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ABSTRACT 

Existing research has established that the act of note-taking can theoretically 

benefit both L1 and L2 students by increasing the information recalled, enhancing 

comprehension and leading to better later performance. However, these studies were 

mostly done in L1 lecture settings where participants listened and took notes. In 

addition, with the improvement of technology, more students start to choose laptop 

over pen and paper to take notes. To optimize the pedagogical value of taking notes 

during learning, it is important to understand how L2 learners’ note-taking can affect 

their reading comprehension. The current study was therefore set out to investigate 

the effects of different note-taking modalities (laptop versus longhand) on L2 reading 

comprehension of 26 Taiwanese EFL learners and how their note contents differ.  

All participants read through a research paper while took notes with laptops or 

longhand. They then completed a reading comprehension test with 20 questions (10 

factual questions and 10 conceptual questions). The results showed no significance 

difference on the reading comprehension between participants who took notes with 

different modalities. Moreover, the word count of the two notes were not significantly 

different. However, with Leximancer concept-mapping system, the contents of the 

two notes showed salient differences in their key idea units (Concepts and Themes). 

Laptop notes were found to be more similar to the original reading text. On the other 

hand, longhand participants took down fewer key concepts but had comparable 

comprehension outcome with their laptop counterparts.  

 

Key words: note-taking modality, educational technology, reading comprehension 
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CHAPTER 1 

INTRODUCTION 

1.1 Background and Motivation 

Imagine the daily life of graduate students. Before the class, they preview the 

research paper assigned for the week. They read through the paper, highlight the 

important points and jot down keywords in the column to help with their 

comprehension. Occasionally, they would logically organize their understanding of 

the study into notes. Some do so while reading the paper; others arrange their notes 

after reading the paper; and the rest simply skip the part of note-taking. Let us shift 

the scene to the classroom. During class, the presenter (a student or a professor) 

would stand in front of the class, pointing at the PowerPoint slides and explaining the 

content of the research paper. Meanwhile, the audience listens to the presentation and 

takes notes on their laptops or notebooks. 

The aforementioned scenes are different episodes typical of many graduate 

students’ study routine. There is, in fact, a common ground between these actions: 

note-taking. While the first scene depicts reading notes, the second describes lecture 

notes. Reading notes are the excerpt and the information that a learner writes or types 

down from a reading passage (Horwitz, 2017). In contrast, lecture notes are the 

recording of the information received while a learner listens to a lecture or a speech 

(DiVesta & Gray, 1972). There is no limitation to the form of notes; phrases, 

sentences, bullet points, graphic-organizers and pictures can all be considered notes 

(Dunkel, 1988; O’Malley & Chamot, 1985).  
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Previous research has established that note-taking – in particular lecture notes – 

can theoretically benefit students by increasing the information recalled, enhancing 

lecture comprehension and leading to better later performance (Barnett, Di Vesta, & 

Rogozinski, 1981; Di Vesta & Gray, 1972; Peper & Mayer, 1978, 1986). This 

effectiveness can be attributed to what is called the encoding function of note-taking 

(Di Vesta & Gray, 1972). When taking notes, learners may direct their attention to 

new materials and may link new information to what is already known (Frase, 1970; 

Moos & Azevedo, 2008; Trevors, Duffy, & Azevedo, 2014) by selecting, summarizing 

and reorganizing what is newly learned (Bonner & Holliday, 2006; Craik & Lockhart, 

1972; Kiewra, 1985). 

While note-taking has long been investigated by educational psychologists (e.g., 

Armbruster, 2000; Crawford, 1925; Corey, 1935; Einstein, Morris, & Smith, 1985), 

previous research has focused primarily on lecture notes (Armbruster, 2000; Carrell, 

Dunkel, & Mollaun, 2004; Chaudron, Loschky, & Cook, 1994; Einstein, Morris & 

Smith, 1985; Kunkel, 2004; Peverly, Garner, & Vekaria, 2014). This research focus 

reflects the observation that students from elementary school to high school (or even 

university) tend to take lecture notes, either voluntarily or passively; they are used to 

listening to the teachers and jotting down important ideas as notes in class. 

Nonetheless, reading notes have not attracted much research interest. It is important to 

note that older students, university or graduate school students in particular, have 

more opportunities to take reading notes. Especially in graduate schools, students are 

usually asked to preview and understand the studies before the lesson so that fruitful 

classroom discussions can take place during the class.  
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Apart from listening to lectures, individual reading is the main resource for 

gaining new knowledge for learners, especially those who have received higher 

education. However, reading alone does not necessarily guarantee the understanding 

and transmission of the learning content to our long-term memory (Alptekin & 

Erçetin, 2010; Kintsch, 1994; Mangen, Walgermo, & Brønnick, 2013). A vast variety 

of reading strategies have thus been introduced to learners in order to help reading 

comprehension, including concept mapping, summarizing, questioning, predicting, 

skimming and scanning, etc. (Dole, Duffy, Roehler, & Pearson, 1991; Lau & Chan, 

2003; Pressley, 1990; Salataci, 2002; Spörer, Brunstein, & Kieschke, 2009). Note-

taking during reading has not been widely discussed in these studies. One reason may 

be that note-taking is considered a “habit”, not a strategy, of learners (Palmatier & 

Bennett, 1974). When reading a text, many graduate students tend to write down 

keywords or main ideas to assist their understanding. Especially when reading longer 

or more complicated texts like research papers, multiple ideas can be logically 

presented by using bullet points or mind maps in the reading notes.  

In addition to various possibilities in how the ideas can be organized in reading 

and lecture notes, notes can be subdivided into two categories depending on the 

amount of overlap between a lecture or reading passage and students’ notes: 

predominantly generative notes (i.e., paraphrasing, reframing, concept mapping) or 

predominantly non-generative notes (i.e. verbatim copying) (Kiewra, 1985). 

Empirical studies on lecture notes have shown that efficacy of note-taking drastically 

decreases when verbatim copying is applied (Mueller & Oppenheimer, 2014) and that 

non-verbatim generative note-taking leads to better learning outcome and learner 
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performance, especially on conceptual and integrative items, than verbatim note-

taking (Aiken, Thomas, & Shennum, 1975; Bretzing and Kulhavy, 1979; Slotte and 

Lonka, 1999; Igo Bruning, & McCrudden, 2005). Whether the above insight holds 

true for reading notes is yet to be established. In particular, the effect of reading notes 

on students’ reading and learning outcomes warrants further research. 

In this research endeavor, the modality in which the notes are taken also needs to 

be considered (longhand notes vs. laptop notes). The use of laptops in higher 

education has bloomed. This has allowed people to take notes with efficiency and 

faster input speed. However, research on lecture notes has shown that laptop notes 

result in promoting verbatim transcription of the lecture contents (Mueller & 

Oppenheimer, 2014; Lalchandani & Healy, 2016), which in turn leads to shallow 

cognitive processing of the heard or read content. In this regard, the encoding benefits 

of laptop notes may be impaired. Interestingly, Mueller and Oppenheimer (2014) 

found out that even when undergraduate students were consciously reminded to take 

laptop notes in their own words, they still keep taking verbatim notes. Accordingly, as 

far as lecture notes are concerned, empirical evidence has suggested that longhand 

notes have the potency to promote generative note-taking behaviors and are hence 

more desirable in promoting better encoding outcomes (Mueller & Oppenheimer, 

2014). 

 

1.2 Rationale of the Study 

Based on the above issues in note-taking and learning outcomes, three rationales 

motivate the current study. First, while the effectiveness of lecture notes is well-
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known and thoroughly-studied, there is a gap in educational research field on the 

effects of learners’ reading notes. Based on this research inadequacy, the present 

study intends to uncover the effects of two major types of reading notes (longhand 

notes and laptop notes) on reading comprehension.  

Second, empirical evidence regarding the relative effects of longhand and laptop 

notes are still not extensive, especially in the domain of reading notes. It was not until 

the current decade did the query about the relative efficacy of longhand and laptop 

notes begin to take notice by researchers, e.g., Bui, Myerson, & Hale, 2013; Mueller, 

& Oppenheimer, 2014; Van Hove, Vanderhoven, & Cornillie, 2017; etc.  

Third, within these handful of studies, due to the nature of the design, while some 

qualitative descriptions had been provided, the relative efficacy of longhand and 

laptop notes is mostly examined by quantitative data. Note-taking is a process of 

learning and organizing new information. Notes are visible records of how the person 

makes meaning of what has been covered. Thus, the present study sets out to 

investigate not only quantitative posttest performance but also qualitative note 

contents and participant perceptions.  

 

1.3 Scope of the Study 

To understand whether different modalities influence note-taking behavior and 

outcomes during second language (L2) reading, the present study sets out to compare 

longhand and laptop reading notes while students read research papers published in 

the their L2, in this case, English. Research papers are chosen to be the reading 

material for the target population/participants of this study. The reasons being that, 
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first, graduate students are one of the major reader populations. They are not only 

familiar with but are also motivated to read the research papers because research 

papers are closely related to graduate students’ study routine. Second, comparing to 

common passages, research papers consist of difficult content that is ideal for note-

taking and hence provides a great testing ground to test the efficacy of reading notes. 

Learners have been found to undergo deeper mental processing when dealing with 

more difficult tasks (Oded & Walters, 2001). Since research papers are more 

complicated in nature and contain higher density of knowledge than common reading 

materials, being actively involved in reading (i.e. taking generative notes in this case) 

may bring exceptionally positive outcomes. 	

 

1.4 Significance of the Study 

This study aims to investigate the effect of digital or longhand note-taking on the 

learning of research papers. The significance of this study can be examined from the 

pedagogical perspective. By comparing the outcomes of the quantitative posttests and 

qualitative notes production from different modalities (longhand versus laptop), it is 

hoped that the findings of the study may help professors and students understand a 

more effective way to read and understand research papers. 

 

1.5 Research Questions 

The present study will be set out to address the following two research questions: 

1. Which kind of note-taking modality (i.e., longhand or laptop) leads to better 

reading comprehension? 
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2. Are there any quantitative (i.e., word count) and qualitative (i.e., idea units) 

differences between longhand and laptop notes? If so, what are they? 

 

1.6 Organization of the Study 

The thesis is organized as follows. Chapter One provides an introduction to the 

function and general background information of both lecture notes and reading notes. 

The presence of note-taking on laptops is also discussed. Chapter Two will first 

briefly distinguish between writing longhand and typing. Literature review will then 

be offered about the effects of different note-taking modalities (i.e., longhand and 

laptop) on reading comprehension. Chapter Three describes details of the 

methodology in the present study. The results will be presented in Chapter Four and 

the discussions will be shown in Chapter Five. Finally, Chapter Six will summarize 

the major findings of the present study and provide further pedagogical implications. 
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CHAPTER 2 

LITERATURE REVIEW 

This study investigates the effects of longhand versus laptop note-taking on L2 

learners’ reading comprehension. To explore the stated research questions, the 

relevant literature is reviewed in this chapter, separated into five sections: Section 2.1 

introduces the general functions of note-taking; Section 2.2 explores the theoretical 

accounts on handwriting and typing; Section 2.3 reviews empirical studies 

investigating effects of longhand versus laptop note-taking on comprehension 

measured by different test types; and finally, major findings and limitations from 

previous studies will be summarized in section 2.4. 

 

2.1 Theoretical Accounts on the Functions of Note-taking 

As note-taking has long been a common practice during classroom or individual 

learning, the functions of note-taking have been under great interest for decades 

among educational researchers (e.g., Armbruster, 2000; Bui, Myerson, & Hale, 2013; 

Di Vesta & Gray, 1972; Peverly, Garner, & Vekaria, 2014; Mueller, & Oppenheimer, 

2014). The two major functions of note-taking, encoding and external storage, were 

first described by Di Vesta and Gray (1972). The encoding function refers to the 

action of note-taking as a process of subjective selections, associations and 

interpretations by the learners themselves, while the external storage function 

emphasizes the use of taken notes for later study and review purposes. In their study, 

positive effects on the numbers of ideas recalled were found in the results when 

learners took notes.   
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Peper and Mayer (1978) then focused on the encoding mechanism and perceived 

note-taking as a generative activity. This study found that meaningful and assimilative 

encoding only occurs under three conditions: when a) the material is received; b) 

meaningful prior experiences are accessible; and c) the learner actively processes 

those experiences while learning. As such, mere verbatim notes and text-copying do 

not coalesce into strong encoding results. The insights echo back to Ausubel’s (1963) 

subsumption theory which postulates that learning is the ability to link new 

knowledge back to learners’ own cognitive structures. This process creates 

meaningful learning and leads to better learning outcomes and better recall. Note-

taking, with learners’ selecting, summarizing and inferencing new knowledge (i.e., 

processing the information more deeply) thus lays the foundation for meaningful 

learning to take place and assumes active learners as well. In short, note-taking is 

generally considered helpful for input interpretation, storage and retrieval in learners’ 

memory. 

 

2.1.1 Functions of note-taking in reading.  

To contextualize the inquiries of this study, it is important to understand the 

theoretical tenets of mental representations during reading (Britt, Perfetti, Sandak, & 

Rouet, 1999; Kintsch, 1998). Van Dijk and Kintsch’s (1983) model of information 

comprehension identifies and categorizes three levels of mental representation that 

explain how meaning is constructed in the process of reading. Surface structure refers 

to the verbatim memory of actual words, phrases and sentences. The text-based level 

emphasizes the semantic content and structure of the text. When learners link and 
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infer text-based representation to their prior knowledge, this is known as the 

situational model. While the text-based level of understanding allows learners to 

answer factual questions, the situation model is indispensable for casual inferencing 

and successful comprehension of a text, which are the ultimate goals of reading 

(Morrow, 2008; Zwann & Brown, 1996).    

To form a mental representation of situations that are implied by a text, learners 

need to do more than just read passively. One way to engage more actively with a text 

is by taking non-verbatim generative notes. Results from previous research support 

such claim (Bohay, Blakely, Tamplin, & Radvansky, 2011; Slotte & Lonka, 1999). 

The process of taking extensive high-quality notes depends, in fact, on the learners’ 

own inference-making. It demands that readers not only devote their attention to the 

reading of materials but also dedicate time and effort to consciously think about what 

they are reading (Piolat, Olive & Kellogg, 2005). When they take non-verbatim notes 

in their own words, they elaborate more on the text, use greater metal organization 

and include their prior knowledge to help assimilate new information (Einstein, 

Morris, & Smith, 1985). Therefore, even without reviewing their notes, higher-quality 

(non-verbatim) note-taking learners are reported to perform better, especially on tasks 

such as text evaluation and comparison, in which a representation of the situation 

model is required (Slotte & Lonka, 1999).   

Van Dijk and Kintsch’s three levels of representation (1983) contribute 

separately to reading comprehension. The importance of the situation model for these 

two aspects has especially been discussed (Morrow, 2008; Perfetti, Landi, & Oakhill, 

2005). In addition, the encoding function of note-taking (Di Vesta & Gray, 1972) has 
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been generally reported to lead to deeper understanding and memory, as with the 

situation model (Bohay et al., 2011; Slotte & Lonka, 1999). With the concrete base of 

the effectiveness of note-taking, the current study aims to take a step further and 

investigate the influence of taking text notes via different modalities, i.e., longhand 

versus laptop.   

 

2.2 Theoretical Accounts on Modality Effects on Handwriting vs. Typing  

Before going into the more detailed functions and effects of text note-taking, this 

section will discuss the recent theoretical currents of handwriting and typing. In the 

past few decades, computers, laptops, tablets and smart phones have risen to 

dominance in terms of note-taking media, and research on whether handwriting can 

be replaced by typewriting has attracted great interest.  

Despite the fact that it has long been recognized that there are perceptual 

differences between reading handwritten and typed words (Corcoran & Rouse, 1970; 

Ford & Banks, 1977), what the perceptual processes actually are, and how they 

influence reading outcomes have not yet reached an agreement (Barnhart & 

Goldinger, 2010; Nakamura, Kuo, Pegado, Cohen, Tzeng, & Dehaene, 2012; Perea, 

Gil-López, Beléndez, & Carreiras, 2016). On the contrary, there is a greater consensus 

on the findings of production in these two different modalities. Handwriting is more 

than just an archaic tool of learning and recording; it has been proven to hold a 

positive effect over typing on written text comprehension (Klatzky, Lederman, 

& Mankinen, 2005; Mueller & Oppenheimer, 2014).  

 



	 	 	
	

	 	 	
	

12 

While there are handful studies on the effects of longhand notes versus computer 

notes, theoretical accounts onto notes taking on these two modalities are missing 

(Mueller & Oppenheimer, 2014). Nevertheless, insights obtained from the literature 

addressing possible effects of longhand and typewriting output can still lay the ground 

for the inquiries for the present study. Fundamental differences of two modalities will 

be introduced with supportive findings in the ensuing subsections (Mangen & Velay, 

2010). 

	

2.2.1 Kinesthetic engagement. 

While handwriting requires unique depiction and reproduction of each letter, 

typing contains much less kinesthetic engagement. The physical movements of typing 

are not directly related to the letter shape and therefore no graphomotor component is 

involved. As recent psychological research has shown that hand-brain relationship and 

haptic experiences are important to text acquisition, it would be no surprise that 

typing (which lacks motor programs that provide memory traces) may impact learning 

outcomes, especially with regards to graphic shapes (Kiefer, Schuler, Mayer, Trumpp, 

Hille, & Sachse, 2015; Klatzky et al., 2005). Only the process of handwriting creates 

sensory-motor memory trace, which is the meaningful coupling of perception and 

action. When learners write, additional information of the shape of letters is 

developed and may facilitate later recall (Kiefer et al, 2015). This again echoes back 

to the claim that the perception of written languages and motor action are closely 

related (Smoker, Murphy, & Rockwell, 2009).   
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As visual processing of graphic shapes is salient to efficient reading, the studies 

on the effects of handwriting and typing production center on quite similar issues, 

namely letter recognition and word recall. For instance, Longcamp, Zerbato-Poudou 

and Velay (2005) investigated children’s memory of letters after an exercise involving 

the copying of the alphabet by either handwriting or typing. The results showed that 

the children who went through handwriting training had a significant increase in letter 

recognition. This suggests that the meaningful coupling between action and 

perception during handwriting aids memory retention. Based on this study, extensive 

research has explored adults’ memory and recognition of non-letters by looking at 

images of the brain taken via functional magnetic resonance imaging (fMRI) during 

the process of recognition (Longcamp, Boucard, Gilhodes, Anton, Roth, Nazarian, & 

Velay, 2008). Better and longer-lasting recognition of the new letters was found in the 

group that had learned by handwriting. On top of that, greater activity in the 

left Broca’s area (which is related to various linguistic functions) was found 

when recognizing letters written by hand rather than typed. Motor knowledge gained 

by handwriting thus seems to suggest better outcomes for learning individual 

characters. Similar results have been found in fMRI images of pre-literate children’s 

brains in the process of word recognition (James & Engelhardt, 2012). Only those 

who had handwritten—not those who had typed or traced letters—showed 

recruitment of reading components in the brain when they perceived the letters. The 

findings suggest that handwriting is important for letter processing that may later 

determine later successful reading comprehension.  	
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2.2.2 Attention and distraction. 

Another major difference between these two text-production modalities lies with 

focus and attention. Learners concentrate on the tip of the pen when they handwrite, 

whereas during typewriting, their attention is divided into two parts: the motor space 

(e.g. the keyboard) and the visual space (e.g. the screen) (Mangen & Velay, 2010). 

While this may not be true for professional typists who do not need to look at the 

keyboard during typing, there is a lack of research on this fundamental issue. 

Furthermore, the use of a laptop while learning has been found to increase the 

chance of distraction (Gipson, Kim, Shin, Kitts, & Maneta, 2017; Kay & Lauricella, 

2011; Yamamoto, 2007). Students nowadays use laptops in class or during self-

studying for mainly two purposes: taking notes or searching for related information. 

While most students claim that they learn better with laptops, researchers have found 

that laptops in class can distract both users and nearby classmates, and may hinder 

learning (Fried, 2008; Sana, Weston, & Cepeda, 2013; Skolnick & Puzo, 2008; Wurst, 

Smarkola, & Gaffney, 2008). With internet access available on most campuses, 

students can easily switch between online news, chat windows and their email 

accounts when they take notes. In their study on note-taking in different media 

environments, Lin and Bigenho (2011) found that multitasking not only distracted 

students from the learning tasks but also made note-taking itself yet another 

distraction rather than an assistance. Moreover, when there are too many distractions 

from multimedia (which is a common case of using laptops), learners may be 

overwhelmed and experience difficulty in using cognitive strategies such as note-

taking to help with their understanding and memorizing.  
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Regarding the influence of handwriting and typing on text comprehension and 

memory, two competing hypotheses are therefore postulated. On the one hand, 

handwriting creates sensory-motor memory traces that benefit learners on letter-level 

and word-level acquisition. On the other hand, the convenience and efficiency of 

typing may suggest richer recordings and longer production. In short, the better 

quality of handwriting and the larger quantity of typewriting are on either side of the 

scales of text comprehension. While both modalities have their supporters, the issue 

under debate has recently extended to the field of note-taking.  

 

2.3 Empirical Studies of Longhand vs Laptop Note-taking 

Studies directly assessing the effects of longhand versus laptop note-taking are 

still very limited (e.g., Bui et al., 2013; Horwitz, 2017; Mueller & Oppenheimer, 

2014). Within these handful studies, most of them focus primarily on lecture 

comprehension; except for only one study to date considering note-taking impact on 

reading comprehension (Horwitz, 2017). Therefore, it is still too abrupt to draw 

conclusions regarding test performances of taking laptop versus longhand notes. In 

order to build a more thorough understanding of the stated issue, detailed review of 

tasks and results of studies carried out in lecture conditions will first be presented in 

the following section. Mueller and Oppenheimer’s (2014) pioneering study directly 

addressing the issue of longhand and laptop note-taking during lecture will be 

reviewed, followed by related studies about note-taking strategies (Bui et al., 2013) 

and note-taking medium preferences (Kirkland, 2016). Afterwards, Horwitz’s (2017) 

study on students’ individual reading will be reviewed in details. Methodology and 
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findings from lecture condition and reading condition research will then be compared 

in order to set the stage for the present study.  

 

2.3.1 Empirical studies of longhand vs laptop note-taking effects on lecture 

comprehension. 

2.3.1.1 Mueller and Oppenheimer (2014). 

In their three-part research of The Pen Is Mightier Than the Keyboard: 

Advantages of Longhand Over Laptop Note-taking (Mueller & Oppenheimer, 2014), 

Muller and Oppenheimer intended to explore the potential differences of longhand 

and laptop note-taking, an issue that had hardly been directly addressed before. The 

first and the second studies probed into the encoding function while the third study 

explored the external-storage function of note-taking (Di Vesta & Gray, 1972). The 

manner in which different modalities affect lecture comprehension and academic 

performance was the focus of the research. 

In the first study, Mueller and Oppenheimer (2014) were interested in natural 

note-taking habits and their effect on class lectures. Participants were 65 students 

from the Princeton University subject pool. Five TED talks were chosen as the 

materials based on their length (slightly over 15 minutes) and topics (interesting but 

uncommon). Participants were given either a laptop or a notebook and were asked to 

take notes as if they were in class. They then took reading span tasks and distractor 

tasks for approximately 30 minutes. Afterwards, they completed the posttest, 

including factual-recall questions (e.g., “Which of these is not the name of an 

algorithm the speaker mentioned in the talk?”) and conceptual-application questions 
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(e.g., “Does the speaker think division of labor by the sexes is beneficial? What 

evidence does he present to support his viewpoint?”). Finally, a demographic 

overview was taken by measuring participants’ personal information (e.g. GPA and 

SAT scores) and their perceptions and habits of note-taking (e.g., “Do you normally 

take notes in class on your laptop or in a notebook? Why?”) 

Regarding the performance, results showed that both groups performed equally 

well on factual recall. However, on conceptual-application questions, laptop note 

takers performed significantly worse than those using notebooks. In the analysis of 

note contents, longhand note-taking resulted in significantly fewer words. An n-gram 

program was used to measure the overlap between note contents and lecture 

transcript. It was found that with various word chunks (3-grams, 2-grams and 1-

grams) as the measure, all of them showed significantly more verbatim overlap in 

laptop notes. In general, participants who took more notes and whose notes contained 

less verbatim overlap performed better.  

A second study was therefore conducted to see if explicit instructions could 

prevent verbatim note-taking. One hundred and fifty-one college students were 

divided into three groups, namely longhand, laptop-intervention and laptop-

nonintervention groups. Apart from the fact that the laptop-intervention group was 

orally reminded not to transcribe the lecture but to take notes in their own words, 

materials and procedures of the experiment were similar to those in the first study.  

The results replicated the findings in the first study. Longhand participants beat 

laptop-nonintervention participants on conceptual questions while no significant 

differences were found in factual recalls. Participants with more notes also performed 
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better in the posttest. In addition, the intervention of a verbal reminder did not prevent 

verbatim transcription in laptop note-taking at all. No reduction of verbatim overlap 

was shown in the laptop-intervention group.   

Table 1 

 Examples of Each Question Type Used in Study 3  

General Type Question Type Example 

Factual Fact What areas in the brain automatically 

control the rate of breathing? 

Seductive detail About how large is the surface area of the 

lungs' alveoli? 

Conceptual Concept Gas exchange occurs in a part of the 

human respiratory system called the 

alveoli. How does the process of gas 

exchange work? 

Inference If a person's epiglottis were not working 

properly, what would be likely to happen? 

Application Most cars that burn gasoline have an 

emissions control system that includes a 

component called an oxygen sensor, which 

functions in a similar way to the system in 

the human body that can trigger 

involuntary breathing. How does this 

emissions control system work? 

 

Since laptop note-taking had resulted in more notes in any case, the third study 

intended to investigate the external-storage function by providing an opportunity for 

learners to review their notes. Materials were recordings of four prose passages 

adapted from Butler (2010). One hundred and nine college students were asked to 

take notes on the lecture with either a laptop or a notebook. The participants were also 
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informed that they would be tested on the lecture a week later. Before the posttest, 

half of the participants were given 10 minutes to study their notes while others took 

the test immediately. The posttest included five types of tasks adapted from Butler 

(2010): facts, seductive details (i.e., interesting but trivial information; Garner, 

Gillingham, & White, 1989), concepts, same-domain inferences (inferences), and 

new-domain inferences (applications) (Mueller & Oppenheimer, 2014). Examples of 

different question types were provided in Table 1. Finally, participants answered 

demographic measures after the comprehension posttest.   

To analyze the results, performance on questions of facts and seductive details 

were collapsed into the “factual” measure while performance on questions of 

concepts, inferences and applications were collapsed into “conceptual” measure. 

There were no differences between laptop or longhand note-taking when the learners 

were not given a chance to review their notes. However, the longhand-study group 

outperformed other groups in all test types. While more notes generally suggested 

better performance, the review of laptop notes (with more words and information) 

surprisingly led to worse performance on factual questions than the review of 

longhand notes (with fewer words). One possible reason may be that more mental 

efforts were engaged in the process of longhand note talking, therefore the review of 

notes may have been more efficient before the posttest. However, the results should 

be treated with caution, as it is limited to the condition where there was a longer delay 

between input processing and the comprehension test. 
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2.3.1.2 Bui, Myerson, & Hale (2013). 

In their three-part study Note-Taking with Computers: Exploring Alternative 

Strategies for Improved Recall, Bui, Myerson and Hale (2013) explored how working 

memory, note-taking instructions and modalities affected lecture recall performances 

on an immediate posttest (Experiment 1) and on delayed tests when participants took 

the test directly (Experiment 2) and when they were allowed to study their notes 

(Experiment 3). 

In the first experiment, participants were 80 undergraduate students. Besides the 

main note-taking experiment, they underwent a reading span task and a lexical 

decision task, assessing their working memory ability and processing speed 

respectively. While listening to an 11-minute lecture, they were assigned to take either 

computer or longhand notes for an upcoming test. A passage from a nonfiction book 

(Carnes, 1999) was read aloud in the lecture. Idea units representing main points, 

important details and unimportant details were selected beforehand (Rawsome & 

Kintsch, 2005). Participants were instructed to take either organized or transcribing 

notes. In the organize condition, they were told to paraphrase and take notes in their 

own words. In the transcribing condition, participants were asked to transcribe and 

record as much of the lecture as possible. After the lecture, the participants had 10 

minutes to freely write down what they could recall from the lecture. Afterwards, they 

took a 10-minute short answer test about the details of the lecture.  

Regarding note content, more idea units were recorded in computer notes over 

longhand notes and in transcribing notes over organized notes. For the free recall test, 

computer note takers recalled more idea units than their longhand counterpart. Taking 
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computer notes also lead to a larger proportion of main idea units, while there was no 

effect of modalities on important and unimportant details recall. In general, the 

encoding function of note-taking was most beneficial to computer note takers under 

transcription instruction in this experiment. They resulted in not only more notes 

taken but also better memory recall. Another possible explanation may be that 

information recorded could be more easily retrieved compared to what was simply 

heard (Conway & Gathercole, 1990; Slamecka & Graf, 1978).  

While the transcribing group performed better in the first experiment with 

immediate recall, the deeper processing during taking organized notes may be more 

beneficial to long-term learning. The second experiment thus set out to discover the 

effect of taking transcription versus organized notes on immediate and delayed 

posttests. Participants were 76 undergraduate students. The materials were the same 

as those used in the first experiment. All the participants took notes with computers 

and were asked to either take transcription or organized notes. Half of them took the 

free recall test and short answer test immediately while half of them took the tests 

after 24 hours.  

Comparing the performance on free recall test, the organized-notes groups 

performed equally well on immediate and delayed test. Whereas for those who were 

instructed to try to transcribe the lecture, performance on delayed recall was 

significantly poorer than that on immediate recall. The finding on short answer test 

was similar, with participants who took organized notes performed significantly better 

on the delayed test than those who did transcription. In general, the pattern of 

performance in the second experiment replicate that in the first experiment on 
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immediate posttests. However, the results reversed on delayed posttests that the 

deeper processing of the lecture information while taking organized notes yielded 

superior performance after a 24-hour delay. Therefore, it could be suggested that 

taking organized notes lead to better long-term memory retention.  

The third experiment then explored the effect of studying notes on delayed 

posttest. Participants were 72 undergraduate students and the materials were the same. 

They were asked to take either transcription or organized notes on a computer. Half of 

them were given the opportunity to study their notes for five minutes after they 

completed the lecture, the reading span and lexical decision tasks. All of the 

participants returned after 24 hours and took the free recall and short answer posttests.  

As in the free recall test, opposite pattern was observed comparing to the second 

experiment when participants did not study their notes. When participants were given 

the opportunity to review their notes, the transcription group recalled significantly 

more idea units than the organized group. Considering the performance on short 

answer test, there was no significant effect of note-taking strategy or study on overall 

recall, but minor interaction. When participants were not given opportunity to study 

their notes, those who took organized notes performed better. On the contrary, when 

they were able to review their notes shortly after the lecture, those who transcribed 

performed better.  

Overall, the benefit of taking either organized or transcription notes were shown 

in immediate posttests in both pen-and-paper and computer conditions. However, 

students who took transcription notes with computers resulted in significantly better 

test performance. Transcription notes, in general, were more beneficial in immediate 
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posttests and delayed posttests with the opportunity to review. Whereas taking 

organized notes yielded better performance in long-term learning. Due to the fact that 

participants were explicitly instructed to take certain kind of notes in this research and 

that participants took notes with only computer in both Experiment 2 and 3, further 

research on natural note-taking habits would be needed to investigate the differences 

between taking longhand versus laptop notes.  

 

2.3.1.3 Kirkland (2016). 

In consideration of the conflicting results in Bui et al.’s (2013) research and 

Mueller and Oppenheimer’s (2014) study, Kirkland (2016) went further to investigate 

whether participants’ lecture comprehension and retention would be influenced by 

taking notes through their preferred modalities.  

Participants were 105 undergraduate English speakers. They listened to two 

lectures accompanied by PowerPoint slides. They were asked beforehand whether 

they preferred longhand or computer notes. During the lectures, half of the students in 

each group were allowed to take notes with the modality they preferred while the 

other half were asked to take notes with the modality they were not used to. The 

longhand group were provided with pen and paper while the computer group took 

notes on Microsoft Word with an Apple iMac. Afterwards, they were given five 

minutes to study their notes. They then completed distractors tasks for thirty minutes 

and finished two paper-based comprehension posttests, consisting of respectively 

specific and conceptual multiple choice-questions. They had to hand in the first test 

and receive the second test from the researcher. Finally, they completed a 
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questionnaire regarding their note-taking tendencies (of longhand, computer and no 

notes) and note-taking preferences. The tests were scored and the content of the notes 

were analyzed.  

In general, longhand note takers and computer note takers showed no difference 

in test performance. While the overall score of the specific test was superior than the 

score of conceptual, the two groups performed equally well on both tests. There was 

no significant interaction between note-taking modality and test type. Furthermore, 

the main effect of whether participants used their preferred modality was not 

significant. Only those using nonpreferred modality in the longhand group performed 

marginally worse than other groups. Considering note content, computer notes result 

in significantly more words recorded and more verbatim overlap between the notes 

and the lecture transcription. Preference of modality did not have an effect on note 

content.  

Regarding the questionnaire, participants reporting they took longhand notes had 

a higher tendency to take notes comparing to their computer counterparts. In general, 

preference of taking computer notes was positively linked to taking no notes, 

indicating that participants who preferred computer notes were more likely to not take 

notes during lecture.  

Previous studies have found that, regardless the modality, taking notes was 

beneficial to test performance in lecture condition (Bui et al., 2013; Kirkland, 2016; 

Mueller & Oppenheimer, 2014). However, conflicting results were found considering 

test timing (immediate or delayed posttest) and test types (factual or conceptual 

questions). A recent research then shifted the focus to text condition, setting out to 
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uncover the potential effectiveness of note-taking on reading comprehension 

(Howirtz, 2017).  

 

2.3.2 Empirical study of longhand vs laptop note-taking effects on reading 

comprehension. 

2.3.2.1 Horwitz (2017). 

Following the pioneering research of Mueller and Oppenheimer (2014), Horwitz 

(2017) conducted an extended study probing into the impact of studying and creating 

(longhand and laptop) notes on text comprehension. Two experiments were carried 

out in the study.  

In the first experiment, note-taking modalities and note review chances were set 

as variables in relation with learners’ reading comprehension. 48 college students 

enrolling in the course of General Psychology participated in the experiment. They 

were randomly assigned into four groups: laptop note-takers, longhand note-takers, 

laptop note-receivers and longhand note-receivers. A passage from the first chapter of 

Fundamentals of Marketing (Kerin, Hartley, & Rudelius, 2015), an introductory 

textbook on marketing, was chosen as the reading material. Participants were asked to 

read the passage by heart as if they were studying for an exam. In addition, they were 

not allowed to reread the passage. All participants took a pretest to show their prior 

knowledge for marketing. They then read a printed passage and the note-taking 

groups took notes either on white printer paper or on a blank Microsoft Word 

document on a personal laptop. Afterwards, they took a distractor test, studied the 

self-created or received notes, completed another distractor test, and finally took the 
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comprehension posttest. Note-takers reviewed their own notes and note-receivers 

studied either longhand or laptop notes from their counterparts. Longhand notes were 

typed to prevent misunderstanding from illegible handwriting.  

The results showed that there was a general increase of test scores after reading, 

especially when the questions were factual. However, surprisingly, there was no 

significant interaction between note-taking modalities and overall test performance. 

Using Welch 2-sample t-tests to determine individual growth, the only difference 

found was that laptop note-receivers showed a marginally significant improvement 

over their longhand note counterparts. A second experiment was then carried out in 

order to explain these results that were inconsistent with Mueller and Oppenheimer’s 

(2014).  

In the second experiment, a no-note group was created to explore whether 

creating or studying notes affect reading test performance. They underwent a similar 

procedure as those in the first experiment, only they did not create nor study notes. 

Instead, they had a longer distractor test to fill up the time of note reviewing section. 

Therefore, they took a pretest, read the passage, completed two distractor tests and 

finally answered the posttest. The time spent in total was the same as the first 

experiment. The results of this no-note control group were then compared with four 

other groups.   

In general, all five experimental conditions showed similar pretest/posttest 

improvement. Only the participants who received laptop notes were found to improve 

more than other participants did. The results suggested that creating either longhand 

or laptop notes did not have a significant benefit to reading comprehension. 
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Participants may have mostly learned from the reading passage itself instead of their 

notes.  

For factual questions, longhand groups did not outperform laptop ones, perhaps 

because they did not have many materials to study. These findings replicate previous 

research on lecture note-taking (Lalchandani & Healy, 2016; Mueller & 

Oppenheimer, 2014) that both groups show similar performance on factual recall.  

On the contrary, the benefits of longhand notes have been reported to be 

significant on conceptual questions in previous studies (Lalchandani & Healy, 2016; 

Mueller & Oppenheimer, 2014). However, this was not shown in Horwitz’s (2017) 

study. Multiple reasons may account for these inconsistent test results. First, longhand 

learners’ may be too tired from taking generative notes that require deeper mental 

processing. Possible exhaustion and lack of motivation may lead to worse 

performance in the posttest. Second, fundamental differences between the acts of 

listening and reading may lead to various learning outcomes that are not comparable.  

As for note contents, significantly more words were found in laptop notes over 

longhand notes. There was also a higher percentage of overlap between learners’ 

laptop notes and the reading passage. The average overlap in this study was also 

higher than the findings in Mueller and Oppenheimer’s (2014) research, simply 

because it is easier to copy verbatim notes from reading passages than listening to 

lectures. However, the analysis of notes quality (word count and verbatim overlap) 

and test performance showed no significant correlations.  

There were other possible reasons for the absence of longhand note-taking 

benefits. In this study, note-takers were told that their notes would be given to the 
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note-receiver group in the reviewing section. This could have resulted in non-organic 

note-taking performance and prevented personal meaning-making process. Moreover, 

note takers may spend less time reviewing the notes seriously because they had just 

created the notes a short period of time before. They may have taken less effort in 

reviewing the notes and taking the posttest.  

Horwitz’s (2017) study is the first to investigate the effects of note-taking 

modalities on reading comprehension. Compared to lecture conditions, whether laptop 

text notes harm learning remains relatively unclear. The limitations of this study are 

threefold: its small sample size may have led to no significant differences in the 

result; the short time between reading and reviewing may have harmed the motivation 

of studying notes; and finally, some conceptual questions that did not require reading 

but common knowledge could have affected test accuracy.  

 

2.3.3 General findings from empirical studies of longhand vs laptop note-

taking. 

In both lecture and reading conditions, studies of longhand versus laptop note-

taking have typically included an analysis of note content and post-reading 

comprehension performance. While there is a greater consensus in the findings of 

note content, contradictory results have been found in test performance (see Table 2). 

Findings will be further elaborated in the following sections.  
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Table 2 

Summary of the results of relative studies 

Study Condition Test 

Delay 

Factual Test 

Performance 

Conceptual 

Test 

Performance 

Word Count 

Muller & 

Oppenheimer  

 (2014) 

Listening 

(Lecture) 

After 30 

mins 

Equal Longhand 

group 

performed 

better 

Laptop notes: 

more words 

and more 

verbatim 

overlap 

Bui, 

Myerson, & 

Hale  

 (2013) 

Listening 

(Lecture) 

Immediate 

recall 

Laptop group: Larger 

proportion of main idea 

units recalled  

Laptop note takers, 

especially those who take 

transcription notes, has 

better memory recall 

Laptop notes: 

more notes 

taken 

Listening 

(Lecture) 

24hr 

delayed 

test 

Participants were all 

computer note-takers. 

Taking computer organized 

notes performed better than 

transcription notes 

 

Kirkland 

(2016) 

Listening 

(Lecture) 

After 30 

mins 

Equal Equal Laptop notes: 

more words 

and more 

verbatim 

overlap 

Horwitz 

(2017) 

Reading 20 min 

(including 

6 min of 

reviewing 

note) 

equal equal Laptop notes: 

more words 

and more 

verbatim 

overlap 
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2.3.3.1 Analysis of note content. 

The quality of notes was usually analyzed based on word counts and verbatim 

overlap. When analyzing the content of different notes, laptop note-taking resulted in 

significantly more words than hand-written note-taking. This is because typing is 

usually faster and less laborious than handwriting. While one hand is used to write, up 

to ten fingers are used to type. In handwriting, a closed system is formed with a pen 

held in one’s hand (Garman, 1990). On the contrary, the articulators, with fingers 

typing on the keyboard, work in parallel when typewriting. For casual adult typists, 

the average typing speed is 41 words per minute (WPM), whereas handwriting speed 

is around 22 to 31 WPM (Fort, 2014). On top of that, there is a ceiling for 

handwriting speed because when WPM increases, legibility decreases (Mangen & 

Velay, 2010).  

In one of the pioneering studies targeting the potential differences between 

longhand and laptop note-taking, learners were assigned to either transcribe, i.e. 

record as much as possible, or take organized lecture notes, i.e., write in their own 

words (Bui et al., 2013). On average, notes taken by laptops contained more units of 

ideas originated from the lecture. Interestingly, in handwriting, explicit instruction of 

asking learners to write as much as possible did not result in larger proportion of idea 

units comparing to the organized notes group. One possible explanation may be the 

ceiling of handwriting WPM imposed by physical limitation (Mangen & Velay, 2010). 

Recent research in the free note-taking of lectures and reading passages evinced 

similar results, with participants using pen and paper writing fewer words than their 

laptop counterparts (Horwitz, 2017; Mueller & Oppenheimer, 2014).  
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Moreover, using three-word chunks as the measure, more overlaps between 

students’ notes and lecture transcript were found in the group of laptop users, which 

implied that using a laptop may result in more verbatim notes (Mueller & 

Oppenheimer, 2014). In a follow-up experiment, where learners were explicitly told 

not to take verbatim notes, the results replicate findings in the previous experiment 

(Mueller & Oppenheimer, 2014). By the same token, a study on text note-taking also 

showed more verbatim overlap between reading passages and typed notes (35.47%) 

comparing to longhand notes (19.98%) (Horwitz, 2017). The ability to type faster 

than one can write makes it possible to record more words in a limited timeframe but 

also implies more verbatim notes. While shallower mental processing is included in 

taking verbatim notes and may undermine encoding benefits, the influence on 

learning comprehension are still under debate.  

 

2.3.3.2 Comprehension test performance. 

Studies on test performances of note-taking focus mainly on input 

comprehension and factual recall (e.g., Bui et al., 2013; Horwitz, 2017; Kirkland, 

2016; Mueller & Oppenheimer, 2014). As previously mentioned, multiple levels of 

representation (i.e., surface structure, text-based and situation model levels) affect 

comprehension and recall (Dijk & Kintsch, 1983). Different tasks were thus designed 

to assess learners’ understanding of input (Butler, 2010; Rohre, Taylor, & Sholar, 

2010; Wolf, 1993). While many of them explored on lecture comprehension, others 

dealt with reading comprehension. Methods and results of both kinds of studies will 

be included below. 
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Comprehension is the ability to process audio or textual input, understand the 

words as they are presented and link back to learners’ prior knowledge (Vandergrift, 

2007; William, 2009). As in Kintsch’s Construction-Integration (CI) Model of text 

comprehension (1988), scope of understanding is located along a local-to-global 

continuum. Thus, regarding the effects of note-taking, typical tasks of testing 

comprehension can roughly be divided into two types: local processing and global 

processing tasks (Mueller & Oppenheimer, 2014; Peper, & Mayer, 1986).   

Local processing tasks include verbatim recognition and factual recall of 

keywords and detailed ideas. Both recall and lower level comprehension are measured 

in these tasks. On the contrary, global processing tasks require higher level 

comprehension. The abilities to categorize and link different parts of the material, 

recognize the main concepts, summarize the text and make inferences are assessed in 

these tasks (Van Dijk & Kintsch, 1983).  

Typical local processing tests are identification and recall of detailed facts. For 

instance, in Bui et al.’s (2013) study, participants were tested on important and 

unimportant details with multiple-choice questions. Findings in the first experiment 

have shown that longhand group and computer group performed equally well in 

immediate posttest. However, in the delayed posttest in the second experiment, 

participants who took organized computer notes performed better. While longhand 

note taking was not explored in this experiment, longhand note takers were known to 

produce more notes in their own words (Bui et al., 2013). Therefore, it would be 

worth exploring the comparison of longhand versus laptop natural note taking habits. 

In studies with natural conditions where participants can freely take notes, learners 
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using different modalities did not show difference on factual lecture or reading 

comprehension in 30-minute delayed posttests (Horwitz, 2017; Kirkland, 2016; 

Mueller & Oppenheimer, 2014). 

On the contrary, the benefits of encoding have been proved to be more helpful 

when completing global processing tasks in the empirical study of Mueller and 

Oppenheimer (2014). In the posttest containing multiple-choice and short-answer 

questions, longhand participants outperformed their laptop counterpart on conceptual 

and application tasks. However, this superiority wasn’t significant in Kirkland’s 

(2016) study on lecture comprehension and Horwitz’s (2017) study on reading 

comprehension. There was no difference in the performance between two groups with 

different note-taking modalities. One reason may be that conceptual comprehension 

was tested in multiple-choice questions in these studies. Another may be that listening 

and reading are two different information processing systems and that their results 

could not be directly compared. The generalization of the results from previous 

studies are still debatable and further research is therefore needed.  

 

2.4 Major Findings and Research Gap  

Note-taking, with its encoding and external storage functions, is generally 

considered an aid to learning. Notably, taking generative, non-verbatim notes that 

require learners’ inferencing creates meaningful learning and suggests stronger 

encoding benefits. In reading comprehension, Van Dijk and Kintsch’s (1983) model 

depicts multiple levels of meaning construction during reading. Actively engaging in 

reading, e.g., note-taking, is said to encourage deeper understanding such as situation 
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model to take place. As technology has been gradually incorporated into educational 

settings, a new issue considering note-taking modalities has emerged. Input 

comprehension may be impacted because of the shift from handwriting to typing and 

the subsequent influence on cognitive processing. On the one hand, handwriting, with 

more kinesthetic engagement than typing, exclusively creates a sensory-memory trace 

that enhances learning and recall. On the other hand, the easiness of using a keyboard, 

the flexibility in terms of editing and the incomparable production speed still give 

typing the overall advantage over handwriting.  

Regarding the comparison between longhand and laptop note-taking, note content 

analysis has revealed more words and verbatim overlap in laptop notes. In order to 

evaluate learning outcome from note-taking, various comprehension task types 

ranging from local to global processing have been used. Longhand note-taking also 

leads to better results in global-conceptual questions on lecture comprehension. 

However, the findings in text comprehension did not show difference between two 

groups.  

Previous research directly addressing the issue of longhand versus laptop note-

taking either focus on lecture comprehension or fall short of speaking to real-world 

settings (Bui et al., 2013; Kirkland, 2016; Mueller & Oppenheimer, 2014). Respecting 

a L2 graduate school context, no study to date has investigated the potential different 

influences of longhand versus laptop note-taking on research paper comprehension. 

The present research was designed in order to fill in this gap and perhaps provide 

insights for higher education teachers and learners.  
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CHAPTER 3 

METHODOLOGY 

The present research sets out to uncover the potential differences between 

longhand note-taking and laptop-based note-taking. How these modalities of 

spontaneous text note-taking impact reading comprehension, including local and 

global understanding, is also investigated.  

Of the few previous studies on this topic that can be found, those that have been 

undertaken were mostly set in lecture conditions. Some were not natural in design, 

and participants were explicitly asked to take a certain type of notes (verbatim or 

organized) (Bui et al., 2013). Others assessments were limited to word-level recall 

(Lin & Bigenho, 2011). More recently, Mueller and Oppenheimer (2014) discovered 

the benefits of longhand over laptop note-taking in aiding conceptual understanding; 

however, again this experiment was carried out under lecture settings.  

Only one study to date has directly addressed this issue in reading 

comprehension (Horwitz, 2017). However, no significant correlations were found in 

note-taking modalities or text comprehension. One reason may be that participants 

were not taking natural notes. They had been told that other participants would read 

their notes, and may therefore have taken more general notes instead of personally 

meaningful notes. In addition, reading and listening are fundamentally different, 

leading to inconsistency in test performance.   

This research follows Mueller and Oppenheimer’s (2014) study by applying a 

similar procedure and comprehension test. The current experiment also takes 

Horwitz’s (2017) study into consideration by applying a similar reading 
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comprehension test. The goal of this research design is to form a better understanding 

of the impact of note-taking modalities on research paper comprehension. The 

research methodology will be described in the following five sections: Section 3.1 

begins by providing information about the participants; Section 3.2 describes the 

materials while Section 3.3 illustrates the instruments used in this study; Section 3.4 

then outlines the procedure of data collection; Section 3.5 will provide insight into 

methods of data analysis; and finally, Section 3.6 summarizes the chapter and 

contains the author’s hypothesis.  

 

3.1 Participants 

The participants of the present study consisted of 30 graduate students from 

National Taiwan Normal University. Four participants were excluded; two because of 

not having taken any notes, and two because of not following the instructions. The 

majority majored in Teaching English to Speakers of Other Languages (TESOL) 

while others majored in linguistics; both MA programs were offered by the 

Department of English. They were all foreign language learners of English. In order 

to apply for the TESOL graduate program, students had to reach at least B2 (Vantage) 

level of the Common European Framework of Reference for Languages (CEF). Score 

concordance comprised passing the high-intermediate level of General English 

Proficiency Test (GEPT), getting more than 92 on the TOEFL iBT test or reaching 6.5 

on the IELTS test. Participants from the Linguistics program in the present research 

have also reached the B2 level by passing these tests or receiving certain 

certifications. During the training of their graduate study, English passages from 
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research papers or textbooks were selected as classroom materials. All lectures were 

also delivered in English. Moreover, in most courses, students were asked to deliver a 

presentation based on assigned or self-selected research papers. Before graduation, 

they were also required to either present their papers at an academic conference or 

pass a subject examination. To prepare for exams, students needed memorize passages 

and have a deep understanding of related research papers. In short, the participants 

were all similar in terms of English proficiency and were all familiar to reading 

English research papers.  

During the present reading experiment, participants were randomly assigned to 

the longhand note condition or the laptop note condition, in which they used different 

modalities to take notes from the reading passage. Participants were between 22 to 30 

years old in both groups.  

 

3.2 Material and Design 

3.2.1 Reading Source 

Research papers were chosen as the target material for two reasons. First, 

participants in the present study were not only familiar with but were also motivated 

to read the research papers because, as previously mentioned, the research papers 

were closely related to graduate students’ study routine. Second, reading research 

papers may be more challenging and may highlight the functions of note taking. 

Learners have been found to undergo deeper mental processing when dealing with 

more difficult tasks (Oded & Walters, 2001). Since research papers are more 

complicated in nature and contain higher density of knowledge than common reading 
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materials, being actively involved in reading (i.e. taking generative notes in this case) 

may bring exceptionally positive outcomes.  

 

Table 3 

Information of the Reading Material 

Title of the 

Research Paper 

Parents and children in supermarkets: Incidence and influence 

Authors Bill Page, Anne Sharp, Larry Lockshin, Herb Sorensen (2018) 

Total Words 6393 words 

Abstract This research looks at the primary householder purchase context 

of grocery shopping and establishes the incidence of children 

accompanying adult shoppers. It identifies the effect of their 

presence on the spend, time taken to complete the trip and the 

route taken in-store. Observations are analyzed using exit 

interviews and structured observation of the in-store location of 

shoppers across two Australian states and four grocery retail 

outlets. Refuting the commonly held assertion that taking 

children shopping makes people spend more, accompanied 

shoppers do not spend more than unaccompanied shoppers, but 

rather shop 15% faster, tending to avoid busy areas in-store. 

This has implications for store layout and services offered. 

Products for children and parents need to be placed in areas 

where parents are more comfortable (that is, less busy areas), 

but also merchandised in ways that make it easy for parents to 

shop at their faster pace. The balance of these two needs is a 

direction for future research.  

 

Following previous studies (Mueller & Oppenheimer, 2014; Slotte and Lonka, 

1999), the criterion for choosing the reading materials was that the content be 

interesting but unfamiliar to as many participants as possible in order to prevent 

 



	 	 	
	

	 	 	
	

39 

different levels of understanding (Lindblom-Ylänne, Lonka, & Leskinen, 1996). The 

journal article Parents and children in supermarkets: Incidence and influence (Page, 

Sharp, Lockshin, & Sorensen, 2018), was thus selected from the Journal of Retailing 

and Consumer Services as the target reading text (Table 3). This article was chosen 

because participants majoring in TESOL and Linguistics have not taken courses on 

customer marketing. However, shopping in supermarkets is a part of daily life that 

everyone must have experienced so it would not be too difficult for the students 

comparing to subjects such as quantum mechanics or linear algebra. On top of that, 

participants would be familiar with its structure as a research paper. The reading text 

consisted of following sections: Introduction, Literature and Research Questions, 

Method, Results, Discussion and Implications, and finally Conclusions and Future 

Research. During the experiment, the title, names of the authors and the abstract were 

excluded from the text, leaving a remaining 6393 words in total. Moreover, the article 

found interesting and unpredictable results. Participants had to fully understand the 

text rather than rely solely on common knowledge to score high on the 

comprehension test.  

 

3.2.2 Design. 

The present study used a pre-experimental, between-subject design, striving to 

examine the impact of note-taking modalities on reading comprehension and the 

differences between the contents of longhand notes and laptop notes. During the 

reading experiment, participants of different genders and from different programs 

were randomly assigned to the longhand note condition or the laptop note condition 
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(see Table 4). Thus, the between-subjects independent variables is that participants 

either took notes by laptop or by longhand (n=13/group). The dependent variables are 

first, quantitatively speaking, the number of factual and conceptual questions that 

participants answer correctly and the word count; and second, the qualitative note 

contents under two modalities.  

 

Table 4 

Information of the Participants 

 

3.3 Instruments  

3.3.1 Note-taking Instruments  

During reading, participants in the longhand group took notes on provided B5-

size loose-leaf paper with their own stationery. Personal pens with different colors 

were allowed in order to elicit natural note-taking habits. While previous research 

provided blank printer paper (Horwitz, 2017), the present study adopted loose leaf 

paper with embossed lines (see Figure 1). This decision was made as it is not easy to 

write accurately without lines, and some learners’ note-taking outcome may have been 

affected if blank paper had been used. On the other hand, this decision comes with a 

trade-off, as common ruled paper may limit learners’ note-taking strategies. It is 

Grouping Numbers Gender Numbers Program_study Numbers 

Longhand 
13 

Female 

Male 

10 

3 

TESOL 

Linguistics 

11 

2 

Laptop 
13 

Female 

Male 

10 

3 

TESOL 

Linguistics 

11 

2 

*n=26 
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difficult to draw pictures or graphics when printed lines are used. Therefore, 

embossed paper, with invisible lines slightly raised or indented, created a condition 

where learners could not only take linear notes following the texture of the lines, but 

also draw charts or mind maps. More creativity in notes was hoped to be observed 

using embossed paper.  

Participants in the laptop group took notes on a personal laptop. They were asked 

to type on a blank document of Microsoft Word (see Figure 2). All tools in Microsoft 

Word (e.g. color, font, typeface, etc.) were enabled in order to elicit natural note-

taking habits. However, to prevent distractions, there was no access to the Internet and 

the participants were not allowed to use other applications on the laptop.  

 

3.3.2 Reading Comprehension Test  

Rather than including a pretest, there is only a post-reading test in this study. 

Regarding the results from Horwitz’s (2017) study, more improvement was seen in 

factual questions than in conceptual questions. The reason being that more specific 

 

 

Figure 1. Loose leaf paper with 

embossed lines used in the present study. 

 

Figure 2. A blank Microsoft Word 

document used in the present study. 
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knowledge was needed to answer factual questions. Since participants generally 

received lower scores on a factual pretest, more room was left for improvement in the 

posttest. Therefore, comparing improvement on factual or conceptual questions is 

relatively unnecessary.  

During the reading comprehension test, participants responded to twenty self-

created multiple-choice questions in total (see Appendix A). The questions had been 

administered to a few populations with similar background to test the comprehension 

of the questions. The test included ten factual questions (question number 3, 4, 5, 6, 7, 

8, 9, 11, 12 and 14) and ten conceptual questions (question number 1, 2, 10, 13, 15, 

16, 17 ,18, 19 and 20). The test created by the researcher followed the definition of 

factual questions and conceptual questions from previous studies (Horwitz, 2017; 

Muller and Oppenheimer, 2014). Factual knowledge of the text was evaluated with 

recall and definition tasks. For example, “What technique did the researchers use to 

investigate shopper movements through the store?” and “What does ‘basket size’ in 

the research mean?” Participants had to recall or explain specific terms to show their 

understanding of detailed information. On the contrary, the conceptual questions 

included examining the participants’ general understanding of the whole paper. 

Conceptual-application tasks and comparison tasks were also included, for example, 

participants had to answer questions such as: “Why are the research questions 

important?” “How can the research findings help manufacturers and retailers?” and 

“What may have caused the different results of the present research from the findings 

in Thomas and Garland’s (1993) study?” Being able to grab the main ideas of the 

passage, cause and effect of certain events, and compare and contrast between various 
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studies were all necessary in order to provide answers to the global questions. 

Conceptual questions were specifically designed so that learners could not answer 

correctly relying solely on their prior knowledge. Each correct respond was given 1 

point with a potential max score of twenty points.  

In scoring the comprehension test, each multiple-choice question accounted for 

one point. The maximum score in total was twenty. The author scored all the 

responses. 

 

3.3.3 Leximancer System 

The qualitative note contents were analyzed using the Leximancer system, a 

concept-mapping algorithm (see Figure 3 for example). In the sequential two-staged 

extraction of the texts (i.e., semantic extraction and relational extraction), the 

Leximancer system took a step further than simply presenting word count. It could 

discover co-occurrence information, classify core concepts, provide a meaningful title 

for each concept, and present the relationship between each concept by analyzing the 

relative concept co-occurrence frequency. Below, the definition of certain terms in 

Leximancer will be defined. 

Figure 3. An example of Leximancer processing.  
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The Leximancer User Guide (Leximancer Pty Ltd., 2018) defines the term 

Concept as follows:  

Concepts in Leximancer are collections of words that generally travel together 

throughout the text. For example, a concept building may contain the keywords 

mill, warrant, tower, collapsed, etc. These terms are weighted according to how 

frequently they occur in sentences containing the concept, compared to how 

frequently they occur elsewhere. (p.9) 

The Leximancer User Guide (Leximancer Pty Ltd., 2018) defines Concept Map 

as follows:  

Aside from detecting the overall presence of a concept in the text, the concept 

definitions are also used to determine the frequency of co-occurrence between 

concepts. This co-occurrence measure is what is used to generate the concept 

map.(p.9) 

The Leximancer User Guide (Leximancer Pty Ltd., 2018) defines Theme as 

follows:  

The concepts are clustered into higher-level ‘themes’ when the map is generated. 

Concepts that appear together often in the same pieces of text attract one another 

strongly, and so tend to settle near one another in the map space. The themes aid 

interpretation by grouping the clusters of concepts, and are shown as coloured 

circles on the map. (p.12) 

In addition, with Leximancer’s patented algorithm, the Concepts in a text were 

first ranked by connectedness, i.e., how they co-occurred with other concepts 

(Leximancer Pty Ltd., 2013). Afterwards, starting from the top of the ranking, the 
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algorithm generated a Theme group based on the top concept. It then moved on to the 

Concept ranked next and either 1) put it into the nearest Theme group if the concept is 

near enough or 2) started a new Theme groups based on that concept. Therefore, 

Concept can be considered the micro-level while Theme is more of the macro-level.  

 

3.4 Procedures of the Study  

This section describes the procedures of the present study (see Table 5). 

Participants completed the study in groups. Before the experiment, classrooms were 

preset either with loose-leaf paper or laptops according to the conditions. Materials 

presented in a pamphlet were placed aside each note-taking medium. Instructions 

were printed on the first page, followed by the research paper in the following pages. 

Participants were instructed to read the article and take notes for an upcoming test. 

They were asked to study as if they were preparing for a class. They were further 

reminded to use their natural note-taking strategy during reading, however, writing 

notes on the pamphlet was forbidden. The researcher read aloud the instructions and 

the participants could ask for clarification of the process. This introduction time took 

about 10 minutes.  

The participants then turned to the second page of the pamphlet and started 

reading at the same time. They had 50 minutes to read the research paper and take 

spontaneous text notes.  
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Table 5 

The procedures of the study.  

 

After reading and taking notes on the research paper, all the participants had 30 

minutes to finish the reading comprehension test. Each of them received a hard copy 

of the test and write their answers directly beside each question. Reading materials 

and notes were unavailable to the participants at this stage. The test sheets were 

collected were submitted for later analysis.  

 

3.5 Data Analysis 

3.5.1 Analysis of comprehension test. 

To answer the first research question, after the scores were calculated in the 

comprehension test, they were measured through SPSS Statistics. A one-way 

multivariate analysis of variance (one-way MANOVA) was used to understand 

whether there were differences in performance in the comprehension test between 

note takers from the two groups. MANOVA was chosen over ANOVA as the tool 

since it could assess more than one dependent variables. The independent variable 

was note-taking modality (longhand versus laptop), whilst two dependent variables 

were test performances on local questions and global questions.  

Introduction

• 10 min
• Verbal and printed 

instructions 

Reading

• 50 min
• Research paper reading 
• Longhand note-taking on 

embossed lined paper
OR
Laptop note-taking on a 
document of Microsoft Word

Reading
Comprehension
Test

• 30 min
• Factual questions
• Cenceptual questions
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3.5.2 Analysis of note content. 

To answer the second research question and understand the differences between 

longhand notes and laptop notes, word counts and note contents were measured. 

Before content analysis, all longhand notes were transcribed into digital text format. 

The relationship between word counts of the two modalities and reading test 

performance was evaluated using Pearson Product-Moment Correlation tests.  

As for the note contents, they were analyzed using the concept-mapping system, 

Leximancer, as mentioned in Section 3.3.3. In order to elicit more accurate results of 

the note concepts, obvious spelling mistakes and typos were corrected; for example, 

shooper into shopper, generlization into generalization, and etc. In addition, common 

abbreviations used among subjects were changed back into the original words; for 

instance, ppl into people, Ch or Cdn into children, bwn into between, yrs into years, 

and etc. With Leximancer, the core concepts and themes of longhand notes and laptop 

notes could be respectively discovered. The results from different concept maps 

would then be compared.  

 

3.6 Summary and Hypothesis 

The participants of the present study were graduate students from the linguistic 

program and the TESOL program. The goal of the experiment was to test the 

influences of note-taking modality (longhand versus laptop) on comprehending a 

journal article. Half of the participants took notes on loose leaf paper with embossed 

lines; the other half took digital notes on a blank document of Microsoft Word. Both 

their test performance and note content was subsequently analyzed.  
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Previous studies have shown that generative notes enhance the encoding process 

(Kiewra, 1985). While technology has been introduced to education settings, laptop 

use for note-taking has been found to result in more verbatim notes (Mueller & 

Oppenheimer, 2014). Specifically, the more prominent impact from taking verbatim 

notes has been found to be upon conceptual knowledge as opposed to factual recall 

(Bretzing & Kulhavy, 1979). While these results were collected in listening note-

taking conditions, findings from Horwitz’s (2017) research on reading comprehension 

showed no significant differences between longhand versus laptop note-taking 

groups. However, considering the insufficiency in Horwitz’s (2017) posttest, it was 

still hypothesized that longhand note-takers would outperform laptop note-takers in 

reading comprehension in the present study, in relation to the first research question. 

Moreover, considering the second research question targeting the quantitative and 

qualitative differences between longhand and laptop notes, word count was 

hypothesized to be higher for the laptop group; in addition, it was hypothesized that 

laptop note-takers will take more verbatim notes during the learning process.  
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CHAPTER 4 

RESULTS 

Previous research has discovered the benefits of taking notes such as enhancing 

comprehension and information recalled (Armbruster, 2000; Bui, Myerson, & Hale, 

2013; Peverly, Garner, & Vekaria, 2014). A few recent studies then tried to evaluate 

the effects of note-taking using pen-and-paper or laptops (Horwitz, 2017; Kirkland, 

2016; Mueller & Oppenheimer, 2014). With inconsistence findings from Mueller and 

Oppenheimer’s (2014) study under lecture condition and Horwitz’s (2016) study 

under reading condition ahead, the overall purpose of the present study was to follow-

up these studies to investigate whether longhand note-taking is more beneficial to 

reading comprehension. The current study focuses on the learning outcome after 

taking laptop or laptop notes during reading a piece of research paper. Not only their 

test performances but also their note contents and how they perceived the process of 

note-taking were reported. The results were often compared to findings from Mueller 

and Oppenheimer (2014) and Horwitz (2016) studies because the testing conditions 

and design are similar.  

The aim of the present study is to investigate the character of note-taking during 

reading research papers, how different note-taking modalities (laptop and longhand) 

influence learning outcome and how are the two kinds of notes different quantitatively 

and qualitatively. Participants were graduate students from the Department of English 

in NTNU. They were all foreign language learners of English with similar language 

proficiency. During the experiment, participants first took notes while reading a piece 

of chosen English research paper. They then completed a reading comprehension test. 
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The reading passage and the notes were not available to the participants during the 

tests. The process, i.e. the encoding function, of note-taking is thus the focus of the 

present study.  

This chapter is comprised of three sections. Results in response to the research 

questions will be thoroughly elaborated. Sections 4.1 reports the performance of two 

note-taking groups (laptop and longhand) on the reading comprehension test. Section 

4.2 discusses the quantitative and qualitative differences between the contents of 

longhand and laptop notes. Finally, section 4.3 gave a summary of the overall results.  

 

4.1 Which kind of note-taking modality (i.e., longhand or laptop) leads to better 

reading comprehension?  

Participants were divided into two groups using different note-taking modalities, 

longhand or laptop. The longhand group took notes with pens on embossed line paper 

while the laptop group typed their notes in a Microsoft Word file. Post-reading 

comprehension test were completed by all participants. The test consisted of twenty 

questions, including ten factual questions and ten conceptual questions. The 

maximum score was twenty. 

The effects of note-taking modality over the performance would first be examined 

using a One-way MANOVA and a One-way ANOVA. Afterwards, a Two-way 

ANOVA were applied to evaluate the relationship between note-taking modality, 

conceptual performance and their influence on factual performance.  

In order to evaluate whether participants’ individual background variables (i.e. 

note-taking modality, gender and program studied) affect their performance on 
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reading comprehension and also to control overall significance level, a One-way 

Multivariate Analysis of Variance (MANOVA) was first applied to analyze the data. 

When overall Wilk’s Lambda reached significant difference, a One-way Analysis of 

Variance (ANOVA) was then applied in both variables, i.e. factual and conceptual test 

performances, to investigate if there were any statistically significant difference 

between longhand and laptop note-taking groups. If the results were significant, Post 

Hoc test would be applied. When the variance between groups was homogenous, 

Scheffe’s Test would be applied. On the other hand, Dunnett’s T3 Test would be 

applied when the variance between groups was heterogeneous.  

Participants’ individual background, i.e. gender and program studied, did not 

influence their test performance. No significant difference was found in participants 

with different genders (Wilks Λ(1,24) = 0.806, p > .05); no difference was found 

respectively in conceptual and factual questions either (Conceptual: F(1,24) = 2.351, 

p > .05; Factual: F(1,24) = 0.025, p > .05). Considering the programs the participants 

studied, test performance was not affected as well (Wilks Λ(1,24) = 0.939, p > .05; 

Conceptual: F(1,24) = 0.001, p > .05; Factual: F(1,24)=1.215, p > .05).  

Table 6 presents descriptive statistics results of the participants’ performance on 

reading comprehension. Table 7 shows inferential statistics of different groups. 

According to Table 6 and 7, the overall MONOVA does not show significant 

interaction between note-taking modality and overall comprehension test performance 

(Wilks Λ(1,24) = 0.992, p > .05). On factual questions, participants performed equally 

well in both conditions, (longhand: M = 7.692 , SD = 1.974; laptop: M = 7.539, SD = 

1.713), F(1, 24) = 0.483, p > .0, which is consistent with the results of previous 
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studies comparing longhand and laptop note-taking effects (Horwitz, 2017; Kirkland, 

2016; Mueller & Oppenheimer, 2014). 

On conceptual questions, there was no significant difference between groups with 

different modalities as well, F(1, 24) = 0.94, p > .05). The longhand group (M = 

7.923, SD = 0.954) had similar test performance comparing to their laptop 

counterparts (M = 8.000, SD = 1.291), which is consistent with Kirkland’s (2016) 

results and Horwitz’s findings. However, the results from the present study is 

inconsistent with Mueller and Oppenheimer’s (2014) findings in which longhand 

note-takers outperformed their laptop counterparts in conceptual questions.  

 

Table 6 

Descriptive statistics of the participants’ performance based on note-taking modality 

and question type 

Program study 
Numbers of 

Participants Minimum Maximum Mean SD 

Longhand 
Factual Qs 13 4 10 7.692  1.974  

Conceptual Qs 13 6 9 7.923  0.954  

Laptop Factual Qs 13 3 10 7.539  1.713  

Conceptual Qs 13 5 10 8.000  1.291  
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Table 7 

MANOVA Inferential statistics of participants’ performance based on note-taking 

modality and question type 

Variable Wilks Λ 

F 

Conceptual Qs Factual Qs 

Note-taking Modality 0.992  0.94 0.483 

  ①Longhand 
   

  ②Laptop 
   

 

 

4.2 Are there any quantitative (i.e., word count) and qualitative (i.e., idea units) 

differences between longhand and laptop notes? If so, what are they? 

4.2.1 Quantitative differences between longhand and laptop notes. 

For the convenience of analysis, longhand notes were first transformed into digital 

form. Considering the total number of words produced, there is no significant 

difference among participants with different background (gender: F(1,28) = 0.034, P 

> .05; program studied: F(1,28) = 0.873, P > .05). In addition, according to Table 8, at 

first glance, the mean of laptop (M =206.20) is slightly higher than the longhand notes 

(M = 163.13). However, this word count difference between longhand group and 

laptop group was statistically insignificant.  
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Table 8 

Note-taking modality and notes word count 

Variable 
Sample 

Size 
Mean SD 

Levene 

Statistics 
F P 

Note-taking Modality 
 

�  �  5.718  0.785  0.384  

  ①Longhand 13 173.62  58.27  �  
  

  ②Laptop 13 206.08  118.51  �  �  �  

    n=26 

    *p<.05	**p<.01	***p<.001 
 

 

Pearson Product-Moment Correlation tests were then used to investigate the 

relationship between note content (i.e., word count) and test performance (on factual 

questions and conceptual questions). The test combined the data from longhand group 

and laptop group so that the relationship between word count and test performance 

will be analyzed regardless of the note-taking modality. According to Table 9, word 

count and test performance (on factual questions and on conceptual questions) did not 

show statistically significant correlation using Pearson correlation tests, resulting in a 

correlation value of r = .012, p > .05 (word count and factual questions) and r = -

0.109, p > .05 (word count and conceptual questions).  

 

Table 9 

Pearson Product-Moment Correlation of word count and test performance 

�  Word_Count Factual_Qs Conceptual_Qs 

Word_Count 1 0.12 -0.109 

Factual_Qs 0.12 1 .567** 

Conceptual_Qs -0.109 .567** 1 
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While the results were inconsistent with findings from Mueller and 

Oppenheimer’s (2014) listening note-taking research that participants who took more 

notes were reported to perform better, they replicate Horwitz’s (2017) results under 

reading condition that the correlations between word count and test performance were 

not significant. Earlier research investigating longhand note-taking during lecture 

condition had similar findings (Chaudron, Loschky, & Cook, 1994; Hsieh, 2006). 

Both studies concluded that the total of words participants produced during note-

taking could not predict their test performance.  

 

4.2.2 Qualitative differences between longhand and laptop notes: 

Leximancer content analysis. 

While there were no significant differences in the word numbers and in their 

effect on post-reading comprehension performance, Leximancer, a concept mapping 

algorithm that can discover co-occurrence information, has presented quite different 

concept maps for the two kinds of notes comparing to the concept map of original 

study. Below, the data analysis results of the original study text, longhand notes and 

laptop notes will be displayed. In this section, the Themes and their co-occurring 

Concepts of the study will first be presented, and the results from the laptop notes and 

longhand notes will then be listed and compared.  

 

4.2.2.1 Results of Themes from different materials.  

Figure 4 shows the results of the original study Parents and Children in 

Supermarkets: Incidence and Influence (Page, Sharp, Lockshin & Sorensen, 2018). 
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Noted that Theme circles are merely boundaries. The size of the circles does not 

indicate the importance or prevalence of a Theme. Moreover, according to the 

Leximancer User Guide (Leximancer Pty Ltd., 2013):  

The size of a concept’s dot reflects its connectivity in the concept map. In other 

words, the larger the concept dot, the more often the concept is coded in the text 

along with the other concepts in the map. Connectivity in this sense is the sum of 

all the text co-occurrence counts of the concept with every other concept on the 

map.  

In the map in Figure 4, the major eight Themes include children, shoppers, store, 

shopping, accompanied, in-store, number and wider. These are the prominent 

concepts discussed in the study.  

 

Figure 4. Leximancer map: Theme circles of the study text.  

Laptop notes from different note-takers were assembled into a single Microsoft 

Word file and then underwent the operation of Leximancer. Themes of the laptop 

 



	 	 	
	

	 	 	
	

57 

notes are presented in Figure 5. The eight major are as follows: children, time, store, 

shoppers, in-store, requests, kids and survey.   

 

Figure 5. Leximancer map: Theme circles of the laptop notes.  

Finally, longhand notes that were transformed into digital form were assembled 

into one Microsoft Word file and underwent Leximancer analysis. Figure 6 shows the 

five major Themes of longhand notes: time, children, behavior, areas and space. 

 

  

 

 

 

 

 

 

Figure 6. Leximancer map: Theme circles of the longhand notes.  
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At first glance, the map of the original text and the map of the laptop notes 

share more similarity as they both contain eight Themes when the theme sizes are set 

at 45%. In contrast, there are only five themes in the map of longhand notes. Also, 

original text and laptop notes share up to four identical concepts, children, store, 

shoppers and in-store, while the longhand notes Themes only include one identical 

concept, children, comparing to the original text.  

Since the notes were taken during reading rather than after reading, the higher 

degrees of similarities between laptop notes and original texts may result from more 

acts of copying and typing exacts words by laptop note-takers. Therefore, it can be 

concluded that more verbatim notes were taken during laptop note-taking compared to 

longhand note-taking.  

Figure 7. Leximancer map: Concepts of the study text.  
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4.2.2.2 Results of concepts from different materials.  

Figure 7 shows the top-ranked Concepts of the Leximancer results from the 

original text. In the order of ranking, the top ten Concepts are children, shoppers, 

store, shopping, accompanied, research, trip, behavior, present, spend and etc., i.e., 

they are the keywords that travel together more in the study text.  

Top-ranked Concepts of the laptop notes are presented in Figure 8. The top-ten 

Concepts are sequentially children, store, shopping, time, shoppers, spend, size, 

behavior, influence, and products. Comparing the top ten concepts of laptop notes and 

the original text, six of them are the same concepts: children, shoppers, store, 

shopping, behavior and spend. Furthermore, when narrowed down to the top-five 

concepts, four out of five concepts of the laptop notes resemble those of the original 

text: children, shoppers, store and shopping.  

 

Figure 8. Leximancer map: Concepts of the laptop notes.  

On the other hand, according to Figure 9, the top-ten concepts of the longhand 

notes contain time, children, shopping, size, grocery, faster, navigation, maps, density 
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and in-store. Comparing the results of the original text and the longhand notes, only 

two out of the top-ten concepts are the same: children and shopping.  

 

Figure 9. Leximancer map: Concepts of the longhand notes.  

The observation of the Concepts has shown that the similarity between the results 

of the original text and the laptop notes are higher (sex identical concepts out of ten), 

compared to the results between the original text and the longhand notes (two out of 

ten).  

In sum, it could be concluded that from both macro level (Theme) or micro level 

(Concept) observation, compared to longhand notes, the results of laptop notes shared 

more similarities with those of the original text. The findings in relation to the higher 

similarity could inferred that more verbatim notes were taken by laptop note-takers, 

i.e. they tended to copy and type in the exact words from the original text rather than 

putting the important points into their own words. 
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4.3 Summary of the Quantitative and Qualitative Results  

To sum up, quantitatively speaking, participants from laptop note-taking and 

longhand note-taking conditions performed equally well in the comprehension test. 

There was also no significant difference between these two groups of note-takers 

regarding both factual questions and conceptual questions. The longhand group had 

similar test performance with their laptop counterparts. In addition, considering the 

word counts of the notes of the laptop group and the longhand group, there were 

surprisingly no significant difference, Moreover, the number of notes taken did not 

influence test performance. However, qualitatively speaking, the content of the notes 

of the two groups are different. Not only are the Theme numbers (eight) identical 

between laptop notes and longhand notes, they share more similar Concepts as well. 

Therefore, while it seems that the comprehensive results may not be different between 

two modalities, the notes taken were widely varied. 
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CHAPTER 5 

DISCUSSION 

Past research has established the effect of taking notes during a lecture or while 

studying (Armbruster, 2000; Bui, Myerson, & Hale, 2013; Di Vesta & Gray, 1972; 

Peverly, Garner, & Vekaria, 2014; Mueller, & Oppenheimer, 2014). Research focus 

has then moved on to the effect of taking laptop notes and longhand notes during a 

lecture. The present research studies note-taking while reading, in this case research 

paper. It aims to discuss the differences of note-taking with two modalities: laptop or 

longhand, which one benefits the reading comprehension more and how the note-

taking contents are different. There are limited studies that directly address the 

comparison of note-taking with laptop or longhand. Mueller and Oppenheimer’s 

pioneering study (2014) was done in the lecture situation where learners listened and 

took notes, and Horwitz’s study (2017) was done in the reading situation where 

learners read a textbook passage. The results of the present study will often be 

compared to Mueller and Oppenheimer’s (2014) and Horwitz’s (2017) since the 

experiment conditions were similar. Chapter five will be divided into two sections: 

Section 5.1 addresses the relationship between note-taking modality and the learning 

outcomes; Section 5.2 goes further and discusses the content of laptop notes and 

longhand notes.  

 

5.1 Note-taking and Reading Comprehension Test Performance 

The first research question aimed to examine the performances of note-takers 

using different modalities in a reading comprehension test after they had finished 
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reading research paper and taking notes. It was hypothesized that longhand note-

takers would outperform laptop note-takers in the comprehension test. However, the 

quantitative results from the comprehension test shows that there was no interaction 

between note-taking modalities and the overall comprehension performance. Nor was 

there statistical interaction between note-taking modalities and (1) factual question 

comprehension and (2) conceptual question comprehension. These results replicate 

Kirkland’s (2016) research in a lecture setting and Horwitz’s (2017) research in 

reading condition. However, in Kirkland’s research, there was a note studying session 

before the test. Thus, the results would not be compared with the present research. On 

the other hand, the present results were inconsistent with Muller and Oppenheimer’s 

(2014) finding that longhand note-takers had better listening comprehension 

performance on conceptual questions comparing to laptop note-takers.  

The main reason of such conflicting results may lie in the fundamental difference 

of audio and visual input (Lund, 1991). In a lecture condition, students are under more 

time pressure as they cannot go back to what they have missed while listening. They 

have to take notes as soon as possible. Since people write a lot slower than they write, 

they have to organize their thoughts into refined keywords as they write. On the 

contrary, when people take reading notes, they have less time pressure. They can go 

over the parts they don’t understand or consider important again and again. Some of 

them take notes whenever they encounter a salient idea while other may summarize 

the paragraph with a few words after each section. In other words, there are more 

choices of taking reading notes comparing to lecture notes. This may be one possible 

reason of the various results from the two conditions.  
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Moreover, in a lecture condition, note-takers have to transfer audio input into 

written notes, which requires a lot of mental efforts to accomplish the task. However, 

when note-takers take reading notes, they have visual aid from the reading passage so 

they can simply transcribe or reorganize the passage, which require fewer mental 

efforts, not having to deal with spelling issues. While the mental process is different, 

the result may be as well.  

The above reasons may explain the inconsistent results in listening and reading 

setting - they are simply fundamentally different. In addition, in the reading setting 

alone, the present research has similar results comparing to the Horwitz’s study 

(2017), i.e. there is no statistical interaction between note-taking modality and reading 

comprehension outcome. Laptop note-takers and longhand note-takers performed 

equally well in both factual questions and conceptual questions. While Horwitz’s 

study (2017) suggested that creating either longhand or laptop was not significantly 

beneficial to reading comprehension and that participants may have mostly learned 

from the reading passage itself, such conclusion cannot be implied from the present 

research. Moreover, such results should be dealt be caution since the comprehension 

tests were both done in a short period of time after reading. Longer memory retention 

and comprehension effect of note-taking could not be seen in both Horwitz’s research 

(2017) and the present research. Nonetheless, the present research further investigated 

the content of the notes through Leximancer, a content analysis system, whose results 

may shed a few insights on the different mental processing of note-taking with laptop 

and hands.  
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5.2 Differences between laptop notes and longhand notes.  

Note analysis included word count and the content of the notes. Previous research 

in both listening and reading conditions found that laptop group took down 

significantly more words than longhand group did (Bui et al, 2013; Horwitz, 2017; 

Kirkland, 2016; Muller & Oppenheimer, 2014). However, in the present research, 

while laptop note takers did take more notes, the difference in word count was not 

significant. One of the possible reasons may lie in the participants who were all 

graduate students. They were more educated, perhaps better at taking notes and 

summarizing the passage with no matter which modality. In contrast, participants in 

previous studies were mostly college students, who had just left high school and may 

not be familiar with laptop note-taking.  

When it comes to note contents, considering the similarity between notes taken 

and the original passage (or lecture transcript), most past studies used an n-gram 

program to measure the overlap (Horwitz, 2017; Kirkland, 2016; Muller and 

Oppenheimer, 2014). Overlapping word chunks (three words in a row) were detected 

and considered verbatim notes. These past studies have found that laptop notes were 

more similar to the original text; i.e., compared to longhand counterparts, laptop note-

takers tended to took more verbatim notes.  However, the present research tried to 

deal with this similarity issue in a different way. With the help of Leximancer, the 

mind-map of the original text and the two notes; plus, their similarity and differences 

could be observed.  

According to the results in Chapter 4, the mind-map of laptop notes was more 

similar to that of the original passage, from both the micro-level (Concepts) and the 
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macro-level (Thesis). How the concept of verbatim should be defined is worth 

reconsider. Verbatim may not be seen only from the words that appear in a row, but 

also coexistence. Leximancer detected the words that travel together and put them 

into concepts and themes. Previous studies have stated that reading comprehension 

would reach its highest when learners took non-verbatim generative notes (Bohay, 

Blakely, Tamplin, & Radvansky, 2011; Slotte & Lonka, 1999). In this case of the 

present study, it seems that longhand learners tended to take more non-verbatim notes 

that they generated on their own, which were also shorter and more precise.  

An interesting insight was thus found comparing the results from the first and 

second research questions: while laptop note-takers and longhand note-takers had 

different emphasis during the process of note-taking, i.e. they produced notes with 

various concepts and theses, the two groups performed equally well in the reading 

comprehension test (see Table 10). What could be implied from the results was first, 

at least in reading notes condition, longhand note-taking is perhaps a more efficient 

way of learning. Longhand note-takers wrote slower, i.e. they wrote fewer notes; 

however, they did not perform worse than their laptop counterparts. Their 

performances are comparable to their laptop counterparts. With less laboring 

handwork or writing, longhand participants learned more efficiently and had equally 

good performance. This can also be supported by the findings that word count had 

nothing to do with comprehension test performance in the reading conditions, both in 

Horwitz’s (2017) study and in the present study.  
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Table 10 

Summary of the present research findings.  

 

Second, perhaps the differences in the arrangements of notes and their effects can 

be seen in a longer-delayed comprehension test. In Bui, et al.’s study (2013), 

participants who took organized notes with a deeper processing of the lecture 

information had superior performance in a 24-hour delay test. Moreover, Van Dijk 

and Kintsch’s (1983) model suggests that actively engaging in reading, such as note-

taking, can encourage deeper understanding. And such deeper understanding may be 

influential in longer delay. Still, at this moment of the research, the encoding process 

of taking notes with laptop or longhand did not yield different comprehension levels 

in a short term.   

 

 

 

Reader's 
materials

Longhand 
notes

Fewer themes and 
concepts 

Laptop 
notes

More themes and 
concepts

More similar to the 
original reading text

Input       Learning Process      Notes                 Comprehension test 

 

Comparable 

comprehension results 
Longhand: Factual Qs 7.692/10 

                 Conceptual Qs 7.923/10 

Laptop: Factual Qs 7.539/10 
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CHAPTER 6 

CONCLUSION 

This chapter consists of three sections. Section 6.1 summarizes the major 

findings of the present study. Based on the findings, Section 6.2 discusses possible 

pedagogical implications on reading and note-taking. Finally, Section 6.3 reports 

limitations of the present study and provides suggestion for future research. 

6.1 Summary of the Major Findings 

 The present research is one of the few studies directly probing into the issue of 

longhand note-taking and laptop note-taking. It is also the second study bringing this 

comparison in a reading setting rather than a lecture setting. Listed below are the 

insights implied from the current findings:  

1. In the short term, taking laptop notes in a reading setting may not be seen in 

such a negative line as it was seen in a lecture condition (Muller & 

Oppenheimer, 2014). Laptop and longhand note-takers performed equally well 

on factual and conceptual questions.  

2. More words taken does not necessarily indicate better reading comprehension.  

3. Notes generated with laptop and those taken down by pen and paper were 

different, considering their keywords and concepts selected. Laptop notes 

were more similar to the original text.  

4. Longhand note-taking may be a more efficient way of learning compared to 

laptop note-taking. They took down fewer key concepts but had comparable 

comprehension outcome.  
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While these major findings were partially inconsistent with the researcher’s 

hypothesis that longhand note-takers would outperform laptop counterparts, it 

actually formed an interesting picture in the field of note-taking. Therefore, the 

ensuing section will focus on relative pedagogical implications that the present 

research brings.  

 

6.2 Pedagogical Implications 

 Even without the opportunity to review their notes, the process the taking 

notes has been proved to aid reading comprehension (Slotte & Lonka, 1999). 

Therefore, while insignificant results were found between laptop and longhand note-

takers’ test performance in the present study, several pedagogical implications can still 

be provided for language learners, teachers and educators especially in higher 

education settings.  

 First of all, while some educators criticize using technology for learning, 

according to the findings of the present research, using laptops for note-taking during 

reading poses no harm for note-taking during reading, at least in the short term. 

Except for Internet connection posing possible distractions, laptop is actually an 

efficient tool for note-taking. Other than banning students from using laptops during 

learning, it would be more beneficial to introduce various useful tools for note-taking 

to students. Applications such as Evernote, Microsoft Note, KeyNote or simply 

Microsoft Word provide learners with different options for note-taking. Tens and 

hundreds of functions in the applications enable learners to highlight, circle or 
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underline keywords, to create clear and colorful tables and even link relative websites 

to their notes.  

Second, reading and note-taking strategies should be noticed more. Taking notes 

is the second step of reading. Reading the passage and finding main ideas are the first 

step that pose challenges to many learners. Since longer and more complicated 

passages are more common in higher education, learners should learn to filter 

important information. Moreover, different formats of notes such as drawing mind 

map, listing bullet points or writing summary should be introduced to students so that 

they can find the note-taking strategy that suits them most.  

 

6.3 Limitations of the Study and Suggestions for Future Research 

While findings and pedagogical implications have been reported, there are some 

limitations that need to be taken into consideration. Considering the limitations of the 

present study, suggestions for future research will also be provided below. 

First, with 13 participants in each note-taking group, they only formed a small 

subject pool. This may have caused the insignificancy in the results. With a small 

subject pool for the present study and also the previous study of Horwitz (2016) (12 

participants per condition), the relationship between note-taking modality and reading 

may still be unclear. Future research with a larger sample is thus suggested to better 

understand note-taking during reading.  

Second, the present study did not allow participants to choose the modality they 

prefer or they are more used to, which may possibly lead to unfavorable factor in the 

performance. Kirkland’s (2016) research has investigated whether participants used 
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their preferred modality or not. While the main effect in the result of Kirkland’s study 

was not significant, it was done in a lecture setting. Therefore, whether participants 

using their preferred modality to take notes makes a difference in a reading situation 

is still unclear.  

Third, previous related studies (Bui, Myerson, & Hale, 2013; Horwitz, 2017; 

Kirkland, 2016; Muller and Oppenheimer, 2014) were all done in first language 

settings, in which participants took notes in their mother tongue. However, the 

participants in the present research are all English-as-second-language learners. 

Participants’ performance of reading comprehension from note-taking under a second-

language setting should be further explored by future research.  

Moreover, participants’ performance on multiple choice questions may not 

completely show their understanding of the reading passage. There are chances of 

guessing the correct answer in multiple choice test. In addition, for complicated 

articles such as research papers, essay questions may reveal more perspectives of 

comprehension of the learners. Future research is thus suggested to give 

comprehension tests on short-answer or more open-ended questions-types. 

Last but not least, the present study only included immediate posttest after 

reading. The retention effect of note-taking cannot be seen. The current result from 

Leximancer indicates that the mind-map of laptop notes and longhand notes are 

different, or in other words, the ‘mindset’ of laptop note-takers and longhand note-

takers may actually vary. However, the shortly-delayed test did not show the 

difference in their comprehension of the reading material. Therefore, it would provide 

a more thorough picture to the issue of comparing longhand and laptop note-taking 
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when delayed posttests are included in future research. Notes are worth-taking, but 

whether digital notes are worthy in the long term is still in question.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 	 	
	

	 	 	
	

73 

REFERENCES 

Aiken, E. G., Thomas, G. S., & Shennum, W. A. (1975). Memory for a lecture: 

Effects of notes, lecture rate, and informational density. Journal of 

Educational Psychology, 67(3), 439-444. doi: 10.1037/h0076613 

Alptekin, C., & Erçetin, G. (2010). The role of L1 and L2 working memory in literal 

and inferential comprehension in L2 reading. Journal of Research in 

Reading, 33(2), 206-219. doi: 10.1111/j.1467-9817.2009.01412.x 

Armbruster, B. B. (2000). Taking notes from lectures. In R. F. Flippo & D. C. Caverly 

(Eds.), Handbook of college reading and study strategy research (p. 175–199). 

Lawrence Erlbaum Associates Publishers. 

Ausubel, D. (1963). The Psychology of Meaningful Verbal Learning. New York: 

Grune & Stratton. 

Barnett, J. E., Di Vesta, F. J., & Rogozinski, J. T. (1981). What is learned in note 

taking?. Journal of Educational Psychology, 73(2), 181-192. doi: 

10.1037/0022-0663.73.2.181 

Barnhart, A. S., & Goldinger, S. D. (2010). Interpreting chicken-scratch: Lexical 

access for handwritten words. Journal of Experimental Psychology: Human 

Perception and Performance, 36(4), 906-923. doi: 10.1037/a0019258 

Bohay, M., Blakely, D. P., Tamplin, A. K., & Radvansky, G. A. (2011). Note taking, 

review, memory, and comprehension. The American Journal of 

Psychology, 124(1), 63-73. doi: 10.5406/amerjpsyc.124.1.0063 

Bonifacio, A., Kerin, R., Hartley, S., Rudelius, W., & Clements, C. (2015). Marketing: 

The Core (4th Canadian ed.). Toronto: McGraw- Hill Ryerson. 

 



	 	 	
	

	 	 	
	

74 

Bonner, J. M., & Holliday, W. G. (2006). How college science students engage in 

note-taking strategies. Journal of research in science teaching, 43(8), 786-818. 

doi: 10.1002/tea.20115 

Bretzing, B. H., & Kulhavy, R. W. (1979). Notetaking and depth of 

processing. Contemporary Educational Psychology, 4(2), 145-153. doi: 

10.1016/0361-476X(79)90069-9 

Britt, M. A., Perfetti, C. A., Sandak, R., & Rouet, J. F. (1999). Content integration and 

source separation in learning from multiple texts. Narrative comprehension, 

causality, and coherence: Essays in honor of Tom Trabasso, 209-233. 

Mahwah: NJ: Erlbaum. 

Bui, D. C., Myerson, J., & Hale, S. (2013). Note-taking with computers: Exploring 

alternative strategies for improved recall. Journal of Educational 

Psychology, 105(2), 299-309. doi: 10.1037/a0030367 

Conway, M. A., & Gathercole, S. E. (1990). Writing and long-term memory: 

Evidence for a “translation” hypothesis. The Quarterly Journal of 

Experimental Psychology Section A, 42(3), 513-527. doi: 

10.1080/14640749008401235 

Butler, A. C. (2010). Repeated testing produces superior transfer of learning relative 

to repeated studying. Journal of Experimental Psychology: Learning, Memory, 

and Cognition, 36(5), 1118-1133. doi: 10.1037/a0019902 

Corcoran, D. W. J., & Rouse, R. O. (1970). An aspect of perceptual organization 

involved in reading typed and handwritten words. Quarterly Journal of 

Experimental Psychology, 22(3), 526-530. doi: 10.1080/14640747008401930 

 



	 	 	
	

	 	 	
	

75 

Corey, S. M. (1935). The efficacy of instruction in note making. Journal of 

Educational Psychology, 26(3), 188-194. doi: 10.1037/h0055288 

Craik, F. I., & Lockhart, R. S. (1972). Levels of processing: A framework for memory 

research. Journal of verbal learning and verbal behavior, 11(6), 671-684. doi: 

10.1016/S0022-5371(72)80001-X 

Crawford, C. C. (1925). Some experimental studies of the results of college note-

taking. The Journal of Educational Research, 12(5), 379-386. doi: 

10.1080/00220671.1925.10879612 

Di Vesta, F. J., & Gray, G. S. (1972). Listening and note taking. Journal of 

educational psychology, 63(1), 8. doi: 10.1037/h0032243 

Dole, J. A., Duffy, G. G., Roehler, L. R., & Pearson, P. D. (1991). Moving from the 

old to the new: Research on reading comprehension instruction. Review of 

educational research, 61(2), 239-264. doi: 10.3102/00346543061002239 

Dunkel, P. (1988). The content of L1 and L2 students' lecture notes and its relation to 

test performance. Tesol Quarterly, 22(2), 259-281. doi: 10.2307/3586936 

Einstein, G. O., Morris, J., & Smith, S. (1985). Note-taking, individual differences, 

and memory for lecture information. Journal of Educational 

psychology, 77(5), 522-532.  

Ford, B., & Banks, W. P. (1977). Perceptual differences between reading handwritten 

and typed words. Memory & cognition, 5(6), 630-635. doi: 

10.3758/BF03197409 

Frase, L. T. (1970). Boundary conditions for mathemagenic behaviors. Review of 

Educational Research, 40(3), 337-347. doi: 10.3102/00346543040003337 

 



	 	 	
	

	 	 	
	

76 

Fried, C. B. (2008). In-class laptop use and its effects on student learning. Computers 

& Education, 50(3), 906-914. doi: 10.1016/j.compedu.2006.09.006 

Garman, M. (1990). Psycholinguistics. Cambridge: Cambridge University Press. 

Gipson, S. Y. M. T., Kim, J. W., Shin, A. L., Kitts, R., & Maneta, E. (2017). Teaching 

child and adolescent psychiatry in the twenty-first century: A reflection on the 

role of technology in education. Child and Adolescent Psychiatric 

Clinics, 26(1), 93-103. doi: 10.1016/j.chc.2016.07.004 

Horwitz, S. M. (2017). Is Note-Taking More Effective with a Keyboard or a Pen? 

(Unpublished undergraduate thesis). University of Colorado, Boulder. 

Igo, L. B., Bruning, R., & McCrudden, M. (2005). Encoding disruption associated 

with copy and paste note taking. Technologybased education: Bringing 

researchers and practitioners together, 107-119. 

James, K. H., & Engelhardt, L. (2012). The effects of handwriting experience on 

functional brain development in pre-literate children. Trends in neuroscience 

and education, 1(1), 32-42. doi: 10.1016/j.tine.2012.08.001 

Kay, R. H., & Lauricella, S. (2011). Exploring the benefits and challenges of using 

laptop computers in higher education classrooms: A formative 

analysis. Canadian Journal of Learning and Technology, 37(1), 1-18. 

Kiefer, M., Schuler, S., Mayer, C., Trumpp, N. M., Hille, K., & Sachse, S. (2015). 

Handwriting or typewriting? The influence of pen-or keyboard-based writing 

training on reading and writing performance in preschool children. Advances 

in cognitive psychology, 11(4), 136-146. doi: 10.5709/acp-0178-7 

 



	 	 	
	

	 	 	
	

77 

Kiewra, K. A. (1985). Students' note-taking behaviors and the efficacy of providing 

the instructor's notes for review. Contemporary educational psychology, 10(4), 

378-386. doi: 10.1016/0361-476X(85)90034-7 

Kintsch, W. (1988). The role of knowledge in discourse comprehension: A 

construction-integration model. Psychological review, 95(2), 163-182. doi: 

10.1037/0033-295X.95.2.163 

Kintsch, W. (1994). Text comprehension, memory, and learning. American 

Psychologist, 49(4), 294. 

Kirkland, K. M. (2016). The Effect of Note Taking Media and Preference on the 

Cognitive Processes Involved in Learning (Unpublished undergraduate thesis). 

University of Colorado, Boulder. 

Klatzky, R. L., Lederman, S. J., & Mankinen, J. M. (2005). Visual and haptic 

exploratory procedures in children's judgments about tool function. Infant 

Behavior and Development, 28(3), 240-249. doi: 10.1016/j.infbeh.2005.05.002 

Kunkel, K. R. (2004). A research note assessing the benefit of presentation software in 

two different lecture courses. Teaching Sociology, 32(2), 188-196. doi: 

10.1177/0092055X0403200204 

Lalchandani, L., & Healy, A. F. (2016). Disentangling the effects in note-taking 

strategy: Generation and summarization (Unpublished master’s thesis). 

University of Colorado, Boulder. 

Lau, K. L., & Chan, D. W. (2003). Reading strategy use and motivation among 

Chinese good and poor readers in Hong Kong. Journal of Research in 

Reading, 26(2), 177-190. doi: 10.1111/1467-9817.00195 

 



	 	 	
	

	 	 	
	

78 

Leximancer Pty Ltd. (2018). Leximancer user guide: Release 4.5 Retrieved July 8, 

2019, from http://doc.leximancer.com/doc/LeximancerManual.pdf  

Lin, L., & Bigenho, C. (2011). Note-taking and memory in different media 

environments. Computers in the Schools, 28(3), 200-216. doi: 

10.1080/07380569.2011.594989 

Lindblom-Ylänne, S., Lonka, K., & Leskinen, E. (1996). Selecting students for 

medical school: What predicts success during basic science studies? A 

cognitive approach. Higher Education, 31(4), 507-527. doi: 

10.1007/BF00137129 

Longcamp, M., Boucard, C., Gilhodes, J. C., Anton, J. L., Roth, M., Nazarian, B., & 

Velay, J. L. (2008). Learning through hand-or typewriting influences visual 

recognition of new graphic shapes: Behavioral and functional imaging 

evidence. Journal of cognitive neuroscience, 20(5), 802-815. doi: 

10.1162/jocn.2008.20504 

Longcamp, M., Zerbato-Poudou, M. T., & Velay, J. L. (2005). The influence of 

writing practice on letter recognition in preschool children: A comparison 

between handwriting and typing. Acta psychologica, 119(1), 67-79. doi: 

10.1016/j.actpsy.2004.10.019 

Lund, R. J. (1991). A comparison of second language listening and reading 

comprehension. The modern language journal, 75(2), 196-204. doi: 

10.1111/j.1540-4781.1991.tb05350.x 

 



	 	 	
	

	 	 	
	

79 

Mangen, A., Walgermo, B. R., & Brønnick, K. (2013). Reading linear texts on paper 

versus computer screen: Effects on reading comprehension. International 

journal of educational research, 58, 61-68. doi: 10.1016/j.ijer.2012.12.002 

Mangen, A., & Velay, J. L. (2010). Digitizing literacy: reflections on the haptics of 

writing. Advances in haptics, 385-401. 

Moos, D. C., & Azevedo, R. (2008). Self-regulated learning with hypermedia: The 

role of prior domain knowledge. Contemporary Educational 

Psychology, 33(2), 270-298. doi: 10.1016/j.cedpsych.2007.03.001 

Morrow, L. M. (2008). Comprehension instruction: Research-based best practices. 

Guilford Press. 

Mueller, P. A., & Oppenheimer, D. M. (2014). The pen is mightier than the keyboard: 

Advantages of longhand over laptop note taking. Psychological science, 25(6), 

1159-1168. doi: 10.1177/0956797614524581 

Nakamura, K., Kuo, W. J., Pegado, F., Cohen, L., Tzeng, O. J., & Dehaene, S. (2012). 

Universal brain systems for recognizing word shapes and handwriting gestures 

during reading. Proceedings of the National Academy of Sciences, 109(50), 

20762-20767. 

O'malley, J. M., Chamot, A. U., Stewner-Manzanares, G. L. O. R. I. A., Russo, R. P., 

& Küpper, L. (1985). Learning strategy applications with students of English 

as a second language. TESOL quarterly, 19(3), 557-584. doi: 

10.2307/3586278 

Oded, B., & Walters, J. (2001). Deeper processing for better EFL reading 

comprehension. System, 29(3), 357-370. doi:10.1016/S0346-251X(01)00023-9 

 



	 	 	
	

	 	 	
	

80 

Page, B., Sharp, A., Lockshin, L., & Sorensen, H. (2018). Parents and children in 

supermarkets: Incidence and influence. Journal of Retailing and Consumer 

Services, 40, 31-39. doi: 10.1016/j.jretconser.2017.08.023 

Peper, R. J., & Mayer, R. E. (1978). Note taking as a generative activity. Journal of 

Educational Psychology, 70(4), 514-522. doi: 10.1037/0022-0663.70.4.514 

Peper, R. J., & Mayer, R. E. (1986). Generative effects of note-taking during science 

lectures. Journal of Educational psychology, 78(1), 34-38. doi: 10.1037/0022-

0663.78.1.34 

Perfetti, C. A., Landi, N., & Oakhill, J. (2005). The acquisition of reading 

comprehension skill. The science of reading: A handbook, 227-247. 

Perea, M., Gil-López, C., Beléndez, V., & Carreiras, M. (2016). Do handwritten 

words magnify lexical effects in visual word recognition?. Quarterly Journal 

of Experimental Psychology, 69(8), 1631-1647. doi: 

10.1080/17470218.2015.1091016 

Peverly, S. T., Garner, J. K., & Vekaria, P. C. (2014). Both handwriting speed and 

selective attention are important to lecture note-taking. Reading and 

Writing, 27(1), 1-30. doi: 10.1007/s11145-013-9431-x 

Piolat, A., Olive, T., & Kellogg, R. T. (2005). Cognitive effort during note 

taking. Applied Cognitive Psychology, 19(3), 291-312. doi: 10.1002/acp.1086 

Pressley, M. (1990). Cognitive strategy instruction that really improves children's 

academic performance. Brookline Books.  

 



	 	 	
	

	 	 	
	

81 

Rohrer, D., Taylor, K., & Sholar, B. (2010). Tests enhance the transfer of 

learning. Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 36(1), 233-239. doi: 10.1037/a0017678 

Salataci, R. (2002). Possible effects of strategy instruction on L1 and L2 

reading. Reading in a foreign language, 14(1), 1-17. 

Sana, F., Weston, T., & Cepeda, N. J. (2013). Laptop multitasking hinders classroom 

learning for both users and nearby peers. Computers & Education, 62, 24-31. 

doi: j.compedu.2012.10.003 

Skolnik, R., & Puzo, M. (2008). Utilization of laptop computers in the school of 

business classroom. Academy of Educational Leadership Journal, 12(2), 1-10. 

Slamecka, N. J., & Graf, P. (1978). The generation effect: Delineation of a 

phenomenon. Journal of experimental Psychology: Human learning and 

Memory, 4(6), 592-604. doi: 10.1037/0278-7393.4.6.592 

Slotte, V., & Lonka, K. (1999). Review and process effects of spontaneous note-

taking on text comprehension. Contemporary Educational Psychology, 24(1), 

1-20. doi: 10.1006/ceps.1998.0980 

Smoker, T. J., Murphy, C. E., & Rockwell, A. K. (2009, October). Comparing 

memory for handwriting versus typing. In Proceedings of the Human Factors 

and Ergonomics Society Annual Meeting (Vol. 53, No. 22, pp. 1744-1747). 

Sage CA: Los Angeles, CA: SAGE Publications. 

Spörer, N., Brunstein, J. C., & Kieschke, U. L. F. (2009). Improving students' reading 

comprehension skills: Effects of strategy instruction and reciprocal 

 



	 	 	
	

	 	 	
	

82 

teaching. Learning and Instruction, 19(3), 272-286. doi: 

10.1177/154193120905302218 

Trevors, G., Duffy, M., & Azevedo, R. (2014). Note-taking within MetaTutor: 

interactions between an intelligent tutoring system and prior knowledge on 

note-taking and learning. Educational Technology Research and 

Development, 62(5), 507-528.  

Van Dijk, T. A., Kintsch, W., & Van Dijk, T. A. (1983). Strategies of discourse 

comprehension (pp. 11-12). New York: Academic Press. 

Van Hove, S., Vanderhoven, E., & Cornillie, F. (2017). The tablet for Second 

Language Vocabulary Learning: Keyboard, Stylus or Multiple 

Choice. Comunicar, 25(50), 53. 

Wolf, D. F. (1993). Issues in reading comprehension assessment: Implications for the 

development of research instruments and classroom tests. Foreign Language 

Annals, 26(3), 322-331. doi: 10.1111/j.1944-9720.1993.tb02289.x 

Wurst, C., Smarkola, C., & Gaffney, M. A. (2008). Ubiquitous laptop usage in higher 

education: Effects on student achievement, student satisfaction, and 

constructivist measures in honors and traditional classrooms. Computers & 

Education, 51(4), 1766-1783. doi: 10.1016/j.compedu.2008.05.006 

Yamamoto, K. (2007). Banning laptops in the classroom: Is it worth the 

hassles?. Journal of Legal Education, 57(4), 477-520. Retrieved February 23, 

2020, from www.jstor.org/stable/42894041 

 



	 	 	
	

	 	 	
	

83 

Zwaan, R. A., & Brown, C. M. (1996). The influence of language proficiency and 

comprehension skill on situation-model construction. Discourse 

processes, 21(3), 289-327. doi: 10.1080/01638539609544960 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	 	 	
	

	 	 	
	

84 

APPENDIX A:  Comprehension Questions 

Name: ____________ 

Reading Comprehension Test 

This test is designed to measure your understanding of the research article you just 

read. There are 20 questions in total. Please choose the item that best answers the 

question. You will have 30 minutes to complete the test. 

 

(   ) 1. Which of the following is the best title for the research article? 
(A) Parents and Children in Supermarkets: Incidence and Influence 

(B) Product Layout and Customer Behavior 

(C) Shopping in Australia: How Basket Size Affects the Spend in Store 

 

(   ) 2. Why are the research questions of the present study important? 
(A) These questions are important for retailers as they provide suggestions for 

how the advertisement should be placed in store.  

(B) These questions are fundamental for manufacturers to know as they 

influence a range of decisions such as how stores are stocked and laid out 

assists shoppers.  

(C) These questions are important for parents as they help them decide whether 

they should bring their kids with them during shopping. 

 

(   ) 3. What is not one of the investigations of customer’s’ behavior in the present 
study? 

(A) Navigation patterns of shoppers 

(B) Average basket size 

(C) Time spent in waiting in line 

 

(   ) 4. Under what age are the family members counted as ‘children’ in previous 
studies and the present research? 

(A) 12 

(B) 16 

(C) 18 
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(   ) 5. What does SKU stand for in the present study?  
(A) Standard Keeping Unit 

(B) Shopping Kiosk Unit 

(C) Stock Keeping Unit 

 

(   ) 6. Which of the following best describes ‘basket size’ in the present research? 
(A) Money spent on the products 

(B) Numbers of the products  

(C) The size of baskets that the customers use 

 

(   ) 7. How many stores were under investigation in the present study? 

(A) 4 

(B) 6 

(C) 8 

 

(   ) 8. What is not true about the way the researchers randomize the sample 
customers in the supermarkets? 

(A) Every tenth shopper to enter the store was chosen. 

(B) People chosen were asked to take a brightly colored sticker with them 

through the store. 

(C) Researchers stood at the exit of the store with the survey instrument and 

small chocolate incentives.  

 

(   ) 9. What is not one of the ways used to collect data in the present study? 
(A) Exit interviews 

(B) Entrance observations  

(C) Density maps 

 

(   ) 10. Why does the author mention that while surveys are popular tools, they 

can be unsuitable for research into areas where people are asked to 
recall low-involvement, habitual behavior? 

(A) The statement explains why doing surveys is not suitable for the present 

research.  
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(B) The statement brings up the issue of having children in presence during 

doing surveys.  

(C) The statement emphasizes the importance of doing experiments in this kind 

of research. 

 

(   ) 11. According to the reviewed literature, what has not been found in  
               previous studies?  

(A) Nearly two-thirds of parents have reported having problems managing their 

children in store. 

(B) Time spent in store has been found to increase by 10% when children 

accompany the shopper. 

(C) Sections with more shoppers draw people to and increase their likelihood of 

stopping to shop there. 

 

(   ) 12. What is not mentioned about the findings of Thomas and Garland’s 
(1993) previous research? 

(A) Shoppers move in recognizable patterns within grocery retail spaces  

(B) It is the only research that directly compare the spend and duration of 

shopping trips with and without children 

(C) Shoppers with children accompanied spent more money than shoppers 

shopping alone.  

 

(   ) 13. In the article, there are a lot of comparisons between the present study 

and Thomas and Garland’s (1993) study. What may be the reason 
accounting for the different money spent of the accompanied and 
unaccompanied shoppers in the present research and prior research 

(Thomas and Garland, 1993)? 
(A) The percentage of shoppers with more family members was higher in 

Thomas’ study.  

(B) The population of the city of Thomas’ study was higher than that of the 

present study.  

(C) Thomas and Garland's research removed shoppers who perceived themselves 

to be conducting a non-regular shop, which the present study did not do. 
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(   ) 14. What is not true about the “butt brush” effect? 
(A) Amount of sales may change in areas where shoppers are bumped by other 

shoppers.  

(B) It is related to “crowding” in the store.  

(C) It means that shoppers may get excited and buy more products in more 

popular shopping areas.  

 
(   ) 15. Which of the following may be the reason for the finding that the 

proportion of shoppers who have children is higher in store that in the 
community? 

(A) Shoppers tend to bring their children with them during shopping.  

(B) Shoppers with more children need to feed more people, so they shop more 

often. 

(C) This is a flaw in the means of data collection.  

 

(   ) 16. What can we imply from the present research’s findings? 
(A) The stores should provide less trollies with space for two children to sit side-

by-side because they are rarely used. 

(B) Seeking to use children’s persuasion power to influence shoppers to purchase 

more items is an effective strategy when shoppers are in the store. 

(C) Children may not have their influence over the specific brand chosen, but 

may instead have more influence over the number, price, or categories of 

products purchased  

 

(   ) 17. According to the findings of the present research, how can supermarkets 
improve their shopping environment? 

(A) Wider aisles could be added in areas children are likely to be present. 

(B) They should increase the numbers of mother-and-children restrooms.  

(C) The bakery section is a good place to feature child- or parent-focused items. 
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(   ) 18. According to the article, what can be implied from the finding that 
shoppers accompanied by children are more spread out through the 

store than shoppers without children? 
(A) It is less easy to target with in-store promotional activity. 

(B) Customers without children may be easily disturbed by kids running around. 

(C) Accompanied shoppers tend to go to cashiers close to the express lane.  

 

(   ) 19. According to the findings of the present research, which of the following 

is the worst strategy if the manufactures want to increase their sales? 
(A) Send DMs to their customer’s house. 

(B) Investigate which brand is most popular among children. 

(C) Play eye-catching commercials in the supermarkets.  

  

(   ) 20. According to the present study, which of the implications below is  

            wrong? 
(A) Shoppers with children may have less time to shop than shoppers without 

children. 

(B) Shoppers did not usually bring all of their children to the supermarkets 

because they usually have an older child who is engaging in independent 

activities  

(C) Children may not affect shopping trips without being presence.  

 

 

 

 

 

 

 

 


