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 High school biology classes traditionally follow a lecture format to disseminate 

content and new terminology. With the inclusive practices of No Child Left Behind, the 

Common Core State Standards, and end-of-course exam requirement for high school 

diplomas, classes include a large range of achievement levels and abilities. Teachers 

assume, often incorrectly, that students come to class prepared to listen and take notes. In 

a standard diploma, high school biology class in a separate school for students with 

emotional and behavioral disorders, five students participated in a single-subject, 

alternating treatment design study that compared the use of regular pens and digital pens 

to take notes during 21 lecture sessions. Behavior measures were threefold between the 

two interventions:  (a) quantity of notes taken per minute during lectures, (b) quantity of 

notes or notations taken during review pauses, and (c) percent of correct responses on the 

daily comprehension quizzes. The study’s data indicated that two students were inclined 
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to take more lecture notes when using the digital pen. Two students took more notes with 

the regular pen. One student demonstrated no difference in her performance with either 

pen type. Both female students took more notes per minute, on average, than the three 

males regardless of pen type. During the review pause, three of the five students only 

added notes or notations to their notes when using the regular pen. The remaining two 

students did not add to their notes. Quiz scores differed in favor of the regular pen. All 

five participants earned higher scores on quizzes given during regular pen sessions. 

However, the differences were minor, and recommendations are made for specific 

training in note-taking, the pause strategy, and digital pen fluency which may produce 

different results for both note-taking and quiz scores. 
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Chapter 1: Introduction 

 The classrooms of current high school biology courses are vastly different from 

those of a decade ago. With technology and the burgeoning cyber-world, 21st century 

science students are under pressure to perform at increasingly higher performance levels. 

Traditional textbooks contain expository text that is often beyond the general education 

student’s comprehension ability (Boyle, 2012; Marino, 2010). Couple the unfriendly text 

with a faster pace required by critical content state-mandated assessments and students 

face formidable obstacles very early in their high school careers (Chalk, Hagan-Burke, & 

Burke, 2005). Add to this the legal requirements from the No Child Left Behind Act of 

2001 (NCLB, 2002) for curriculum access, highly qualified teachers, the Individuals 

With Disabilities Education Improvement Act (IDEA, 2004) inclusion mandates for 

students with disabilities (McLeskey & Waldron, 2007), and classrooms today include a 

wide variety of ability levels for both students and teachers. However, students are not 

the only ones facing these challenges. Content teachers are highly certified in their field, 

often to the exclusion of teaching pedagogy, and face the dilemma of how to address the 

variety of ability levels while helping all students keep up with the academic demands 

(deBettencourt, 1999; Rotter, 2004).  

 What constitutes the student population? Legally, classrooms have been mandated 

to change over the past 50 years to allow for all students to have access to the general 
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curriculum (IDEA, 2004). While the law was designed to provide access for students 

with disabilities into general education classrooms, today’s science classroom is a multi-

ability salad bowl where each student adds to the flavor of the class rather than 

assimilating into the melting pot of years gone by. Each has an individual identity and 

individual academic needs. The general education student population could include 

students at, above, or below grade level performance expectations, students with high or 

low incidence disabilities (McLeskey & Waldron, 2002), students who are learning 

English or who are trying to become English-proficient, and students who are deemed at 

risk for dropping out (Fletcher, Coulter, Reschly, & Vaughn, 2004). Differentiated 

strategic instruction is needed to ensure success for this diverse student population in 

order to prepare them for a global economic future (National Science Board [NSB], 2006; 

Palincsar, Magnusson, Collins, & Cutter, 2001; Wang, Rubenstein, & Reynolds, 1985).  

 Our global society is changing rapidly on a daily basis due to the advances in 

medical discoveries and modern technologies. Biology is one of the oldest sciences. One 

only has to look at the dependence on DNA information to see how far and how fast the 

biological sciences are advancing. Traditionally, the methods of disseminating this 

content via textbook, lecture, and labs are still de rigueur in most classrooms (Putnam, 

Deshler & Schumaker, 1993; Tanner, 2009). Teachers are hard pressed to keep up with 

all of the advances, let alone attempt to teach what they themselves may not fully 

understand and is not covered in a hardcopy textbook (Lynch et al., 2007; NSB, 2006). 

With the current emphasis on technology, students are required to learn the content 

through a variety of means that include the online eBooks, CD versions of the text, hand-

held mobile devices, and whatever other technology might be available in the classroom. 
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Not all classrooms are retrofitted to the technological advances that are available. Not all 

teachers are proficient or comfortable with the technology, and many are intimidated by 

students who are (Ringstaff & Kelley, 2002; Smerdon et al., 2000). Not all students have 

access to this technology in the classrooms or at home (Prabhu, 2010). 

 The 21st century digital native, a Millennial or Net-gener (Lowery, 2001; 

Newton, 2000; Oblinger, 2003), has grown up in the digital world of electronics and 

instant knowledge at the touch of a key instead of reading a page of typed material. From 

birth, the technology that this child has been exposed to has made the gathering of 

information easy and within global digital reach (Bouck, Flanagan, Miller, & Bassette, 

2012). During elementary school, the exposure to academic technology is abundant and 

teachers regularly use multisensory technology to access reading and writing programs or 

math games. Initiatives have taken place so that learning during elementary school 

prepares the child for the advanced pace that occurs in secondary classrooms. 

Unfortunately, technology resources and budgetary allotments dry up or are allocated 

elsewhere leaving the student unplugged and adrift in a traditionally unfriendly lecture 

and expository textbook environment that starts in middle school and continues through 

high school and beyond (Boyle & Weishaar, 2001; Mastropieri, Leinart, & Scruggs, 

1999). Without access to the digital tools they use and a disengaging paper and pencil 

curriculum that is not relevant to their lives, students at risk for academic deficits are 

denied access to the curriculum and sink further into the academic abyss with no hope of 

getting out or pulling even with peers (NSB, 2006). The future productivity of these 

students depends on how well they are able to identify and utilize all of their skills and 

the technology in the global economy once they leave school.  
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 Traditional teaching methods may not always work for science students exhibiting 

a variety of abilities (Marino, 2010). At issue is the traditional textbook and lecture 

format used to deliver most secondary science content. The majority of high school and 

university pedagogy courses are taught this way; therefore, teachers tend to teach the way 

they learned or were taught (McDiarmid, 1990). Science texts are fact-based, vocabulary 

intensive, and written in a breadth rather than depth expository style that leaves many 

students intimidated and wondering what the point was of the last 40 pages in the chapter 

(Bryant, 1997; Mercer & Mercer, 2001). The reading alone puts a strain on a student’s 

learning resources. When the reading is cognitively paired with listening and note-taking, 

the student faces failure on multiple fronts (Hughes & Suritsky, 1993; Suritsky & 

Hughes, 1991). Research has documented a correlation between poor readers and writing 

deficits (Fuchs, Fuchs, Mathes, & Lipsey, 2000). Small wonder that students give up or 

disengage in their approach to learning science content (Guthrie, 2004; Saenz & Fuchs, 

2002). Summarizing skills needed to identify main ideas for note-taking often suffer 

severe deficits if the student is already at risk for poor reading and writing skills (Deshler, 

Alley, Warner, & Schumaker, 1981). These students frequently give up attempting to 

summarize and instead copy the lecture notes, text, or board work word for word (Slotte 

& Lonka, 1999). There is little to no learning going on when a student simply copies 

what is on the page or what is heard verbatim. Ganske (1981) reviewed 39 books based 

on 60 years of note-taking and note-taking for knowledge and advocated for notes to be a 

form of educational technology because of the process and organizational skills needed. 

 Finding the main idea of a concept or topic has a long history of research and 

evidence-based practices (Jitendra, Hoppes, & Xin, 2000; Malone & Mastropieri, 1992). 
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Summarizing is a strategy skill that has students paring down sentences, paragraphs, or 

lectures into just a few words that convey the main idea of the text or lecture succinctly. 

When these skills or strategies are used to create a set of notes, the student will spend 

more time studying the material and increase his or her chances on the subsequent 

assessment (Deshler et al., 1981; Rinehart & Thomas, 1993). Often, students with 

emotional and behavioral disabilities do not possess these processing skills, or have other 

conditions that inhibit their ability to take in auditory stimuli and create an output in the 

form of lecture notes (Mattison, Hooper, & Carlson, 2006; Rapport, Scanlon, & Denney, 

1999). To help students compensate for these deficits, there needs to be evidence-based 

assistive or compensatory technology that can help students overcome the issues of 

learning content regardless of their abilities or resources (Guthrie, 2004; NSB, 2006).  

 What does this mean for a student who has been labeled with an emotional and 

behavioral disorder (ED), and who is a candidate for inclusion in general curriculum 

content area classes? What is the definition of ED? According to IDEA (2004), emotional 

disturbance indicates a condition that demonstrates one or more of the following 

characteristics, occurs over time, and has a severe, adverse effect on the child’s academic 

abilities. The five identified traits are: inability to learn that cannot be tied to intellect, 

sensory or health factors; inability to establish or maintain social relationships; 

inappropriate or anti-social behaviors within normal situations; a general affect of 

depression or unhappiness; or tendency to develop somatic complaints when faced with 

social problems.  

This definition translates into the ED label being ambiguous at best and 

marginally useful in informing teachers that a student has severe discipline problems 
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without indicating effective methods of teaching. However, the child with ED has a thick 

file that documents issues with off-task behavior, negative behaviors, failing grades, non-

participation, and little to no engagement within the classroom (Sabornie, Cullinan, 

Osborne, & Brock, 2005). Too often, the one character trait associated with students with 

ED is that of being off-task or disruptive in classrooms especially in lecture-heavy 

traditional classrooms (Sabornie et al., 2005). Negative behaviors can range from apathy 

toward the activities to escalated violence. For children with ED, most forms of 

disengagement have the same desired effect—the avoidance of completing the task at 

hand. Students carrying the ED label often have mental health issues that interfere with 

their levels of processing information (Craik & Lockhart, 1972; Reid, Gonzalez, 

Nordness, Trout, & Epstein, 2004; Trout, Nordness, Pierce & Epstein, 2003). 

Historically, research has made a case for students with ED being actively engaged in 

their own note-taking as a way to increase their academic performance (Anderson & 

Armbruster, 1986; Kiewra, 1985; Peck & Hannafin, 1983; Suritsky & Hughes, 1991).  

This study looks at the fatal combination of taking limited or no notes during 

science classes and the corresponding failing scores on comprehension assessments for 

high school students with ED who are included in general biology classes. The proposed 

intervention sought to assist in the critical task of taking notes in a lecture-based setting. 

The study used a digital pen capable of recording a digital copy of each pen stroke made 

on a dot matrix paper notebook. In addition, as the student wrote, the pen captured the 

lecture in an audio file that was synced to the pen’s strokes. If the student missed some of 

the critical notes, he/she simply tapped the dot paper near where the missing items should 

have been added, listened to the audio, and added what was needed. Listening to the 
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lecture, taking notes during the lecture, going back to review or fill in missing notes:  all 

three skills give a student strategic passes at the content and appeals to a variety of 

learning styles (Suritsky & Hughes, 1991). 

The digital computer pen and software are currently under-utilized in many 

schools, including the sixth largest school district in the nation (Broward County School 

District). Staff development has been offered on how to effectively use the pen and its 

software within respective curricula over the past few years (i.e., media specialists, 

reading teachers, science coaches, science teachers, and staff at the three self-contained 

ED district schools). With this proposed tool in place, more teachers should be able to 

utilize the technology to help students master critical content when using the pen’s digital 

features during note-taking situations. When students with ED transition back to their 

home schools, they are expected to access the standard diploma curriculum courses 

(Boyle, 2010; Pierce, Reid, & Epstein, 2004).  

 The advantages of having biology students using compensatory/assistive 

technology to learn content are not just student-based; the teachers, schools, and the 

school district have a considerable stake in student achievement (Mooney, Denny, & 

Gunter, 2004). Districts across the country and in the state of Florida are moving to more 

technology-aided instruction. For example, the 2010–2011 school year marked the first 

year for using the new Florida adopted science textbooks in online eBook versions. 

During the 2011-2012 school year, a Florida State legislative change exempted ninth 

grade students from the Florida Comprehensive Assessment Test (FCAT) in science but 

required them to pass an end-of-course biology exam and take at least one online course 
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to earn a high school diploma. There is a national, state, and district emphasis in the 

coming 2013–2014 school year on Common Core and STEM standards.  

Under the federal NCLB (2002), the district schools, regardless of their state 

report card data, are required to work on the adequate yearly progress (AYP) of their 

lowest performing students. Students with ED are at risk for academic deficits of up to 2 

years or more, and may exhibit underachievement because of reading deficits, or have 

behavior diagnoses and language processing deficits (Mooney et al., 2004). There is a 

demonstrated need for instructional strategies or assistive technology to help these 

students acquire the academic skills needed to learn the content, pass the assessments and 

return to their home schools (Wiley, Siperstein, Bountress, Forness, & Brigham, 2008). 

Given the processing deficits in receptive and expressive languages that are demonstrated 

by students with ED, there is a need to provide an accommodation or technology tool that 

will allow students with ED to function as near normal in lecture classes as possible.  

 The purpose of this study was to compare two methods of note-taking: (a) taking 

lecture notes with a regular gel ink pen, and (b) taking notes with a digital pen with an 

audio-sync capability, for high school biology students with ED who are possible 

candidates for placement in science classes within the general education setting. The 

investigation sought to determine which of the two interventions produces the most 

words per minute recorded during lectures, the most words per minute recorded during 

reviews, and whether or not scores on daily comprehension quizzes changed based on the 

method of note-taking (Boyle & Rivera, 2012).   
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Research Questions 

Note-taking continues to be a large cognitive feature of the academic and 

employment world (Kiewra, 1984, 2002; Suritsky & Hughes, 1991; van der Meer, 2011). 

With so much riding on the learning abilities of a very diverse body of students 

throughout the district, this study proposed the following research questions: 

1. Is there a difference in the quantity of notes taken during lectures and the 

quantity of notes taken during review pauses by students with ED when using a regular 

ink pen versus using a digital ink pen in a high school biology class? 

2. Is there a difference in the percentage of correct responses on high school 

biology comprehension questions for students with ED who use a regular ink pen versus 

using a digital ink pen to take notes? 
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Chapter 2: Review of Literature 

Definition of Emotional Behavioral Disorders 

 Emotional behavior disorders (ED) is not a diagnosis but a term used by the 

federal government as a category for funding services to school age children who exhibit 

specific characteristics of mental disorders (IDEA, 2004). The federal definition of ED is 

vague at best and complicated at worst. It refers to ED as a condition with multiple 

characteristics that has been on-going for a long time frame and interferes considerably 

with a student’s academic performance. Characteristics for ED include a medically 

unexplained inability to learn, poor social skills, abnormal behaviors and feelings, 

depression, and somatic or phobic symptoms related to personal or educational settings 

(NICHCY, 2010). Some of the specific mental disorders that fall under this ED term are: 

anxiety, bipolar disorder, obsessive-compulsive, psychotic, conduct, and eating disorders. 

The National Alliance on Mental Illness (NAMI, 2010) has indicated that mental 

illnesses interfere with the daily process of functioning in a normal life. Children with ED 

do not cope with daily life the way their non-disordered peers do and tend to behave 

differently. These behaviors can include impulsiveness or hyperactivity, aggression or 

fighting, withdrawal or phobic behaviors, immaturity, and poor academic performance or 

learning disabilities. Non-disordered children can exhibit these characteristics and 

behaviors; therefore, diagnoses of mental disorders may often go undetected until the 

student is well into middle or high school (Bradley, Doolittle, & Bartolotta, 2008; 
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Conroy, 2004; Montague, Enders, & Castro, 2005). The lack of early interventions that 

researchers have indicated can help students with ED to function in general education 

settings has had dire consequences for thousands of students who drop out of school 

yearly (Digest of Education Statistics, 2011). NAMI (2010) indicates that although 

research is ongoing, no direct cause has been found for mental disorders. With treatment 

designed to fit the individual’s needs; however, many do go on to lead productive lives. 

For those who do not receive treatment or abuse the treatment protocol, their future is 

limited.  

There are some general characteristics of children with ED that have serious 

social and economic impacts (Duncan, Forness & Hartsough, 1995; Wagner & Cameto, 

2004). Mining data from The National Longitudinal Transition [NLTS] Study-2, Wagner 

and Cameto found that children in the 13- to 16-year-old population labeled ED are more 

than 75% male, 25% African-American, 30% are living in poverty conditions, 63% are 

co-morbid for ADHD, and 25% have low social skills. Additionally, 53% of these 

children either were not diagnosed or did not receive treatment until after age 9, 40% 

have attended five or more schools, and 20% changed schools because of school 

reassignment. Further, 38% have been retained in at least one grade, and 73% have been 

suspended or expelled from high school. Just over 30% of the study’s parents of children 

with ED report dissatisfaction with schools and services. Less than 50% of these children 

have two- parent households, with 60% of those heads of households holding a high 

school education or lower. Over 50% of these students dropped out of high school.  

In a 2011 follow up, the same data set of students with ED were now 21- to 25-

years-old and out of high school. The following data were reported: only 11% were more 
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likely than other categories of disabilities to have enrolled in 4-year colleges or 

universities, over 75% were involved with the criminal justice system, 27% had been 

arrested within the last 2 years, 19% had spent at least one night in jail in the past 2 years, 

and 15% were on probation or parole in the past 2 years (Newman et al., 2011). Dropout 

rates and the justice system take almost 70% of sub-adults with ED out of the 

employment pool (Wagner et al., 2006; Wagner, Newman, Cameto & Levine, 2005). It is 

of note to remember that the original NLTS data set of 11,000 students included only 

1,000 students with the label of ED. The statistics generated from the reports have been 

generalized as a representative data set for students and young adults with ED.  

Educational Statistics: At Risk for Academic Performance 

 Listed in the latest Digest of Education Statistics (2011) for the last reported years 

of 2008–2009, six and a half million children, ages 3–21, received special education 

services in the United States and represented 13% of all public school enrollment. 

Children with emotional disturbances (ED) accounted for 67% served or roughly 420,000 

students nationally. General education classroom services were provided to 83% of 

students with ED. Just over 13% of the students with ED were educated in separate 

public school facilities (Digest of Education Statistics, 2011). This population is the third 

highest population segregated for public education following students with multiple 

disabilities (19%) and students who are deaf or blind (15%) (Furney, Clark-Keefe, & 

Hartnett, 2003). Meta-analyses of 1960s through 2010 prior literature for interventions or 

academic strategies for students with ED have shown that elementary ages were the most 

studied age and grade levels (Lane, 2004; Lane & Carter, 2006).  
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In the last reporting year, 2007–2008, for students aged 14 to 21 years who 

received services under IDEA, a total of 369,118 were reported for all disability 

categories. Students with ED totaled 42,502 students as exiting school with 19,400 

students earning graduation diplomas and 18,399 students dropping out. Of note were the 

5,201 students with ED who were exited from special education segregated schools and 

transferred back to regular education classrooms (Digest of Education Statistics, 2011). 

Multiple searches failed to produce any statistics on how many of those 5,201 students 

were sent back to the special education settings after failing in the general education 

classroom.  

This investigator has been a teacher in the same special education segregated K–

12 public school for students with ED for the past 17 years. During the first 5 years, few 

students were returned to home schools. However, in the past 10 years, with the federal 

emphasis on having children with disabilities educated in the general education 

classroom (Boyle, 2012; NCLB, 2002), there has been more of an academic approach for 

those students to assist them to become ready to take that step. Some students do return to 

the separate school. The major reason given by the home school is that the student cannot 

keep up with the academic pace in content classes (Boyle, 2012). This translates to 

students with ED not being able to process the content sufficiently to pass the courses. 

Reasons have been given that indicate students cannot or would not take notes, did no 

homework, or was unable to demonstrate independent work—all the skills needed to 

complete the course content (Wagner & Cameto, 2004). Not as often, the reasons have to 

do with the home school not differentiating the individual’s academic services because 
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neither the school administrators nor teachers know how to accomplish this in the face of 

negative behaviors (Kern, 2008; Mathur, 2007; Wagner & Cameto, 2004).  

Importance of Note-taking 

 Frequently, students with ED exhibit off-task, negative behaviors. These 

behaviors affect school attendance, time in class and on assessments, and often result in 

the students’ academic failure and increasing risk of dropping out of school (Rapport et 

al., 1999). Quality of life for adults depends heavily on finding and maintaining gainful 

employment.  Education and sequential diplomas prepare the student for life skills 

needed to plan and attain that future. One of the key skills teachers expect students to 

learn and use is the ability to organize and take notes during sessions where information 

will be needed later for review or assessments (Boyle, 2007; Boyle & Weishaar, 2001; 

Smith, Teske, & Gossmeyer, 2000).  

In a typical day, we reach for some type of writing instrument to record 

information needed later. Today’s digital native is more apt to type it into a mobile device 

or ask a digital personal assistant (e.g., Siri) to add it to a note-taking application (Apple, 

2012). Regardless of the method, note-taking is an everyday skill used in recording phone 

numbers, directions, grocery lists, lecture notes, measurements, contact information, 

meeting notes, or creating graphic organizers to record important points. Note-taking is a 

personal task (Rashid & Rigas, 2010). Hartley and Davies (1978) determined that notes 

are both a process and a product. As a process, taking notes keeps the student actively 

engaged in the lecture and helps with later recall. As a product, the notes are a visual 

study aid and hard copy of the material covered in the lecture. In elementary school, 

teachers use concept maps and graphic organizers to help students learn to organize 
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information for later study. Identifying the main idea and summarizing details are skills 

that are stressed and taught. Outlines, column notes, and mind maps might be the choice 

for many middle and high school teachers. No matter what format is used, teachers at all 

academic levels naturally assume that students will take notes when notes are 

appropriate. Increasingly, that assumption is wrong, not just because students do not 

know how to take notes but because they cannot handle the processing load of listening, 

cognitively processing the aural stimuli, summarizing that input, and then physically 

writing the summary before the next bit of content is delivered (Kobayashi, 2005; Miller, 

1956; Rowe, 1993; Suritsky & Hughes, 1991).  

Several studies reported that teachers lecture an average of 117 words per minute 

(wpm) yet students at middle and high school levels take notes on average of 11 to 17 

wpm (Hogan & Prater, 1993; Hughes & Suritsky, 1993; Risch & Kiewra, 1990). Two 

studies conducted by DiVesta and Gray (1972, 1973) in laboratory settings showed that 

more lecture notes were generated by students when the professors averaged 40 to 100 

words per minute and used instructional pauses. On the other hand, two additional 

laboratory studies reported negative results in lecture notes generated when professors 

delivered content at an average of 120 to 240 words per minute (Aiken, Thomas, & 

Shennum, 1975; Peters, 1972). In the case of these last two studies, not taking notes 

garnered better results than attempting to take incomplete notes. 

Studies conducted with students who were learning disabled (LD) or at risk for 

ED demonstrated deficits in language processing in listening and processing (Gunter & 

Denny, 1998; Gunter, Denny, & Venn, 2000; Miller, Gunter, Venn, Hummel, & Wiley, 

2003). While students with LD were able to show progress over time, students with ED 
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remained static with little or no improvement over a 5-year study (Anderson, Kutash, & 

Duchnowski, 2001). The historical literature offers studies from 1920s to the 1970s trying 

to determine what were good note-taking skills and why those skills were important to 

learning (Crawford, 1925; Ganske, 1981; Locke, 1977; Seward, 1910). The studies 

tapered off, and then numerous studies involving cognitive processing and deficits of 

children with LD became the focus from the 1970s through 2000 (Bretzing & Kulhavy, 

1979; Mayer, 1992). Some studies focused on whether or not notes helped with 

comprehension, assessment scores, or organizational skills (Kiewra, 1989; Kiewra, 

Benton, Kim, Risch & Christensen, 1995; Peverly et al., 2007). Most of these studies 

were testing interventions written by the study investigators. But few studies were 

conducted with students with ED after elementary school (Carr & Punzo, 1993; 

Mastropieri et al., 1999). Even fewer studies were conducted with secondary age science 

students and their note-taking abilities (Bonner & Holliday, 2006; Kobayaski, 2006).  

Yet many students with ED often have undiagnosed LD deficits, giving rise to the 

old argument of whether the learning disability causes the problem behavior, or whether 

the problem behavior causes the learning disability, and whether or not the problem 

behavior affects academics (Anderson et al., 2001; Forness, 2005; Nelson, Benner, Neill, 

& Stage, 2006). If the child is experiencing processing deficits, cognitive overload, and 

has writing or reading deficits, note-taking in lectures is not going to be successful 

(Boyle, 2012; Scruggs & Mastropieri, 1986). Students typically do not want to call 

attention to their deficits and act out to escape the no-win situation (Hinshaw, 1999). The 

national longitudinal reports show that there has been little or no change in the ability of 

students with ED to reach, be placed at, or exceed the academic levels of their general 
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education peers. A few studies have shown that students with ED regress over time 

instead of progress, regardless of the type of classroom (Siperstein, Wiley, & Forness, 

2011; Smith, Maclin, Houghton, & Hennessey, 2000). Because there are often multiple 

mental health issues residing in the child with ED, behavior gets the attention and 

academics are overlooked until the problem behaviors are under control, or the student is 

removed to a different placement.  

When the student misses classroom instruction, regardless of whether it is in 

social skills, listening skills, study skills or content, the deficits are often too great to 

overcome (Pressley, 2002). Retention rates for students with ED are predictors of failure 

and dropout rates. The notion of students with ED needing academic skills to be able to 

take notes in a lecture session seems to have escaped the notice of the educational 

scientific researchers. Yet the number of students with mental health and learning deficits 

is climbing, and researchers need to address these holes in the educational research. This 

population is not going away and the cost of providing either social services or criminal 

justice services is huge (Newman et al., 2011).  

So what does the history of note-taking studies contribute to the future of note- 

taking skills for students with ED? As federal and state laws continue to place students 

with vastly different processing skills and abilities into general education classrooms, 

teachers need tools that can help level access to the curriculum for these students (Bouck 

et al., 2012; Mooney et al., 2004) without drawing negative attention. Assistive 

technology should become part of the everyday instructional routine as instructional 

technology becomes a major factor on how all students access information and perform 

academic tasks (Edyburn, 2006; Ganske, 1981).  
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Language Deficits and Note-Taking Skills 

 Children at risk for or having ED experience a 75% comorbidity for language 

deficits, specifically in the areas of receptive, expressive, and pragmatic language 

(Benner, Nelson, & Epstein, 2002; Mattison et al., 2006). In a literature review of 26 out 

of 97 studies, Benner et al. (2002) found that language deficits remained stable or 

increased over time. However, none of the 26 studies were conducted with secondary age 

students. Additionally, children with receptive language deficits exhibited more severe 

behavior and psychopathological problems as they aged (Baker & Cantwell, 1987). 

Considering that taking notes during lectures requires cognitive processing of receptive 

(listening or comprehension skills), expressive (speaking), and pragmatic (social 

speaking and listening) language, students with ED operate from deficits that may never 

level out (Owens, 2001; Pressley, 2002; Pressley & McCormick, 1995; Schumaker & 

Deshler, 2009).  

Hidi and Klaiman (1983) conducted a series of studies to determine what expert 

note takers did that high school students did not do when taking notes from a text. Expert 

note takers were graduate students within the social sciences. In the first of the four 

studies, the expert note takers exhibited the following behaviors after they received the 

study materials:   

 preread or skimmed the text,  

 questioned materials or meaning of texts,  

 evaluated the importance of text,  

 connected text ideas to background knowledge,  

 made notes on the materials such as underlining,  
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 questioned content for future reference,  

 made notations,  

 made sub-goals as to the importance of the use of the notes for future test 

dates, 

 paraphrased notes, and 

 recognized their note-taking strategies.  

In the second study, novice general education high school students (n = 10) from 

two 10th grade classes took notes, and their note-taking behaviors were recorded. None 

pre-read or skimmed the material. There was no evidence of critical thinking or 

attempting to tie new information to background knowledge. Rather, the notes were taken 

as an external memory storage, and little effort was put forth to learn the material for 

anything other than assessment purposes. In the third study, the expert note takers used 

the same materials as the high school students, and in the fourth study, the high school 

students were taught a pre-reading strategy for note-taking and then took the assessment. 

The fourth study supported the idea that novice students could be taught note-taking 

skills that would increase their assessment scores. The overall results from the four 

studies determined that expert note takers have skills that encode the information while 

creating the memory devices for later review whereas novice student note takers only 

used the notes for external memory review before assessments.  

Instructional Pauses 

If expert note takers exhibit the above characteristics when working with text, 

what skills or strategies have proven to be successful when used by students with ED 

when taking notes from lectures? Howe (1976) identified and recommended these active 
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cognitive processes that should be studied to determine their effects on note-taking: 

coding, interpreting, inference, summarizing, and connecting background knowledge. 

Seward (1910) and Crawford (1925) identified the following key skills of successful 

lecture note takers, and a number of researchers have identified the same skill deficits for 

students with mild disabilities (ED and LD) (Boyle, 2012; DiVesta & Gray, 1972; Howe, 

1970; Kiewra, 1984): 

 pays attention to verbal emphasis or cues, 

 pays attention to organizational cues, 

 records just the gist, not word for word, 

 uses shorthand or abbreviations, 

 uses supporting details for gist statements, 

 records vocabulary terms and definitions, and 

 reviews notes within a short period of time after lecture. 

Verbal working memory (Peverly et al., 2007) and academic processing speed 

(Benner, Allor, & Mooney, 2008), defined as the rapid automatic naming and academic 

fluency, were recently added to the list above as successful skills for note-taking.  

 Students with learning disabilities or ED typically have attention deficits that 

make listening and writing during lectures a difficult task (Ruhl, Hughes, & Schloss, 

1987). Ruhl et al. conducted a study with 72 undergraduate students enrolled in 

university courses for learning disabilities or emotional disturbances and found that three 

2-minute instructional pauses during the lecture produced higher assessment scores. This 

study added to the research started in 1976 by Rowe that showed an instructional pause 

was helpful for students to catch up on missing notes before continuing the lecture. 
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Studies have demonstrated the correlation between the instructional pause and increased 

scores on immediate recall or delayed assessments (Carter & Van Matre, 1975; Howe, 

1970; Hughes & Suritsky, 1993; Peterson & Peterson, 1959; Rowe, 1980). Studies 

involving science students with ED and the instructional pause strategy are not as 

numerous. Of note is the work by Hawkins and her associates over a series of studies 

from 1988 through 1994 (Hawkins, 1988; Hawkins, Brady, Hamilton, Williams, & 

Taylor, 1994). Instructional pauses during lectures delivered to students with either LD or 

ED demonstrated that the instructional pause, when incorporated as part of the lecture, 

allowed students to increase comprehension and performance. Students were able to keep 

up with the lecture points and use the pause to clarify any missing data (Boyle, 2011). In 

a 1995 study conducted with college students with LD, Ruhl and Suritsky found that 

instructional pauses proved to be most effective in enhancing immediate recall of lecture 

material and produced more complete note sets. There are relatively new technologies 

that may be able to help students with ED and language deficits capture their own lecture 

notes, without the frustration, for immediate and long-term recall.  

Assistive Technology/Instructional Technology—Digital Notes 

 The Assistive Technology Act of 1988, (1998) PL 105-394 (hereafter referred to 

as the “Tech Act”) replaced the Technology-Related Assistance for Individuals with 

Disabilities Act of 1988 and addressed the individual assistive-technology needs of 

persons with disabilities. The Tech Act has four major areas of support: (a) Title 1 State 

Grants for Assistive Technology Programs, (b) Title III Alternative Financing Programs, 

(c) Protection and Advocacy for Assistive Technology Program, and (d) National 

Technology Assistance Programs. The latest reauthorization of the Tech Act occurred in 
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2004 and further delineated the verbiage of assistive technology being any item that 

increases, maintains or improves the individual student’s functional progress.  

The Tech Act remains the most cited source for the legal definition of assistive 

technology (AT) or the newer focus on instructional technology (IT) (Gardner & 

Edyburn, 2000). The two terms are interchangeable with AT referring more to 

compensatory devices used with children with disabilities, and IT referring to 

compensatory devices used for all children in a general education classroom regardless of 

abilities (Edyburn, 2003). A number of researchers looked beyond what was traditional at 

the turn of the 21st century and pushed for more of a universal design to the strategies 

used for instructional technology (Edyburn, 2002, 2003, 2006; Rose, 2000; Rose & 

Mayer, 2002). The premise was that instructional technology or AT should be available 

for all students, regardless of abilities, in all classrooms and be more accepted and 

transparent in the classroom (Rose & Mayer, 2002).  This universal design would 

enhance the students’ academic performance by providing greater access to the general 

education curriculum for all students (Lee & Templeton, 2008; Puckett, 2006).  

 Studies on AT for students with ED are not as prevalent. In Sutherland and 

Wehby’s (2001) literature review, they found that giving students multiple opportunities 

to respond during lectures reduced negative behaviors. Through many functional 

behavioral assessment studies conducted with students with mild disabilities (learning 

disabilities and emotional disabilities), the antecedents to negative behaviors were writing 

tasks (Dunlap & Kern, 1993; Kern, Delaney, Clarke, Dunlap, & Childs, 2001). For 

students with ED, using a compensatory device lessens the task complexity and allows 

the students to concentrate on learning (Parette, Crowley, & Wojcik, 2007). In their 
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article on AT for students with ED, Parette et al. listed a variety of technology aimed at 

assisting with writing deficits that could be separated into three areas:  talking word 

processors, graphic organizers, and speech recognition to text. However, these tools are 

very noticeable in the classroom.  

 Digital pens have been researched as note-taking tools since the turn of the 21st 

century. A Swedish digital pen, Anoto, was used in a number of Asian and European 

studies conducted with university students. Of note was a German study of 408 college 

students enrolled in computer science or pedagogy courses (Steimle, Brdiczka & 

Muhlhauser, 2009). The study offered the usage of Anoto pens over two semesters and 

employed an interview questionnaire to collect qualitative data. The study sought answers 

to three questions:  how many students took lecture notes, what tool was used to take the 

notes, and were the notes shared? The results were interesting. Over 63% of participants 

took notes. Of those who did not take notes, they stated that the handouts were enough or 

taking notes distracted them from being able to listen. Over 80% of the participants took 

paper and pencil notes. Most stated that the free form of paper and pencil allowed them to 

tailor the notes to their own style, the paper was easily transported, and they could write 

over any provided handouts. Over 71% of the participants indicated that they shared their 

notes socially, either by giving a copy to someone, discussing the notes in a group, or 

posting online in a social site. Using the Anoto digital pen appeared to be successful for 

these two different courses.   

Capitalizing on the Anoto attributes, a University of California, San Diego, 

department has taken the base pen and created a research-based application, ChronoViz, 

that allows for annotations to be made over research work at a post-secondary level 
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(Fouse, Weibel, Hutchins, & Hollan, 2011; Weibel et al., 2012). In a study conducted in 

Sweden, Smit, Bogdan, Rossitto, and Eklundh (2008) gave eight university students the 

Anoto pens to use in three courses. There were no restrictions as the study sought to see 

how student study groups shared notes. The results were that the students enjoyed the 

ease of note-taking and sharing but the lack of a social online sharing site was a 

drawback. That would not be the case with today’s social media sharing applications. 

The Anoto pen is marketed as a base unit to research and development firms and 

numerous digital pens and products have been generated from its components. Using the 

same premise of a computer in a hand-held writing device and the ease of the Leapfrog 

educational units, the founder of Leapfrog established Livescribe, Inc. and developed the 

Pulse digital pen using the Anoto as its base. A literature search has turned up little actual 

research on the Pulse pen. Andy Van Schaack, of Vanderbilt University, serves as the 

Senior Science Advisor for Livescribe, Inc. and posted a whitepaper (2011, not peer-

reviewed) on access rates of notes using the Livescribe Pulse pen and an iPod. His results 

indicated that 141 students viewed a 35-minute lecture video and took notes. When asked 

to go back and find the answers to 10 factual recall questions, students were asked to use 

the Pulse to answer the even-numbered questions and the iPod to answer the odd-

numbered questions. Students were able to find the answers in 30 seconds using the Pulse 

compared to 77 seconds using the iPod. Having the notes written out as a reference was 

the most cited reason for the quicker access. The balance of studies featured on the 

Livescribe.com (2012) website are whitepapers from school districts or universities (St. 

John’s School, NY;  Collier County, FL; Wright State University, OH) detailing how the 

Pulse pens helped their students, staff, or bottom-line in cutting costs. 
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 A literature search of dissertations turned up one study that used the Pulse pens to 

create a program called Integrative Notes (Malani, 2009). The study looked at three 

different projects with the idea of determining the form of notes taken during lectures, 

who generated the notes, who shared and at what time the sharing took place, and the 

flow of information. The first of three projects was NoteBlogs, an online blog where a 

select few students took notes on tablet PCs on top of teacher provided slides and made 

their notes accessible to class participants immediately. The second project was 

Collaborative SearchNotes, a web-based search tool where participants could search for 

terms and shared notes. The third project, Integrative Notes used the Pulse pen to take 

notes and shared those notes on the Livescribe social note site. Malani’s results were 

interesting and matched prior Anoto studies. Six students took notes over two semesters 

in a computer-programming course. Ten assessment questions were completed per class. 

Of the 111 students participating in the study, 55 reported they read the notes online. 

Over 80% indicated that the public notes were helpful in answering the assessments. 

Most students did not report taking their own notes if one of the study’s six note takers 

were taking notes. In comparison with the other two projects, the Pulse pen was less 

costly than the tablet or PC. The results online had higher resolution and were easier to 

read. The Pulse took less power and weighed less. It replicated a traditional note-taking 

format where the tablet or PC took more cognitive effort to type and listen at the same 

time. Having public notes available was seen as a plus but the lack of wireless access and 

the delayed upload was seen as a negative.  
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Summary of Literature Review 

 For children with ED, the language deficits are roadblocks in their academic or 

social career that cannot be removed (Baker & Cantwell, 1987; Benner et al., 2002; 

Pressley, 2002). Taking notes is part of everyday life in classrooms, boardrooms, and 

living rooms across the world, and those skills are essential job skills (Crawford, 1925; 

Rashid & Rigas, 2010). Using strategies such as instructional pauses that allow students 

to catch up on notes before going on to a different content is a cornerstone for universal 

design (Edyburn, 2006; Hawkins et al., 1994; Rose, 2000). Finding instructional tools or 

technology that gives all students access to curriculum content cuts down on negative 

behaviors when non-preferred tasks are presented to students (Mooney et al., 2004).  

Funding for AT, identified as one of the major components for the Tech Act, is 

not always available. Once an assistive device is identified as needed by a student in the 

classroom, the device must be listed on the Individualized Education Program and be 

provided, at no cost to parents, by the school system (Lee & Templeton, 2008). With 

budget cuts, it would make sense to use the readily available and under-utilized tools the 

district already has on hand for these purposes. 

This study sought to add to the limited research on the note-taking abilities of 

students with ED and their use of assistive technology in instructional settings (Bonner & 

Holliday, 2006; Fitzpatrick & Knowlton, 2009; Gunter & Denny, 1998). In this 

comparison study, we explored whether or not students with ED using digital devices 

produce outcomes that differ from the normal pen and paper relationships during lecture 

note-taking, instructional pauses, and corresponding comprehension scores (Hughes, 

Hendrickson, & Hudson, 1987). 
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Chapter 3: Method 

The purpose of this study was to compare two interventions—the use of a regular 

black/blue gel ink pen (RP) and the use of a black/blue digital ink pen (DP), on academic 

outcomes of students with ED who were candidates to be reintegrated into their home 

schools. The study employed single subject research methodology, where the individual 

performance of each participant was analyzed. The academic outcomes measured in this 

study were (a) words per minute generated during lecture note-taking, (b) words per 

minute generated during review pauses, and (c) percentage of correct scores on daily 

comprehension quizzes of biology content. The methods and procedures for this study are 

presented in this chapter with the following topics:  participants, setting and instructional 

content, materials, behavioral measurers, experimental design, and procedures. 

Participants  

 Participants were five students in a high school biology class in a special 

education self-contained public K–12 school for students with ED. Pseudonyms were 

used throughout the study to protect students’ identities. The biology class was selected 

for the study because over 65% of the students were candidates for mainstreaming and 

had Individual Education Plan (IEP) goals addressing deficits in the study’s focus areas. 

Students in the class represented a cross section of the school’s student population. There 

were a total of seven students in the class: four males and three females, ranging in age 

from 15- to 18-years-old. 
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  Student eligibility for the study depended on three criteria: (a) return of the 

parental consent and student assent form, (b) a record of regular daily attendance in the  

biology class, and (c) IEP goals identifying needs to increase task completion or 

academic comprehension. The school district and university had instituted a policy that 

required parental or guardian consent on all issues regardless of the student’s age. The 

consent and assent were obtained prior to participation. The risks associated with 

inclusion in the study were the same risks that one would incur with any writing 

instrument. Students were not compensated for taking part in the study and could have 

elected to end their participation at any time during the study with no adverse 

consequences. All students had the opportunity to participate in the interventions as part 

of the general classroom instructional routine. Data were collected only on those students 

who met the study’s inclusion criteria. With more than half of the participants in the 

biology class candidates for inclusion within the current semester, their note-taking 

abilities and content comprehension were critical skills deemed necessary for academic 

success (DePaepe, Shores, Jack, & Denny, 1996; Montague et al., 2005).  

Student participants ranged in age from 16 years 2 months to 17 years 1 month. In 

addition to the educational label of ED, all had multiple Axis I, II, or III psychiatric 

diagnoses. Three had Speech or Language Disorders; two had Schizoaffective Disorders 

with one diagnosed as Chronic Paranoia Schizophrenia; two had Post Traumatic Stress 

Disorder where one incurred frontal lobe brain insult; two had Depressive Disorders; two 

had Attention Deficit Hyperactive Disorders, and one was diagnosed with Bipolar 

Disorder. Three students were Black and two were White. There were three males and 

two female students. All students had English as their primary language. Enrollment at 
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the school ranged from 5 months to 5 years and 7 months. On the 2012 Reading FCAT: 

one student earned a Level 1, three earned Level 2, and one earned a Level 3. Level 3 

was considered mastery. On the November, 2012 Florida Writes benchmark essay, one 

student was not present for the test, one earned a Level 2, and three earned Level 3. Level 

4 was considered mastery. Beau was partially integrated to his home school for two 

classes during the study. The demographics for the study participants’ are summarized in 

Table 1. 

Table 1 

Student Participants’ Demographics 

Student   Gender  Ethnic   Age  Grade  GPA   Ed./Axis                       FCAT  Enrollment 

                                                                          Diagnoses                    Read Write    time 

Joanna        F           W     16y4m  10    3.62     Immature Personality       L2    L3    2y   

        PDD N.O.S., LI 

        Anxiety Disorder, EBD 

Dylan         M          B      17y1m  10    2.77     Schizoaffective Disorder  L2    L3   5y7m 

        PTSD, ADHD, OCD, 

        SI, Impulse Control  

             Disorder N.O.S., Frontal 

        Lobe brain insult, EBD 

David       M          B       17y0m  10   1.43     Chronic Paranoia                L1   L2   4y1m 

       Schizophrenia, PTSD, 

       LI, Blood Disorder, EBD 

 

(table continues) 
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Table 1 (continued) 

Student   Gender  Ethnic   Age  Grade  GPA   Ed./Axis                       FCAT  Enrollment 

                                                                          Diagnoses                    Read Write    time 

Naomi        F           B      16y2m     9   1.08    Depressive Disorder          L3   --         5m 

 N.O.S., Substance 

 Abuse, EBD 

Beau          M          W      17y1m   10   1.78    Bipolar Disorder,              L2   L3    1y2m 

       ADHD, Depressive 

       Disorder, EBD 

Setting and Instructional Context 

 

The public school for students with ED was in an urban setting located in 

Broward County, Florida, in the sixth largest public school district in the nation. Students 

with ED were staffed into the separate school from their home schools to receive 

therapeutic and academic assistance. The 90 students were bused into the school, a five-

acre complex, from the northern area of the countywide school district. All students had a 

primary label of ED under the IDEA 2004 guidelines that include psychiatric diagnoses 

for mental illnesses and mental health issues in one or more of the five Diagnostic and 

Statistical Manual of Mental Disorders Axis categories (NICHCY, 2010). Students 

attended class in a typical science lab, a 25' x 35' setting with students seated in pairs at 

one of three rows of lab tables. Classes were taught in 50-minute blocks with a 

combination of lectures and hands-on lab activities. The certified teacher and one 

teacher’s assistant used lab projects for alternative assessments and differentiated 

instruction. Laptops, tablets, and an interactive Smart board were the available 

technologies used to assist students in taking notes during lectures. 
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The ethnic makeup of the school’s population consisted of 46% White non-

Hispanic, 39% Black non-Hispanic, 11% Hispanic, and 4% Multi-racial. The dominant 

language was English. The student gender breakdown was 72% male and 28% female. 

Seventy-eight percent of the student body was on a free or reduced lunch program. The 

school’s mission was to educate the students academically and provide therapeutic 

education so students would learn to manage their mental health and emotional behaviors 

and eventually would return to their home schools. Students needed to demonstrate a 

pattern of continued positive behaviors and pass academics before staff would 

recommend reintegration to the home school. The average time spent by a student at the 

school was approximately18 months, after which the student was either partially 

integrated or returned to the home school.  

 The school district’s high schools all followed the same instructional focus 

curriculum maps and used the Holt Biology (Johnson & Raven, 2006) textbooks. Reading 

homework was assigned prior to the lecture, but few students admitted to doing this on a 

regular basis. An advance organizer on the Smart board was used, if needed, to help 

students preview the assigned chapters. Students took notes from the board and from 

what was covered in the lectures and the labs. Students were allowed to use their notes as 

they moved through the lecture, the text, and into the hands-on labs or projects. Review 

pauses (5-minute time frames designed to allow students to review notes) were utilized so 

that students could fill in or clarify missing notes before they proceeded with new content 

or concepts (Hawkins et al., 1994; Rowe, 1976; Ruhl et al., 1987; Ruhl & Suritsky, 

1995). Students could use their notes to study for assessments but were not allowed to use 

the notes to complete their daily biology comprehension quiz. The teacher gave these 
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daily content comprehension checks in the form of four questions that were drawn from 

the school district’s biology benchmarks or the State’s Common Core Standards.  

Materials 

 Two types of writing pens were used. The first pens used were regular Pentel® 

gel black and blue ink pens (RP) purchased from a local office supply firm. They were 

chosen because they had the same feel and weight as the digital ink pens and were 

approximately the same shape.  

The second pens used were digital black and blue ink pens (DP), the Pulse® from 

Livescribe, Inc., and were issued by the district’s Exceptional Student Education 

Department. The DP had digital audio capabilities that recorded all pen strokes on a dot 

matrix paper notebook. When activated, the pen’s audio feature recorded the teacher’s 

lecture, and this process synced the written words with the audio files.  

Both pens used black or blue fine-tip ink cartridges. When not digitally engaged, 

the DP functioned as a regular ink pen. Ink cartridge refills in blue and black were 

available. The DP came with a training tutorial embedded in the pen’s internal computer, 

a dot matrix notebook, a set of microphone/headphones, and a charger. Each member of 

the class had access to the pens and materials and was trained to use the DPs through the 

tutorial. The investigator was responsible for both the teacher and the participants’ 

training and for the storage and charging of the DPs on a daily basis. The study utilized 

only two of the digital pen’s capabilities: the digital writing component and 

corresponding audio file. (The DP had many other features that were outside the realm of 

this study’s parameters.) Participants were not allowed to take the pens or notebooks out 

of the science classroom during the study. So that students had access to their lecture 
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notes for future use, paper copies of the daily notes were provided to students by the 

investigator. 

The science teacher followed daily lesson plans in accordance with the 

instructional calendar. Following the district’s use of Webb’s Depth of Knowledge levels 

(Webb, 2002), four questions were presented in the following format:  

 one fact based question,  

 two inference questions, and  

 one critical thinking question.  

Questions were taken from the state’s or the district’s benchmark assessment banks for 

biology Common Core or Next Generation Sunshine State Standards resources found on 

Broward Enterprise Education Portal (BEEP, 2012) or from the state’s CPALMS 

(Collaborate, Plan, Align, Learn, Motivate, & Share, 2012) website. Students answered 

the comprehension assessments on a test form provided by the investigator. See 

Appendices A and B for the test form and sample questions. 

Behavioral Measures 

Three behavioral measures were examined: (a) words per minute (wpm) as notes 

taken during lectures, (b) words per minute as notes taken during the review pause, and 

(c) comprehension scores on the daily quiz. The definitions of (a) and (c) were 

straightforward. The definition of (b) was identical to (a); however, as the study 

progressed, it became clear that the definition needed to include the notations we were 

observing. In the third week of the study, two students started underlining or boxing key 

terms or vocabulary words. These strategies were spontaneous and were used to identify 
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key parts of the lecture. (Underlining or boxing were defined as symbols and included 

within the abbreviation definition below.) 

Note-taking was a personal behavior and the term word had to be operationally 

defined for the purpose of this study and interrater reliability. A review of past science 

student notebooks revealed a collection of words and symbols (drawings, abbreviations, 

shorthand, charts, graphs, doodles, underlining, and boxing of words). For this study, the 

general rule was that a word was defined as a grouping of alphabet letters that resembled 

a known word or idea that was germane to the content of the lesson. Words were counted 

individually. Spelling, while important to writing, was outside the realm of this study as 

many students used a form of personal shorthand when taking notes, so words were 

counted regardless of the accuracy of the spelling. Abbreviations were counted as words. 

The general rule was that an abbreviation was defined as a single letter, symbol, scribble, 

underline, boxing, shorthand marks on the page, a chart, a graph, a drawing, diagram or 

sketch that resembled an idea that was germane to the content of the lecture. Each 

abbreviation was counted as one word. For deviations in the general rule, the investigator 

deferred to an expert panel comprised of two doctoral committee members. Words or 

abbreviations on the paper that could not be connected to the lecture were counted as 

non-content words.  

 The first research question assessed the quantity of words per minute recorded as 

notes by the students during the lecture and the quantity of words per minute recorded 

during the review pause in the daily lesson throughout the study. To assist the scorers, 

lecture notes were written in black ink, and students switched to blue ink to record review 

pause notes. The teacher provided the Smart board digital notebooks she used so that any 
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symbol used in the lecture would be available to the scorers for their content counts. 

Items on participant notebook pages that could not be directly tied to the covered content 

were counted in a non-content category. The number of content words (black ink) was 

divided by the number of lecture minutes to arrive at the lecture words per minute figure. 

The number of review pause words (and subsequently pause notations [blue ink]) was 

divided by the review pause minutes to determine the review pause notes words per 

minute figure.  

Words per minute were counted and scored by the investigator and a second 

scorer. After IRB approval and before any data collection started, the investigator, the 

second scorer, and the science teacher collaborated in training sessions on how to identify 

critical content within the lessons and what to look for in the notes to establish an inter-

rater agreement of 95% or better. All three adults were current biology or life science 

teachers familiar with the content, and scoring issues were resolved prior to the beginning 

of the study.  

The second research question looked at comprehension scores of the content 

covered in daily lectures. Students took a quiz, immediately after the review pause, which 

consisted of four questions the teacher took from the content covered that day. The 

teacher scored and recorded these grades into her grade book and gave the quiz to the 

investigator at the end of each daily class session. Both the investigator and second scorer 

rescored each quiz to obtain interrater agreement rating for 100% of the comprehension 

assessments.  
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Experimental Design 

 This study followed a single-subject, alternating treatment design (Barlow & 

Hayes, 1979). Two distinct interventions (RP and DP) were administered to the same 

participants during 21 experimental sessions. Lecture sessions averaged 20 minutes and 

ranged from 8.53 minutes to 32.51 minutes. In an effort to minimize sequential 

confounding, the order of treatments was randomized to counterbalance any carryover 

effects. 

 To counterbalance any fluctuations in the daily instructional routine, a coin toss 

conducted by the teacher before the start of each class determined the random order of 

interventions. The use of the regular gel ink pen (RP) was implemented when a coin toss 

landed heads up. Students used the RP for all aspects for that session with the black ink 

RP for lectures, and used the blue ink RP when making the review pause notations. The 

use of the digital ink pen (DP) was implemented for the session when the coin toss landed 

tails up, and students used the DP for all aspects of the learning activity. Black ink DPs 

were used during lectures, and were changed to blue ink refills used in making the review 

pause notations. The blue ink refill took less than 10 seconds to install and occurred 

during the transition from lecture to review. Interventions continued over 21 consecutive 

school days with one lecture session each day for an approximate total of seven lecture 

hours.  

 Data in the form of words per minute for notes taken during lectures and taken 

during the review pause were counted and graphed daily for each individual participant. 

Daily comprehension quiz scores were collected for each participant and graphed 

separately. Performance was differentiated for RP and DP pens, for each participant, 
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displayed in three different graphs:  (a) words per minute comparison during lectures, (b) 

words per minute comparison during review pauses, and (c) percentage correct 

comparisons on daily comprehension quizzes. Performance graphs are reviewed in 

Chapter 4, Results. 

Procedures 

 After the University and school district’s IRB approval had been obtained, the 

science teacher, the second scorer and the investigator met to calibrate their scoring on 

sample sets of student notes. We counted content words and abbreviations to establish a 

total word count for lecture notes. Non-content words were identified and subtracted 

from the total number of words. The same procedure was conducted for the review pause 

words per minute and notations. The total number of lecture content words was divided 

by the number of lecture minutes to arrive at the wpm taken as lecture notes. The total 

number of review pause content words or notations was divided by the review pause 

minutes to arrive at the wpm taken as review notes. This exercise continued over three 

training sessions when we reached an interrater agreement of 95% or better on the 

participants’ sample notes. Once idiosyncratic scoring had been established and wpm 

scoring agreement was achieved, we began the study. See Appendix C for a sample sheet. 

 Student participants were introduced to the study and the DP during a 30-minute 

training and orientation. The consent and assent form was read and questions answered. 

Inclusion criteria were reviewed and the opt-out detailed so that students would not feel 

pressured to join or stay in the study. The DP training session covered the use and 

functions of the DP, and all students had the opportunity to use the digital pen and its 

functions. While students did not need training on the RP, an explanation was given as to 
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why they were using two different color inks and when they would switch to the blue ink. 

Students were given the consent and assent letter to take home and return in the 5-day 

time frame. After the training and orientation session was completed, the investigator set 

up the charging stations and gathered the numbered pens and notebooks. Student 

participants who returned the signed consent and assent letter within the 5-day waiting 

period were assigned a pen number, and all data collected were tracked to that pen. All 

digital data were password protected and materials (pens and notebooks) were kept under 

lock in a cabinet in the investigator’s office. 

 The first research question focused on two questions: (a) the number of words per 

minute written during lectures, and (b) the number of words per minute written during 

review pauses. Once the daily coin flip determined the intervention to be used, for 

discriminate purposes, the teacher gave a verbal cue to students to gather their materials 

and write their pen number and the session’s date on the top of the dot matrix notebook 

page. Students then were asked to write the type of pen they were using (RP or DP) next 

to the date. The teacher gave verbal cues when to begin taking notes and when to stop 

note-taking and transition to perform the review pause. Depending on which intervention 

was used, students either began taking notes with the black ink RP or tapped the record 

button and used the black ink DP to take lecture notes. The teacher continued this part of 

her lecture routine and used a separate digital pen to make a permanent audio file of the 

start and stop times and the specific content covered in the lecture session. The teacher 

used an interactive Smart board digital notebook that stored all the diagrams or content 

material that should have been included in the students’ notebooks.  
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When the teacher signaled the end of the lecture session, the students stopped 

taking lecture notes and transitioned to the blue ink RP or the blue ink refill for the DP. 

Students were given a timed, 5-minute pause after instruction for note reviews before 

taking the comprehension quiz at the end of the session. Participants used this pause time 

to review their notes, individually, and completed any missing material or indicated 

important lecture points (Ruhl & Suritsky, 1995). The black ink RP was used to write the 

notes or summaries during the lecture; during the review pause, the student switched to 

the blue ink RP. The student had to reflect cognitively on any missing items and had to 

remember where to add those items to the notebook using the blue ink RP. Conversely, 

when the black DP was used, it had been digitally recording the pen’s notations on the 

paper and synced them to the audio recording of the lecture. During the lecture, the 

student could take notes, or he or she could use indicator marks as a reminder to come 

back to that place and fill in the missing notes. Participants in the class were taught to use 

a series of three dots (…) or a star (*) as indicators to return for audio review. During the 

review pause when students used the DP, they exchanged the black ink refill for the blue 

ink refill, a process that took less than 10 seconds. They used earphones to listen to the 

audio file and tapped on those indicators or any word on the dot paper and recaptured the 

precise audio moment in the lecture to determine what was needed to complete the 

missing information.  

At the end of each daily lecture session and before the comprehensive quiz, the 

teacher collected the pens and notebooks and returned them to the investigator. The 

investigator and the second scorer calculated the number of words per minute for the 

identified lecture notes and for the review pause notes. The teacher provided both the 
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digital audio file from her DP and, if needed, the Smart board digital notebook of the 

content diagrams to the investigator.   

Data were collected, calculated and transferred to individual participant’s charts 

and graphs daily. (These results will be shared with the students after the completion of 

the study.) Every effort was made to keep the teacher’s normal classroom teaching 

routines the same. The interventions were discreet and did not call undue attention to the 

participants’ usage. 

 The second research question focused on the participants’ percentages of correct 

responses to the biology comprehension quiz given daily immediately following the 

review pause for each class session. Appendix B contains a sample of quiz questions 

available from the state’s standards. Student responses were written on a daily test 

response form the investigator provided. The score was a percentage (0-100) of correct 

responses on the four multiple-choice questions. Individual results were collected and 

scored by members of the research team and graphed daily by the investigator.   

 The investigator collected all study materials and stored them in her office in a 

locked cabinet. Because students were not allowed to take the intervention materials out 

of the biology classroom, photocopies of notes were provided to students on a daily basis. 

The DPs were placed on the charging stations, and all materials were secured daily. The 

investigator was responsible for having the study’s materials available for the teacher at 

the start of each daily session.  

 There were a maximum of 10 RP sessions, and a maximum of 11 DP sessions. 

Due to mental health absences, not all of the students were exposed to this ratio of 

sessions (see the Figures in the Results section). Upon publication of the study, the 
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graphed results of each student’s performance will be shared with the student, the 

student’s family, and the science teacher.  
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Chapter 4: Results 

Interrater Agreement Results 

Three behavioral measures served as dependent measures: (a) words written 

during lectures, (b) words written during the review pauses, and (c) quiz answers written 

correctly. For each of the five students in the study, agreement was determined on each of 

these three measures. For each participant, two scorers collected data after each session 

and on each measure, so that agreement checks were conducted on 100% of the sessions. 

 Agreement on the words written during lecture averaged 99.9% for all students 

combined. This ranged from 99.8% for Dylan to 100% for David and Beau. Agreement 

on the words and notations written during the pauses averaged 99.8% for all students 

combined. This ranged from 98.5% for Dylan to 100% for Joanna. Agreement on 

students’ quiz scores was 100% for every quiz for each student. 

Response to Research Question 1 

Research Question 1 asked whether there would be a difference in the quantity of 

notes taken during lectures and the quantity of notes taken during review pauses by 

students with ED when using a regular ink pen versus using a digital ink pen in a high 

school biology class. Data that address this question are found in Figures 1 and 2, and in 

Tables 2 and 3. 
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Figure 1. Notes taken with a regular pen or with a digital pen during lectures.  
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Figure 1 shows the words written per minute by each of the five students while 

the teacher delivered the science lectures. For each student, it is clear that the writing 

performance during lectures was variable, regardless of the type of pen used. It is also 

evident that their overall writing was limited, seldom resulting in more than nine words 

per minute written during the lectures. 

Lecture notes were taken over 21 sessions with students using either a regular pen 

(RP) or a digital pen (DP) with the order of the interventions determined randomly (coin 

flip). Two of the five students, Joanna and Dylan, took slightly more notes with the DP 

when compared to the RP. For Joanna, her 4 days with the greatest number of lecture 

words occurred with the DP, and her 2 days with the least number of lecture words were 

with the RP. A similar result was found with Dylan when his two days with the greatest 

number of words occurred with the DP, and his two days with the least number of words 

occurred with the RP. 

Three students, David, Naomi and Beau, showed approximately the same writing 

performance under both pen conditions. None of these students produced a difference of 

more than .26 words per minute (on average) with either pen type. For David, Naomi, 

and Beau, their highest and lowest writing performance occurred with the RP. These 

results are more clearly understood by examining the means and ranges for each student’s 

performance when using the two different pens. These data are presented in Table 2. 
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Table 2 

Lecture Notes as Mean Words Per Minute and Ranges 

 

Students Regular Pen Digital Pen Difference 

 

Joanna (M) 5.37 6.72 1.35  DP 

 (range) (3.37–7.79) (4.75–8.72) 

Dylan (M) 3.52  4.07 .55  DP 

 (range) (.93–5.22) (2.14–6.79) 

David (M) 3.41 3.31 .10  RP 

 (range) (.04–5.73) (1.15–5.64) 

Naomi (M) 4.65 4.66 No Difference 

 (range) (.59–6.7) (2.85–6.06) 

Beau (M) 3.0 2.74 .26  RP 

 (range) (1.05–4.94) (2.17–4.17) 

_______________________________________________________________________ 

Table 2 compares the mean and range of lecture notes words per minute for both 

the RP and the DP. Overall, the two females, Joanna and Naomi, wrote more lecture 

notes words per minute (on average) than the three males, regardless of pen type. Two of 

the five students, Joanna and Dylan, generated more lecture notes using the DP. Joanna 

averaged 5.37 wpm with the RP (range of 3.37 wpm to 7.79 wpm). Her DP average was 

6.72 wpm with a range of 4.75 wpm to 8.72 wpm. There was an average increase of 1.35 

wpm when she used the DP. Dylan averaged 3.52 wpm with the RP (range of .93 wpm to 

5.22 wpm). His DP average was 4.07 wpm with a range of 2.14 wpm to 6.79 wpm. He 

had an average increase of .55 wpm when he used the DP. 

For Naomi, David, and Beau, the difference in average words per minute between 

the two pen types was less than .30 wpm. Naomi averaged 4.65 wpm with the RP with a 
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range of .59 wpm to 6.7 wpm. Her DP average was 4.66 wpm and her range was 2.85 

wpm to 6.06 wpm. She had the slimmest margin in favor of the DP at .01 wpm. David 

averaged 3.41 wpm with the RP and had a range of .04 wpm to 5.73 wpm. His DP 

average was 3.31 wpm with a range of 1.15 wpm to 5.64 wpm. He had a slight average 

increase of .10 wpm when using the RP. Beau averaged 3.0 wpm with the RP and had a 

range of 1.05 wpm to 4.94 wpm. His DP average was 2.74 wpm with a range of 2.17 

wpm to 4.17 wpm. He had a slight average increase of .26 wpm when he used the RP 

over the DP. Of note was that all five students, on average, recorded 1.41 wpm more 

notes at the lowest end of the DP range than they did at the lowest end of the RP range. 

Research Question 1 additionally asked whether there was a difference in the 

quantity of notes taken during the review pauses (a timed break in instruction). The 

review pause was an independent 5-minute activity conducted by students directly after 

the lecture and before the content quiz. This was a silent activity where students reviewed 

what they had written and added to the notes or made notations so that the important 

points were identified. If the DP was used, students could use the earphones listen to the 

audio of the lecture (as it was synced to the written notes via the dot matrix notebook) 

and add notes if needed. That option was not available if the RP was the intervention. 

Results favored the RP if the students were inclined to add notes or marks to their lecture 

notes. These results are found in Figure 2 and Table 3. 
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Figure 2. Notes or marks taken with a regular pen or digital pen during review pauses 

immediately after lectures. 



48 

  The first result involving review pause notes was that only one of the five (Dylan) 

students actually added words to his notes during the pause. Two others (Joanna and 

Beau) used a strategy of making notations (underlining key words and phrases; boxing 

terms) to indicate important terms and content.  

Like the lecture notes, the students’ writing performance during the review pauses 

was both limited and variable, regardless of the type of pen used. Two of the five 

students, David and Naomi, did not add notes or marks during the pause. Two students, 

Joanna and Beau, did not add any written notes during the review pauses but went back 

through the lecture notes and added notations or highlighted terms or phrases to indicate 

important lecture points. Beau used the RP three times and used the DP on only one 

session. Joanna used the pause notations more routinely over the course of the study. She 

used the RP during six sessions and the DP during four sessions. One student, Dylan, 

went back and added notes during the review pause, and he did this during the early part 

of the study. He added notes during three of the RP sessions and in one of the DP 

sessions. The three students who added notes or notations were more inclined to do so 

when using the RP. These results are summarized in Table 3, which shows the means and 

number of days the pause notes were written for each student’s performance when using 

the two different pens. 
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Table 3 

Notes or Marks During Review Pauses 

 

Students                    Regular Pen           Digital Pen            Difference 

 

Joanna (M wpm)                 8.1                           3.2                      4.9  RP 

        (Days Used)                 6                              4 

Dylan (M wpm)                   2.4                           6.2                      3.8  DP 

        (Days Used)                 3                              1 

David (M wpm)                   0                              0                         0 

        (Days Used)                 0                              0 

Naomi (M wpm)                  0                              0                         0 

        (Days Used)                 0                              0 

Beau (M wpm)                   12.2                           2.8                      9.4  RP 

        (Days Used)                 3                              1 

________________________________________________________________________ 

Table 3 compares the mean notes or notations written during the review pause. 

Joanna was the most consistent at using the review pause time to review her notes and 

indicate the important terms and phrases for later use. She used the RP 6 days out of 21 

days and averaged 8.1 wpm. Her use of the DP averaged 3.2 wpm for 4 days. She was 

more inclined to make notations on her notes when using the RP. 

Beau and Dylan used the review pause time to alter notes during three RP 

sessions and one DP session. They differed in that Beau made notations whereas Dylan 

actually added words to his notes. Beau’s use of the RP averaged 12.2 wpm over the 

three days, and his usage of the DP for one session averaged 2.8 wpm. He was more 

inclined to make notations in his notes if he was using the RP. Dylan was the only 

participant to actually add words to his notes during the four sessions where he included 

notes during the review pause. He averaged 2.4 wpm during the three sessions where he 
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used the RP. In the one DP session, his average was 6.2 wpm. While his DP average 

wpm was high compared to the RP sessions, his one-time use did not indicate a trend. He 

was more inclined to use the RP when working during the review pause time. 

 Naomi and David did not add words or notations during the pause time. The 

investigator observed both students to confirm that they used the review pause to actually 

review their notes; they did indeed follow this procedure. Unlike the lectures where 

students were cued that the shared information was important, there were no cues during 

the silent review pauses. Overall, students were more inclined to use the RP to make note 

additions or notations to their notes for future use. 

Summary of Research Question 1 

The study’s data indicates that two of the five students were inclined to take more 

lecture notes using the DP, and two students were inclined to take more lecture notes 

using the RP. One student showed no difference in her performance with either pen type. 

During the review pause, three of the five students added or made notations to their notes 

when they used the RP. Only one student posted a positive DP session during the pause, 

but it was a one-time only occurrence. Two students did not add to their notes during the 

review pause, regardless of pen type. 

Response to Research Question 2 

 The research literature indicates a strong correlation between effective note-taking 

and comprehension scores on assessments. Research Question 2 asks whether there is a 

difference in the percent of correct responses on high school biology comprehension 

questions for students with ED who use a regular ink pen versus using a digital ink pen to 

take notes. Data that address this question are found in Figure 3 and Tables 4 and 5. 
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Figure 3. Scores on daily comprehension quizzes given after lectures where a regular pen 

or digital pen had been used to take notes. 

 

 Figure 3 shows the percentage of correct quiz scores. Students took a 4-question 

quiz on the content covered during that session’s lecture immediately after their 5-minute 

review pause. Scores ranged from 0 to 100 in 25 point increments. Consistent with 
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Figures 1 and 2, score performance was variable regardless of pen type. Somewhat 

consistent with Figure 1’s declining notes during Sessions 6, 7, and 11, the same sessions 

reflected lower quiz scores. No quiz was given for Session 12. Students used a pencil or 

pen (but not the RP or DP) to complete the quiz. Three of the students, Joanna, Dylan, 

and Naomi, earned five or fewer scores of 50% or lower. Of the students who favored the 

DP to take notes, Joanna earned four of five low scores after using the DP, and Dylan had 

three of five low scores after using the DP. David and Beau were inclined to earn lower 

scores after taking notes with the DP. Table 4 shows the breakdown of quiz scores by 

lecture notes pen type. 

Table 4 

Number of Quiz Score Percentages by Pen Type 

 Student   25 or 50%   75 or 100% 

     RP DP   RP DP 

 Joanna     1  4    8  7 

 Dylan     2  3    7  5 

 David     3  9    6  0 

 Naomi     3  1    3  2 

 Beau     3  7    5  2 

 

With the exception of one DP score for Naomi, the other four students earned 

fewer lower quiz scores after using the RP to take lecture notes. David and Beau earned 

more 25%–50% scores, regardless of pen type. David had 12 scores under 50% and 6 

scores 75% or above. Beau earned 10 scores 50% or under and 7 scores 75% or above. 

 These results are more meaningful when compared as mean percentage scores for 

both the Regular Pen and the Digital Pen presented in Table 5. Results indicate a clear 
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increase in quiz scores when the RP was used to take notes for that session. 

Table 5 

Quiz Scores as Percent Correct 

         Students     Mean Scores as Percent 

        Regular Pen           Digital Pen             Difference 

Joanna 83.3 68.2 15.1  RP 

Dylan 75.0 62.5  12.5  RP 

David 75.0 33.3 41.7  RP 

Naomi 66.7 58.3 8.4  RP 

Beau 68.8 47.2 21.6  RP 

 

Table 5 compares the average quiz score percentages for each student for both the 

RP and the DP. All five students earned higher scores on quiz sessions where the RP was 

used to take notes. However, for those three students who took more notes with the DP, 

their score difference between the RP quiz scores and the DP quiz scores averaged less 

than 16%. Joanna posted a differential between RP and DP quiz scores of 15%. Dylan’s 

difference was 12.5%, and Naomi had an 8.4% difference. For the two students who 

favored the RP to take notes, their score differential exceeded 20%. David posted a 

differential of 41.7% points between the RP and DP scores. Beau had a 21.6% point 

difference between his RP and DP scores. 

Summary of Research Question 2 

The usual method of taking notes with a typical ink pen produced more favorable 

quiz score results that the digital method. The mean quiz score for the RP was 73.8%, 

demonstrating higher scores on the quizzes given on days where the RP was used to take 

notes. The mean score for the DP was 53.9% on quizzes given where the DP was used to 
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take notes. There was an overall 19.9% difference in mean quiz scores between the RP 

and DP sessions. All five participants earned higher scores on quizzes given during the 

RP sessions. 
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Chapter 5: Discussion 

 Even with the small sample of five students, the results provide insight into the 

note-taking behavior of high school biology students with emotional/behavioral 

disorders. Research Question 1 asked whether there was a difference in the quantity of 

notes taken, both during lectures and during review pauses, when students used a 

traditional ink pen versus a digital ink pen. The results were split with two of the five 

students showing an increase (Dylan’s .54 wpm and Joanna’s 1.35 wpm) in lecture words 

per minute taken with the digital pen, and two students showing a slight increase 

(David’s .10 wpm and Beau’s .26 wpm) in lecture words per minute when using the 

regular pen. The fifth student, Naomi, took .01 more note words per minute with the 

digital pen but this difference is negligible and demonstrates no real preference for either 

pen type. For David, Beau, and Naomi, none averaged more than .26 wpm difference 

with either pen type. These data were consistent with Kiewra’s studies (1984, 1985, 

1989, & 2002) with averages of 3–11 words per minute during 50-minute lectures.  

  The second part of Research Question 1 asked whether there was a difference in 

the quantity of notes or notations made during a review pause (the 5-minute silent review 

of notes before a comprehension quiz) when students used the regular ink pen versus the 

digital pen. The results were again mixed but favored the regular pen, but only if the 

student was inclined to add notes or notations. Dylan was the only student to go back and 

add notes in three of the regular pen sessions (average of 2.4 wpm) and in one of the 
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digital pen sessions (6.2 wpm). Joanna and Beau did not add notes but engaged in 

underlining and boxing notations to identify important concepts and terms. Joanna made 

the notations in six regular pen sessions for an average of 8.1 wpm and in four digital pen 

sessions for an average of 3.2 wpm. Beau made the notations in three regular pen 

sessions for an average of 12.2 wpm, and in one digital pen session for 2.8 wpm. David 

and Naomi did participate in the review pauses, but neither made any additions to their 

notes during the lecture sessions. While the review pauses kept the five students engaged 

in a review of their notes (consistent with findings by Anderson & Armbruster, 1986; 

DiVesta & Gray, 1972; Miller et al., 2003; Peck & Hannafin, 1983), it was clear that the 

students did not know what to do with their notes or how to add to them. This is 

consistent with previous research that showed that struggling students with mild 

disabilities frequently lack writing and note-taking skills (Putnam et al., 1993; Rowe, 

1976; Ruhl & Suritsky, 1995; Suritsky & Hughes, 1991). The participants’ skills of 

listening, cognitive processing, writing to record content, and reviewing were all affected 

by their various academic writing deficits (Craik & Lockhart, 1972; Hughes & Suritsky, 

1993; Suritsky & Hughes, 1991). 

 Research Question 2 asked whether there would be a difference in quiz scores 

when students used the regular pen versus the digital pen to take notes during the lecture 

sessions. The results showed that all five students earned higher quiz scores when they 

used the regular pen to take notes. Of note is that David and Beau, who took more notes 

with the regular pen, more frequently earned lower scores (25–50%) when they used the 

regular pen to take the notes during the lectures. David earned 12 scores of 50% or under, 

and Beau earned 10 scores of 50% or under. In contrast, both Joanna and Dylan, who 
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demonstrated a preference for using the digital pen to take notes, had the fewest 

differences between quiz scores. The mean difference between pen types on quiz scores 

for Joanna was 15.1 percentage points, and Dylan’s mean was 12.5 percentage points. 

This is consistant with the Kiewra et al. (1995) observation that taking more notes 

resulted in higher quiz scores. The mean difference in quiz scores between pen types for 

the remaining three students was considerable. David had the largest difference at 41.7 

percentage points; Beau had a 21.6 difference, and Naomi had the least difference at 8.4 

percentage points. Joanna and Dylan took more note words per minute, and their quiz 

scores were higher, on average than the other participants. These results were consistent 

with Boyle and Weishaar’s 2001 study, and the prior studies that found greater quanties 

of lecture notes resulted in higher assessment acores (Bretzing & Kulhavy, 1979; 

Crawford, 1925; Locke, 1977). While the results show a wide variety in individual 

performance for note-taking and comprehension quiz scores regardless of the pen type, 

they do contribute to the existing research base for students with emotional disorders in 

the areas of note-taking, review pauses, and assistive technology. 

 From Seward’s (1910) and Crawford’s (1925) classic research into what 

constituted a good note taker to the more recent meta-analyses on encoding, note-taking 

and reviewing (Kobayashi, 2005; 2006), researchers have sought interventions that would 

benefit the note-taker’s ability to master content. One of the key skills for good note-

taking is the ability to summarize what is heard, assimilate the information, and record 

the gist of that information before the next bit of information is delivered. Students with 

ED are typically two or more years behind their academic peers and have poor reading 

and writing skills (Deshler et al., 1981) or auditory or processing deficits (Rapport et al., 



58 

1999) which inhibits the ability to summarize (Boyle, 2007). This study’s five 

participants tended to record what the teacher said or what she wrote on the whiteboard 

verbatim and rarely demonstrated the ability to summarize the content. While the 

participants were attentive and engaged (Kiewra, 1985; Suritsky & Hughes, 1991), they 

recorded the information that they were told was important, and rarely took notes on 

additional information that was covered but not identified as important (Locke, 1977). At 

least two prior studies determined that average students typically takes notes at 11–17 

wpm (Hughes & Suritsky, 1993; Risch & Kiewra, 1990). The highest words per minute 

recorded during the study was Joanna’s 8.72 wpm during one of the digital pen session. 

Her average was 6.72 words per minute when she used the digital pen and 5.37 words per 

minute when she used the regular pen. These data were considerably lower than the 11–

17 wpm of an average peer. The other four participants’ averages were lower for both pen 

types.   

Implications 

 This study was the first to explore the use of the digital pen with students with 

ED. The focus was on the single process of note-taking by students, and we were looking 

for an assistive technology that would improve note-taking and comprehension scores.  

Even though modest results were recorded during the study, there appears to be some 

merit in using the digital pen when taking notes. Not all students will benefit from this 

assistive technology the same way. Under Universal Design (Edyburn, 2006; Rose, 2000; 

Rose & Meyer, 2002), a variety of tools should be made available so that students who 

will use those tools to access what they need (Bouck et al., 2012). Future considerations 

should involve additional explicit instruction on how to use the digital pen. While some 
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students took more or better notes with the digital pen and others did no worse with it, 

there bears a need for additional research into how this and related assistive technology 

might be beneficial when students explore the critical skill of capturing lecture points for 

future review. This could include investigations of the technology either for learning or 

for its motivational characteristics. With students interested in using a digital pen, 

researchers and teachers would do well to explore its potential uses in various curriculum 

applications.  

Students entered the study being very familiar with the traditional ink pens but 

had little exposure to the digital pens before the study started. Student exposure to the 

digital pens was limited to a 30-minute training session on the day before the study 

started and 10 random lecture sessions over the course of the study. After the study 

ended, students lamented that they were not able to use the digital pens more during the 

study. A consideration for future studies should look at giving students a longer time to 

use the digital pen to achieve more fluency with this novel instrument. Would that 

fluency influence the words per minute averages for note-takers during lectures?   

However, this is only one part of the process that affects students’ note-taking. A 

variable that we did not consider, but that has been demonstrated as having a major 

impact on note-taking, is the delivery rate of the content. Suritsky and Hughes (1991) 

reported on a wide variety of studies where the delivery rates ranged from a low of 75 

wpm (Bretzing & Kulhavy, 1979) to a high of 240 wpm (Aiken et al., 1975) with results 

that students stopped taking notes after about 100 wpm due to processing deficits. For 

students with ED who are already at risk for processing deficits, lecture delivery is an 

area that needs more research. While the audio feature of the digital pen might help in 
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capturing fast-paced lecture content, this audio feature will not be beneficial if students 

do not learn to actually use it. Future research into explicit direct instruction is needed to 

teach students with processing deficits how to retrieve the information and what to do 

with it when it is isolated. In addition, school districts need to formulate technology usage 

plans that will allow students to take the technology home, or districts need to develop 

secure, equal access sites so that students and parents can access the audio files outside of 

classrooms. Students in the study were not allowed to access the audio files outside of the 

classroom due to confidentiality requirements. Additionally, the study checked 

comprehension daily, 5 minutes after the lecture ended. Typically, biology teachers quiz 

students weekly or at the end of units, and again at the end of the course. Future research 

needs to look at what effect hearing the lecture multiple times will have on lecture notes 

and comprehension scores when the information is accessed 24 hours after the actual 

lecture. What effect will having the audio lectures available several months later have on 

student memory and end-of-course exam scores? 

 This study looked at a strategic review pause directly after the lecture and before 

the comprehension quiz to see if this strategy would help students review their notes, add 

any missing items, and help them earn higher scores on the quizzes (Suritsky & Hughes, 

1991). Training was provided to students on how to access the digital audio files of the 

lectures and how to add to the notes before the study started. No further training was 

provided after the study started, although the teacher cued students frequently to review 

their notes for the quizzes. Joanna and Dylan (and to a lesser extent, Beau) derived some 

benefit from the review pauses. However, it was clear that explicit direct instruction was 

needed on how to go back and add notes. More direct strategic instruction in how to 
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listen and take notes is needed for many students (Deshler et al., 1981), and that might 

have been beneficial for students in this study as well. As discussed above, the students 

were very concrete in their approach to taking notes; if the teacher said it or wrote it, they 

took down that information. There was little summarization or inference present, and 

both of these skills are critical in the Common Core State Standards taking place in 

schools. A course of future studies should focus on strategies that would shift students 

away from the literal hear-and-write responding to more of a summarization, and 

reflective syntheses in their note-taking. These skills are commonly absent in children 

with organizational problems and academic disabilities (Peck & Hannafin, 1983), and 

this study exposed those deficits in all of the participants. 

 Another area that was outside of the study’s parameters was engagement in the 

lessons and time out of class due to negative behaviors. Time out of class was reduced to 

near zero during the study time for the three males. Prior to the study, they were 

frequently off task, did not take notes, or were absent due to negative behaviors. 

Consistent with the historical research (Gunter et al., 2000; Miller et al., 2003; Suritsky & 

Hughes, 1991), the three males were engaged in the lectures, took notes regularly, and 

displayed little negative behaviors for the duration of the study. It is not clear whether the 

technology, the increased focus on writing, or the increased attention played a role in this 

improvement. Future research, however, might focus on the digital pens and related 

instructional technology as a way to curb negative time off task through engagement. 

 In an effort to determine the social validity of the digital pen’s usage during 

lectures, students were debriefed in an informal setting and asked for feedback about 

using the pen. All five indicated that the digital pen was a “neat tool” and they liked it. 
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Joanna took copious notes with both pens but liked writing with the digital pen. She did 

not like that notes written outside the dot paper margins did not sync to the audio. Several 

wanted to use the pens in other classes such as math or history. The three who favored the 

digital pen wanted to continue to use it. On the other hand, David indicated that the pen 

felt too fat for his hand, that it scratched when writing on the dot paper, and that sound 

bothered him. Beau, even though he wrote more with the traditional pen, wanted to 

continue using the digital pen because of the audio lectures. Beau’s handwriting was very 

difficult to read and he found that hearing the audio lectures were beneficial. In a 

comparison of his handwriting with both pens, his handwriting was neater with the digital 

pen. Joanna and Dylan favored the DP and asked to continue to use it exclusively for 

their notes in biology.  

 In conclusion, the study generated a number of additional areas and questions for 

future explorations. More direct instruction in basic note-taking strategies is needed for 

students with ED, regardless of the assistive technology in place. With recent technology 

advances, handwriting and note-taking are still important parts of students’ learning, and 

one technology does not fit all. Finally, school districts do need to revisit the use of audio 

recording and take-home assistive technology policies under the Universal Design for 

Learning (Rose & Meyer, 2002). With more mobile devices capable of recording lectures 

and generating digital notes, audio note files, podcasts, script-to-text files, or instant 

sharing to social sites with interactive features, traditional learning institutions (school 

districts and universities) need to be involved in the mobile learning platforms that are 

forming, quite often without their input. 
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Appendix A 

Daily Comprehension Test Form 
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Daily Comprehension Test Form 

 

Please put today’s date on the form. 

Circle the correct answer for the question. 

S# Date:  _________ 

1. A   B   C   D 

2. A   B   C   D 

3. A   B   C   D 

4. A   B   C   D 
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Appendix B 

Sample Comprehension Questions 
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Sample Comprehension Question 

DOK – Level 3 (C) 

DOK – Level 1 (A) 

 

DOK – Level 2 (A)
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Appendix C 

Daily Interrater Score Sheet 
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Daily Interrater Score Sheet 
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Appendix D 

 

Sample Student Regular Pen (RP) Lecture Notes 
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Sample Student Regular Pen (RP) Lecture Notes 
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Appendix E 

 

Sample Student Digital Pen (DP) Lecture Notes With Pause Notes 
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Sample Student Digital Pen (DP) Lecture Notes With Pause Notes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



73 

Appendix F 

 

Comparison Sample of Student’s Lecture Notes With Both Pen Types 
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Comparison Sample of Student’s Lecture Notes With Both Pen Types 
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Appendix G 

 

Data Charts for 

 

Joanna, Dylan, David, 

 

Naomi, and Beau 
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Appendix H 

 

Student Script 
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Student Script 
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Appendix I 

 

Parental Consent Form 
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