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Abstract 

 Many states have passed laws  mandating pre- and in-service teacher training in dyslexia; 

however, research suggests the majority of stakeholders continue to hold misconceptions about 

the definition, causes, identification, treatment, and how dyslexia relates to school-based factors. 

In this study, three groups of preservice teachers were assessed on their knowledge of dyslexia to 

determine baseline levels of scientific conceptions (SCs), misconceptions (MCs) and 

uncertainties (UCs). Next, participants were randomly assigned one of three texts explaining 

dyslexia (informational [IDA text], refutation text [RT], refutation text with graphics embedded 

[RT-EG]) to determine how conditions impacted their SCs, MCs, and UCs. After reading, 

participants were assessed on their knowledge of dyslexia, cognitive engagement during reading, 

and demographic data was collected. Results indicate significant levels of MCs among 

preservice teachers regarding (a) the type of treatment needed for students with dyslexia and (b) 

the MC of dyslexia as a visual disability needing visually-based treatments. After readings, all 

groups improved in their SCs of dyslexia; however, the RT and RT-EG groups increased SCs 

more than the IDA text. Only the RT and RT-EG texts decreased MCs statistically significantly 

with large effect sizes (RT p < .001, ηp2  = .50; RT-EG p < .001, ηp2  = .32). All texts decreased 

UCs; however, the RT and RT-EG conditions produced large effects. Implications for training 

and future research are discussed. Using refutation-based materials in dyslexia trainings has the 

potential to increase participant understanding of dyslexia more than informational trainings that 

do not refute common MCs. 

 Keywords: teacher knowledge, professional development, dyslexia 
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Helping Preservice Teachers Understand Dyslexia: A Study on Conceptual Change and 
Engagement with Three Text Conditions 

 
Introduction 

Around the country, students are failing to learn to read at alarming rates. As measured 

by the National Assessment of Educational Progress (NAEP, 2020), only 34% of fourth-grade 

students meet proficient or advanced standards in reading in 2019 in the US. One of the most 

widely research-supported theories of reading, the simple view (Gough & Tunmer, 1986), 

suggests reading difficulties can result from a deficit in the larger categories of (1) word 

recognition (deciphering the printed symbols on the page), (2) linguistic comprehension 

(understanding the meaning of language, written or oral), or (3) both. Reading difficulties can 

also be exacerbated by inadequate instruction, especially in the primary grades (Juel, 1988). If 

students have a specific learning disability (SLD) in language comprehension, researchers use 

the term Developmental Language Disorder (Bishop et al., 2017); if the difficulty falls within the 

word recognition category, researchers use the term dyslexia (Kearns et al., 2019; Lyon et al., 

2003; Vellutino et al., 2004). Many states have been passing dyslexia related legislation to 

identify and alleviate the number of children experiencing reading difficulties (Youman & 

Mather, 2018). However, previous research suggests the term dyslexia is widely misunderstood 

among educational stakeholders (e.g., Knight, 2018; Wadlington & Wadlington, 2005) and the 

general public (Castillo & Gilger, 2018). How can we impact stakeholder understanding of 

dyslexia? Research in learning science suggests the inclusion of certain components in 

explanatory texts, such as statements refuting common MCs, may increase reader understanding 

of a commonly misunderstood concept (Schroeder & Kucera, 2022; Tippett, 2010). Combining 

this research on (1) the impact of the inclusion of various explanatory components in text-based 
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interventions and (2) the need for a wide-scale, cost-effective intervention to impact stakeholder 

knowledge of dyslexia can help to create effective and efficient trainings to improve teacher 

knowledge and close the research-to-practice gap. 

In the paper below, I review what is currently known of dyslexia and knowledge of this 

research by other stakeholders, including the scientific conceptions (SCs), common 

misconceptions (MCs), and uncertainties (UCs) commonly held. I then provide a background on 

conceptual change research, how this research can benefit teacher training in dyslexia, factors 

affecting conceptual change interventions, what is known about explanatory texts within this 

field of study, and how interventions may be impacted by cognitive engagement of the material. 

Understanding the current state of stakeholder conceptions regarding dyslexia and how these 

compare to SCs may help to create targeted interventions to appropriately and effectively 

improve participant understanding. 

Dyslexia 

Characteristics of Dyslexia 

Dyslexia is a scientific term that describes an SLD in word recognition despite the 

individual receiving adequate instruction and not better accounted for by other disability labels, 

including an intellectual disability. In public schools, this disability is commonly referred to as a 

SLD in Basic Reading Skills within students’ Individualized Education Programs (IEPs) due to 

schools using consistent language with the funding categories listed within the Individuals with 

Disabilities Education Improvement Act (IDEIA, 2004). Dyslexia is characterized by a 

significant difficulty in the ability to pronounce printed words quickly, to sound out unknown 

words, and spell words accurately (Lyon et al., 2003). However, the term dyslexia does not 

describe the student’s comprehension of these words. Students identified with dyslexia may have 



CONCEPTUAL CHANGE DYSLEXIA   3 

below average, average, or above average language comprehension skills (Adlof & Hogan, 

2018). This disability describing a difficulty with language comprehension is referred to as 

Developmental Language Disorder (DLD). A student may have dyslexia, DLD, neither, or a co-

occurrence of both dyslexia and DLD. 

Many educators and other stakeholders believe dyslexia is a visual difficulty, or that 

students with dyslexia see letters backwards or flipped (e.g., Washburn et al., 2011a, 2011b, 

2014). However, research into how people learn to read suggests this is not the case. Instead 

research suggests dyslexia is a language-based disability, with the area of difficulty typically 

lying in the areas of phonological and orthographic processing. This difficulty involves learning 

how to connect the smallest units of sound (i.e., phonemes) to letters or letter combinations 

(graphemes). 

Two of the most prominent definitions of dyslexia are from the International Dyslexia 

Association (IDA; Lyon et al., 2003) and the 5th edition of the Diagnostic and Statistical 

Manual of Mental Disorders (DSM-5; American Psychological Association, 2013). Both 

definitions include accurate or fluent word recognition and poor spelling and decoding abilities 

as defining characteristics of dyslexia. They also both include the term dyslexia under the 

category of specific learning disability (Lyon et al., 2003) or a specific learning disorder 

(American Psychological Association, 2013). The DSM-5 specifically refers to dyslexia as an 

alternate term for a specific learning disorder in reading that describes a difficulty in decoding 

and spelling words. Dyslexia is not a subset of students with a decoding disability. Instead, 

dyslexia refers to all students with a decoding disability, as long as this decoding disability is not 

better accounted for by another disability, such as an intellectual disability. 

Identification 
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Dyslexia is the term used in research for the categorization of SLD in Basic Reading 

Skills or Reading Fluency Skills within public schools. Dyslexia is the researcher-created label; 

SLD in Basic Reading Skills or Reading Fluency Skills is the disability category written into 

federal law (IDEA, 2004). Although these terms are interchangeable, such as using the terms 

H2O and water, the use of the term dyslexia as an alternate term to describe an SLD in Basic 

Reading Skills or Reading Fluency Skills has widespread misunderstanding among the public 

and stakeholders with many believing the term dyslexia could not be identified in schools, or 

used in school documents, such as IEPs. This misunderstanding prompted the federal 

government to write a “Dear Colleagues” letter in 2015 (Yudin, 2015) to clarify the use of the 

term within public schools. Michael Yudin, then the assistant secretary for special education and 

rehabilitative services, stated, “There is nothing in the IDEA that would prohibit the use of the 

terms dyslexia, dyscalculia, and dysgraphia in IDEA evaluation, eligibility determinations, or 

IEP documents” (p. 1). Schools refusing or failing to identify children who have dyslexia for 

special education services would be a violation of Child Find, a component of this law. 

Most researchers agree the most effective method to identify students with dyslexia is a 

three-pronged approach (Miciak & Fletcher, 2020). This consists of considering (a) the student’s 

low achievement in basic reading skills, (b) the student’s response to a generally effective 

intervention that targets areas of deficit, and (c) other exclusionary factors (viz., ruling out an 

intellectual disability, inadequate instructional opportunity, or visual or hearing impairments as 

the cause of reading difficulties). 

Treatment for Dyslexia 

For students reading English, these basic reading skills include many subcomponents that 

must be mastered, including the understanding the paired-associate relationship between spoken 
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sounds (i.e., phonemes) and the printed letter(s) that represent those phonemes (i.e., graphemes). 

For example, if a student was presented with the unknown, printed word, “fish,” the student may 

sound it out, pairing the “f” with the sound /f/, the “i” with the sound /ĭ/, and the “sh” with the 

sound /sh/. Then the student would need to remember and synthesize, or blend, those sounds 

together to pronounce the word “fish.” If the student were able to map the phonemes to the 

graphemes in their long-term orthographic memory, the next time this combination of letters was 

encountered, the student would know the word automatically (i.e., as a sight word). This process 

of turning an unknown word into a known, sight word is called orthographic mapping. Students 

with dyslexia may have difficulty with one or all of the parts of this process, namely: (1) 

connecting phonemes to graphemes, (2) retaining the order and identity of these sounds in their 

phonological working memory, (3) synthesizing the spoken sounds together to form a cohesive 

spoken word (i.e., phoneme blending), and/or (4) orthographically mapping unknown words. 

Teaching reading to students with dyslexia includes targeting specific areas of weakness 

and teaching systematically to those target areas. Considering dyslexia describes a great 

difficulty in acquiring basic reading skills, intervention should consist in one or more of the 

following areas, depending on the student’s individual weaknesses and in addition to typical 

classroom reading instruction: (1) letter-sound correspondences, (2) phonemic awareness, (3) 

decoding skills, (4) irregular high-frequency words, and (5) reading connected text. Students 

with dyslexia may also have a co-occurring disability in language comprehension (i.e., 

Developmental Language Disorder), which would require additional intervention in areas such as 

vocabulary, syntax, content area knowledge, and/or story structure. 

Origins of Dyslexia 
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 Research suggests dyslexia is a neurobiological difference within individuals (Lyon et al., 

2003). Although the genetic component is not yet well understood, risk of dyslexia increases if 

one or more parent or sibling has dyslexia with about 53% of variability in reading scores 

accounted for by genetic components (Hensler et al., 2010). However, dyslexia is not a 

categorical difference, such as pregnancy. Instead, it exists on a continuous distribution. Students 

falling towards the lower end of basic reading skills (e.g., phonemic awareness, oral reading 

fluency) without other factors (e.g., intellectual disability, visual and auditory acuity) accounting 

for this low performance are said to have dyslexia. The exact cut off is decided on by 

policymakers and individual districts and schools in order to allocate special education funding. 

Students on either side of this arbitrary cut off are not distinctly different from one another and 

need very similar intervention intensity. However, qualifying for the label of dyslexia (i.e., SLD 

in basic reading skills) provides students access to funding for special education services. 

Although dyslexia is commonly defined in the scientific literature, research has found 

that many groups of individuals within the US, including the general public (Castillo & Gilger, 

2018), pre-service and in-service teachers (Knight, 2018; Ness & Southall, 2010; Wadlington & 

Wadlington, 2005; Washburn et al., 2011a, b, 2014), and teacher educators (Wadlington & 

Wadlington, 2005; Worthy et al., 2018), hold MCs and UCs their understanding of dyslexia. 

Below, I will review the current state of research on assessment of dyslexia knowledge. 

Assessment of Dyslexia Knowledge 

 To appropriately help educational stakeholders better understand dyslexia as per state 

laws surrounding dyslexia training, screening, identification, and intervention, we must first 

understand their current conceptualizations. Research teams have measured knowledge of 

dyslexia in the US in various ways with no specific standardized survey widely used across 
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research teams; however, some employed similar questions, similar scaling, or both. Some of 

these teams include Wadlington and Wadlington (2005), Washburn and colleagues (2013), and 

Peltier and colleagues (2020). These teams have mainly used closed-ended, Likert-type items to 

measure educational stakeholders’ understanding of dyslexia.  

Wadlington and Wadlington (2005) created a closed-ended instrument, the Dyslexia 

Belief Index (DBI), to measure undergraduate students’, graduate students’, and faculty 

members’ understanding of dyslexia within a college of education. The 32-item survey consisted 

of questions regarding the (a) definition and origin, (b) characteristics, (c) treatment, (d) school 

environment, and (e) impact of the disability. Participants (n = 250) rated each statement about 

dyslexia on a Likert-type scale of one to four (1 = know it's false, 2 = probably false, 3 = 

probably true, or 4 = know it’s true). Items that were false were reverse coded. The scale had a 

possible total score of 120. Washburn’s and colleagues’ (2013) created a survey, modeled after 

the DBI, was a 19-item survey to measure understanding of dyslexia in 101 preservice teachers 

in the US. with a four-point Likert-type scale (4 = definitely true, 3 = probably true, 2 = probably 

false, 1 = definitely false). The survey had a total of 76 possible points after false statements 

were reverse coded. Peltier and colleagues (2020) then created the Dyslexia Knowledge 

Questionnaire (DKQ), with questions modified from previous surveys (e.g., Wadlington & 

Wadlington, 2005; Washburn et al., 2013), then later modified it (DKQ-2; in review) for a total 

of 37-items to better understand more nuanced conceptions of dyslexia within 4 categories: (1) 

origins, (2) characteristics, (3) treatment, and (4) identification. Peltier and colleagues also added 

the response of “unsure” to the DKQ-2 to create a 7-point Likert scale. The presence of including 

“unsure” enabled the team to better understand the difference between participant’s MCs, SCs, 

and UCs (i.e., gaps in conceptions) around various dyslexia concepts. 
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Each of these teams found similar SCs held by participants: (a) dyslexia impacts a 

student’s reading and spelling skills, (b) dyslexia is not dependent on a student’s IQ, and (c) 

students with dyslexia need specialized instruction. Common MCs identified by each of these 

teams revolve around participants believing the MCs that dyslexia is (a) a visual or perceptual 

disability, (b) students with dyslexia see letters jumping or twisting on the page, and (c) students 

with dyslexia benefit from colored lenses, overlays, or specialized fonts. It is unclear the 

similarities in UCs from this body of work due to the differing cut points to Likert scales 

employed in the surveys themselves.  

Although we know some common misconceptions held by participants in previous 

studies, there is currently a paucity of research in how to improve stakeholder understanding of 

this highly misunderstood topic. Conceptual change research, or the research into how 

individuals change from believing a MC to a SC, may help to alleviate this issue. 

Conceptual Change 

 Learning results from the interaction between the new information a person is taught and 

their previous conceptual ecology (Posner et al., 1982). Conceptual change, or understanding 

how new knowledge is assimilated with or existing knowledge is accommodated to, has been a 

robust area for theory and research over the last half century. Posner and colleagues (1982) 

described the classical theory of a conceptual change model (CCM), of which “people’s central, 

organizing concepts change from one set of concepts to another set, incompatible with the first” 

(p. 211). In this theory, people may either (a) assimilate new information with previous 

conceptions to form synthetic mental models (Vosniadou, 2009) that are a compromise of the old 

and new information or (b) accommodate, or restructure, their central concepts to understand the 

new information successfully. According to the CCM, this knowledge restructuring (Murphy & 
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Mason, 2006), or more radical form of conceptual change, is more likely to occur under four 

conditions: (a) dissatisfaction with existing conceptions, (b) the new conception is intelligible, 

(c) the new conception seems initially plausible, and (d) the new conception suggests fruitfulness 

in future areas of inquiry (Posner et al., 1982). 

 The CCM received criticism for failing to include motivational factors (Dole & Sinatra, 

1998). Dole and Sinatra proposed a new model of conceptual change, the Cognitive 

Reconstruction of Knowledge Model (CRKM). The CRKM combined the CCM with previous 

models which included motivational factors, such as engagement. They postulated the learner’s 

degree of engagement with the new information would predict the depth of conceptual change 

(i.e., strong, weak, or none). Although this model moved the field to consider engagement with 

the message, it failed to account for the role of other affective or unconscious factors that may 

impact automatic evaluations within conceptual change.  

 Gregoire (2003) proposed the Cognitive-Affective Model of Conceptual Change 

(CAMCC), specifically modeled around interventions with teachers experiencing conceptual 

change during educational reforms. In this model, Gregoire accounts for the role of automatic 

evaluations and attitude change to better explain conceptual change in teachers’ subject matter 

beliefs. Gregoire theorizes that teachers who do not experience discomfort while receiving new 

information will not have a reason to engage with the message deeply and “process the 

[information] any further” (2003, p. 166). Previous research on moods during information 

processing suggest positive moods may be associated with shallow information processing (i.e., 

based on heuristics) and negative moods may be associated with deeper, systematic processing 

(Forgas, 2019). In line with this, the CAMCC proposes that when a teacher is confronted with 

novel information, if the presentation of the message is perceived as a threat to their own identity 
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(Schlenker, 1982), it may produce a negative mood (e.g., dissatisfaction or discomfort) and lead 

to the possibility of either deeper conceptual change or no conceptual change (i.e., rejection of 

the message).  

Importantly, Gregoire notes, the possibility of deeper conceptual change here is mediated 

by teachers’ efficacy beliefs, or the teacher’s beliefs about their capabilities to produce effects 

(Bandura, 1994). He theorizes teachers not only need high engagement with the message, 

dissatisfaction with their current belief system, but also the belief in their own ability to learn and 

implement a new system of beliefs. Presenting the new information clearly, as intelligible, 

plausible, and fruitful to their future pursuits while creating this dissatisfaction with their current 

practices, as the CCM echoes (Posner, et al., 1982), will increase the likelihood teachers are able 

to engage with the message and deeply process the new information. This could lead to the 

highest probability that the new information would impact the arrangement of their existing 

schema, forming a different, yet more accurate, conceptual ecology around the target topic.  

Interventions to Affect Conceptual Change 

 Various intervention types have been built on the foundation of these conceptual change 

theories, including group discussions (Eryilmaz, 2002), hands-on activities (e.g., Lee & Law, 

2001; Reiner & Eilam, 2001), explanations of observations (Chinn & Malhotra, 2002) or of MCs 

(e.g., Diakidoy & Kendeou, 2001), conflict maps (e.g., Tsai, 2003), videos (e.g., Hayes et al., 

2003), explanatory texts (e.g., Mason & Boscolo, 2004), and a specific type of explanatory text, 

refutation (Guzzetti et al., 1993) texts (RTs). These all have the potential to (1) promote 

dissatisfaction with the participant’s current conceptions, (2) increase intelligibility, plausibility, 

and fruitfulness of the new conceptions, and (3) increase engagement in the message. These 

conditions can increase the probability in which deep conceptual change occurs (Dole & Sinatra, 
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1998; Gregoire, 2003; Posner et al., 1982). Text-based interventions may be especially easy to 

disseminate and test among educational stakeholders. Because of this, I will now review the 

findings on RTs, the common critiques of RTs in the field, and the components that may make 

them more effective in promoting conceptual change. 

Refutation Texts 

 RTs are a common and effective intervention in conceptual change research (Maria & 

MacGinitie, 1987; Schroeder & Kucera, 2022, Tippett, 2010). A synthesis of research in this area 

by Tippett (2010) states that RTs have been found to be “one of the most effective text-based 

means for modifying readers’ MCs,” (p. 951). Schroeder and Kucera (2022) found RTs had a 

positive, moderate effect (g = .41) as compared with other learning conditions across fields of 

study. Due to the prevalence of MCs regarding dyslexia, RTs may be an especially helpful 

training tool to fulfill state laws mandating dyslexia awareness training for pre- and in-service 

teachers. An RT is typically written in an explanatory format; however, in addition to explaining 

the SCs, RTs are designed to explicitly challenge the reader’s MCs. They include a statement of 

the common MC, the direct refutation of common MC, then contrast the MC with the SC 

(Tippett, 2010). The SC is explained fully so that the reader understands it as an intelligible, 

fruitful, and plausible concept. This format corresponds to implications from the CCM, CRKM, 

and CAMCC; readers are more likely to experience deep conceptual change when they are 

engaged with the material (Dole & Sinatra, 1998) so they can experience the opportunity for 

deep conceptual change. This would require the reader to be dissatisfied with their current MC, 

followed by a presentation with the SC as intelligible, plausible, and fruitful (Posner et al., 1982) 

so the reader’s sense of self-efficacy with the SC can be increased (Gregoire, 2003).  



CONCEPTUAL CHANGE DYSLEXIA   12 

When compared experimentally to expository texts on the same topic that do not directly 

refute common MCs, groups reading RTs show a statistically significant increase in their 

learning (Schroeder & Kucera, 2022; Tippett, 2010). Researchers have postulated the differential 

improvement in knowledge gain when using RTs versus other non-refutation expository texts is 

due to the RT’s structure which sparks readers to activate their prior knowledge (i.e., potential 

MCs) on the targeted topic before new information is presented (Broughton et al., 2010). They 

believe this activation of prior MCs in conjunction with the presentation of new information 

helps readers to improve the integration of the conflicting information and restructure their 

conceptual ecology. When the readers’ schema, or knowledge structures, are directly 

contradicted with new information, the reader may become dissatisfied with their current 

conceptions and attempt to accommodate their schema to the new information.  

Peltier and colleagues (2020) created a RT that combated the most common MCs held 

regarding dyslexia. In the study, preservice teachers completed a survey assessing their 

conceptions of dyslexia, then read either a researcher-created RT or a non-refutation 

informational text on dyslexia, completed the dyslexia survey immediately following the 

reading, and then completed the dyslexia survey once more after a four-week delay. Researchers 

found that while both conditions statistically significantly improved participants’ conceptions, 

the participants in the RT condition significantly outperformed the non-RT condition. Both 

groups declined in their SCs after four weeks; however, the RT condition remained statistically 

significantly higher than the non-RT condition and both conditions remained statistically 

significantly higher than pretest scores. This study shows promise in improving participant 

conceptions of a commonly misunderstood term. However, more research needs to be done to 
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determine how to best help participants accommodate schema to align with SCs and retain these 

SCs over a longer time. 

Critiques of Refutation Texts 

 There have been salient critiques of using RTs to improve conceptual understanding. 

First, researchers have found that when people are exposed to false information, this may 

increase the likelihood they remember the false information as true (Skurnik et al., 2005; Skurnik 

et al., 2007). In addition, when misinformation was repeated multiple times, credited to a 

trustworthy source, or a time lag between the misinformation and the SC, researchers have found 

individuals were less likely to hold SCs (Walter & Tukachinsky, 2020). Finally, researchers have 

examined a “backfire effect” when participants are assigned to read a RT on a topic the reader 

holds close to their own identity (Trevors et al., 2016). Considering “for whom, under what 

conditions, and how” (Harden et al., 2015) can help researchers to determine a method of 

training that minimizes these downsides.  

 In a recent meta-analysis of empirical studies effects on the influence of misinformation, 

Walter’s and Tukachinsky’s (2020) findings suggest corrective messages, which are similar to 

RTs, were found to be more successful when they are (a) coherent, (b) consistent with the 

audience’s worldview, and (c) delivered by the source of the misinformation itself” (p. 155). 

They also concluded “if the misinformation was attributed to a credible source, the 

misinformation has been repeated multiple times prior to correction, or when there was a time 

lag between the delivery of the misinformation and the correction,” (p. 155) the corrective 

messages were less successful. This information can assist researchers when developing RTs and 

other trainings around topics in which MCs are commonly held by participants. 

Further Considerations for RT Creation 
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Embedding Graphics within Texts 

Another line of research highlights the benefits and specifications for using graphics to 

improve reading comprehension. Mayer (1989) found that “systematic illustrations can help 

unknowledgeable readers to focus attention on explanative information in text and build 

connections” to improve transferability (p. 245). In these situations, illustrations accompanying 

explanatory text had large effects on learning transfer. Mayer highlights these conditions again in 

his 1994 text; (a) the learner lacks prior knowledge, (b) the text is explanative rather than a list of 

facts, (c) the illustration is explanative and coordinates with the steps in the text, and (d) the test 

evaluates understanding of the concept, such as transfer in problem-solving tasks, rather than 

recall of discrete facts. 

In 1990, Mayer and Gallini conducted three experiments to determine what types of 

explanative illustrations improved performance while reading expository passages on how 

scientific devices work. They found including both labeled descriptions for parts and illustrated 

descriptions for steps improved recall for conceptual information and creative problem solving. 

These advantages specifically impacted participants with lower prior knowledge. Therefore, with 

more novice learners and an explanative text, illustrations that include labeled parts and 

descriptive steps embedded are more likely to impact conceptual understanding of the topic.  

Generative Theory of Learning 

 Wittrock (1974, 1989) proposed a generative theory of learning, that states individuals 

“tend to generate perceptions and meanings that are consistent with their prior learning,” (1974, 

p. 88). Under the paradigm of Piaget’s (1952) theory of constructivism, Wittrock theorized 

learners must actively construct meaning when presented with new information. This conflicted 

with behaviorist approaches in which environment directly and automatically influenced learning 
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and proposed instead the driving factor behind learning included the individual’s own 

metacognitive processing via mental schemata, or prior knowledge and experiences. In order for 

readers to comprehend what they are reading, they must use generative cognitive processes that 

“create meaning by building relations: (a) among the parts of the text and (b) between the text 

and what we know, believe, and experience,” (Wittrock, 1989, p. 347).  

In Wittrock’s Generative Theory of Learning, effective reading comprehension should be 

rather thought of as like writing, as a generative process, instead of simply receiving information 

from a printed page. Wittrock’s Generative Theory of Learning has relevant implications for 

teaching using texts, including, at the forefront, the necessity to guide readers to actively process 

text by engaging in generative processes. Implication for teaching can include asking individuals 

to generate summaries of the new information, generating analogies to the new information, and 

to teach individuals the metacognitive skills of how to engage in these strategies on their own 

(Mayer, 2010). Researchers may consider asking participants to give a written or oral summary 

of information presented throughout RT interventions in order to help participants actively 

process information. 

Dual Coding Theory 

When considering multimedia learning, or the use of text, or verbal information, and 

pictures, or nonverbal information (Mayer, 2002), Paivio proposed a theory of Dual Coding 

(1986; Clark & Paivio, 1991) to explain how readers process information. Paivio theorized 

individuals can process information through two cognitive channels, or modalities: a verbal 

channel and a nonverbal channel. In the verbal channel, all language-based information is 

included, whether printed, spoken, or thought. These individual verbal chunks of information 

processed he termed logogens. In the nonverbal pathway, all non-language-based information is 
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processed, with the individual chunks of information referred to as imagens. Connections 

learners make within modalities are termed associative connections; connections learners make 

across modalities are termed referential connections. Both associative and referential connections 

are theorized to strengthen the memory trace and improve recall and understanding of the 

concept attended to. Implications for teaching using multimedia material are to include the use of 

both relevant text and relevant illustrations to improve comprehension and learning. 

Cognitive Theory of Multimedia Learning 

 Mayer and colleagues (1995), based on Paivio’s (1986; Clark & Paivio, 1991) work on 

dual-coding theory and Wittrock's (1974, 1989) work on generative theory, proposed the 

Cognitive Theory of Multimedia Learning. The Cognitive Theory of Multimedia Learning 

includes three cognitive conditions for learning from both verbal and nonverbal information to 

occur. First, the learner must select, or attend to, the relevant information to build a verbal 

representation of the text base and nonverbal, or visual, representation of the images. Second, the 

learner must organize the information they selected in an appropriate way. They must organize 

selected verbal information into a coherent verbal mental model and selected imaginal 

information into a coherent pictorial mental model. This would include creating associative 

connections within modes (Clark & Paivio, 1991). Third, the reader must integrate the two 

modes of information, or make referential connections (Clark & Paivio, 1991) to establish a 

connection between each aspect in the verbal and pictorial mental models, and prior knowledge, 

or schema, into one, coherent situation model of the text base. These processes occur throughout 

the reading of the text; integrating new information with prior schema to build a coherent mental 

model evolves as the reader moves through the text, selecting and organizing relevant 

information. Implications for using multimedia texts to impact learning include prompting the 
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reader to process the information by generatively, within and across modalities. Implications for 

designing effective multimedia texts for novices include presenting corresponding information 

together rather than separately, presenting information in both modalities (i.e., words and 

illustrations) rather than solely in one, and prompting the reader to generate summaries of the 

combined visual and verbal information (Mayer & Moreno, 1998). 

Seductive Details 

Seductive details, or “propositions presenting irrelevant details—[emotionally] 

interesting, but unimportant information,” (Garner et al., 1989, p.43), can detract from the reader 

understanding the macro propositions, or main ideas, of the expository text. Garner and 

colleagues (1989) found these seductive details to lower overall comprehension of the macro 

propositions in expository passages for both adolescents and adults. According to the Cognitive 

Theory of Multimedia Learning discussed above (Mayer et al., 1995), because readers must 

select, organize, and integrate information from a multimedia text, damage may be done at any 

one of these generative steps in comprehension (Harp & Mayer, 1998).  

In three experiments, Harp and Mayer (1998) found that by helping students to select 

information, whether by highlighting, numbering, or telling them to pay attention to specific 

information in the text, did not alleviate the negative impact the seductive details had on 

comprehension. In the same manner, providing supports for the reader to organize information, 

whether by telling readers what to look for and how to organize it, or by modifying the passage 

itself to heavily signal the main ideas or by placing all the seductive details at the beginning of 

the passage, also did not alleviate the negative impact of the seductive details within the 

expository text. However, they found strong evidence that seductive details cause a diversion 

from integrating the information with schema, activating inappropriate background knowledge 
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and causing the reader to organize their mental model around an inappropriate central 

conception. For example, when all seductive details are all presented at the beginning of a 

passage, this effect is seen more greatly; readers begin to organize their mental model around an 

irrelevant topic. However, when seductive details are all placed at the end of a passage, 

performance equates to reading a passage without any seductive details at all. Research since 

also suggests that using pre-warnings (telling readers seductive details are present; Eitel et al., 

2018) and pre-questions (questions before reading that emphasize the relevant details in the text; 

McCrudden, 2018) may negate the negative impact of seductive details on comprehension. 

Sanchez and Wiley (2006) extended this work, examining whether working memory 

plays a role on the impact of seductive details within text. Their findings suggest individuals with 

low working memory are especially susceptible to text with seductive details, and individuals 

with low working memory look more at seductive illustrations within text and spend a longer 

time looking at the seductive illustrations than individuals with high working memory. They 

hypothesized this may be due to the lowered ability of individuals with lower working memory 

to utilize executive control to maintain their original goal for comprehension or integrating the 

text into a coherent mental model around a chosen central conception. 

Implications for designing multimedia text include (1) ensuring only relevant information 

and illustrations are included, (2) guiding readers to activate only relevant background 

knowledge to begin to organize their mental model appropriately, and (3) including pre-

questions designed to activate relevant background knowledge and guide readers to relevant 

information in the upcoming text.  

Cognitive Engagement 
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Dole and Sinatra (1998) theorized in their CRKM model that conceptual change is 

impacted by motivational factors, such as participant’s engagement with the message. Gregoire 

(2003) also theorized participant engagement played a role in the depth of conceptual change 

possible. Dole and Sinatra (1998) specifically suggest that out of the three common type of 

engagement in the literature (cognitive, affective, behavioral), cognitive engagement is most 

important for conceptual change. In order for participants to grapple with the new information 

presented in the message and facilitate dissatisfaction (Posner et al., 1986) with their current 

conceptualization, they theorize participants must cognitively engage with the message. 

Considering the process of deep conceptual change requires cognitive engagement (Chi, 

2008; Dole & Sinatra, 1998), I seek to explore effects on participants’ conceptual change and 

cognitive engagement with various text types within the intervention to determine if cognitive 

engagement is a significant predictor of knowledge change. Heddy and colleagues (2018) 

developed and validated a cognitive engagement scale to be used within conceptual change 

interventions, the Conceptual Change Cognitive Engagement Scale (CCCES). The CCCES 

measures three factors affecting cognitive engagement: message characteristics, individual 

difference variables, and personal relevance. As the goal of this study is to test three different 

text-based messages, I will use the first factor (viz., cognitive engagement with the message) to 

measure if the various conditions differently affect participant engagement and if engagement is 

a significant predictor of conceptual change. 

Purpose 

Results have been fairly consistent in the types of information participants seem to 

understand and the MCs they hold. However, studies have just begun to understand what 

participants think they know as compared to what they are unsure about (Peltier et al., 2022) and 
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how to dispel participant MCs of dyslexia (Peltier et al., 2020c). This study will serve a few 

purposes. First, it will provide data regarding the difference between concepts participants are 

unsure about and those in which they hold either SCs or MCs. Second, it will investigate whether 

an informational text (IDA text), a brief researcher-created RT, or an extended researcher-created 

RT with embedded graphics (RT-EG) is differentially effective for impacting participants’ SCs, 

MCs, or UCs regarding dyslexia on a knowledge assessment featuring closed-ended items.  

Problem Statement 

Around the country, students are failing to learn to read at alarming rates. As measured 

by the National Assessment of Educational Progress (NAEP; 2019), only 34% of fourth-grade 

students meet proficient or advanced standards in reading in 2019 in the US. The simple view of 

reading (Gough & Tunmer, 1986), one of the most widely supported theories of reading, 

suggests reading difficulties can result from a deficit in either (1) word recognition (deciphering 

the printed symbols on the page), (2) linguistic comprehension (understanding the meaning of 

language, written or oral), or (3) both. Reading difficulties can also be exacerbated by inadequate 

instruction, especially in the primary grades (Juel, 1988). If a student has a specific learning 

disability (SLD) in the domain of language comprehension, researchers use the label 

Developmental Language Disorder (Bishop et al., 2016); if the difficulty falls in the domain of 

word recognition, researchers use the label dyslexia (Kearns et al., 2019; Lyon et al., 2003; 

Vellutino et al., 2004). Although dyslexia, or an SLD in basic reading skills, is the most 

commonly identified learning disability, research has documented widespread MCs among 

educational stakeholders, including preservice teachers, in-service teachers, and teacher 

educators (e.g., Peltier et al., 2020c; Wadlington & Wadlington, 2005; Washburn, 2017; Worthy, 

2016) 
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To properly address dyslexia, it is important for teachers to be adequately trained about 

dyslexia. Given this significance of teacher training on dyslexia, educational policy groups and 

legislatures have invested concerted effort to mandate pre- and in-service teacher training on 

dyslexia as well as screening and intervention processes within public schools to identify 

students at-risk of dyslexia. Recently, all but one state has passed laws defining dyslexia and/or 

mandating pre- and in-service teacher training, screening, and/or intervention for dyslexia 

(National Center on Improving Literacy, 2020). Although laws require pre-service and in-service 

teachers’ participation on dyslexia training, we have a paucity of research on the effectiveness of 

these trainings. Research is needed to determine if those participating in dyslexia awareness 

training are increasing SCs and decreasing MCs and UCs by attending those mandated sessions. 

Effective and cost-efficient ways of disseminating trainings are needed on a large-scale; 

however, laws have been passed before research has determined if trainings are effective and/or 

efficient for the participants within the trainings. Consequently, despite these mandates, it is not 

surprising that research suggests the majority of pre- and in-service teachers still hold many MCs 

and UCs regarding dyslexia (Peltier et al., 2020c; Washburn et al., 2017; Worthy et al., 2016).  

Participant SCs of Dyslexia 

Washburn and colleagues (2017), who surveyed 271 novice teachers on an open-ended 

item, “What is dyslexia?”, found that 40% of participants provided an accurate response to an 

open-ended item about the characteristics of dyslexia with an SC referring to language and 

literacy difficulties. This finding is similar to Peltier and colleagues’ (2020c) study. They 

surveyed 97 preservice teachers using a survey consisting of 20 dyslexia-related items using a 

Likert-type scale and found about half (50.5%) of participants understood the SC that a difficulty 

with processing sounds in language is one of the major deficits found in students with dyslexia. 



CONCEPTUAL CHANGE DYSLEXIA   22 

They also found about 75% of participants held SCs regarding dyslexia as it related to federal 

special education law (i.e., “Dyslexia is recognized as a type of specific learning disability that 

can receive special education services by the federal government”). 

One qualitative study that began to reveal teachers’ understanding of dyslexia was 

conducted by Worthy and colleagues (2016). The researchers used interviews to examine 

teachers’ conceptions of dyslexia in Texas—the first state to have a dyslexia law and one with a 

complex history of mandated training and legislation around dyslexia. Their participants 

included 32 elementary (K-5) literacy educators and took place in the spring of 2015. They found 

teachers reported having a strong sense of responsibility to teach students with dyslexia; they 

understood they would have students with dyslexia in their general education classes. However, 

many reported UCs and MCs regarding dyslexia and a lack of clarity in their district’s policies 

and procedures around dyslexia as a barrier to their success. 

Participant MCs of Dyslexia 

Although 40% of participants in Washburn and colleagues’ (2017) study responded with 

accurate knowledge, the authors also found that 53% of participants responded with at least one 

MC about dyslexia relating to visual characteristics (e.g., students with dyslexia see words and 

letters backwards) when asked about its characteristics. This problematic finding is echoed by 

Peltier and colleagues’ (2020c) study. They found the majority (64%) of participants believed the 

MC that seeing words and letters backwards was a characteristic of dyslexia and 53.5% of 

participants held the MC that eye-tracking exercises would effectively remediate dyslexia. 

Peltier and colleagues (2020c) attempted to intervene to improve conceptualization of dyslexia 

with preservice teachers. They found, compared to an explanatory text, a researcher created RT 

statistically significantly improved preservice teacher knowledge of dyslexia. Although there 
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was some learning loss from both groups after a four-week delay, the RT condition continued to 

have statistically significantly more correct responses than the explanatory text condition. 

Similar to the findings by Washburn and colleagues (2017) and Peltier and colleagues 

(2020c), Worthy and colleagues noted that a majority of participants held MCs regarding visual-

perceptual characteristics and treatment (e.g., “I feel like [dyslexia is] blurred up letters” and “I 

would try different color layovers [to help them read]”).  

Present Study 

Results have been fairly consistent in the types of information participants seem to 

understand and the MCs they hold. However, studies have just begun to understand what 

participants understand as compared to UCs they hold. We also need more information on 

effective interventions to improve conceptualization of dyslexia. This study will not only collect 

data on SCs preservice teachers can identify, UCs they hold, and common MCs, but it will also 

experimentally examine whether a RT intervention is more effective in improving 

conceptualization of dyslexia with or without embedded graphics.  

In the present study, I will seek to quantitatively determine (a) the amounts of SCs, MCs, 

and UCs related to the term dyslexia preservice teachers hold at the time of pre-assessment, (b) if 

an informational text (IDA, 2019), researcher created RT, and/or a researcher-created RT-EG 

will differently and/or significantly affect preservice teachers’ dyslexia SCs, MCs, and UCs at an 

immediate posttest, and (c), whether engagement levels are differential across conditions or if 

they moderate increased SCs across conditions. 

Hypotheses 

Considering the previous research into pre- and in-service teachers’ conceptualizations of 

dyslexia (Peltier et al., 2020c; Washburn et al., 2017; Worthy et al., 2016), for research question 
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(a) I predict participants will hold common MCs regarding the visual-perceptual characteristics 

of dyslexia. They may be more unsure about how dyslexia relates to laws or genetics. I predict 

the most commonly held SCs will be that dyslexia affects the decoding aspects of reading; 

however, participants may hold MCs that dyslexia describes a deficit in both decoding and 

language comprehension.  

For research question (b), I predict both the RT and the RT-EG would improve SCs, 

decrease MCs, and decrease UCs. I predict that the informational IDA text will increase SCs and 

decrease UCs; however, it will not decrease MCs. I predicted the RT-EG would statistically 

significantly improve SCs and decrease MCs and UCs then compared with the other two text 

conditions due to increased engagement with the materials. However, considering the RT-EG 

was longer, there may be a wider variance in participants’ engagement with the text itself, which 

may lead to a lower mean increase in participant SCs than the RT. 

For the final research question, I predict the graphics will cause the RT-EG text to 

increase engagement statistically significantly above the IDA text and the RT. I also predict 

engagement will moderate conceptual change shown by an increase in total SCs reported, in line 

with the CRKM theorizing that high engagement is needed for deep conceptual change (Dole & 

Sinatra, 1998). 

Method 

Participants and Context 

 All participants were enrolled in teacher education professional sequence coursework 

from a flagship institution in the mid-south region of the US. Undergraduate students in this 

study (n = 64) were pursuing a teaching certification in education at the time of the study. The 

University’s Institutional Review Board has approved the study. For demographic information 
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for participants see Table 1. Chi-square tests revealed none of the variables differed significantly 

from each other among text conditions at the .05 level with the Bonferroni correction applied. 

Table 1 

Demographic Information 
 

Variable  Categories Frequency (Percent) 
Sex 

Women 

Men 

 

54 (84.4%) 

9 (14.1%) 

Age 

19 

20 

21 

22 

23 

Major 

Elementary Education 

Special Education 

Language Arts Education 

Math Education 

Science Education 

Social Studies Education 

Music Education 

 

5 (7.8%) 

24 (37.5%) 

28 (43.8%) 

5 (7.8%) 

2 (3.1%) 

 

31 (48.4%) 

2 (3.1%) 

7 (10.9%) 

2 (1.5%) 

1 (1.6%) 

7 (10.9%) 

14 (21.9%) 

Race/Ethnicity 

Asian 

Black/African American 

Caucasian/White 

Hispanic/Latinx 

Native/American Indian 

Two or More 

Other 

No Answer 

 

1 (1.6%) 

2 (3.1%) 

37 (57.8%) 

3 (4.7%) 

1 (1.6%) 

5 (7.8%) 

1 (1.6%) 

14 (21.9%) 

Number of Literacy Courses Taken 

0 

1 

2 

3 

 

31 (48.4%) 

17 (26.6%) 

10 (15.6%) 

6 (9.4%) 

Materials 

Dyslexia Knowledge Questionnaire-3 
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The Dyslexia Knowledge Questionnaire-2 (DKQ-2; Peltier et al., 2022) was first adapted 

from the Dyslexia Knowledge Questionnaire (DKQ; Peltier et al., 2020a) to add 17 additional 

Likert-scaled items to improve breadth of relevant information and sensitivity. For this study, 

answer choices have been further modified to yes, no, or unsure to ask participants to categorize 

their own conception instead of drawing an arbitrary cut point on a continuous Likert-scaled 

response to determine UC. I chose this questionnaire because it was designed to measure 

participants’ knowledge of dyslexia by harvesting questions from previous studies on pre- and 

in-service teacher knowledge of dyslexia. The survey was vetted by an expert in the field of 

dyslexia, reading, and special education in previous research (Peltier et al., 2022). It is a 

comprehensive measure containing questions relating to the identification, characteristics, 

treatment, and origins of dyslexia. In this sample, the Dyslexia Knowledge Questionnaire-3 

(DKQ-3) has adequate internal consistency at pretest (α  =  .76) and posttest (α  =  .79). 

CCCES-Modified 

 I have harvested the first 16 questions from the CCCES (Heddy et al., 2018) to include 

the 14 questions which measured participants’ cognitive engagement of the message and the two 

questions regarding participant attention in order to measure cognitive engagement with the text 

message and participant attention during reading. This measure was abbreviated from the 

original 27 questions to lessen the burden of time spent by participants on the study and to 

measure the targeted aspects of cognitive engagement which most likely would be affected by 

the differences within the intervention conditions. A total CCCES-Modified score will be 

summed from the Likert-scaled items for a total engagement score. The two questions on 

participant attention are negatively worded and will therefore be reverse scored before summing 
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the items. The CCCES-Modified has very good internal consistency when measured at posttest 

(α  = .92) 

Intervention Conditions 

 The RT will be developed for this study from an RT used in a previous study on 

conceptual change regarding the term dyslexia (Peltier et al., 2020b). This text was created by 

identifying common misconceptions from previous studies on stakeholder knowledge of dyslexia 

and refuting them, then providing the scientific conception to help the reader build a new 

conceptual model of the possibly previously misunderstood concept.  

For this study, I created an extended version of this RT and hired a graphic designer to 

embed graphics to create the RT-EG. This was designed in a popular press style with the 

intention of engaging readers and illustrating key concepts. The graphic novel, entitled, “Debunk 

Misconceptions over Dyslexia,” includes a caricature of a mouse who follows the reader through 

eight common myths. Each myth is written in bigger font. Each myth and scientific conception is 

illustrated; for example, when the text discusses the myth that dyslexia is a categorical 

difference, a pregnancy stick is juxtaposed with a spectrum of black to white, followed by 

different animals’ silhouette in decreasing height to illustrate the scientific conception of how 

dyslexia is identified within a continuous distribution. Using these drawings to illustrate key 

points is consistent with Paivio (1986)’s theory of dual coding and the work of Mayer and 

Moreno (1998) on the cognitive theory of multimedia learning. In these theories, these 

illustrations may help the reader to code the information in two modes, if they are able to select, 

organize, and integrate it in a meaningful way. However, with the myths being highlighted as 

bigger font at the forefront of each page, and the scientific conceptions not consistently 

highlighted in the same manner, these may act as seductive details such that Harp and Mayer 
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(1998) described. The caricature of the mouse may also act as a seductive illustration, pulling the 

reader’s attention away from the main point of the story. Although, with the preassessment 

administered first, readers may be attuned to the purpose of the text and therefore may be able to 

better select the requisite information (McCrudden, 2018). 

 The International Dyslexia Association (IDA) created and disseminated a text, entitled 

Dyslexia Basics, on their website (2019). This text explains dyslexia in an informational format; 

however, it does not directly refute common MCs. It was used for the comparison condition, 

referred to as the IDA text in this study. As reported in Peltier and colleagues’ (2020) work, it is 

of similar word count and reading level as the RT. 

Procedures 

 I approached potential participants during their teacher education professional sequence 

classes. If participants consented, I passed out the DKQ-3 (pretest). Each text condition had a 

text ID number on top corresponding to the condition and the specific copy within the condition 

to allow matching of pre- and post-tests (e.g., 1-2 [IDA text, copy 2], 2-11 [RT, copy 11], 3-17 

[RT-EG, copy 17]). I then instructed participants to write the text ID number on the top of the 

page, complete the pretest, then read the text condition. Once they had read the text condition 

assigned, participants were instructed to raise their hand to return the text and receive the posttest 

packet (i.e., CCCES-modified, DKQ-3 posttest, demographic information). Again, the 

participants were instructed to write the same text ID number at the top of the posttest. After 

complete, participants were instructed to turn in both the pretest and posttest packet.  

Data Collection and Analysis 

The pre- and post-test were matched using the text ID number as they were entered into 

SPSS. The items on the DKQ-3 that were worded as false were reverse coded. There were 21 
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participants in the IDA text condition, 21 participants in the RT condition, and 22 participants in 

the RT-EG condition. For research question one, descriptive statistics were used to determine the 

frequency of SC, MC, and UC responses at pretest per item. For research question 2, all SC 

responses to items were totaled within each participant (min = 0, max = 37) to create a SC pretest 

total and a SC posttest total. This was also done for MCs and UCs at pre- and posttest times for 

each participant. Six new variables were created (viz., SC_Pre_Total, SC_Post_Total, 

MC_Pre_Total, MC_Post_Total, UC_Pre_Total, UC_Post_Total). For example, the 

SC_Pre_Total was created by summing up one point on the pre-assessment for each SC held 

(answer marked “yes”, after recoding false items), with a total possible range of 0 SCs to 37 SCs. 

For research question 3, the CCCES-Modified items were summed (i.e., 14 cognitive 

engagement questions were kept as entered, two attention questions were reverse coded to 

account for negative wording) to create a new variable (CCCES-Modified_Total).  

Results 

Preservice Teacher Conceptualization of Dyslexia 

To answer the first research question, descriptive statistics were run to determine the 

amounts of SCs, MCs, and UCs related to the term dyslexia preservice teachers held. 

The most commonly held SC in my sample was “Students with dyslexia have difficulty with 

reading and spelling words,” (93.8% SC, 1.6% UC) indicating most participants can identify the 

distinguishing attribute associated with the term, dyslexia. However, the most commonly held 

MC among preservice teachers was that “Students with dyslexia should be taught coping 

strategies, such as using context cues or pictures to help decode words,” (87.5% MC, 7.8% UC) 

indicating participants held a MC relating to the central instructional plan for students with 

dyslexia. The next three most commonly held MCs are all regarding dyslexia as a visual 
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difficulty, such as “Seeing letters or words backwards,” (84.4%, 7.8% UC), “Dyslexia is 

primarily a visually-based reading disability” (68.8% MC, 10.9% UC) or that “Students with 

dyslexia have poor word-level reading skills typically due to poor visual processing skills” 

(67.2% MC, 23.4% UC), indicating the causes and central characteristics of dyslexia are 

commonly misunderstood by preservice teachers. See Table 2 for a complete list of SCs, MCs, 

and UCs per item, sorted by most common MCs at preassessment. 
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Table 2 
   

Highest Percent of MCs at Pretest 
 

  SC MC UC 

34. Students with dyslexia should be taught coping strategies, such as using context 
cues or pictures to help decode words. 

4.7% 87.5% 7.8% 

8. Seeing letters and words backwards is a characteristic of dyslexia. 7.8% 84.4% 7.8% 

7. Dyslexia is primarily a visually-based reading disability. 20.3% 68.8% 10.9% 

11. Students with dyslexia have poor word-level reading skills typically due to poor 
visual processing skills. 

9.4% 67.2% 23.4% 

32. Students with dyslexia normally learn to read most quickly through the exposure 
to audio recordings while following along in the printed text. 

4.7% 65.6% 29.7% 

17. Visual-perceptual deficiencies are not components of the dyslexia diagnosis. 9.4% 57.8% 32.8% 

33. Students with dyslexia primarily need instruction in reading comprehension 
strategies. 

15.6% 56.3% 28.1% 

28. Students with dyslexia need specialized dyslexia fonts in order to read printed 
words more accurately. 

18.8% 56.3% 25.0% 

9. Students with dyslexia do not see words jumping around on the page. 25.0% 48.4% 26.6% 

25. Eye tracking exercises are usually effective in remediating dyslexia. 10.9% 45.3% 43.8% 

10. Dyslexia is a condition in which individuals see words jumping around on the 
page. 

25.0% 45.3% 29.7% 

35. If a student with dyslexia hasn't learned to read efficiently by third grade, 
intervention should focus primarily on coping mechanisms like screen readers and 
learning high-frequency words by sight. 

21.9% 42.2% 35.9% 

30. Students with dyslexia normally learn to read most quickly with methods that 
focus on memorizing the shape of whole words 

10.9% 40.6% 48.4% 
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26. Colored lenses and colored overlays are research-based accommodations to help 
students with dyslexia. 

17.2% 37.5% 45.3% 

15. Dyslexia should usually be diagnosed by a pediatrician. 21.9% 37.5% 40.6% 

27. Colored lenses or overlays usually do not help improve reading accuracy in people 
with dyslexia. 

17.2% 34.4% 48.4% 

1. Difficulty manipulating sounds in spoken language is one of the major deficits 

found in students with dyslexia 

35.9% 32.8% 31.3% 

23. If you put average to poor readers with a similar IQ on a scale, those with dyslexia 

would mostly represent the readers scoring at the lower end of that scale.  

43.8% 31.3% 25.0% 

13. Most pediatricians are trained to perform diagnostic evaluations to determine if 
a child has dyslexia. 

39.1% 29.7% 31.3% 

19. Another name for a specific learning disability in basic reading skills is dyslexia. 50.0% 29.7% 20.3% 

12. Dyslexia is primarily a language-based reading disability 43.8% 28.1% 28.1% 

2. Students identified with dyslexia usually have difficulty with listening 
comprehension. 

39.1% 26.6% 34.4% 

18. It is usually not possible to identify a child with dyslexia until the third grade. 35.9% 25.0% 39.1% 

22. Dyslexia is not hereditary. 23.4% 23.4% 53.1% 

21. Parents with dyslexia are likely to have children with dyslexia. 25.0% 21.9% 53.1% 

5. Students identified with dyslexia usually have average to above-average listening 

comprehension. 

35.9% 18.8% 45.3% 

20. Dyslexia is not recognized in public schools as a learning disability eligible for 
special education services. 

54.7% 18.8% 26.6% 

16. Dyslexia should usually be identified by a school psychologist. 40.6% 15.6% 43.8% 

24. Dyslexia identification has a clearly well-defined cut-off. Students either have 
dyslexia or they do not. 

59.4% 14.1% 26.6% 

14. Dyslexia is recognized as a type of specific learning disability that can receive 

special education services by the federal government. 

73.4% 12.5% 14.1% 
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6. Students identified with dyslexia usually have average to above-average 
phonemic awareness. 

43.8% 10.9% 45.3% 

31. Students with dyslexia primarily need instruction in phonemic awareness and 
phonics. 

57.8% 9.4% 32.8% 

29. After effective reading intervention, the brain activation patterns of a student 
reading with dyslexia changes to more like that of a typically developing reader. 

57.8% 7.8% 34.4% 

37. Teaching spelling to students with dyslexia is not recommended since spelling is 
an area of great difficulty. 

64.1% 7.8% 28.1% 

36. Teaching phonics is not a helpful approach to teaching reading to students with 
dyslexia. 

51.6% 4.7% 43.8% 

3. Students identified with dyslexia usually have difficulty with phonemic awareness. 71.9% 4.7% 23.4% 

4. Students with dyslexia have difficulty with reading and spelling words. 93.8% 4.7% 1.6% 

Note. Items recoded because they were presented as false are in bolded italics. 
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Effects Across Time by Condition on SCs, MCs, and UCs 

For research question two, I tested if an informational text (IDA, 2019), researcher 

created RT, and/or a researcher-created RT-EG would differently and/or significantly affect 

preservice teachers’ dyslexia SCs, MCs, and UCs at an immediate posttest. For mean change of 

number of items participants reported per category (SC, MC, UC) from pre- to posttest, see 

Table 3. 

Table 3 
  

Mean Change of SCs, MCs, and UCs Per Text Condition 

 SCs MCs UCs 
IDA text 4.71 -1.57 -3.14 
RT 13.50 -7.19 -7.48 
RT-EG 14.67 -4.91 -8.55 
Overall 10.96 -4.56 -6.42 

 

Effects Across Time by Condition on SCs 

A repeated measures analysis of variance (ANOVA) was performed using time (SCs on 

pre- to post-test) as the within subjects factor and text condition (IDA text, RT, RT-EG) as the 

between subjects factor. Sphericity is assumed as there are only two time points in the repeated 

measures ANOVA. From pre- to posttest, all text conditions statistically significantly improved 

their SCs, with a mean improvement from 12.82 SCs out of 37 SCs total (34.65% SCs) at pretest 

to 23.78 SCs out of 37 SCs total (64.27% SCs) at posttest (IDA text mean = 13.86, SD = 4.65; 

RT mean = 12.19; SD = 4.69; RT-EG mean = 12.41, SD = 5.74). The results of the repeated 

measures ANOVA indicated the interaction between time by text condition on the rate of 

increase of SCs held by participants was statistically significant, F (2, 61) = 19.28, p < .001, with 
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a large effect size of ηp2  = .39. To examine the nature of the interaction, simple effects were 

examined for the amount of SCs held on the DKQ-3 from pre- to post-test. 

Table 4 
   

Effects Across Time by Condition on SCs 

 

   95% Confidence Interval 
Text Condition Mean Std. Error Lower Bound Upper Bound 
IDA Pretest 13.857 1.105 11.648 16.066 
IDA Posttest 18.571 0.888 16.796 20.347 
RT Pretest 12.19 1.105 9.982 14.399 
RT Posttest 26.857 0.888 25.082 28.632 
RT-EG Pretest 12.409 1.079 10.251 14.567 
RT-EG Posttest 25.909 0.867 24.175 27.643 

 

Pretest scores did not differ across text conditions. However, participants in the RT 

condition (mean = 26.86; SD = 4.67; p = .01) and the RT-EG (mean = 25.91; SD = 4.31, p = .03) 

condition scored significantly higher on SCs after reading the text than the IDA text condition 

(mean = 18.57; SD = 3.03) at posttest, indicating the RT and RT-EG conditions were more 

effective than the IDA text at improving SCs. The IDA text did statistically significantly improve 

SCs from pre- (mean = 13.86, SD = 4.65, 95% CI [11.65, 16.07]) to posttest (mean = 18.57, SD 

= 3.03, CI [16.80, 20.35]) at p < .001 with a large effect size of ηp2  = .19. The RT condition (p < 

.001, ηp2  = .70) and the RT-EG condition (p < .001, ηp2  = .67) were statistically significantly 

effective at improving SCs from pretest to posttest as well, with very large effect sizes. See Table 

4 and Figure 1, 2, and 3 for more information. These results show the implementation of the RT 

and RT-EG text conditions resulted in greater improvement in SCs from pre- to post-test, though 

the IDA text did significantly increase SCs across time as well. 

Figure 1 
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Estimated Marginal Means of SCs Across Time 

 
Figure 2 

Histogram with a Fitted Bell Curve of SCs Per Text Condition at Pretest Across Time 
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Figure 3 

Histogram with a Fitted Bell Curve of SCs Per Text Condition at Posttest Across Time 
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Effects Across Time by Condition on MCs 

A repeated measures ANOVA was performed using time (MCs on pre- to post-test) as 

the within subjects factor and text condition (IDA text, RT, RT-EG) as the between subjects 

factor. Sphericity is assumed as there are only two time points in the repeated measures ANOVA 

(IDA text mean = 12.57, SD = 4.63; RT mean = 12.38; SD = 3.04; RT-EG mean = 12.64, SD = 

4.5). The results of the repeated measures ANOVA indicated the interaction between time by 

text condition on the rate of increase of MCs held by participants was statistically significant, 

F(2, 61) = 9.24, p < .001, with a large effect size of ηp2  = .23. To examine the nature of the 

interaction, simple effects were examined for the amount of MCs held on the DKQ-3 from pre- 

to post-test. 

Table 5    

Effects Across Time by Condition on MCs  

   95% Confidence Interval 
Text Condition Mean Std. Error Lower Bound Upper Bound 
IDA Pretest 12.571 0.9 10.772 14.371 
IDA Posttest 11 0.903 9.195 12.805 
RT Pretest 12.381 0.9 10.582 14.18 
RT Posttest 5.19 0.903 3.386 6.995 
RT-EG Pretest 12.636 0.879 10.878 14.394 
RT-EG Posttest 7.727 0.882 5.964 9.491 

 
Pretest scores did not differ across text conditions. However, participants in the RT 

condition (mean = 5.20; SD = 3.79) scored significantly lower on MCs after reading the RT-EG 

or the IDA text (mean = 11.00; SD = 4.09) at posttest (p = .02). The RT-EG condition (mean = 

7.73; SD = 4.48) was not statistically significantly different from either the IDA text condition (p 

= .43) or the RT condition (p = .60); however, the posttest RT-EG condition’s MCs (mean = 

12.64, SD = 4.49, 95% CI [10.88, 14.39]) were statistically significantly lower than pretest 
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(mean = 7.73, SD = 4.48, 95% CI [5.96, 9.49]), indicating the RT-EG condition had a large 

effect on decreasing MCs (p < .001, ηp2  = .32). The IDA text was not statistically significantly 

effective at lowering MCs from pretest (mean = 7.73, SD = 4.48, 95% CI [10.77, 14.37]) to 

posttest (mean = 7.73, SD = 4.48, 95% CI [9.20, 12.81]) with p = .10. The RT condition had a 

very large effect of lowering MCs from pre- to posttest at p < .001, ηp2  = .50. See Table 5 and 

Figure 4, 5, and 6 for more information. 

Figure 4 

Estimated Marginal Means of MCs Across Time 

 

 

Figure 5 

Histogram with a Fitted Bell Curve of MCs Per Text Condition at Pretest Across Time 
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Figure 6 

Histogram with a Fitted Bell Curve of MCs Per Text Condition at Posttest Across Time 
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Effects Across Time by Condition on UCs 

A repeated measures ANOVA was performed using time (UCs on pre- to post-test) as the 

within subjects factor and text condition (IDA text, RT, RT-EG) as the between subjects factor 

(IDA text mean = 10.57, SD = 8.23; RT mean = 12.43; SD = 5.75; RT-EG mean = 11.91, SD = 

8.61). Sphericity is assumed as there are only two time points in the repeated measures ANOVA. 

The results of the repeated measures ANOVA indicated the interaction between time by text 

condition on the rate of increase of UCs held by participants was statistically significant, F(2, 61) 

= 3.94, p = .025, with a medium effect size of ηp2  = .11. To examine the nature of the 

interaction, simple effects were examined for the amount of UCs held on the DKQ-3 from pre- to 

post-test. 

 

Table 6    

Effects Across Time by Condition on UCs  
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   95% Confidence Interval 
Text Condition Mean Std. Error Lower Bound Upper Bound 
IDA Pretest 10.571 1.67 7.232 13.911 
IDA Posttest 7.429 0.806 5.816 9.041 
RT Pretest 12.429 1.67 9.089 15.768 
RT Posttest 4.952 0.806 3.34 6.565 
RT-EG Pretest 11.909 1.631 8.647 15.171 
RT-EG Posttest 3.364 0.788 1.788 4.939 

 

Pretest scores did not differ across text conditions. However, there were statistically 

significant differences in participants UCs at post-test across conditions. All conditions 

decreased UCs statistically significantly after the text intervention (IDA text: p = .03, ηp2  = .07; 

RT: p < .001, ηp2  = .30; RT-EG: p < .001, ηp2  = .37). The RT-EG (mean change = -8.55 UCs) 

and RT (mean change = -7.48 UCs) conditions were statistically significant at p < .001 and the 

IDA text (mean change = -3.14 UCs) condition was at p = .03. The RT-EG and RT conditions 

both had very large effect sizes on decreasing UCs, at ηp = .37 and ηp = .30 respectively, and the 

IDA text condition had a medium effect of ηp = .07. The participants who read the RT-EG text 

had statistically significantly fewer UCs at posttest than the participants who read the IDA text 

condition (p = .002, CI [-6.841, -1.29]). There was no other significant difference between text 

conditions. See Table 6 and Figure 7, 8, and 9 for more information. 

 

Figure 7 

Estimated Marginal Means of UCs Across Time 
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Figure 8 

Histogram with a Fitted Bell Curve of UCs Per Text Condition at Pretest Across Time 
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Figure 9 

Histogram with a Fitted Bell Curve of UCs Per Text Condition at Posttest Across Time 

 



CONCEPTUAL CHANGE DYSLEXIA   45 

 
 

Engagement Levels Relation to Text Condition and Increases in SCs 

For research question three, I measured whether engagement levels are differential across 

conditions or if they moderate increased SCs across conditions. 

Cognitive Engagement Levels Across Conditions 

To answer the first part of the third research question and determine if cognitive 

engagement was differential across conditions, I ran a one-way ANOVA to determine statistical 

significance of CCCES-Modified_Total scores across text conditions (IDA text mean = 53.24, 

SD = 12.97; RT mean = 58.48, SD = 14.00; RT-EG mean = 52.77, SD = 13.25). Levene’s test 

was not statistically significant (p = .97). I found no statistically significant differences across 

text conditions F(2, 63) = 212.72, p = .31, indicating text condition did not impact reported 

cognitive engagement. See Table 7 for participants’ mean, standard deviation, and variance by 

item on the CCCES-Modified assessment. 
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Table 7 

Descriptives by Item on the Conceptual Change Cognitive Engagement Scale-Modified 

Item Mean Std. Deviation Variance 
While reading the text, I considered whether the 
information was well organized. 3.4531 1.28396 1.649 
While reading the text, I considered whether the 
information was easy to understand. 4.0938 1.01916 1.039 
While reading the text, I considered whether the 
information was clear and intelligible. 4.0469 1.01465 1.03 
While reading the text, I considered whether the 
information flowed well. 3.625 1.13389 1.286 
While reading the text, I thought about whether 
the information was credible. 3.2344 1.34214 1.801 
While reading the text, I thought about whether 
the information was believable. 3.1094 1.3583 1.845 
While reading the text, I thought about whether 
the information made logical sense. 3.5 1.33333 1.778 
While reading the text, I thought about whether 
the information was reasonable. 3.375 1.30323 1.698 
While reading the text, I thought about whether 
the source of the information was credible. 2.875 1.37437 1.889 
While reading the text, I thought about whether 
the source of the information was trustworthy. 2.8437 1.2998 1.689 

While reading the text, I thought about whether 
the source of the information was believable. 2.7813 1.29061 1.666 
While reading the text, I thought about whether 
the information was understandable. 3.7344 1.14424 1.309 
While reading the text, I thought about whether 
the information was intelligible. 3.5312 1.15427 1.332 
While reading the text, I thought about whether 
the information was clear. 3.7031 1.16401 1.355 
I was having trouble paying attention to the 

text while reading it. 3.4688 1.16794 1.364 
I was distracted by other thoughts while 

reading the text. 3.4219 1.23191 1.518 
Note. Items reverse coded are designated in bolded italics. 
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Cognitive Engagement Levels in Relation to Change in SCs 

To answer the second part of the third research question, I tested whether reported 

cognitive engagement levels during reading predicted scientific conception gain scores. To do 

this, I subtracted SC_Pre_Total from SC_Post_Total for each participant to create the variable 

SC_Gain_Score. Then, I ran a linear regression with SC_Gain_Score (possible range -37 to 37) 

as the dependent variable and CCCES-Modified_Total (possible range 16-80) as the independent 

variable. Considering the cognitive engagement levels were not differential across conditions, 

text condition was not included in the model. The mean gain score was a gain of 11 SCs with a 

SD of 7.16 SCs. The mean CCCES-Modified_Total was 54.80 Likert-scaled points (mean of 

3.43 points per item) and a SD of 13.45 Likert-scaled points (mean of .84 points per item). 

Results indicated cognitive engagement did not statistically significant predict gain in SCs from 

pre- to posttest (F[1, 63] = .727, p = .40, R2 = .10). 

Discussion 

 The purpose of this study was to determine, within this sample of preservice teachers: (1) 

which SCs, MCs, and UCs participants commonly hold regarding dyslexia, (2) if the text 

interventions (i.e., IDA text, RT, RT-EG) are differentially effective in increasing participant 

SCs and decreasing MCs and UCs at an immediate posttest, and (3) if cognitive engagement 

levels are differential across conditions and/or moderate the gain in SCs across conditions. First, 

I will discuss participants’ common MCs, SCs, and UCs regarding dyslexia. Knowing this 

information can lend insight into how to better target common MCs in future dyslexia trainings. 

Next, I will summarize the effects of the three text interventions on participants’ SCs, MCs, and 

UCs. This can help to determine which text condition was most effective in increasing SCs while 

decreasing MCs and UCs in order to most effectively communicate information during dyslexia 
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trainings. Finally, I will explain the findings on cognitive engagement levels as it related to text 

conditions and improvement in SCs. 

Summary of Results 

Preservice Teachers’ Baseline Conceptions of Dyslexia 

In this study, the most common MCs held by participants in the sample included: (1) the 

type of treatment appropriate for students with dyslexia (i.e., Students with dyslexia should be 

taught coping strategies, such as using context cues or pictures to help decode words, MC; 

Students with dyslexia normally learn to read most quickly through the exposure to audio 

recordings while following along in the printed text, MC; Students with dyslexia primarily need 

instruction in reading comprehension strategies, MC) and (2) dyslexia as a visual disability, as 

relating to characteristics and instruction for dyslexia (e.g., Seeing letters and words backwards 

is a characteristic of dyslexia, MC; Students with dyslexia have poor word-level reading skills 

typically due to poor visual processing skills, MC; Students with dyslexia need specialized 

dyslexia fonts in order to read printed words more accurately, MC). These MCs regarding 

dyslexia as a visual disability were consistent with previous findings on preservice teacher 

knowledge of dyslexia (Washburn, 2013); however, the findings surrounding the misconceptions 

held about the type of treatment for students with dyslexia, such as mentioned above that did not 

deal with visual difficulties, were not found in previous literature. Most of the previous surveys 

of preservice teacher knowledge of dyslexia did not inquire about common misconceptions for 

instructional methods appropriate for students with dyslexia. This uncovers an important finding 

that although preservice teachers understand that dyslexia affect reading and spelling, they may 

not understand the underlying skills with which it affects (viz., phonological processing, 

decoding and encoding skills). Teacher educators should be sure to dispel the MCs that dyslexia 
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is a visual difficulty (seeing word or letters backwards or moving) as opposed to language-based 

difficulty (connecting sounds to letters). They should also refute the MC that students with 

dyslexia need to learn to read in a different way than students without dyslexia; making clear to 

preservice teachers that dyslexia describes a difficulty in learning to decode and encode, this 

difficulty lies in the area of connecting letters to sounds, and effective treatment for students with 

dyslexia includes intensive intervention in phonic-based decoding and encoding strategies. They 

should also make clear that dyslexia does not describe a difficulty with comprehension. If a 

student is having difficulty with listening comprehension apart from decoding or fluency, this 

would better be described by the term Developmental Language Disorder (Bishop et al., 2017). 

The most common SCs held were: (1) definition of dyslexia as relating to a difficulty 

with reading and spelling words (i.e., Students with dyslexia have difficulty with reading and 

spelling words, SC), (2) relation of dyslexia to special education law (i.e., Dyslexia is recognized 

as a type of specific learning disability that can receive special education services by the federal 

government, SC), and (3) instruction for students with dyslexia to primarily include phonemic 

awareness and phonics (e.g., Students with dyslexia primarily need instruction in phonemic 

awareness and phonics, SC). The overall impact of dyslexia as being related to reading and 

spelling is commonly reported in previous studies (e.g., Washburn et al., 2017); however, the SC 

that dyslexia is recognized by special education law is less commonly reported. Peltier and 

colleagues (2020) found this as well; however, this sample was taken from the same university as 

the current study where participants have taken a required special education course that covers 

these topics and may not replicate to other samples.  

It should be noted that within the type of instruction for students with dyslexia, 

participants held many UCs as well, with about a third to half of participants citing UCs in this 
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area. The most common UCs held included: (1) the heritability of dyslexia (e.g., Dyslexia is not 

hereditary; MC), (2) visually-based treatment for dyslexia (e.g., Colored lenses or overlays 

usually do not help improve reading accuracy in people with dyslexia, SC), (3) how phonics and 

phonemic awareness relate to dyslexia (e.g., Students identified with dyslexia usually have 

average to above-average phonemic awareness, MC), and (4) the role of schools in identifying 

students with dyslexia (e.g., Dyslexia should usually be identified by a school psychologist, SC). 

In previous studies, many of these UCs were reported as MCs (e.g., Wadlington & Wadlington, 

2005, Washburn et al., 2017). This could be because participants did not have the choice of 

unsure, because participants in this sample had different conceptions of dyslexia than in previous 

research, or a combination of both.  

Effects of Text Conditions on Conceptual Change 

After participating in the text-based interventions, participants in all conditions 

statistically significantly improved their SCs, with a mean improvement of 11 out of 37 

questions on the DKQ-3. However, participants in the RT and RT-EG conditions statistically 

significantly improved beyond participants in the IDA text condition, improving 13-15 on 

average as compared with a five-item improvement in the IDA text condition. Refutation text 

conditions were more effective in improving overall SCs among preservice teachers. This is 

consistent with the conceptual change theory (Posner et al., 1982) stating that greater conceptual 

change occurs if participants are first dissatisfied with their current conceptions. The RT and RT-

EG both refuted common MCs before presenting the relevant SCs, which may have allowed for 

the opportunity for more adoption of SCs in relation to their conception of dyslexia, as proposed 

by the CCM (Posner et al., 1982), CRKM (Dole & Sinatra, 1998), and CAMCC (Gregoire, 2003) 

producing greater conceptual change. 
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As hypothesized, text conditions were differential in dispelling misconceptions. Both the 

RT and RT-EG statistically significantly decreased the number of MCs from pre- to posttest with 

large effect sizes. This may be because the refutation text directly refuted the common 

misconceptions, eliciting the participants to create dissatisfaction with their current conceptions 

of dyslexia (Posner et al., 1982). However, the IDA text condition did not have a statistically 

significant effect on decreasing MCs, most likely because the content of the text did not create 

dissatisfaction (Posner et al., 1982) by directly addressing common MCs. Rather, the IDA text 

focused primarily on presenting SCs. Because of this, participants may have left not 

understanding how their MCs related to the SCs presented in the text (Vosniadou, 2009), 

producing less conceptual change overall. 

Finally, all text conditions statistically significantly decreased UCs from pre- to posttest. 

However, the RT-EG and RT conditions both had very large effect sizes on decreasing UCs, 

while the IDA text condition had a medium effect. This may be because participants in the IDA 

text condition continued to be unsure of some of the MCs that were not directly addressed within 

the IDA text. They may have remained unsure of propositions that were either not addressed in 

the IDA text or those that were in direct opposition to the propositions presented in the text and 

were unable to assimilate this new information to their existing knowledge structures 

(Vosniadou, 2009). 

Embedded Graphics Effect on Learning 

 Although the refutation text with embedded graphics significantly improved SCs, 

dispelled MCs, and decreased UCs, it was not statistically significantly different than the 

refutation text without graphics as hypothesized. This could be for a few reasons. One reason 

could be that some of the illustrations and emboldened text present could have a seductive effect 
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on participants’ recall (Harp & Meyer, 1998), meaning the drawing attention to the myth as 

opposed to the scientific conception could prompt participants to remember this information as 

more important or begin to build their conceptual ecology around this concept rather than the 

scientific conception. The caricature of the mouse present throughout the graphic novel may also 

have pulled participant attention away from the smaller text describing the scientific conception. 

The illustrations that presented the key points may have increased participant retention and 

understanding, as Clark and Paivio (1991; Paivio, 1986) hypothesized through dual coding 

theory; however, with the some illustrations focusing on the myth aspect and some focusing on 

the scientific conception, the inconsistency may have had an inconsistent effect on participant 

understanding, increasing it over the refutation text as through dual coding theory (Clark & 

Paivio, 1991), yet decreasing it with the effect of the myth text emboldened and mouse 

caricature, as hypothesized by the seductive details effect (Harp & Mayer, 1998). 

Cognitive Engagement as Related to Conceptual Change 

 Cognitive engagement during reading, as measured by the items for cognitive 

engagement with the message from the CCCES (Heddy et al., 2018) was not associated with text 

condition assigned. This may be due to participants being presented with the intervention during 

a preservice teacher education course in which they are used to reading texts for a purpose, and 

reporting similar levels of cognitive engagement throughout reading. Refutation texts, though 

they significantly increased conceptual change, did not predict increased cognitive engagement 

levels among participants. This suggests that although all participants were similarly cognitively 

engaged regardless of the text condition assigned, the refutation texts presented information in a 

way that allowed for greater conceptual change. This possibly was because it helped participants 

to connect their previous MCs and UCs with the new SCs presented, allowing them to create a 
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more coherent conceptual ecology and connected schema of dyslexia (Piaget, 1952; Wittrock, 

1989). 

 Another noteworthy finding, participants reported cognitive engagement during reading 

did not predict conceptual change across text conditions. Participants who reported high 

cognitive engagement and those who reported low cognitive engagement both had high and low 

levels of conceptual change. There was no association between reported cognitive engagement 

and increased SCs from pre- to posttest. This is not consistent with my previous hypothesis that 

engagement would moderate conceptual change, in line with the CRKM (Dole & Sinatra, 1998) 

and CAMCC (Gregoire, 2003) theorizing that high engagement is needed for deep conceptual 

change. This may be because of the participant demographic this study was drawn from, being 

undergraduate preservice teachers during an education course, the topic it was regarding, or the 

way the construct of cognitive engagement was measured in this study. Future research should 

seek to tease apart these factors. 

Limitations 

 Results should be interpreted with some limitations in mind. The final sample included 

64 undergraduate students within one teacher preparation program in the mid-south are of the 

US. It is not known if a larger and more diverse sample of preservice teachers would produce 

similar results. It is also unknown if various stakeholder groups, including in-service teachers in 

various stages of their careers, would respond differentially to the intervention conditions. 

Second, although the instruments were used in previous research, they have been modified from 

the original assessment in ways previously specified and do not currently have psychometric 

validity evidence in their current form. Finally, although previous research with the IDA text and 

RT (Peltier et al., 2020) suggests these effects persist, though decrease slightly, after four weeks, 
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it is not known how the effects found in the current study would continue in future follow up 

assessments. Future studies should determine how these effects may be impacted differentially 

across time. 

Implications for Training 

Laws across the US mandate pre- and in-service teacher training on dyslexia creating 

dyslexia handbooks for stakeholder consumption, and screening and intervention procedures for 

identifying students at-risk for dyslexia with more laws being enacted each year (Youman & 

Mather, 2018). There is also a significant body of research that suggests both pre- and in-service 

teachers (Knight, 2018; Ness & Southall, 2010; Peltier et al., 2020; Wadlington & Wadlington, 

2005; Washburn et al., 2011a, b, 2014) and other educational stakeholders (Castillo & Gilger, 

2018; Wadlington & Wadlington, 2005; Worthy et al., 2018) hold significant misconceptions 

about this term.  

When designing training materials, states, teacher preparation providers, and professional 

learning designers should ensure common misconceptions are connected in a coherent way to the 

presentation, refuted, and the scientific conceptions are explained in an intelligible, plausible, 

and fruitful way (Posner et al., 1982). When possible, these should be followed-up with sessions 

how these concepts apply to specific state level policies, district procedures, or school curricula 

and resources to help participants create a more coherent understanding of the SC of the term 

dyslexia into their previously built conceptual ecology, accommodating previous schema when 

necessary into new knowledge structures built around the SCs (Piaget, 1952; Wittrock, 1989).  

Implications for Future Research 

 Currently, there is a paucity of research on how to effect conceptual change of dyslexia. 

Though effective trainings are needed to begin to shift stakeholder understanding of this 
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commonly misunderstood term, ways in which we can do so need to be further identified and 

tested by scientific study. Both refutation-based texts in this study (RT and RT-EG) facilitated 

greater conceptual change than the informational text, consistent with previous research 

comparing refutation texts to informational texts on topics in which misconceptions are prevalent 

(Schroeder & Kucera, 2022; Tippett, 2010) and specifically on the topic of dyslexia among 

preservice teachers (Peltier et al., 2020). Future research can improve on these results in a variety 

of ways: (a) including a more diverse sample (preservice teachers in various areas across the US, 

in-service teachers, administrators, teacher educators) to determine if effects are differential 

across participants, (b) comparing various instructional delivery formats (text-based, 

presentations, interactive activities) to determine the most efficacious way to deliver the content, 

(c) looking closer at individual differences in participant response to the intervention, (d) 

incorporating qualitative aspects into studies to understand a more nuanced view of the 

conceptual change process for various populations and conditions, and (e) assessing how effects 

may change across time. 

 Also, in order to determine the mechanism of action within the graphic text, future 

research could focus on a few areas. Researchers could focus on one myth, attempting to use a 

graphic designed for popular press against a condition in which the Cognitive Theory of 

Multimedia Learning (Meyer et al., 1995) is taken into account. For example, areas to be 

manipulated may include the sole inclusion of relevant graphics, taking out the caricatures, 

including only illustrations which focus on key concepts contrasting the misconception and 

scientific conceptions, emboldening the scientific conception in larger print, and guiding 

questions beforehand to focus participants on the relevant information in each upcoming section. 



CONCEPTUAL CHANGE DYSLEXIA   56 
Future research should also determine if these methods increase long-term retention as 

hypothesized in the Dual Coding Theory by Clark & Paivio (1991). 

Conclusion 

 This study advanced the current body of literature on preservice teacher knowledge of 

dyslexia by adding information regarding preservice teachers in the mid-southern US, after 

dyslexia laws have been passed across the US (Youman & Mather, 2018). These results also 

extend the body of literature into understanding the differences between not only participant SCs 

and MCs, but also UCs (Peltier et al., 2020). Finally, this study found that text condition did not 

impact cognitive engagement during reading and that reported cognitive engagement level 

during reading did not predict conceptual change among participants.  
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Appendix C. International Dyslexia Association Text 
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