Multi-Morphemic Word Reading task compared to students with low 

reading ability. As shown in Figure 6, there was a significant Transparency x Reading 

Ability Interaction, Wilks‟  = .93, F(1, 132) = 10.72, p < .001. Post hoc t-tests revealed 

that both students with high and low reading ability have more difficulties reading the 

opaque words as compared to the transparent words, Transparency effect: high reading 

ability, t(66) = 4.77, p < .001, d = .58, and low reading ability, t(66) = 8.08, p < .001, d = 

.99. However, the greater effect size for the students with low reading ability indicates 

that transparency had a greater effect for the less able readers which likely accounts for 

the interaction. 
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Figure 6. Average number of words read correctly per condition, illustrating the 

Transparency x Reading Ability interaction. Error bars represent Standard Errors. 

 

Finally, as can be seen in Figure 7, there was a significant three-way Base 

Frequency x Surface Frequency x Reading Ability interaction, Wilks‟  = .96, F(1, 132) 

= 5.93, p < .05, which qualified the Surface x Reading Ability interaction, Wilks‟  = .77, 

F(1, 132) = 40.62, p < .001. Analysis of the three-way interaction revealed that for both 

students with high and low reading ability, there is no significant difference between the 

accuracy of the words with high-base/high-surface frequency and the words with low-

base/high-surface frequency (ps > .25). However, for both groups, there is a significant 

difference between the reading accuracy of high-base/low-surface words and low-

base/low-surface words, with high-base/low-surface frequency words being easier to 

read: high reading ability, t(66) = 3.87, p < .001, d = .47; and low reading ability, t(66) = 

5.88, p < .001, d = .72.  The higher effect size for students with low reading ability likely 

accounts for the significant interaction effect and shows that base frequency in 

combination with low surface frequency had a greater effect for the less able readers.  
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Figure 7. Average number of words read correctly per condition, illustrating the Reading 

Ability x Base Frequency x Surface Frequency interaction.  Error bars represent Standard 

Errors. 

 

Response time scores (accurate). 

As with the accuracy scores as the dependent factor, the Reading Ability main 

effect was significant, F(1, 84) = 16.89, p < .001, partial η
2
 = .17. Thus students with 

higher reading ability were significantly faster at reading the words on the Multi-

Morphemic Word Reading test than students with low reading ability.  

There was a significant Base Frequency x Surface Frequency x Reading Ability 

interaction, Wilks‟  = .94, F(1, 84) = 5.54, p < .05, which qualified the significant main 

effect as well as the significant Base Frequency x Reading Ability interaction, Wilks‟  = 

.93, F(1, 84) = 6.33, p < .05. The three-way interaction can be seen in Figure 8. As found 

with the accuracy scores, analysis of the three-way interaction revealed that for both 

students with high and low reading ability, there was no significant difference in their 

reading speed of high-base/high-surface frequency words and low-base/high-surface 

frequency words, ps > .50. Furthermore, for both levels of reading ability, there was a 

significant difference in reading speed between high-base/low-surface frequency words 
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and low-base/low-surface frequency words (high reading ability: t(42) = 4.57, p < .001, d 

= .70; low reading ability: t(42) = 6.45, p < .001, d = .98). Once again, the higher effect 

size for students with low reading ability probably accounts for the significant interaction 

effect and shows that base frequency had a greater effect on response time for the less 

able readers with low surface frequency words. 
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Figure 8. Average reading time per condition taking into account the accurately 

pronounced words, illustrating the Reading Ability x Base Frequency x Surface 

Frequency interaction.  Error bars represent Standard Errors. 

 

Response time scores (all).  

For the response time scores using both accurately and inaccurately pronounced 

words, the reading ability main effect remained significant and indicated that students with 

higher reading ability were faster at pronouncing the words on the task, F(1, 118) = 48.52, 

p < .001, partial η
2
 = .29. There was also a significant Base Frequency x Reading Ability 

interaction, Wilks‟  = .96, F(1, 118) = 5.38, p < .05, which was qualified by a three-way 

Base Frequency x Surface Frequency x Reading Ability interaction, Wilks‟  = .91, F(1, 

118) = 12.38, p < .001, partial η
2
 = .09. As seen in Figure 9, post hoc t-tests revealed that 
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for students with high reading ability, there was no significant difference in their ability to 

quickly read high surface frequency words regardless of the base frequency, t(60) = 1.11, 

n.s. For students with low reading ability, for the high surface frequency words, the words 

with high base frequency were read slower than the words with low base frequency, t(58) 

= 2.10, p < .05, d = .27; this finding is contrary to hypotheses and to the other results 

presented. Although this is a statistically significant difference, the effect size is small and 

it is only a difference of 71.03 ms. However, for both students with high and low reading 

ability, high base frequency significantly moderates the difficulty of the low surface 

frequency (high reading ability, t(60) = 10.14, p < .001, d = 1.30; low reading ability, t(58) 

= 10.50, p < .001, d = 1.37).  Therefore, a high base frequency helps all readers to read the 

low surface frequency (i.e., less familiar) words more quickly. 
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Figure 9. Average reading time per condition taking into account both the accurately and 

inaccurately pronounced words, illustrating the three-way Base Frequency x Surface 

Frequency x Reading Ability interaction.  Error bars represent Standard Errors. 
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Morphological awareness as between-subjects factor. 

 Accuracy scores.  

When examining the accuracy scores, the between-subjects main effect was 

statistically significant, F(1, 132) = 39.27, p < .001, partial η
2
 = .23, and indicated that 

students with high morphological awareness ability performed better on the Multi-

Morphemic Word Reading task compared to students with low morphological awareness 

ability.  

 The Transparency x Morphological Awareness interaction was significant, Wilks‟ 

 = .95, F(1, 132) = 7.75, p < .01 (see Figure 10). Post-hoc t-tests revealed that both the 

students with high and low morphological awareness have significantly more difficulty 

reading opaque words compared to the transparent words, t(66) = 5.31, p < .001, d = .65; 

t(66) = 7.51, p < .001, d = .92, respectively. However, the differences in the effect sizes 

likely accounts for the interaction, showing that transparency had a greater effect for the 

less able readers.  
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Figure 10. Average number of words read correctly per condition, illustrating the 

Morphological Awareness x Transparency interaction.  Error bars represent Standard 

Errors. 
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There was also a significant Surface Frequency x Morphological Awareness 

interaction, Wilks‟  = .91, F(1, 132) = 13.60, p < .001, which was qualified by a 

significant 3 way interaction: Base Frequency x Surface Frequency x Morphological 

Awareness Ability, Wilks‟  = .96, F(1, 132) = 5.21, p < .05 (see Figure 11).  
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Figure 11. Average number of words read correctly per condition, illustrating the 

Morphological Awareness x Base Frequency x Surface Frequency interaction.  Error bars 

represent Standard Error. 

 

There was no significant difference between reading high-base/high-surface 

frequency words and low-base/high-surface frequency words for either students with high 

or low morphological awareness (ps > .15). However, again for both levels of 

morphological awareness, there was a significant difference between their ability to read 

high-base/low-surface frequency words and low-base/low-surface frequency words with 

high-base/low-surface frequency words being easier to read; high morphological 

awareness: t(66) = 4.11, p < .001, d = .50; low morphological awareness: t(66) = 5.63, p < 

.001, d = .69. The interaction is likely significant because the effect size is higher for the 

students with low morphological awareness. In other words, students with low 
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morphological awareness have particular difficulties with low-surface/low-base 

frequency words – the high base frequency has a greater effect for the less able readers.  

 Response time scores (accurate).  

 When analyzing the response time data for accurately pronounced words, the 

results showed that there was no significant main effect for morphological awareness 

ability, F(1, 84) = 1.27, n.s., partial η
2
 = .02. The Base Frequency x Morphological 

Awareness interaction was the only significant between-subjects interaction, Wilks‟  = 

.95, F(1, 84) = 4.05, p < .05 (see Figure 12). Similar to what was seen in other analyses in 

the current study, despite the significant interaction, the post hoc t-tests revealed that both 

students with high and low morphological awareness skills were significantly slower at 

reading the low base frequency words as compared to the high base frequency words; 

t(42) = 3.66, p < .001, d = .56; t(42) = 5.55, p < .001, d = .85, respectively. The difference 

in effect sizes likely accounts for the significant interaction and indicates that base 

frequency had a greater effect for the less able readers. 

800

900

1000

1100

1200

1300

1400

1500

High Morphological Awareness Ability  Low Morphological Awareness Ability

Morphological Awareness

R
e
s
p
o
n
s
e
 T

im
e
 -

 A
c
c
u
ra

te
 (

m
s
)

High Base

Low Base

 
 

Figure 12. Average reading time per condition taking into account only the accurately 

pronounced words, illustrating the Morphological Awareness x Base Frequency 

interaction.  Error bars represent Standard Error. 
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Response time scores (all).  

In contrast to the previous analysis, the results of the response time scores that 

took into account both accurately and inaccurately pronounced words revealed a 

significant between-subjects main effect which indicated that children with greater 

morphological awareness ability performed significantly better on the Multi-Morphemic 

Word Reading task compared to the children with lower morphological awareness 

abilities, F(1, 118) = 9.57, p < .01, partial η
2
 = .08. There was the same significant two-

way Base Frequency x Morphological Awareness interaction, Wilks‟  = .95, F(1, 118) = 

5.74, p = < .05, which was qualified by a significant three way Base Frequency x Surface 

Frequency x Morphological Awareness interaction, Wilks‟  = .95, F(1, 118) = 6.56, p < 

.01 (see Figure 13).  
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Figure 13. Average reading time per condition taking into account both the accurately and 

inaccurately pronounced words, illustrating the Morphological Awareness x Base 

Frequency x Surface Frequency interaction. Error bars represent Standard Error. 
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Post hoc t-tests revealed that for both students with high and low morphological 

awareness abilities, there are no significant differences in their abilities to quickly read 

high-base/high-surface words and low-base/high-surface words, ps > .05. Furthermore, 

high-base/low-surface frequency words were read significantly faster than the low-

base/low-surface frequency words for both high ability readers, t(59) = 10.34, p < .001, d 

= 1.33, and low ability readers, t(59) = 10.17, p < .001, d = 1.31. It is not clear what the 

source of the interaction is in this case as the high base frequency moderates the difficulty 

of the low surface frequency words for all readers.    

Comparing the accuracy scores and the two sets of response time scores.  

When examining the results of the four-way mixed model ANOVAs, as can be 

seen in Table 2 and Appendix K, the results of the four-way mixed model ANOVAs are 

similar regardless of the dependent measure (accuracy scores, response time Accurate, 

and response time All). With respect to the within-subjects effects, the three main effects 

(transparency, base frequency and surface frequency) were significant in every analysis, 

with surface frequency having the greatest effects across analyses (effect sizes range from 

.74 to .85). Furthermore, there was always a significant Transparency x Surface 

Frequency interaction and a significant Base Frequency x Surface Frequency interaction. 

The results differed slightly when using the accuracy scores as there was also a significant 

Transparency x Base Frequency interaction and a three-way Transparency x Base 

Frequency x Surface Frequency interaction.  The differences in results could be due to a 

loss of power given the differences in sample size between the accuracy and response 

time scores.   

Reading ability was always a significant between-subjects main effect. All 

significant results found with the reading ability between-subjects effects using response 
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time Accurate were also found using the response time All scores. Furthermore, there 

were no additional significant results found. However, with the accuracy scores, there 

was an additional Transparency x Reading Ability interaction and a Surface Frequency x 

Reading Ability interaction compared to the response time scores and there was not a 

significant Base Frequency x Reading Ability interaction (see Table 2 and Appendix K).  

However, the overall pattern of means was similar (see Appendices G and H).  As a 

result, the differences may be due to the smaller sample size when using the response 

time scores compared to the accuracy scores resulting in a loss of power.   

Finally, there were more differences in the results with morphological awareness 

as the between-subjects factor. When using the response time Accurate scores, the only 

significant effect was the Base Frequency x Morphological awareness interaction. 

However, when using the response time scores using all responses, regardless of accuracy 

of pronunciation, there was a significant between-subjects main effect and a significant 

Base Frequency x Surface Frequency x Morphological Awareness Ability effect. 

Similarly, the between-subjects main effect and three-way interaction were found with the 

accuracy scores as well as significant Transparency x Morphological Awareness and 

Surface Frequency x Morphological Awareness effects.  However, given that the pattern 

of means in similar (see Appendices I and J), the differences in results could be due to the 

differences in sample size 
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Chapter 4: Discussion 

 The role of morphological awareness in reading ability has received a large 

amount of attention in the past decade because it has been found that morphological 

awareness contributes significantly to reading ability from early elementary school into 

the upper elementary and early high school years (e.g., McBride-Chang et al., 2005; Nagy 

et al., 2006). Specifically, research has shown that morphology affects various aspects of 

reading ability such as word reading, reading comprehension, and vocabulary 

development above and beyond other cognitive constructs including phonological 

awareness, naming speed, and orthographic processing (e.g., Deacon & Kirby, 2004; 

Kirby et al., 2009; McBride-Chang et al., 2005; Nagy et al., 2006; Roman et al., 2009). A 

focus on the morphemic characteristics of complex words has begun to be investigated to 

gain more explicit evidence of the role morphology plays on children‟s ability to learn to 

read (Deacon et al., submitted). The first purpose of the current study was to examine the 

ability of children in Grade 5 to read morphologically complex words that differed in 

transparency, surface frequency, and base frequency while considering their overall 

reading ability and morphological awareness skills. The second and third purposes relate 

to methodology. Specifically, the second research question aimed to determine if the 

results using accuracy scores as the dependent measure led to the same conclusions as 

those using the response time scores. Finally, the third purpose related solely to response 

time scores; does the pattern of results differ when calculating response time scores using 

only accurately pronounced words compared to using response time scores taking into 

account both accurately and inaccurately pronounced words? This question aims to 

extend the results of previous research in which the response time scores have been 

calculated using both accurately and inaccurately pronounced words in order to be able to 
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compare the responses across grades (see Carlisle and Stone, 2005; Deacon et al., 

submitted) even though response time scores are usually calculated using only accurate 

responses (e.g., Carlisle & Katz, 2006; Marslen-Wilson et al., 1994; Perea & Pollatsek, 

1998; Strain, et al., 1998).  

 The results indicate that multi-morphemic word reading accuracy and speed were 

related positively to the three within-subjects factors (transparency, surface frequency, 

and base frequency) and the two between-subjects factors (reading ability and 

morphological awareness). Specifically, with the exception of the morphological 

awareness main effect using the response time scores taking into account only the 

accurately pronounced words, all the main effects were powerful, particularly that of 

surface frequency. These main effects were qualified by several significant interactions 

showing that (a) high base frequency increased reading accuracy and speed for words 

with low surface frequency, particularly for students with low reading ability or low 

morphological awareness skills, and (b) the combination of high base frequency and 

transparency increased reading accuracy and speed for words with low surface frequency. 

Furthermore, the results indicate that there was little difference between using accuracy 

scores, response time scores taking into account only accurately pronounced words, and 

response time scores taking into account both accurately and inaccurately pronounced 

words.  

This discussion begins with an examination of the results considering reading 

ability, morphological awareness, transparency, base frequency, and surface frequency on 

children‟s ability to read multi-morphemic words. This is followed by a discussion of the 

comparison between the accuracy scores and the two sets of response time scores. 
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Finally, implications of this research, limitations, and directions for future research are 

discussed.  

Effects of Word Characteristics on Multi-Morphemic Word Reading 

Transparency. 

 The results of the current study indicate that transparency affects children‟s ability 

to read morphologically complex words both accurately and quickly. With respect to the 

accuracy scores, the transparency main effect and two-way interactions were qualified by 

a three-way transparency by surface frequency by base frequency interaction. The 

students were more accurate reading transparent words than opaque words only when the 

words had a low-surface/high-base frequency (see Figure 1). Though these results provide 

evidence of a transparency effect, they are somewhat different from those of previous 

research; for example, Carlisle (2000) found that students in Grade 5 read transparent 

words more accurately than opaque words, all of which had high surface and high base 

frequencies. However, the present findings are more consistent with those of Deacon et 

al. (submitted) who found a transparency effect only for words that had a low surface 

frequency in Grade 4 and, in Grade 8, only for words with low surface and low base 

frequencies.  

With respect to the effects of transparency on reading speed, whereas Deacon et 

al. (submitted) found that transparency did not affect word reading speed, the current 

results show that, regardless of which way the response time scores were calculated, 

children are faster reading transparent words compared to opaque words when the words 

have a low surface frequency. The significant transparency effects are consistent with the 

findings of Carlisle and Stone (2005) who found that middle school students (ages 10 to 

12) were faster reading transparent words compared to opaque words. Though 
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transparency did not significantly affect word reading speed in the Deacon et al. study, 

the pattern of means is similar to the pattern in the current study in that the transparent 

words were read faster on average compared to the opaque words for the low-

surface/high-base frequency words (Deacon et al., submitted). Thus, the differences in 

significance may be due to a lower power in their study due to differences in sample size.  

Future research continuing to examine the transparency effects on children‟s 

ability to quickly read morphologically complex words would be beneficial given that, for 

children in Grade 5 in the current study, transparent words lead to more accurate and 

faster word reading than opaque words when the words have a low surface frequency. 

Transparency contributes to word reading speed for the less familiar morphologically 

complex words – it does not contribute for the more common words. Furthermore, in the 

current study, the focus was specifically on the phonological transparency of the word, or 

the shift in pronunciation. Future research should try to separate the effects of shifts in 

pronunciation (phonological transparency), spelling (orthographic transparency), and 

meaning (semantic transparency) between the base word and the multi-morphemic word 

as some differences may be due to the specific word selection of the Multi-Morphemic 

Word Reading Task. This would provide a better picture of the effects of transparency on 

children‟s ability to read multi-morphemic words.  

Base Frequency and Surface Frequency. 

For accuracy scores and both response time scores, there were strong main effects 

for base frequency and surface frequency (see Table 2 and Appendix K). More 

specifically, surface frequency had the most robust main effects with effect sizes ranging 

from .74 to .85 (see Appendix K). This is consistent with previous research which has 

shown the strong effects of surface frequency on word reading (e.g., Sereno & Jongman, 
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1997). The main effects of base frequency were more modest (effect sizes ranging from 

.17 for accuracy scores to .52 for response time scores All), though still highly significant. 

However, as with the transparency effects, these main effects were qualified by 

interaction effects. With the accuracy scores, the difficulty in accurately reading the low 

surface frequency words was moderated by transparency and high base frequency. This 

result exemplifies the morphological processing that children are likely doing to read new 

or difficult words accurately. By using decoding strategies that are likely partially 

morphemic, children are able to recognize the base and use it to read the whole word. 

Transparency and base frequency do not affect performance on the high surface 

frequency words.  

The response time scores reveal similar patterns of results. Again, for the most 

part, base frequency did not affect the reading speed of high surface frequency words. 

However, high base frequency can decrease the amount of time it takes to read low 

surface frequency words.  

The results of the current study support previous research which has shown that 

base frequency affects upper elementary school children‟s ability to read words 

accurately (Mann & Singson, 2003; Carlisle & Stone, 2005). When looking at the effects 

of base frequency on morphologically complex word reading speed, results were 

consistent with those found by Deacon et al. (submitted). Children were faster reading 

words with high base frequency compared to words with low base frequency only when 

the words had low surface frequency.  

In general, the results of the within-subjects effects of the current study support 

previous research (e.g., Deacon et al., submitted; Carlisle & Stone, 2005) as the 

morphemic characteristics of a word do affect reading accuracy and speed. Because most 
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of the transparency and base frequency effects occurred on the low surface frequency 

words, this suggests that, at some level, children are using morphological knowledge to 

help them to decode the more unfamiliar words, increasing their accuracy and decreasing 

their response time. However, for the high surface frequency words, children are most 

likely able to recognize them as wholes and thus are able to be more accurate and faster 

reading them compared to the words that require more morphological decoding.   

Effects of Individual Differences 

Reading ability. 

Overall, students‟ reading ability was positively associated with their accuracy 

and speed of reading morphologically complex words. For the accuracy scores, the strong 

between-subjects main effect (effect size of .36) was qualified by a variety of significant 

interactions. Both students with high and low reading ability had significantly more 

difficulties reading opaque words compared to transparent words. However, this 

difference was greater for the students with low reading ability. Similarly, high-base/low-

surface frequency words were easier to read than low-base/low-surface frequency words 

for both groups of students, however the distinction was greater for the students with low 

reading ability. High surface frequency words were read the most accurately regardless of 

the other factors.  

Similarly, for both sets of response time scores, there was a reading ability main 

effect in that students with high reading ability were faster than the students with low 

reading ability (response time Accurate – effect size of .17; response time All – effect size 

of .29). This main effect was qualified by the three-way base frequency by surface 

frequency by reading ability interaction. However, the interpretation of the results differs 

slightly between the two different ways the response time scores were calculated.  
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When analyzing the response time scores of the accurately pronounced words 

only, the interpretation is comparable to that of the accuracy scores in that, though both 

reading ability groups read high-base/low-surface frequency words significantly faster 

than low-base/low-surface frequency words, this difference was greater for the students 

with lower reading ability. Once again, the base frequency did not affect the reading 

speed of the high surface frequency words 

When analyzing the response time scores that took into account both the 

accurately and inaccurately pronounced words, for the students with low reading ability, 

they read the low-base/high-surface frequency words significantly faster than the high-

base/low-surface frequency words. This was not the case for students with high reading 

ability. This result differs from the overall pattern. Continued exploration into this 

difference is warranted. The more powerful part of the interaction was for the low surface 

frequency words and the interpretation is similar to that for the previous analyses. The 

high-base/low-surface frequency words are easier to read that the low-base/low-surface 

frequency words for both groups of students. However, this difference was greater for the 

students with lower reading ability.  

These results imply that morphological processing is occurring, whether it is 

conscious or subconscious. Because all the students are reading high base frequency 

words more accurately and faster than low base frequency words, it follows that high base 

frequency makes it easier to read complex words. Though this is often the case for both 

high and low ability readers, the fact that the differences in accuracy scores and reading 

speeds are greater for students with lower reading ability suggests that poor readers are 

using morphological awareness to compensate in reading less familiar words (i.e., the 

low-base/low-surface frequency words), as has been suggested by others (see Casalis et 
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al., 2004; Reed, 2008). They need high base frequency more than the better readers to be 

able to read the multi-morphemic words.  

Even though transparency affects the accuracy and response time scores of the 

within-subjects effects, it only interacted with reading ability and morphological 

awareness with the accuracy scores as the outcome. This result is consistent with the non-

significant differences found by Deacon et al. (submitted). However it differs from the 

results found by Carlisle and Stone (2005), in which transparency affected word reading 

speed.  As previously mentioned, further investigations into the effects of transparency 

are warranted.  

Morphological awareness. 

 As with the effects of reading ability, students‟ morphological awareness skills 

also affected their ability to accurately and quickly read multi-morphemic words. For the 

accuracy scores, the between-subjects main effect was qualified by a few significant 

interactions. First, the significant transparency by morphological awareness interaction 

indicated that though transparent words were significantly easier for all students to read 

compared to opaque words, the difference was greater for the students with low 

morphological awareness. In other words, transparency contributes to the word reading 

ability of all students, regardless of their morphological abilities. However, students with 

low morphological awareness are particularly able to use transparency to help them to 

read words. Furthermore, as was often seen in the reading ability analyses, low-base/low-

surface frequency words were particularly difficult for students with low morphological 

awareness to read. However, a high base frequency can moderate the difficulty of low 

surface frequency words, particularly for the low ability readers accounting for the 
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significant 3-way morphological awareness by base frequency by surface frequency 

interaction.  

 With morphological awareness as a between-subjects factor, there were 

differences in the results between the two ways to calculate the response time scores. 

When using the response time scores for the accurately pronounced words, the 

morphological awareness main effect was not significant. However, the morphological 

awareness by base frequency interaction was significant and showed that though high 

base frequency helped both groups of students to read the words, this was particularly 

true for the students with low morphological awareness. Once again, this illustrates that to 

read the words quickly, students are using word recognition processes that are 

morphemic, at least to some extent. However, when using the response time scores 

looking at both the accurately and inaccurately pronounced words, there was a significant 

morphological awareness main effect and a significant morphological awareness by base 

frequency by surface frequency interaction. In this three-way interaction, it appears as 

though base frequency is helping the students with low morphological awareness skills 

more than the students with high morphological awareness skills (see Figure 13), 

however the t-tests did not confirm this interpretation. Further investigations into the 

effects of these variables are warranted  

Therefore, with respect to morphological awareness, it looks like base frequency 

is helping the students with low morphological awareness skills more than the students 

with high morphological awareness, at least with the accuracy scores (see Figure 11). 

This pattern suggests that morphological processing is occurring because children are 

able to read unfamiliar (or low surface frequency) words more accurately if they have a 

high base frequency. They are at least in part using morphemic strategies to decode the 
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words. Given the differences when using response time scores, additional studies 

examining the within-subjects factors for students with higher and lower morphological 

skills would be beneficial. Furthermore, similarly to the reading ability between-subjects 

effects, even though transparency affected the accuracy and response time scores of the 

within-subjects effects, it only interacted with morphological awareness with the accuracy 

scores as the outcome.       

In general, although the main effects of surface frequency, base frequency, and 

transparency are strong, they are stronger for the less able readers.  The weak readers 

need the help of the high base frequency more than the stronger readers, perhaps because 

they are less likely to know the low surface frequency words.  Future research could teach 

specific multi-morphemic words to poor readers to see if the results become more like 

those of the good readers.   

 Comparison between the Accuracy Scores and the Two Ways to Calculate Response 

Time Scores 

With regard to the second and third purposes of the current study, the pattern of 

results using the accuracy scores and the two different sets of response time scores were 

compared. Overall, the pattern of results is similar regardless of which dependent variable 

was used (see Table 2). The main effects were the most powerful across the analyses 

except for one instance as there was not a morphological awareness main effect when 

using the response time scores taking into account only the accurately pronounced words. 

However, when comparing the means of the results of the students with high and low 

morphological abilities (see Appendices I and J), the pattern remains the same – students 

with high morphological abilities are faster at reading the words than the students with 

low morphological abilities. Therefore, the differences in significance may be due to the 



 Characteristics of Multi-Morphemic Words 57 

smaller sample size and thus the loss of power. Further examination of this variable 

would be beneficial in future studies.  

With respect to the interaction effects, for the most part, there was a significant 

base frequency by surface frequency interaction either by itself or with reading ability or 

morphological awareness ability. The interpretations of these interactions were essentially 

the same: high surface frequency words were read more accurately and faster regardless 

of base frequency compared to the low surface frequency words, but a high base 

frequency moderated the difficulty of the low surface frequency words. This occurred 

across most analyses, but differed slightly with the base frequency by surface frequency 

by reading ability interaction using the response times taking into account both accurately 

and inaccurately pronounced words in that a low base frequency also increased the 

reading speed of the high surface frequency words for the low ability readers (see Figure 

9). Furthermore, the base by surface frequency by morphological awareness interaction 

was not significant when using the response time scores taking into account only the 

accurately pronounced words (see Table 2 and Appendix K). However, once again, given 

that the pattern of means is similar compared to the other analyses (see Appendices I and 

J), this difference in significance may be due to a loss of power as the sample size 

decreased from 120 to 86 when taking into account only the accurately pronounced words 

when calculating the response time scores. 

The main difference occurred when examining the effects of transparency. When 

looking at the within-subjects factors, transparency affected both the accuracy scores and 

the response time scores, though the effects were weaker for the response time scores. In 

contrast, there is a significant interaction between transparency and the between-subjects 

factors only when accuracy scores were used, but not with either of the response time 
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scores. This discrepancy is consistent with that found in the literature. For example, 

Carlisle and Stone (2005) found that transparency does affect response time scores; 

however, other researchers have found that the effects of transparency are only significant 

with accuracy scores, but not with the response time scores (Deacon et al., submitted). 

Further research into the effects of transparency is required in order to gain a deeper 

understanding of this variable.  

To continue the inquiry into the different ways to calculate response time scores, 

future studies should examine the different ways to calculating response time scores in a 

sample of lower elementary students and in a sample of middle school students. This 

would allow for a greater understanding of the comparability between using response 

times considering only accurate pronunciations and those that consider both accurate and 

inaccurate pronunciations. Most likely, as long as the range of grades is not too great, the 

two different methods to calculate response time scores should produce similar results. 

However, if the age differences (and thus ability differences) are too great, then there are 

likely to be differences due to a loss of subjects. Perhaps another avenue of exploration 

could involve a comparison of response time scores when the participants are matched by 

reading ability instead of age. This could provide additional evidence of the different 

methods that can be used to calculate response time scores.  

Implications 

 As previously mentioned, the results of this study showed that surface frequency 

had very powerful main effects with effect sizes ranging from .74 to .85. As a result, since 

it is the low surface frequency words that are the most difficult, one possibility would be 

to increase the surface frequency of the words through exposure. However, this would 

involve showing students thousands of words much more frequently and it is still not 
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clear which ones to show them or how in depth the exposure would have to be. Therefore, 

given that the results of this study showed that morphemic structure does have an effect 

of Grade 5 children‟s ability to read morphologically complex words, one possible way 

around the difficulty of exposing children to thousands of words could be to teach 

morphology in classrooms. Explicit instruction in reading strategies that target the 

morphological characteristics of the word will likely be beneficial for children to learn to 

read (e.g., Bowers, Kirby, & Deacon, in press; and Reed, 2008). Systematic instruction in 

morphology may hep reduce children‟s difficulty when reading low surface frequency (or 

unfamiliar) words. It has been argued that there is not a lot of explicit, systematic 

teaching of morphology in classrooms (Nunes & Bryant, 2006). As a result, given that 

morphological characteristics helped the less able participants (those with low reading 

ability and low morphological awareness skills) to read the words, it indicates that they 

are likely using untaught morphological awareness to help them to decode words.  

Therefore, explicitly taught morphological awareness may improve their ability to read 

words. One avenue of research could examine if explicitly taught morphological 

awareness changed the results in the Multi-Morphemic Word Reading Task. In other 

words, do poor readers who are taught morphology show patterns of results that resemble 

those of the better readers? Another possibility would be to study if explicitly taught 

morphological awareness affects overall reading ability. Some intervention studies have 

been done that have explicitly targeted students‟ morphological awareness skills to 

examine their effects on reading outcomes (see Bowers et al., in press; and Reed, 2008, 

for reviews). The research suggests that teaching students about morphology is likely to 

improve the reading skills of children between Kindergarten and Grade 8. Most 
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importantly, Bowers et al. (in press) found that this type of instruction is more effective 

for the less able students.  

Furthermore, in the current study, the less able readers were able to use high base 

frequency to moderate the difficulty of unfamiliar words. In other words, the 

morphological structure helped the weaker readers to be able to read the more difficult 

words. Others have suggested that poor readers use morphological awareness as a 

strength (at least in comparison to phonological awareness skills) to help them to read 

novel words (e.g., Casalis et al., 2004; Deacon, Parrila, & Kirby, 2008). Thus 

interventions targeting the morphemic structure of words may help poor readers and 

readers with low morphological skills improve their abilities to read (Deacon et al., 2008; 

Bowers & Kirby, in press). Future research specifically looking at teaching students to 

recognize the morphemic characteristics of words would be valuable particularly for the 

less able students as previous research has shown that training in morphological 

awareness is most beneficial for the weaker readers (Bowers et al., in press).  

This study also has implications for the use of response time scores to gain further 

information into the effects of morphological structure on word reading speed. Our results 

show that the two different ways of calculating response time scores are comparable. 

Therefore, to ensure the maximum number of responses (as discussed in Deacon et al., 

submitted), perhaps it would be beneficial to use response times that take into account 

both accurately and inaccurately pronounced words. Analyses of the results using 

accuracy scores led to the clearest results. It is possible that more words are needed per 

group or a larger sample size is needed to make the results using the response time scores 

more reliable. Future research is warranted to further clarify the relationship between the 

two ways to calculate response time scores and their relationship with accuracy scores.  
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Limitations and Future Research 

 In addition to the limitations and considerations for future research that have 

already been discussed, there are other steps that could be taken to expand on this 

research. For example, the current study used Word Identification as a measure of reading 

ability. It would be beneficial to have a greater range of measures to define reading ability 

(e.g., measures of reading comprehension, measures of reading speed, etc.). Future 

studies could examine different aspects of reading ability other than word reading.  

In addition, children‟s sensitivity to morphological structure was measured using 

only one test of multi-morphemic word reading that was comprised of a particular set of 

words. Future research examining children‟s ability to read other word sets would be 

beneficial. In addition, including other tasks designed to measure children‟s ability to use 

morphological structure while reading would likely be valuable.  

One of the limitations of the current study is that all of the students were in Grade 

5. One of the reasons that both Carlisle and Stone (2005) and Deacon et al. (submitted) 

chose to examine response time scores that included both accurate and inaccurate 

pronunciations was to ensure comparability between grades. In the current study, the two 

different methods used to calculate the response time scores yielded similar results, at 

least at this age level. Since the two different methods to calculate response time scores 

produced similar results, when comparing across grades, the use of all the response time 

scores (regardless of whether they were pronounced correctly or incorrectly) should not 

change the results. However, as previously mentioned, continued investigations into the 

best way to calculate response time scores is warranted with children in lower elementary 

school or in middle school.  



 Characteristics of Multi-Morphemic Words 62 

Another methodological limitation was that both individual differences factors 

(reading ability and morphological awareness) were divided into two groups. This can 

pose a problem as it results in a loss of information. It would be beneficial for future 

studies to use different methodological strategies in order to find a solution to this 

limitation.  

Finally, as has been previously mentioned, base frequency was determined solely 

by the level of occurrence of each base as a single, whole word. This measure did not take 

into account how frequently each base occurs in other morphologically complex words 

known as morphological families. For example, heart, dishearten, wholehearted, 

heartache, would all be considered to be part of one morphological word family with 

heart as its base. As explained by Carlisle and Stone (2005) “the larger a word family, the 

greater the likelihood that the base word will facilitate recognition of words, even if these 

words are new to the individual…” (pp. 431). In other words, exposure to the base word 

either by itself or within other words can allow a reader to recognize an unfamiliar word 

from its base. This has been found in studies with adults (e.g., Nagy, Anderson, 

Schommer, Scott, & Stallman, 1989) and in studies with children (Carlisle & Katz, 2006). 

Therefore, extending the research on the effects of morphological structure to include a 

definition of base frequency taking into account family size is an essential next step.  

Conclusion 

 The current study provides support for the idea that the morphemic structure of 

words does affect children‟s ability to read words. Surface frequency, base frequency, and 

transparency all affect reading accuracy and speed. High base frequency increased 

reading accuracy and speed for words with low surface frequency, particularly for 

students with lower reading ability or lower morphological awareness skills. Essentially, 
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the hardest words are read better by the less able students when the base frequency is 

high, which implies that they are using morphological processing in some way to help 

them to decode the unfamiliar words. Furthermore, with respect to the differences in 

results between the accuracy scores and the two sets of response time scores, at least for 

children in Grade 5, the results of base frequency and surface frequency are relatively 

stable. However, the effects of transparency are more complex, varying in significance 

between the accuracy and the two sets of response time scores, though given that the 

patterns of means are similar, these differences may be due to differences in sample size. 

Future research examining the effects of transparency is recommended, perhaps taking 

into account phonological, orthographic, and semantic transparency as previously 

discussed.  

These results extend the previous research literature supporting the effects of 

morphemic structure on children‟s ability to accurately and quickly read morphologically 

complex words by taking into account individual differences. Further research to continue 

this exploration in order to help children learn to read is suggested. 
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Appendix A: Letter of Information 

 

Research Project 

Reading Development from Grades 3 to 6 

Letter of Information 

 

Dear Parent or Guardian, 

 

 We are writing to ask you to allow your child to participate in a research project 

about children‟s reading, called Reading Development from Grades 3 to 6. We are 

Professors of Education and Psychology at Queen‟s University, Dalhousie University, 

and the University of Alberta, and we have been awarded a grant from the Social 

Sciences and Humanities research Council of Canada to carry out this research. This 

research has been cleared by the ethical review committee of Queen‟s University, and by 

your child‟s school board. Please read the information below. If you agree, please sign the 

attached sheet (“Consent Form”) and return it to your child‟s teacher. 

 

Some background 

 Reading is important for success in school and in later life. In spite of the best 

efforts of  parents and teachers, many children continue to experience difficulty learning 

to read. Research shows that there are several skills that are important for early reading 

development: of course it is important to learn letters, and  we now know that the ability 

to process the sounds that make up words is also important in early reading development, 

as is the ability to name things quickly. Difficulties in these areas can lead to different 

types of reading difficulty. But these skills do not tell the whole story, particularly as 

children move from the primary to the junior grades. It is important to study other factors 

in the development of reading so that we can become more able to detect difficulties 

early, and so that we can design the best type of instruction to support children‟s 

development of reading and to avoid reading difficulties. 

 

About the study 

 Our goals in this study are to trace the development of children‟s reading, spelling 

and oral language skills from grade 3 to grade 6, observe whether reading difficulties 

emerge and if so what types, and determine which measures in grade 3 were the best 

predictors of the reading success and reading difficulties in the later grades. To do this, 

we need to select a broad sample of children in grade 3, and ask them to perform a variety 

of oral language, reasoning, reading and spelling activities each year. Our work will 

contribute to the improvement of teacher education and curriculum development for 

schools. 

 

How your child would be involved 

 If you agree, we will arrange with your child‟s teacher convenient times when we 

could visit the school. A trained assistant would ask your child (either alone or with other 

children) to come to a quiet room, for instance the library, to do the activities. Each 

session will only begin if your child agrees to take part, and your child may decide to end 
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his or her participation in the study at any time. The activities will take about 120 minutes 

in January-March, spread over 2 or 3 sessions, depending upon the individual child. Most 

children find these activities interesting. We will do our best to ensure that your child 

enjoys the activities. If he or she loses interest, we will end the session and continue 

another day. The activities are like everyday school activities, though some are shown on 

a portable computer. We will note the answers your child gives, and in some cases record 

the time an answer takes. The research assistants will all have had police checks. 

 

 In grades 4, 5, and 6, at about this same time, we will again ask your permission 

for your child to continue participating. You may of course say no at any time. 

 

What we promise 

 It is important to us to protect the privacy of people who participate in the project. 

Here is what we promise: 

 

 Participation is voluntary, and you may withdraw from the study at any time. 

 Lack of participation will not have any effect upon your child‟s grades 

 We will end any activity if your child loses interest. 

 No names will be used in any published work. 

 The results will not have any effect upon your child‟s grades. 

 The data will be locked indefinitely in an office at Queen‟s University. 

 Only the researchers and their trained assistants will have access to the data. 

 There are no known risks or discomfort involved in any of these activities. 

 

We will provide you with a report every year (in June) describing how the children in our 

sample have done overall, and describing your child‟s progress. We will share the overall 

description with your child‟s classroom teacher, but we will only provide the details about 

your child to you – you may show them to your child‟s teacher if you wish. We will 

publish our results in academic and professional journals, and the research assistants will 

use the data in their research papers or theses. In every case, results will be combined 

across many participants, so no individual will be identifiable. 

 

 Thank you very much for considering this request. If you have any questions 

about the project, please contact Dr. John Kirby at the Faculty of Education, Queen‟s 

University (533-6220). If you have any concerns about the project, you may contact Dr. 

Rosa Bruno-Jofré, Dean of the Faculty of Education (533-6210) or Dr. Joan Stevenson, 

Chair of the General Research Ethics Board at Queen‟s University (533-6081). 

 

 If you consent to have your child participate, please sign the attached Consent 

Letter and return it to your child‟s classroom teacher. 

 

Sincerely, 
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John Kirby, Ph.D., Professor, Faculty of Education, Queen‟s University (for the research 

team) 

 

Lesley Wade-Woolley, Ph.D., Associate Professor, Faculty of Education, Queen‟s 

University 

 

S. Hélène Deacon, D. Phil., Assistant Professor, Dept. of Psychology, Dalhousie 

University 

 

Rauno Parrila, Ph.D., Associate Professor, Dept. of Educational Psychology, University 

of Alberta 
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Appendix B: Consent Form 

 

 

Research Project 

Reading Development from Grades 3 to 6 

Consent Form 
 

I understand that I am being asked to allow my child to participate in a research 

project entitled Reading Development from Grades 3 to 6. I understand that the purposes 

of the study are to trace the development of children‟s reading, spelling and oral language 

skills from grade 3 to grade 6, observe whether reading difficulties emerge and if so what 

types, and determine which measures in grade 3 were the best predictors of the reading 

success and reading difficulties in the later grades. I have read, understood, and retained 

the Letter of Information, and I have had any questions answered to my satisfaction. 

 

I understand that my child‟s participation in January-March 2005 will take at most 

120 minutes. My child will be asked to complete a variety of oral language, reasoning, 

reading and spelling activities, which will only begin and continue as long as he or she is 

willing and interested. My child‟s answers will be recorded on paper or by a computer. 

Participation in the study and performance on the tests will have no effect upon my 

child‟s grades. 

 

I understand that all data will be kept confidential, that no individual child will be 

identified in any publication, and that I can withdraw my child from the study at any time 

without any consequence. I understand that there are no known risks, discomforts or 

inconveniences involved in the study. I understand that this consent is for January-March 

2005 period only. 

 
I am aware that I can contact the researcher (Dr. John Kirby: 533-6220), the Dean of the 

Faculty of Education (Dr. Rosa Bruno-Jofré: 533-6210), or the Chair of Queen’s University’s 
General Research Ethics Board (Dr. Joan Stevenson: 533-6081), with any questions, 
concerns or complaints that I may have. 

Please complete the following and return it to your child‟s classroom teacher as soon 

as possible. 

 

_______ I consent that my child participate 

 

_______ I do NOT consent that my child participate. 

 

 

Name of child (please print):  _________________________________________   

Child‟s date of birth (day/month/year): ___________________________________ 

Parent‟s or guardian‟s name (please print):  ____________________________________ 

Signature:  _____________________________________________________________ 

Date:  ____________________________



 Characteristics of Multi-Morphemic Words 74 

Appendix C: Ethics Facesheet 
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Appendix D: List of Items in Word Analogy Task 

The test administrator orally presented the non-italicized words. The participant provided 

words in italics. 

    

 Inflected  Derived 

    

1 run, ran, walk, walked  mess, messy, fun, funny 

2 doll, dolls, sneaker, sneakers  paint, painter, bake, baker 

3 good, better, low, lower  anger, angry, sun, sunny 

4 jumped, jump, stood, stand  teach, teacher, work, worker 

5 push, pushed, lose, lost  high, height, deep, depth 

6 help, helped, say, said  decision, decide, action, act 

7 mouse, mice, child, children  science, scientist, art, artist 

8 heard, hear, kept, keep  long, length, wide, width 

9 longer, long, taller, tall  warmth, warm, strength, strong 

10 Dog, dogs, person, people  magic, magician, music, musician 
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Appendix E: List of Items in Sentence Completion Task 

The two word options appeared on the screen while the participant listened to the 

sentence. Italics represent the correct word choice. The final column indicates whether or 

not there was a sound change between the two word choices. 

 Pseudoword Items 

 

Sentences Sound Change? 

1 Chaver Chavely My uncle is a dog ___. No 

2 Botive Botion It was a deliberate ___. Yes 

3 Lenoyment Lenoyable History class is ___. No  

4 Lamession Lamessive She has a wild ___. Yes 

5 Deponcement Deponcer She wants to be a ___. No  

6 Bloyer Bloyful She was a fantastic ___. No  

7 Peroction Peroctive It was their famous ___. Yes 

8 Mavibly Mavibility Her trip was an amazing ___. Yes 

9 Sheckly Sheckness He envied his mother‟s ___. No  

10 Dreetly Dreetness He ran home ___. No  

11 Lamiously Lamiosity She was filled with ___. Yes 

12 Sumper Sumpless Watch out for the ___. No 

13 Blength Blongly He danced with great ___. Yes 

14 Midely Midth The tree had a large ___. Yes 

15 Narty Narth Swimmers have plenty of ___. Yes 

16 Bruth Bruly She gave him the ___. No  

17 Tayness Tayly He spoke very ___. No 

18 Poteration Poterately It was a sign of ___. Yes 

19 Pleation Pleature She struggled with ___. Yes 

20 Nallment  Nallable The doors on the car are ___. 

 

No  



 Characteristics of Multi-Morphemic Words 77 

Appendix F: List of Words in the Multi-Morphemic Word Reading Task 

 

 Transparent 

 

 Opaque 

 

  

Base 

 

 

Surface 

 

  

Base 

 

 

Surface 

 
 High Base, High Surface Effect Effective  Decide Decision 

 Lead Leader  Industry Industrial 

 Danger Dangerous  Electric Electricity 

 Complete Completely  Product Production 

 Direct Directly  Able Ability 

 Add Addition  Direct Direction 

 General Generally  Dead Death 

 Develop Development  Nature Natural 

      

High Base, Low Surface Wonder Wonderment  Object Objection 

 Service Serviceable  Total Totality 

 Dry Dryness  Close Closure 

 Purpose Purposeful  Study Studious 

 Follow Follower  Wonder Wondrous 

 Local Locally  Social Sociable 

 Develop Developer  Include Inclusion 

 Travel Traveler  Imagine Imaginable 

      

Low Base, High Surface Compute Computer  Televise Television 

 Eventual Eventually  Situate Situation 

 Medic Medical  Heal Health 

 Norm Normal  Educate Education 

 Equip Equipment  Temperate Temperature 

 Avail Available  Posit Position 

 Politic Political  Populate Population 

 Especial Especially  Preside President 

      

Low Base, Low Surface Cohesive Cohesiveness  Irritate Irritable 

 Avid Avidly  Disrupt Disruption 

 Dismiss Dismissal  Viscous Viscosity 

 Offend Offender  Trauma Traumatic 

 Coward Cowardly  Terminate Termination 

 Mow Mower  Mime Mimic 

 Impair Impairment  Agile Agility 

 Diligent Diligently  Assert Assertion 

 

Note. The words in italics are the words that the students were asked to read.  
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Appendix G: Descriptive Statistics of Multi-Morphemic Word Reading Task Scores 

for Students with High Reading Ability 

 
  

Accuracy Scores 

 

 

(n = 67) 

 

  

Response Time 

Scores 1
a  

 

(n = 43) 

 

  

Response Time 

Scores 2
b  

 

(n = 61)
 

 
 Means SDs  Means SDs  Means SDs 

 

Transparent, High Base, and High 

Surface Frequency Words 

 

 

7.84 

 

.38 

  

881.75 

 

178.47 

  

969.63 

 

302.17 

Transparent, High Base, and Low 

Surface Frequency Words 

 

7.37 .76  1166.60 416.21  1276.09 474.84 

Transparent, Low Base, and High 

Surface Frequency Words 

 

7.93 .26  900.50 224.66  964.15 276.67 

Transparent, Low Base, and Low 

Surface Frequency Words 

 

6.31 .92  1267.32 355.89  1617.22 496.63 

Opaque, High Base, and High 

Surface Frequency Words 

 

7.94 .24  945.62 263.40  988.44 282.46 

Opaque, High Base, Low Surface 

Frequency Words 

 

6.07 1.09  1254.74 443.14  1376.17 512.49 

Opaque, Low Base, High Surface 

Frequency Words 

 

7.91 .34  904.80 201.75  953.14 245.99 

Opaque, Low Base, Low Surface 

Frequency Words 

 

6.36 1.24  1491.89 605.17  1725.93 706.20 

 

Note. SDs = Standard Deviations. 
a
 Response Time Score 1 – Including only accurately pronounced words.  

 
b
 Response Time Score 2 – Including both accurately and inaccurately pronounced words 
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Appendix H: Descriptive Statistics of Multi-Morphemic Word Reading Task Scores 

for Students with Low Reading Ability 

 
  

Accuracy Scores 

 

 

(n = 67) 

 

  

Response Time 

Scores 1
a  

 

(n = 43) 

 

  

Response Time 

Scores 2
b  

 

(n = 59)
 

 
 Means SDs  Means SDs  Means SDs 

 

Transparent, High Base, and High 

Surface Frequency Words 

 

 

6.66 

 

2.02 

  

1166.19 

 

355.82 

  

1482.54 

 

584.21 

Transparent, High Base, and Low 

Surface Frequency Words 

 

5.55 1.63  1405.20 447.47  1796.24 529.99 

Transparent, Low Base, and High 

Surface Frequency Words 

 

6.78 1.57  1140.61 346.21  1423.05 502.73 

Transparent, Low Base, and Low 

Surface Frequency Words 

 

4.24 1.80  1728.12 561.61  2289.71 720.99 

Opaque, High Base, and High 

Surface Frequency Words 

 

6.45 1.89  1171.14 280.17  1552.90 499.97 

Opaque, High Base, Low Surface 

Frequency Words 

 

4.03 1.86  1537.49 547.40  1840.80 572.47 

Opaque, Low Base, High Surface 

Frequency Words 

 

6.57 1.75  1192.04 554.31  1470.32 573.06 

Opaque, Low Base, Low Surface 

Frequency Words 

 

3.75 2.16  1915.50 681.98  2470.46 722.84 

 

Note. SDs = Standard Deviations. 
a
 Response Time Score 1 – Including only accurately pronounced  

 

words. 
b
 Response Time Score 2 – Including both accurately and inaccurately pronounced words 
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Appendix I: Descriptive Statistics of Multi-Morphemic Word Reading Task Scores 

for Students with High Morphological Awareness 

 
  

Accuracy Scores 

 

(n = 67) 

 

  

Response Time 

Scores 1
a  

 

(n = 43) 

 

  

Response Time 

Scores 2
b  

 

(n = 60)
 

 
 Means SDs  Means SDs  Means SDs 

 

Transparent, High Base, and High 

Surface Frequency Words 

 

 

7.78 

 

.52 

  

985.69 

 

307.58 

  

1072.07 

 

364.17 

Transparent, High Base, and Low 

Surface Frequency Words 

 

7.07 1.05  1264.35 463.08  1431.28 567.77 

Transparent, Low Base, and High 

Surface Frequency Words 

 

7.81 .40  988.76 310.53  1078.32 355.88 

Transparent, Low Base, and Low 

Surface Frequency Words 

 

6.13 1.13  1442.95 549.64  1735.63 583.13 

Opaque, High Base, and High 

Surface Frequency Words 

 

7.84 .41  1030.46 306.92  1129.32 378.26 

Opaque, High Base, Low Surface 

Frequency Words 

 

5.91 1.16  1380.94 518.53  1511.80 535.77 

Opaque, Low Base, High Surface 

Frequency Words 

 

7.81 .61  952.62 244.13  1046.51 386.98 

Opaque, Low Base, Low Surface 

Frequency Words 

 

5.99 1.51  1621.18 676.68  1926.20 760.19 

 

Note. SDs = Standard Deviations. 
a
 Response Time Score 1 – Including only accurately pronounced  

 

words.  
b
 Response Time Score 2 – Including both accurately and inaccurately pronounced words 
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Appendix J: Descriptive Statistics of Multi-Morphemic Word Reading Task Scores 

for Students with Low Morphological Awareness 

 
  

Accuracy Scores 

 

(n = 67) 

 

  

Response Time 

Scores 1
a  

 

(n = 43) 

 

  

Response Time 

Scores 2
b  

 

(n = 60)
 

 
 Means SDs  Means SDs  Means SDs 

 

Transparent, High Base, and High 

Surface Frequency Words 

 

 

6.72 

 

2.02 

  

1062.25 

 

319.79 

  

1371.56 

 

619.58 

Transparent, High Base, and Low 

Surface Frequency Words 

 

 

5.85 

1.74  1307.45 432.68  1632.38 547.75 

Transparent, Low Base, and High 

Surface Frequency Words 

 

6.90 1.62  1052.35 318.35  1301.23 530.50 

Transparent, Low Base, and Low 

Surface Frequency Words 

 

4.42 1.88  1552.49 492/46  2160.09 748.38 

Opaque, High Base, and High 

Surface Frequency Words 

 

6.55 1.94  1086.30 279.49  1402.61 554.77 

Opaque, High Base, Low Surface 

Frequency Words 

 

4.19 1.98  1411.29 517.29  1697.43 628.04 

Opaque, Low Base, High Surface 

Frequency Words 

 

6.67 1.75  1144.22 558.40  1368.33 563.85 

Opaque, Low Base, Low Surface 

Frequency Words 

 

4.12 2.37  1786.22 671.82  2257.79 817.80 

 

Note. SDs = Standard Deviations. 
a
 Response Time Score 1 – Including only accurately pronounced  

 

words.  
b
 Response Time Score 2 – Including both accurately and inaccurately pronounced words 
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Appendix K: Summary of Results 

 

 Accuracy Scores 

 

Response Time (Accurate) 

 

Response Time (All) 

 
 Within-Subjects Effects 

T  

 
 = .61, F(1, 132) = 86.21, p < .001  = .83, F(1, 84) = 17.14, p < .001  

 

 = .90, F(1, 118) = 13.49, p < .001  

 

B  = .83, F(1, 132) = 27.15, p < .001  = .65, F(1, 84) = 44.77, p < .001  = .48, F(1, 118) = 130.62, p < .001 

 

S  = .15, F(1, 132) = 730.94, p < .001  = .26, F(1, 84) = 238.91, p < .001  = .19, F(1, 118) = 504.40, p < .001 

 

T x B  = .82, F(1, 132) = 28.81, p < .001  = .98, F(1, 84) = 1.42, p < .05  = 1.00, F(1, 118) = .45, p = .50 

 

T x S  = .69, F(1, 132) = 59.44, p < .001  = .88, F(1, 84) = 10.56, p < .01  = .96, F(1, 118) = 4.53, p < .05 

 

B x S  = .76, F(1, 132) = 42.29, p < .001  = .62, F(1, 84) = 52.61, p < .001  = .41, F(1, 118) = 173.44, p < .001 

 

T x B x S  = .81, F(1, 132) = 30.64, p < .001  = .98, F(1, 84) = 1.76, p = .19  = .99, F(1, 118) = 1.78, p = .19 

 

 Between-Subjects Effects of Reading Ability 

RA F(1, 132) = 75.02, p < .001, η2 = .36 F(1, 84) = 16.89, p < .001, η2 = .17 

 

F(1, 118) = 48.52, p < .001, η2 = .29 

 

T x RA  = .93, F(1, 132) = 10.72, p < .001  = .1.00, F(1, 84) = .00, p = .98  = .99, F(1, 118) = .69, p = .41 

 

B x RA   = .98, F(1, 132) = 2.60, p = .11  = .93, F(1, 84) = 6.33, p < .01  = .96, F(1, 118) = 5.38, p < .05 

 

S x RA  = .77, F(1, 132) = 40.62, p < .001  = .97, F(1, 84) = 2.70, p = .10  = .98 F(1, 118) = 2.91 p = .09 

 

T x B x RA  = 1.00, F(1, 132) = .21, p .65  = 1.00, F(1, 84) = .03, p =.87  = .99, F(1, 118) = .96, p = .33 

 

T x S x RA   = 1.00, F(1, 132) = .44, p = .51  = 1.00, F(1, 84) = .01, p =.91  = 1.00, F(1, 118) = .414, p = .52 

 

B x S x RA  = .96, F(1, 132) = 5.93, p < .05  = .94, F(1, 84) = 5.53, p < .05  = .91, F(1, 118) = 12.38, p < .001 

 

T x B x S x RA  = .99, F(1, 132) = .92, p = .34  = .98, F(1, 84) = 1.48, p = .23  = .99, F(1, 118) = .67, p = .42 

 

 Between-Subjects Effects of Morphological Awareness 

MA F(1, 132) = 39.27, p < .001, η2 = .23 

 

F(1, 84) = 1.27, p = .26, η2 = .02 

 

F(1, 118) = 9.57, p < .01, η2 = .08 

 

T x MA  = .95, F(1, 132) = 7.75, p < .01  = .98, F(1, 84) = 1.46, p = .23  = 1.00, F(1, 118) = .05, p = .82 

 

B x MA  = .99, F(1, 132) = .73, p = .39  = .95, F(1, 84) = 4.05, p < .05  = .95, F(1, 118) = 5.74, p = < .05 

 

S x MA  = .91, F(1, 132) = 13.60, p < .001  = 1.00, F(1, 84) = .14, p = .71  = 1.00, F(1, 118) = .02, p = .90 

 

T x B x MA  = 1.00, F(1, 132) = .67, p = .41  = .97, F(1, 84) = 2.26, p = .14  = 1.00, F(1, 118) = .12, p = .73 

 

T x S x MA  = 1.00, F(1, 132) = .26, p = .61  = 1.00, F(1, 84) = .18, p = .68  = .99, F(1, 118) = 1.57, p = .21 

 

B x S x MA  = .96, F(1, 132) = 5.21, p < .05  = 99, F(1, 84) = 1.09, p = .30  = .95, F(1, 118) = 6.56, p < .01 

 

T x B x S x MA  = 1.00, F(1, 132) = .58, p = .45  = 1.00, F(1, 84) = .08, p = .78  = .98, F(1, 118) = 1.89, p = .18 

 

Note. T = Transparent. B = Base Frequency. S = Surface Frequency. RA = Reading Ability. MA = Morphological Awareness. 

Response Time (Accurate) = Response time scores taking into account only accurately pronounced words. Response Time 

(All) = Response time scores taking into account both accurately and inaccurately pronounced words.  

 


