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ABSTRACT 

The amount of information students are asked to comprehend and memorise increases rapidly 

from elementary school to secondary school to university. Students often use note-taking as a 

method to deal with the increasing density of presented information. It helps them to stay 

focused and to better acquire the material presented.  

 

The benefits of note-taking for memory can be divided into two categories. First, there are the 

long-term benefits of having notes for future review. Secondly, there are immediate benefits 

involved with the act of note-taking itself. These benefits are known as the external storage 

effect and the encoding effect (Di Vesta & Gray, 1972). In this thesis we focus on the 

hypothesised increase in encoding due to note-taking; note-review (and the external storage 

effect) is thus not taken into account.  

 

Note-taking is however not expected to only have benefits for performance. When taking notes, 

students have to multitask between selecting key points, paraphrasing those and noting them 

down, all while new information is being presented that needs to be processed. This leads to the 

suggestion that note-taking induces more cognitive load than solely attending a lecture (Peverly 

et al., 2007; Piolat, Olive, & Kellogg, 2005).  

 

In this study a cognitive load model of note-taking is presented to explain the effects of note-

taking on induced cognitive load. The model consists of three components. The first component 

is the maximally acceptable cognitive load. Verbal working memory capacity is one of the main 

factors that determines how much cognitive load one is able to handle. The other two 

components (material and note-taking) determine the amount of cognitive load induced. First, 

there is cognitive load induced by the material presented. This amount of cognitive load can 

vary based on the type of material (e.g. audio, live lecture), the speech rate, the information 

density and the organisation of the material. Secondly, note-taking induces additional cognitive 

load. Factors influencing how demanding note-taking is are for instance transcription fluency 

(i.e. writing or typing speed) and experience with note-taking.  

 

The cognitive load induced by note-taking furthermore varies based on which note-taking style 

is adopted. Traditional note-taking makes use of pen and paper, nowadays however, more and 

more students take notes on their laptop. Transcription fluency is higher with laptop note-

taking, making one better able to match the speech rate of the presenter. Therefore, there is less 

need to select key points and paraphrase the information, presumably making laptop note-

taking less cognitively demanding than longhand note-taking. We therefore hypothesised that 

note-taking would increase induced cognitive load, with longhand note-taking resulting in 

higher cognitive load than laptop note-taking.  
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To test this hypothesis, data was gathered from 36 participants. The controlled experiment used 

a within-subject design with three note-taking styles; no note-taking, laptop note-taking, and 

longhand note-taking. All participants watched three short video lectures, adopting a different 

note-taking style per lecture. The order of note-taking styles was counterbalanced between 

participants. Induced cognitive load was measured both objectively, with reaction times to a 

secondary auditory task, and subjectively with the NASA TLX. Participants’ memory for the 

content of the lectures was tested with three free recall tests.   

 

Results showed that cognitive load indeed increased when participants took notes while 

watching the lecture, but no difference was present in cognitive load between laptop and 

longhand note-taking. Furthermore, the increase in cognitive load had no effect on recall 

performance. Recall performance did not differ significantly between no note-taking, laptop 

note-taking and longhand note-taking. An interaction effect was however present between self-

rated English proficiency and note-taking on recall of lecture content. Note-taking was 

disadvantageous for those with below English proficiency, while it was beneficial for those with 

above average English skills. This could potentially be due to the lecture already inducing high 

cognitive load in those with low English proficiency, making it hard for them to cope with the 

increase in cognitive load due to note-taking.  

 

We were however unable to establish a relationship between cognitive load and recall 

performance, neither for the objective, nor for the subjective measures of induced load. Factors 

that were found significantly related to recall were English proficiency and difficulty of lecture 

comprehension. In the laptop and longhand note-taking conditions, it was furthermore found 

that an increase in note quantity led to an increase in recall performance. For laptop note-

taking, note quantity depended on transcription fluency. For longhand note-taking, note 

quantity depended on verbal working memory capacity.  

 

To conclude, results of this study are overall in line with the expectations based on the 

theoretical model. Note-taking leads to an increase in cognitive load, both when measured 

objectively as well as when measured subjectively. Research results in the field of note-taking 

can be structured and explained based on the presented model. It allows for the understanding 

of individual variation in the effects of note-taking on recall performance and provides the 

derivation of future research directions. Future research could not only focus on testing this 

model further, but also on extending it by, for instance, incorporating the effects of note review.  
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1. INTRODUCTION 

From elementary school to secondary school to university, scholars and students must process 

more and more information in the same time span. The density of information presented 

increases rapidly. Note-taking is a common method students adopt to cope with the increasing 

levels of information presented (Christopoulos, Rohwer, & Thomas, 1987; Kobayashi, 2005). 

This makes note-taking a highly common classroom activity during lectures. It is appreciated by 

lecturers, since it makes students appear more active and attentive (Carrier & Titus, 1979). The 

main reason for student note-taking is however that it helps students to better acquire the 

information in class (Van Meter, Yokoi, & Pressley, 1994). Students feel note-taking helps them 

to keep focused on the lecture and to see meaningful relations among the material presented 

and with what they know already.  

 

1.1. BENEFITS OF NOTE-TAKING: ENCODING AND EXTERNAL STORAGE 

Besides benefits for concentration, note-taking also has clear benefits for memory of the 

material presented. Di Vesta and Gray (1972) examined these benefits, focusing on the benefits 

of having reference material on the one hand, and the benefits of the act of note-taking itself on 

the other hand. They termed these benefits the external storage effect and the encoding effect 

respectively (Kiewra, 1989). The external storage effect is a long-term effect and is defined as 

the benefit of having notes that contain the material presented (Di Vesta & Gray, 1972), which 

one can look back into after the lecture has finished. This benefit of note-taking thus becomes 

apparent when one reviews the notes later on. Several other researchers have looked into the 

external storage effect of note-taking (Barnett, Di Vesta, & Rogozinski, 1981; Einstein, Morris, & 

Smith, 1985; Fisher & Harris, 1973; Mueller & Oppenheimer, 2014). They have found that 

reviewing one’s notes indeed leads to better memory of the information presented compared to 

not reviewing the information noted.  

 

Furthermore, the encoding effect states that note-taking leads to a deeper level of processing of 

the presented information (Di Vesta & Gray, 1972). One devotes more effort to the material 

when taking notes. The memory traces created by the material will therefore be more elaborate, 

associated with more concepts and longer lasting (Craik & Lockhart, 1972). The encoding effect 

thus focuses on the immediate benefits of the act of note-taking itself. It explains why note-

taking is beneficial even when the notetaker never looks back into the notes he created. This is 

opposite to the external storage effect which solely focuses on the benefits of reviewing the 

notes (Kiewra, 1989). In the current study we will focus on the encoding effect rather than the 

external storage effect.  

 

There are three hypotheses explaining the encoding effect, which have been divided into two 

categories. These categories are the generative and non-generative strategies. Generative 

strategies involve paraphrasing of the information presented and linking it to already existing 

knowledge. According to the generative hypothesis, this creation of a context should lead to 



[2] 
 

more connections and a better memory for the information (Bretzing & Kulhavy, 1979; Peper & 

Mayer, 1978). Cook and Mayer (1983) and Peper & Mayer (1986) have argued that the use of 

the generative strategy leads to a clearer understanding of the key points and the structure 

among them. Thereby the use of the generative strategy is argued to lead to better memory for 

the top-level ideas presented.  

 

On the other hand, non-generative strategies propose that even without paraphrasing, note-

taking can be helpful to retain more information. While leading to shallower processing than 

adopting a generative strategy, verbatim copying (i.e. word for word transcription) can still be 

helpful to improve memory (Mueller & Oppenheimer, 2014). The translation hypothesis is the 

first hypothesis underlying the non-generative strategy. It argues that the conversion of 

phonological processing to orthographical processing (i.e. conversion of information from 

spoken to written form) requires deeper processing of the information than listening only (Bui, 

Myerson, & Hale, 2013). The generation hypothesis is the second non-generative strategy and 

stipulates that one mentally repeats the information while writing it down and that this 

repetition leads to better memory (Bui et al., 2013).  

 

As becomes clear from these different views on the encoding effect, note-taking involves a 

number of processes that can all lead to a deeper level of processing. This deeper level of 

processing resulting in better memory for the information presented. Note-taking is however 

not without effort. The processes involved require attention. Therefore, not all effects of note-

taking have positive consequences for memory.  

 

1.2. INCREASE IN COGNITIVE LOAD 

Note-taking requires the notetaker to (i) select the key points, (ii) link the key points to already 

known information and prior notes, (iii) paraphrase, and (iv) transform the notes to writing, all 

while (v) paying attention to new information that keeps being presented (Peverly, 2006; 

Peverly et al., 2013; Piolat et al., 2005). Having to perform all these tasks simultaneously makes 

note-taking an effortful activity. It requires one to perform comprehension (i.e. i, ii, and v) and 

production (iii and iv) processes simultaneously (Piolat et al., 2005). It is therefore assumed 

that lecture note-taking leads to an increase in cognitive load experienced compared to solely 

listening to a lecture (Peverly et al., 2007; Piolat et al., 2005). Cognitive load induced by listening 

to a lecture and lecture note-taking have however both never been measured by researchers. 

Evidence for the increase in cognitive load caused by lecture note-taking has thus never been 

provided with empirical research.  
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1.3. INCREASED ENCODING VS. INCREASED COGNITIVE LOAD 

On the one hand, note-taking leads to an increase in the depth of encoding and should therefore 

be beneficial for memory as explained in section 1.1. At the same time however, note-taking 

increases cognitive load and could therefore be detrimental for memory if it is too demanding. 

The effect of the increase in encoding and the effect of the increase in cognitive load thus oppose 

each other. This makes it hard to predict the effects of note-taking on test performance.  

 

When considering previous empirical studies comparing effects of note-taking and no note-

taking on test performance, no clear benefit of one effect over the other is found. All empirical 

studies used (under)graduate students as their participant sample. But while some found note-

taking to be beneficial (Barnett et al., 1981; Di Vesta & Gray, 1972, 1973; Einstein et al., 1985), 

others found no difference in results (Aiken, Thomas, & Shennum, 1975; Kiewra, 1985; Peper & 

Mayer, 1978, 1986). Some of these studies manipulated note review as well as note-taking. 

Since the current study does not take the external storage effect into account, only the studies 

that compared note-taking with no note-taking without note review are referenced.  

 

In some of the studies the increased encoding thus had a larger effect than the increased 

cognitive load, while in others the effects compensated each other. We propose that the 

opposing effects of deeper encoding and increased experienced cognitive load can explain the 

different experimental results found. In the next section we introduce a model to explain why 

note-taking is beneficial for memory in some cases but not in others.   

 

1.4.  COGNITIVE LOAD MODEL OF NOTE-TAKING 

To better understand why the effect of increased cognitive load is sometimes larger and 

sometimes equal to the effect of increased encoding, we propose a model which gives insight 

into the cognitive load induced by note-taking. The presentation of material induces cognitive 

load. This is the first factor in the model (a). Note-taking – due to the various processes involved 

such as selecting key points and paraphrasing – leads to an increase in the induced cognitive 

load, which is the second factor in the model (b). When the cognitive load exceeds the maximally 

acceptable cognitive load of the notetaker, performance will no longer increase by taking notes. 

This maximally acceptable load is the third main factor (c). A schematic overview of the 

cognitive load model of note-taking can be found in Figure 1.1.The factors are further explained 

in sub sections 1.4.1, 1.4.2 and 1.4.3 respectively.  
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1.4.1. COGNITIVE LOAD INDUCED BY THE MATERIAL (A) 

The cognitive load induced by the material can vary. Several factors can be identified that 

account for variance in material cognitive load. First of all, the type of material is important. 

Information can be presented in text format, audio format, video format or with a live lecture. 

Acquiring new information and note-taking can be done sequentially when reading a text, but 

must be done in parallel in the other presentation formats. This makes taking notes of text less 

cognitively demanding than note-taking with the other formats (Kobayashi, 2005; Peper & 

Mayer, 1978). When comparing video and audio formats, video is considered as more 

cognitively demanding since it contains interacting elements (Sweller & Chandler, 1994). 

Information is presented auditory and visually to the receiver simultaneously. Lectures are thus 

the most cognitively demanding form to receive information.  

 

A second factor influencing the cognitive load of the material is its speed of presentation. Note-

taking while comprehending new information requires one to multitask. If the information is 

presented rapidly, more new information is presented in the same time span than if the 

information is presented at a slower rate. The effort expended to even take very brief notes 

detracts from the capacity available to comprehend the new information (Cook & Mayer, 1983). 

At a fast rate, students do not have sufficient opportunity to process the information presented 

(Aiken et al., 1975; Peper & Mayer, 1986; Peters, 1972; Van Meter et al., 1994). 

 

Related to the speed of information presentation is the information density. In highly dense 

information, (i) there are few consolidation periods, (ii) consolidation periods are short and (iii) 

a large number of ideas is presented sequentially prior to a consolidation period (Di Vesta & 

Gray, 1973). A lot of attentional resources need to be spent to understand the material, leaving 

fewer resources for note-taking, thereby reducing the depth of encoding (Cook & Mayer, 1983; 

Kiewra, 1989).  

A. Cognitive load 
induced by material. 

B. Cognitive load 
added due to  
note-taking. 

C. Maximally acceptable 
cognitive load. 

Figure 1.1. The cognitive load model of note-taking.  
(A) dependent on (i) type of material, (ii) speed of presentation, (iii) information density, and (iv) organisation of the material.  
(B) dependent on (i) prior knowledge, (ii) preferred note-taking style, and (iii) transcription fluency. 
(C) dependent on (i) attention span, (ii) verbal working memory, and (iii) information-processing ability.  
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A final factor influencing the cognitive load induced by the material is its organisation (Di Vesta 

& Gray, 1973). Students need to expend a lot of effort to identify the structure of the material 

presented when it is badly organised. This limits attentional capacity available for note-taking. 

Furthermore, it is harder to link the presented information to already known concepts when it 

is unstructured, thereby limiting depth of processing. Finally, unstructured material has as a 

consequence that it hinders students in using the note-taking strategy they prefer (Van Meter et 

al., 1994).  

 

Previous experimental research differed in cognitive load induced by the material used. This can 

partially explain the contradicting results they found. The added cognitive load of note-taking 

was acceptable in some (Barnett et al., 1981; Di Vesta & Gray, 1972, 1973; Einstein et al., 1985), 

while in others it was not (Aiken et al., 1975; Kiewra, 1985; Peper & Mayer, 1978, 1986).  

 

1.4.2. INCREASE IN COGNITIVE LOAD DUE TO NOTE-TAKING (B) 

Note-taking results in an increase in experienced cognitive load (see 1.2). The amount of 

increase in cognitive load is however variable and depends on several individual factors 

(Carrier & Titus, 1979). The first is prior knowledge of the topic at hand. The more prior 

knowledge one has, the easier it is to link the presented information to already known concepts 

thereby engaging in generative processing (Peper & Mayer, 1986). When more information is 

familiar, the experienced information density is also lower. An expert is already familiar with 

some or most of the separate parts making up each new concept, thereby the new concept 

appears to constitute a single new element. For those new to the topic, that same concept may 

appear as many interacting elements (Sweller & Chandler, 1994).  

 

The cognitive load added due to note-taking is also dependent on experience with the note-

taking style used. Familiarity with taking notes and the automation of a personal strategy leads 

to less effort expended on the mechanical demands of note-taking. This allows one to focus on 

the act of learning (Kobayashi, 2005).  

 

A third individual factor is one’s transcription fluency in writing, also known as the speed with 

which one can write (Schoen, 2012). According to Ladas (1980) this is the crucial and limiting 

factor in lecture note-taking. A slow writer needs to keep a formulated note longer in working 

memory compared to a faster writer. As a consequence, the possibility of forgetting the 

information before it is written down increases (Jones & Christensen, 1999; Peverly, 2006). A 

lower transcription fluency also leads to more new information being presented while one 

writes down previous information. Faster writing reduces the chance of missing information, 

since focus can more quickly be on processing the new information. The act of writing itself thus 

places a lesser strain on working memory for those with higher transcription fluency. 

Notetakers are thereby enabled to use more of their working memory for higher order cognitive 

skills to understand and interpret the lecture, and select key points (Peverly, 2006; Peverly et 

al., 2013).  
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The difference in increase of induced cognitive load due to note-taking can explain why note-

taking is not experienced as helpful by all. Note-taking is considered beneficial both subjectively 

and objectively (i.e. on test performance) by some individuals, while others feel their memory is 

worse when they take notes (Peters, 1972). 

 

1.4.3. MAXIMALLY ACCEPTABLE COGNITIVE LOAD (C) 

After defining the cognitive load induced by the material presented and the cognitive load 

added by note-taking, the final part of the model focuses on the maximally acceptable cognitive 

load. This level differs between individuals and depends on working memory capacity. Greater 

working memory capacity allows one to deal with more information simultaneously (Baddeley, 

2000).  

 

Three different aspects of working memory have been quantified in note-taking research. First 

of all, attention span has been measured with the Stroop task (Peverly et al., 2013; Peverly & 

Sumowski, 2012). Attention span tasks are used to measure how long one can keep focused on a 

task at hand. This focus requires the separation of main points and details. A larger attention 

span thereby allows for better coping with a high cognitive load. In note-taking, a larger 

attention span leads to increased tolerable cognitive load.  

 

Secondly, the reading or listening span task (Daneman & Carpenter, 1980) has been used to 

measure verbal working memory (Bui et al., 2013; Peverly et al., 2007, 2013; Peverly & 

Sumowski, 2012). In this task, participants are required to listen or read sets of sentences and 

remember the final word of each of these sentences. The amount of words remembered gives an 

indication of one’s verbal working memory capacity. Students with a greater verbal working 

memory are assumed to be better able to remember presented information and write it down 

while simultaneously processing new information (Bui et al., 2013). This assumption has been 

verified in several studies showing that those with high working memory capacity benefited 

from note-taking while those with lower working memory capacity did not (Berliner, 1971; Di 

Vesta & Gray, 1973; Kiewra, 1989).  

 

Information-processing ability is the third and final measure. It has been measured by giving 

participants either a number of sentences with scrambled words, or a number of paragraphs 

with scrambled sentences, and in either case participants were asked to unscramble the texts as 

fast as possible. The task measures verbal working memory capacity and language 

comprehension ability simultaneously. Information-processing ability has been shown to be 

positively related to note quality and thereby also to higher test scores (Kiewra & Benton, 1988; 

Kiewra, Benton, & Lewis, 1987).  

 

The factors described in this section underlie the differences in cognitive load induced by the 

material, the added cognitive load due to note-taking and the maximally acceptable cognitive 

load. Together they can partially explain the different results found in literature. Note-taking 
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thus appears to be beneficial as long as it is not overloading the notetaker. The moment at which 

it is overloading depends on the interaction between the maximal load acceptable for the 

notetaker and the cognitive load induced. This last factor depending on both the material used 

and the added load of taking notes. If the cognitive load exceeds the maximally acceptable level 

note-taking will no longer be beneficial for performance.  

 

Of course, other factors could also partially explain the results found in literature. Some 

procedural differences that were not described here influence results as well. These include the 

delay between presentation of the material and the time of testing (Barnett et al., 1981), the 

type of knowledge tested (i.e. factual or conceptual knowledge), the type of test (i.e. multiple 

choice or free recall). In the case of free recall tests, the definition of lecture ideas and the 

scoring procedures also varied between researchers (Peverly & Sumowski, 2012). The 

presented model can however at least explain part of the differences found and provides a 

theoretical basis for explaining the effects of note-taking on memory for lecture content.  

 

1.5. LAPTOP NOTE-TAKING 

So far, only longhand note-taking has been considered as an alternative to no note-taking in 

lectures. But nowadays more and more students engage in note-taking on laptops and tablets, 

making longhand note-taking ‘traditional’ (Lin & Bigenho, 2011; Reimer, Brimhall, Cao, & 

O’Reilly, 2009). Both note-taking methods have distinct advantages and disadvantages. Paper 

provides more control over the spatial layout of notes, but this versatility at the same time can 

give one a feeling of disorganisation. Furthermore, paper notes get lost more easily and are less 

durable. Laptop notes are by nature better readable, can easily be modified and are more 

organised, but this organisation is partly due to the lack of spatial freedom laptop note-taking 

provides (Kobayashi, 2006; Reimer et al., 2009). Another disadvantage of laptop note-taking is 

the large amount of distractions available on the device, like browsing, e-mail and social media. 

Having a laptop present in class is known to be detrimental for one’s subjective feeling of 

comprehension and for objective test performance; not only for the laptop user, but also for 

those surrounding him or her (Fried, 2008; Hembrooke & Gay, 2003; Sana, Weston, & Cepeda, 

2013). The presence of laptops in lecture halls further hinders teacher-student eye contact, 

thereby potentially reducing lecture clarity. Eye contact is a form of immediacy which allows 

lecturers to coordinate their lecture content better with student comprehension (Freitas, Myers, 

& Avtgis, 1998). In this study we extend note-taking to include both longhand and laptop note-

taking. This allows for a comparison of three note-taking styles, which has not been done before 

in the published literature. For the purpose of scoping our current review, we will not take the 

effects of multitasking and eye contact due to laptop note-taking into account.  

 

1.6.  COMPARISON OF LONGHAND AND LAPTOP NOTE-TAKING 

The most striking difference between laptop and longhand note-taking is the speed of 

transcription. Transcription fluency with typing is on average higher than with writing, making 

the transformation from phonological to orthographic form less time consuming (Schoen, 
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2012). Speech rate is roughly 2-3 words per second, equalling 150 words per minute (Piolat et 

al., 2005). By comparison, writing speed is 0.3 words per second on average (Piolat et al., 2005), 

equalling 18 words per minute, while typing speed is 60 words per minute on average for blind 

typing (Gentner, 1983). The need to select key points and paraphrase is much smaller with 

typing than with writing, since the difference in words per minute with speech is much smaller 

for typing. Mueller & Oppenheimer (2014) also found the verbatim overlap between lecture 

content and longhand notes to be 8.8% on average, while verbatim overlap was 14.6% for 

laptop notes. The strain on working memory is thus lower with laptop note-taking than with 

longhand note-taking, leading to less induced cognitive load due to note-taking. This increased 

speed allows one to take more elaborate notes, including more words, which is known to lead to 

better test results (Bui et al., 2013; Mueller & Oppenheimer, 2014; Peverly et al., 2013; Peverly 

& Sumowski, 2012).  

 

Laptop note-taking could at first glance thus be ‘the holy grail’ leading to a smaller increase in 

cognitive load than longhand note-taking, while one does take notes. The question is however if 

the increased encoding that is the major benefit of longhand note-taking is also achieved with 

laptop note-taking. Peverly & Sumowski (2012) reported that the fast transcription fluency of 

typing was actually considered a reason for students to stop using laptops, as processing the 

information more slowly helped their memory. Those involved with longhand note-taking 

spend more time processing the information and selecting key points, making them study the 

content more effectively than those taking laptop notes (Mueller & Oppenheimer, 2014). 

Verbatim copying of information leads to less remembrance of lecture content than 

paraphrasing (Bretzing & Kulhavy, 1979). The motor movement involved in writing is also 

different than that of typing. Motor movement is different for each letter in writing, while 

keystrokes for each letter are the same. The facilitative effect of note-taking that exists with 

longhand notes may thus be absent with laptop notes (Novellino, Edwards, & Steve McCallum, 

1986).  

 

Exactly the steps that are needed to increase encoding (i.e. selecting key points, paraphrasing, 

transforming to writing) are the ones that receive less attention with laptop note-taking. This 

makes it hard to predict the effects of laptop note-taking compared to longhand note-taking and 

no note-taking on memory for lecture content. We do not know how cognitive load and 

encoding exactly differ between note-taking styles and if and how this influences the 

effectiveness of note-taking. Whether the cognitive processes that underlie the different note-

taking styles are different is still unknown (Peverly et al., 2013). 

 

There are only a few studies done comparing effects of laptop versus longhand note-taking on 

memory for lecture content (Bui et al., 2013; Mueller & Oppenheimer, 2014; Schoen, 2012). The 

results differed across the performed experiments. The reduced cognitive load due to laptop 

note-taking lead to a positive effect on memory in studies by Bui and colleagues (2013) and 

Schoen (2012). In other studies the reduction in encoding outweighed the reduction in cognitive 

load, leading to negative effects on memory for laptop note-taking compared to longhand note-
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taking (Mueller & Oppenheimer, 2014). It is difficult to draw conclusions, since the studies differ 

substantially in terms of their procedures. Since the procedural factors influencing cognitive 

load as described in section 1.4.1 are not consistent (e.g. differences in type of material, 

information density of the material) and most factors that are described as influencing cognitive 

load are not measured, it is not possible to draw conclusions about the effects of laptop note-

taking compared to longhand note-taking based on these few and diverse studies.  

 

All we can conclude is that laptop note-taking thus appears to be beneficial, just as longhand 

note-taking, as long as the added induced cognitive load is not overloading the note taker. Since 

the factors described in the section on cognitive load induced by the material differed between 

experiments, and the individual factors have not been measured consistently, more research is 

needed into the effects of note-taking on lecture memorisation. The cognitive load that appears 

to be at the core of the different effects of note-taking has never even been quantified and has 

only been assumed to vary based on the lecture material used and individual characteristics. In 

the next section a new study is proposed to fill this gap and thereby increase knowledge in this 

research field. Research on note-taking is not only interesting from a theoretical point of view, 

but also from a practical standpoint. Knowledge transfer by means of lectures is common in 

education, and note-taking is the most common method students adopt to better encode this 

knowledge (Christopoulos et al., 1987; Kobayashi, 2005). Increased insight in the processes 

involved in note-taking could therefore help students. 

 

1.7. RESEARCH QUESTION AND HYPOTHESES 

To get further insight into the effects of note-taking and note-taking style on cognitive load and 

on memory for lecture content, the following research question and hypotheses are proposed.  

 

“What is the effect of note-taking style (no notes vs. laptop notes vs. longhand notes) on recall of 

lecture content?” 

 

As described in the introduction, we assume cognitive load to play a key role in explaining why 

note-taking is beneficial for some but not for others. Hypothesis 1 therefore is that “induced 

cognitive load will vary based on note-taking condition; with induced cognitive load increasing 

from no notes to laptop to longhand note-taking”. 

 

Since induced cognitive load and increased encoding are counteracting effects, hypothesis 2 

states that “if hypothesis 1 is true, we might not find a difference in recall performance. If 

hypothesis 1 is however unsupported, then note-taking will lead to better recall performance”. If 

hypothesis 1 is supported, then the increased encoding may be opposed by an increase in 

cognitive load. If hypothesis 1 is however unsupported, and cognitive load thus does not 

increase, then the drawbacks of increased cognitive load are non-existent and should be 

outweighed by the increased encoding of lecture material. In that case we would not find 
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evidence for the opposing effects of cognitive load and increased encoding while this opposition 

is repeatedly assumed to exist in note-taking literature.  

 

As the maximally acceptable cognitive load and the experienced cognitive load are not solely 

dependent on characteristics of the material, but also on individual differences, hypothesis 3 is 

formulated as “individual differences may influence the cognitive load experienced and recall 

performance. These individual factors include verbal working memory, writing speed, typing 

speed, prior knowledge and preferred note-taking style”.  

 

An attempt will be made to answer this research question with a within-subject experimental 

design. In this experiment participants will watch three video lectures, during each they will 

adapt a varying note-taking style (i.e. no notes vs. laptop notes vs. longhand notes). Induced and 

experienced cognitive load will be measured as well as memory for lecture content. 

Furthermore, individual factors including verbal working memory, writing speed, typing speed, 

prior knowledge and preferred note-taking style will be measured.   
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2. METHOD 

2.1. PARTICIPANTS 

Participants were recruited using a participant database combined with convenience sampling. 

People were qualified to participate in the study when they were not diagnosed with dyslexia 

and when they were full-time enrolled in education at university or applied university level. 

Three study participants were not enrolled in full-time education, but they had graduated 

college within two months before participating in the experiment. One participant did not 

follow instructions and thereby had access to his notes while performing the recall tasks. Data 

from this participant were excluded from the analysis and a new participant was recruited to 

gather the required data. In total, data from 36 participants were used for analysis. Literature 

did not provide insight in the effect sizes to expect. These could thus not be used as basis to 

determine sample size. Sample size was therefore based on the fact that 36 participants was 

practically reasonable and allowed 80% power to detect a medium effect size. The sample 

included 16 men and 20 women. The average age of the participants was 22.42 (SD = 2.72). The 

experiment lasted between 75 and 85 minutes and participants were paid €12.50 as a 

compensation for their participation.  

 

2.2.  DESIGN 

The experiment had a within-subject design with one factor: note-taking style. This factor had 

three levels: no note-taking, laptop note-taking and longhand note-taking. Participants watched 

three video lectures and utilised each note-taking style once. The recall performance was 

measured with a free recall test after each video lecture. Both induced cognitive load and 

experienced cognitive load were measured. Induced cognitive load was quantified with a 

secondary task during the lectures measuring reaction times. Since reaction times are known to 

have considerable between-subject variation (Der & Deary, 2006; Hultsch, MacDonald, & Dixon, 

2002), a within-subject design was used to have a more sensitive measure of induced cognitive 

load. Secondly, experienced cognitive load was measured with the NASA TLX (Hart & Staveland, 

1988). Learning effects were compensated by counterbalancing the order of the note-taking 

styles. Each of the six possible orders was performed by six participants. The experiment, 

including all materials, and the data can be found on the Open Science Framework.   

 

2.3.  MATERIALS 

2.3.1. HARDWARE 

Participants performed the experiment in a lab designated for psychological research. Each 

participant was seated in an individual cubicle that contained a desk and office chair, a desktop 

computer and a 22” LCD monitor. Furthermore, a laptop with a 14.1” screen and a notebook 

with lined paper were placed on the desk for laptop and longhand note-taking respectively. 

Lastly, a footswitch was placed under each desk to collect participants’ responses to the 
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secondary auditory task. The footswitch was adapted for use with the PST Serial Response Box 

to measure reaction time.  

 

2.3.2. LECTURES 

The three video lectures used in the experiment came from the same online course, titled 

“Crime 101x: The Psychology of Criminal Justice” created by the University of Queensland and 

available on EdX. In this course the effectiveness of the justice system is explored from a 

psychological perspective and it is discussed how behavioural sciences can improve the system. 

The lectures used in this experiment were selected based on several criteria. First of all, the 

lectures needed to be comprehendible without having seen any of the other lectures. 

Furthermore, the lectures selected were not allowed to overlap in topic, meaning that 

information presented in one of the lectures was not allowed to be repeated in any of the other 

lectures. This could inflate performance on the recall test after the second lecture, since 

participants would then have been presented the information twice instead of only once.  

 

From the selection that remained, three lectures were chosen that were comparable in length 

(two lectures were shortened with a few minutes for this purpose), words per minute, lecture 

ideas per minute and words per lecture idea. A comparison of the three selected lectures and 

their characteristics can be found in Table 2.1.  

 

Lecture ideas are small knowledge units that can be judged as being true or false, and are 

sometimes also described as propositions in literature (Kintsch, 1974). The sentence “offender 

profiling is typically used in serious crimes like murder, and in serial crimes” contains three 

lecture ideas, namely (i) offender profiling is typically used in serious crimes, (ii) example of 

serious crimes: murder, and (iii) offender profiling is typically used in serial crimes. The lists of 

lecture ideas per lecture were created by the author of this thesis.      

 

The first lecture selected was on geographical profiling. In geographical profiling, the location of 

an offense is, or the locations of a series of offenses are, analysed to learn more about the 

offender. The second lecture was on jury selection which focuses on the ability or inability to 

influence the jury’s decision by selecting a specific set of jurors. The topic of the third lecture 

was the effect of jurors’ exposure to media about a case. Media coverage may influence jurors’ 

attitudes toward the defendant.  

 

A full transcript of the three lectures can be found in Appendix A. Appendix B contains a full list 

of the lecture ideas per lecture.  
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Table 2.1. Characteristics of the three selected lectures. 

 
Length 

Number of 
lecture ideas 

Words per 
minute 

Lecture ideas 
per minute 

Words per 
lecture idea 

Geographical profiling 7:25 102 187.4 13.8 13.6 
Jury selection 7:07 106 175.1 14.9 11.8 
Media exposure 6:43 101 167.5 15.0 11.1 

 

2.4.  MEASUREMENTS 

2.4.1. INDUCED COGNITIVE LOAD 

The induced cognitive load of watching the lectures, while not taking notes, taking laptop notes, 

or taking longhand notes was measured with a secondary task. Secondary task measures are 

used to measure the induced cognitive load of the primary task. The general maxim is that 

performance on the secondary task will decrease as the induced cognitive load of the primary 

task increases (Basil, 1994). An auditory secondary task was used, since a task containing a 

visual component is not suitable while taking notes, as participants may miss the visual signal.  

 

While watching and listening to the lectures, participants were repeatedly presented with an 

audio signal. They were instructed to press the footswitch in response to hearing this signal. 

Each lecture contained 18 intervals with one signal each. These intervals were set at 22, 23 or 

24 seconds, depending on the length of the video lecture. The signal timing was randomised 

between 10 and 18 seconds after the start of the interval. With this setup, signals could never be 

close together, but participants also could not learn their timing and anticipate the signals and 

respond faster. Figure 2.1 gives a schematic overview of the timing of the auditory task during 

the lectures.    

 

 
Figure 2.1. Timing of the auditory task in the lecture on media exposure. 

 

2.4.2. EXPERIENCED COGNITIVE LOAD 

Participants’ experienced workload was measured with the NASA TLX: Task Load Index (Hart & 

Staveland, 1988). This questionnaire is a measure of subjective workload. The NASA TLX 

contains six subscales, including mental demand, physical demand, temporal demand, own 

performance, effort and frustration. A workload score can be obtained by averaging the six 

subscales. The subscales are the result of extensive analysis and have been proven to be a 

reliable measure of subjective workload (Hart, 2006). The NASA TLX contains one question for 

each subscale, using a 7 point response format. The scores on the NASA TLX were assigned to 

the note-taking condition; so a higher experienced cognitive load was assumed to represent a 

more challenging note-taking style and not a more challenging lecture topic. 

Signal Signal Signal 

22s 44s 66s 

22-R3 R3 22-R2 R2 22-R1 R1 

R = [10,18]s 
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2.4.3. RECALL TEST 

A free recall test was used to measure participants’ memory for the lecture content. Participants 

were instructed to write a summary on the lecture they were presented, including all lecture 

ideas they remembered. It should be noted that a free recall test is purely a measure of memory 

and not a measure of lecture understanding or comprehension (Peverly & Sumowski, 2012). 

 

Participants were informed at the start of the experiment that a recall test would be used as a 

measure of their memory for the material presented. They were given an explanation of the test 

and were provided with an example. This example consisted of a transcribed sentence from one 

of the other lectures of the series, not included in the experiment, the lecture ideas contained in 

that sentence and a suggested recall sentence containing all lecture ideas.  

 

A time limit of eight minutes was set for each recall task. This time limit is based on other 

empirical studies of note-taking, in which the length of the recall task was also set to be equal to 

the length of the video lecture (Bui et al., 2013; Di Vesta & Gray, 1973; Einstein et al., 1985). 

Furthermore, it is in line with a small scale pilot that was held. In this pilot, participants were 

given unlimited time for the recall test, but were timed while writing. It was confirmed in this 

pilot that eight minutes would provide participants enough time to write a summary. A 

minimum duration of six minutes was implemented to ensure participants would make an effort 

to recall all they remembered, and not continue after they had only written the ideas which 

immediately came to mind.  

 

2.4.4. RECALL SCORING 

Recall protocols were scored afterwards by comparing them with the lists of lecture ideas. 

These lists are identical to the ones used for deciding which video lectures to use in the 

experiment, and can be found in full in Appendix B. Participants could score 0, 0.5 or 1 point for 

each lecture idea. Points were awarded for lecture ideas that were correctly recalled. Spelling 

errors were not penalised. Furthermore, participants were allowed to change the phrasing of 

the lecture ideas, but the original meaning was not allowed to change. Lecture ideas also needed 

to be in the correct context. If, for example, an author was linked to the wrong study in the 

recall, then the explanation of the experiment was awarded with points, but one was not given 

points for naming the author.  

 

The author of this thesis scored all recall protocols. Half of the protocols were also scored by a 

second coder. Both were blind to the note-taking condition assigned. The second coder (i) was 

presented the lectures and lists of lecture ideas and then (ii) scored a practice set of eight recall 

protocols. The practice set contained recall protocols from four different participants, and 

contained at least two recall protocols for each lecture topic. Disagreements in scoring of the 

practice protocols between the first and second coder were (iii) resolved by discussion. The 

second coder then (iv) scored a random sample of 50 of the remaining 100 recall protocols. 
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Overall inter-rater agreement was 0.93. Agreement for the geographical profiling recall was 

0.92, for the jury selection recall 0.94 and agreement was 0.97 for the media exposure recall.  

 

2.4.5. PRIOR KNOWLEDGE AND LECTURE COMPREHENSION 

Participants’ prior knowledge for both the general topic of criminal profiling, and the specific 

topics of geographical profiling, jury selection and media exposure was assessed. This was done 

with a series of questions with a 5-point response format, asking participants to rate their 

knowledge of the four topics (1 = very limited, 5 = very elaborate).   

 

After each lecture, participants were asked three more questions assessing their comprehension 

and knowledge of and interest in the material just presented. These also had to be answered on 

a 5-point response format. The questions were (i) how difficult was it for you to comprehend 

the material that was just presented? (1 = very easy, 5 = very hard), (ii) how much of the 

information that was just presented did you already know? (1 = very little, 5 = very much), and 

(iii) how interesting did you find the material that was just presented? (1 = very boring, 5 = very 

interesting). The second question was added to check whether those that indicated to have 

elaborate prior knowledge, were indeed familiar with the lecture content.  

 

2.4.6. VERBAL WORKING MEMORY CAPACITY 

Verbal working memory capacity may be related to note-taking effectiveness, since note-taking 

requires one to keep verbal information in memory while processing newly presented 

information. Verbal working memory has been measured in past note-taking studies using the 

Reading Span Task (Daneman & Carpenter, 1980). In this task, participants read aloud several 

sets of sentences at their own pace. After reading aloud a complete set, participants are asked to 

recall the last word of each of the sentences they just read verbally. The number of sentences in 

a set varies from two to six and is unknown to participants while reading the sentences. Each 

combination of a set of two, three, four, five and six sentences is termed a series. Each series 

thus includes five recall moments and twenty words to be recalled. The RST consists of five 

series, totalling a 100 words to be recalled. The task does not involve processing of the 

information presented, only storage.  

 

The RST has been standardised to increase the reliability of the test (van den Noort, Bosch, 

Haverkort, & Hugdahl, 2008). Adaptations included standardising the length of the sentences, 

controlling the number of syllables and letters in the sentence-final words and the frequency of 

these words in natural language. Four versions were created, varying the order of the sentences. 

All versions lead to the same results. In this study we used version one of the standardised RST. 

 

To make the test suitable for individual use, we replaced verbal recall with written recall. Time 

allotted for recall was therefore increased, and depended on the size of the set. Considering the 

long length of the experiment, the length of the RST was decreased from five to three series. 

This was done based on the finding van Van den Noort et al. (2007), showing that scores did not 
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increase or decrease significantly during the course of the test. The total number of correctly 

recalled words out of 60 was used as a measure of verbal working memory capacity.  

 

2.4.7. WRITING TEST 

Participants had to perform a writing test to measure their writing speed, also known as their 

transcription fluency with writing (Schoen, 2012). The writing test consisted of a printed page 

with a short paragraph at the top and a lined area at the bottom in which participants had to 

copy the paragraph. The text can be found in Appendix C. Participants were instructed to write 

as fast as possible without introducing errors. They were told not to worry about the legibility 

of their handwriting. The time spent writing was measured in seconds. This measure was later 

converted into standardised words per minute (WPM). Each set of five characters was 

considered a word, as this is the standard word length (Arif & Stuerzlinger, 2009; Silfverberg, 

MacKenzie, & Korhonen, 2000).  

 

2.4.8. TYPING TEST 

The typing test was comparable in setup to the writing test. Participants also had to copy a short 

paragraph, without introducing errors. The paragraph was however shown on screen, with a 

textbox to retype the text below. This text can also be found in Appendix C. Time spent typing 

was also measured in seconds and later converted to standard words per minute (Arif & 

Stuerzlinger, 2009; Silfverberg et al., 2000).  

 

2.4.9. DEMOGRAPHICS 

All participants filled in a short questionnaire providing their demographics (i.e. age, gender, 

education programs attended). Furthermore, they rated their general English proficiency, their 

proficiency in understanding spoken English and their proficiency in writing English. These 

latter three questions had to be answered on a 5-point response format ranging from (1) very 

limited to (5) very well. Finally, participants had to indicate which note-taking style they 

normally preferred during lectures. Choice options were paper and pen, laptop, and no note-

taking.  

 

2.5.  PROCEDURE 

The flowchart in Figure 2.2 explains the procedure schematically. All participants were greeted 

and welcomed into the lab by the experimenter. They all signed an informed consent form, 

about which they were given the opportunity to ask questions. Participants were then 

instructed on the proper use of the footswitch; entailing that the footswitch had to be pressed 

with one’s dominant foot and that one was not allowed to leave one’s foot on the footswitch. 

After the instructions, participants were left alone in the cubicle to perform the experiment. 

Participants were given on screen instructions on the general procedure that would be followed 

during the experiment. They were informed that their writing speed, typing speed and verbal 
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working memory would be measured, and that they would be given the option to receive their 

personal scores.  

 

The experiment started with the Reading Span Test as a measure of verbal working memory; 

after which participants practiced with the auditory task and the use of the footswitch. This 

practice session lasted approximately two minutes. During the training, feedback on whether to 

press the footswitch or to remove one’s foot from the footswitch was given on screen. An 

introduction to the general topic of the three lectures (i.e. criminal profiling) was then given. 

This was followed by an explanation of the recall task which would be used to test participant’s 

memory for the information presented. This explanation included both a definition of lecture 

ideas and an example sentence with lecture ideas extracted.  

 

After indicating their prior knowledge of criminal profiling in general, participants watched the 

three video lectures. For each lecture they followed a sub procedure that entailed, among other 

things, indicating their prior knowledge of the specific topic and the NASA TLX. This sub 

procedure is described in detail in section 2.4.1. To compensate for potential tiredness due to 

the length of the experiment, participants were given a two-minute break after the first and 

after the second recall task. They could not continue the experiment during the break. They 

were offered a cookie and either water or lemonade during the second break to keep them 

motivated.  

 

After all three lectures had finished, participants were given the opportunity to leave any 

comments they had about the experiment. Subsequently participants were given the option to 

receive their personal scores on the verbal working memory test, the writing test and the typing 

test; for this they had to submit their e-mail address. As submitting an e-mail address makes the 

scores no longer anonymous, this step was clearly marked as not being mandatory. After that, 

the experiment was finished. Participants were paid and thanked for their participation.  

 

 
Figure 2.2. Flowchart of the experimental procedure. 

Welcome Reading 
Span Task 

Practice 
auditory task 

Lecture 
information 

Recall task 
instruction 

General prior 
knowledge  Lecture 1 Break 

Lecture 2 Break Lecture 3 End 
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2.5.1. LECTURE SUB PROCEDURE 

The three lectures were each embedded in the same sequence of events. A flowchart of this sub 

procedure can be found in Figure 2.4. This sub procedure started with participants indicating 

their prior knowledge of the specific topic on which they were about to see a seven minute 

video. The instructions for the auditory task (i.e. press footswitch in response to hearing the 

tone, press the footswitch with your dominant foot, do not leave your foot on the footswitch) 

were then repeated. In addition, participants were instructed that they had to keep their 

attention on the video lecture, as remembering the information presented was their primary 

task.  

 

Participants were then given instructions on which note-taking style to adopt during the lecture 

(i.e. no notes, laptop notes, or longhand notes). The order of note-taking styles was 

counterbalanced between participants, meaning that all six possible orders were assigned an 

equal number of times. Since we focused on the encoding effect of note-taking in this study, 

participants’ notes were taken away after the lecture. We expected that participants’ might take 

very sparse notes during the second note-taking condition after having their notes taken away 

the first time. Due to the expectation of not having access to the notes, participants may decide 

to focus fully on attending to the lecture, ignoring the note-taking. To ensure that participants 

kept taking notes when assigned to one of the two note-taking conditions, it was added to the 

note-taking instructions that whether one would have access to their typed/written notes 

depended on the experimental condition they had been placed in. However, in all cases their 

notes were removed. Analysis of note quantity per note-taking style has shown that this 

instruction on note access was enough to avoid order effects. Means and standard deviations of 

note quantity can be found in Table 2.2. Those that adopted laptop note-taking before longhand 

note-taking (i.e. notes never taken away) did not differ significantly in note quantity (t(34) = 

1.799, p = .081) from those who took laptop notes after longhand note-taking (i.e. notes taken 

away previously). For longhand note quantity also no difference was found between those who 

had not had the experience of note removal and those that had had that experience (t(34), p = 

.334).  

 
Table 2.2. Note quantity per note-taking style with and without the experience of having notes taken away.  

Laptop Longhand 
First Second First Second 
M = 96.00 
(SD = 51.28) 

M = 127.56 
(SD = 53.91) 

M = 93.00 
(SD = 23.05) 

M = 85.17 
(SD = 24.91) 

 

After the note-taking instruction, participants were presented with the lecture and 

simultaneously the auditory secondary task. The order of the lectures was randomised.  

 

After the lecture had finished, participants in both note-taking conditions were instructed to 

signal to the experimenter that the lecture had finished. The experimenter removed the notes 

from the participant’s cubicle after which the participant was allowed to continue. Participants 

in the no note-taking condition could continue immediately. Participants then scored their 
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comprehension of the lecture just presented, their recognition of its content, and its 

interestingness. Participants continued by filling in the NASA TLX to get a measure of their 

experienced cognitive load.  

 

If the recall task would immediately follow the NASA TLX, time between the task and the lecture 

would be very limited. This might lead to the finding of a recency effect, meaning that the most 

recent information (i.e. the last minutes of the lecture) are much better remembered than 

material that was presented a longer time ago (Murdock, 1962). A filler task was used to 

increase time between lecture presentation and the recall task. To make efficient use of this 

time, meaningful measures were used as fillers. The writing test, the typing test and the 

questionnaire were each used as a filler task. Participants completed one of these tasks after 

each lecture, thus completing all three after finishing all three lectures. The order in which the 

filler tasks were presented was randomised and each task lasted approximately three minutes. 

Inference effects of the filler tasks were hereby avoided as much as possible.    

 

After the filler tasks, participants were presented with the instructions for the recall task and 

the recall task itself. The recall task lasted between six and eight minutes. After finishing the 

recall task, the complete sub procedure for a lecture had finished. As mentioned in the 

procedure, a two-minute break was inserted after the first and after the second recall task. The 

sub procedure restarted for the next lecture after the break.   

 

 
Figure 2.3. Flowchart of the experimental sub procedure for each lecture.  

  

Specific prior 
knowledge 

Note-taking 
instruction 

Lecture with 
auditory task 

Removal of 
notes NASA TLX Filler task (*) 

Recall task 
instruction Recall task 

Comprehension 
Recognition 

Interestingness 

(*) The filler task consisted of 
either the writing test, the 
typing test, or the questionnaire. 

Auditory task 
instruction 
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3. RESULTS 

With the experiment performed in this study data is collected from 36 participants. They each 

watched three lectures on criminal profiling in random order. The induced cognitive load was 

measured objectively during the lectures as well as subjectively after the lectures had finished. 

Three note-taking styles were adopted by each participant, no note-taking, laptop note-taking, 

and longhand note-taking. The order in which the note-taking styles were adopted was 

counterbalanced.  

 

3.1. PRELIMINARY DATA ANALYSIS 

The video lectures used in the experiment were non-standardised test material. As described in 

the method, a lot of effort was spent on choosing lectures as comparable in difficulty as possible. 

However, based on participants’ reactions after the experiment, the suggestion was raised that 

one of the lectures – geographical profiling – was easier to comprehend than the other two 

lectures. This is especially important since note-taking style was not balanced over the lectures 

but randomised. Due to the imbalance in design (see Table 3.1), lecture difficulty could have 

caused differences between conditions. To check if a difference in lecture difficulty was indeed 

present, objective induced workload and recall scores are compared across lectures. 

 
Table 3.1. Number of participants in each note-taking style per lecture. 

 
Geographical 

profiling 
Jury selection Media exposure 

No note-taking 9 18 9 
Laptop note-taking 10 10 16 

Longhand note-taking 17 8 11 
 

3.1.1. COMPARING REACTION TIMES 

Induced workload was measured with the secondary reaction time task. Each participant was 

presented with 18 signals during each lecture to respond to, meaning a total of 18 reaction 

times should have been collected. A cut-off of 3000 ms was however implemented, after which 

participants’ responses were no longer registered. This caused some missing data points. Since 

missed responses most likely did not occur randomly but were correlated with the difficulty of 

the task at hand, differences in missed responses between lectures are analysed. Participants on 

average missed 0.33 signals out of 18 in the geographical profiling lecture, 0.78 out of 18 signals 

in the jury selection lecture, and 0.97 out of 18 signals in the media exposure lecture.  

 

The amount of missed responses per lecture does not follow a normal distribution as 0 is the 

most common value found and negative values are not possible. Transformation of the data did 

not solve this problem. Therefore exact sign tests were used to analyse the differences in missed 

responses, considering that they do not require the assumption of normally distributed data to 

be met. Results of the exact signs tests are reported in Table 3.2. The difference between missed 

responses in the media exposure lecture and the geographical profiling lecture was found 
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significant with Holm-Bonferroni correction. The difference in missed responses increased the 

suspicion that the lecture on geographical profiling may have been easier than the lecture on 

media exposure.  

 
Table 3.2. Results of the exact sign tests of the difference in missed responses between lectures.  

 Jury selection – 
Geographical profiling 

Media exposure – 
Geographical profiling 

Media exposure – 
Jury selection 

p-value (2-tailed) .057 < .001 .108 
 

Lectures can further be compared on average reaction times per lecture per participant. All 

reaction times measured varied between 416 ms and 2821 ms. No extreme high or low values 

were identified, meaning no outliers were removed. This is probably partly due to the cut-off 

making values higher than 3000 ms impossible. A histogram showing the distribution of 

reaction time data is presented in Figure 3.1. 

 

 
Figure 3.1. Histogram showing reaction times on the secondary auditory task.  

 

Reaction time averages were computed per lecture per participant. Mean scores and standard 

deviations can be found in Table 3.3. Before analysing the differences in average reaction time 

per lecture, the assumptions for paired sample t-test were checked. Results from the Shapiro-

Wilk tests of the differences, and visual inspection of Q-Q plots and histograms provided 

evidence for assuming that the differences in reaction time averages were normally distributed. 

We performed a paired samples t-tests using Holm-Bonferroni correction. Testing assumptions 

– including the assumption of normality of the distribution of differences – is done for all further 

t-tests. Results are only reported when non-normal distributions are found.  

 
Table 3.3. Mean and standard deviations of average reaction time (RT) per lecture.  

 Geographical profiling Jury selection Media exposure 

RT 
M = 870.42 ms 
(SD = 150.13) 

M = 920.00 ms 
(SD = 188.03) 

M = 872.01 ms 
(SD = 148.51) 
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Results of the three paired sample t-tests are shown in Table 3.4. Due to the application of the 

Holm-Bonferroni correction, the lowest significance value was not compared with .05 but with 

.05/3. This leads to the conclusion that the difference in average reaction times between the 

jury selection lecture and media exposure lecture is not significant. Significance of the other 

comparisons no longer needed to be checked; as the Holm-Bonferroni correction states that if 

the comparison with the lowest significance value is insignificant, all other comparisons must be 

insignificant as well. Thus although there was a difference in reaction time between lectures, 

this difference was found not to be statistically significant. This is most likely due to a lack of 

power caused by the small size of the participant sample.  

 

Table 3.4. Results of the paired sample t-tests comparing average reaction time per lecture.  

  t df 95% CI p D 

RT 
Geo-Jury -1.972 35 [-100.62, 1.46] .057 .30 
Geo-Media -.093 35 [-36.29, 30] .926 .01 
Jury-Media 2.211 35 [3.93, 92.04] .034 .29 

 

3.1.2. COMPARING RECALL SCORES 

A final comparison between lectures can be made based on recall scores. There were 102, 106 

and 101 lecture ideas present in the lectures on geographical profiling, jury selection, and media 

exposure respectively. The number of lecture ideas (i.e. small knowledge units that can be 

judged as being true or false) thus varied slightly between lectures, leading to a small variation 

in the total scores attainable. This effect was removed by converting recall scores from points to 

percentages. These scores and their standard deviations can be found in Table 3.5. Results of the 

paired sample t-tests can be found in Table 3.6. Recall scores were significantly better for the 

geographical profiling lecture even with the application of the Holm-Bonferroni correction (p = 

.001 and p < .001 in comparison to the lectures on jury selection and media exposure 

respectively).    

 

Table 3.5. Mean and standard deviation of average recall score per lecture. 

 Geographical profiling Jury selection Media exposure 

Recall 
M = 13.88 % 
(SD = 5.95) 

M = 10.86 % 
(SD = 5.17) 

M = 9.43 % 
(SD = 5.55) 

 
Table 3.6. Results of paired sample t-tests comparing average recall score per lecture. 

  t df 95% CI p d 

Recall 
Geo-Jury 3.545 35 [1.29, 4.74] .001 .55 
Geo-Media 5.752 35 [2.87, 6.01] <.001 .78 
Jury-Media 1.940 35 [-.07, 2.92] .060 .27 

 

Reaction time data show no significant difference in induced cognitive load between lectures, 

pointing in the direction of no difference in difficulty. Recall scores on the other hand 

significantly show that the lecture on geographical profiling was indeed easier to remember 

than the other two lectures. Effect sizes of these differences (see Tables 3.4 and 3.6) are medium 

to large and might therefore have practical relevance. To filter out the effect of potential 
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differences in lecture difficulty, lecture is taken into account as a factor in all further analyses 

that are performed, unless indicated otherwise.  

 

3.2.  HYPOTHESIS 1: INDUCED COGNITIVE LOAD 

The first hypothesis focused on the cognitive load induced by note-taking. It stated that 

cognitive load would increase when taking notes, with laptop note-taking leading to lower 

cognitive load than longhand note-taking. Induced cognitive load was measured both 

objectively, with reaction times to a secondary task, and subjectively, with the NASA TLX.  

 

The relation between reaction times and the NASA TLX is explored with a mixed model analysis, 

as it allows correction for intra-subject variability. This is necessary since reaction time data 

vary greatly between-subjects. When predicting NASA TLX with both RT and note-taking style, 

the relation between RT and TLX is found not significant (p(Z > |1.92|) = .055). If the NASA TLX 

and the secondary task measured the same aspect of cognitive load, then this implies that one or 

both of the measures were not reliable. It is however more likely that both measured a different 

aspect of cognitive load. Since, on the one hand, the secondary task focused on the cognitive load 

that is actually induced. The NASA TLX on the other hand focused on how much cognitive load is 

experienced. As the measures do not relate strongly, it is important to analyse reaction time 

data and NASA TLX data separately.   

 

3.2.1. INDUCED COGNITIVE LOAD MEASURED WITH REACTION TIME 

Average reaction times per lecture were converted to average reaction times per note-taking 

style. Means and standard deviations of these scores can be found in Table 3.7. 

 

Table 3.7. Mean and standard deviation of average reaction time per note-taking style. 

 No note-taking Laptop note-taking Longhand note-taking 

RT 
M = 845.54 ms 
(SD = 182.08) 

M = 922.36 ms 
(SD = 154.86) 

M = 894.53 ms 
(SD = 146.07) 

 

The potential difference in lecture difficulty may have impacted reaction times, with the more 

difficult lectures leading to longer reaction times compared to the easier lecture on geographical 

profiling. The effect of lecture was controlled for by using geographical profiling as a reference 

level. This lecture is used as reference in all further analyses.  

 

Two mixed model analyses were performed to examine the effect of note-taking style on 

reaction time on the secondary task. The log ratio test showed that the addition of note-taking 

style as an explanatory factor over solely lecture material significantly improved the fit of the 

model (LR(2) = 22.097, p < .001). The results showed that both laptop and longhand note-taking 

led to a significant increase in reaction time (β = 92.08, SE = 18.84, p(Z > |4.94|) = .001 and β = 

67.60, SE = 18.86, p(Z > |3.58|) = .001 for laptop and longhand note-taking respectively). A 

separate mixed model analysis was run with laptop note-taking as the reference category to see 

if the difference between longhand and laptop note-taking was also significant, but this was not 
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the case (β = -24.48, SE = 18.52, p(Z > |-1.32|) = .186). To conclude, induced cognitive load as 

measured with reaction times on a secondary task, was found to increase significantly with both 

types of note-taking. The difference in induced cognitive load between laptop and longhand 

note-taking was found not significant.   

 

3.2.2. INDUCED COGNITIVE LOAD MEASURED WITH THE NASA TLX 

Induced cognitive load was measured subjectively with the NASA TLX. This provided a measure 

of subjective workload on six scales, including mental demand, physical demand, temporal 

demand, effort, performance, and failure. Participants rated their workload on each subscale 

three times; once for each note-taking style. Scores could range from 1 to 7. Inspection of the 

correlation matrices of the subscales suggested that physical demand measured another aspect 

of cognitive load experienced than the other five subscales. A principal component analysis with 

the six items was conducted for each note-taking style. The Kaiser-Meyer-Olkin measure and 

Bartlett’s test of sphericity together showed that a PCA was justified, as sampling adequacy was 

verified and correlations were sufficiently large for a PCA. Measures were .742, χ² (15) = 66.740, 

p < .001 for no note-taking, .767, χ² (15) = 56.908, p < .001 for laptop note-taking, and .711, χ² 

(15) = 66.384, p < .001 for longhand note-taking. For each model, two components had 

eigenvalues over Kaiser’s criterion of 1. These results, in combination with inspection of the 

scree plots, justified the decision to keep two factors. Physical demand loaded on factor one, and 

mental demand, temporal demand, failure, effort, and performance loaded on the second factor 

for all three models. An overall subjective workload (TLX) score was therefore calculated by 

averaging the values for the five correlating subscales, excluding physical demand in the 

subjective workload measure. Mean and standard deviations of TLX per note-taking style can be 

found in Table 3.8. 

 

Table 3.8. Mean and standard deviation of TLX per note-taking style. 

 No note-taking Laptop note-taking Longhand note-taking 

TLX 
M = 4.36 
(SD = 1.09) 

M = 4.97 
(SD = 0.87) 

M = 4.58 
(SD = 0.90) 

 

TLX scores were analysed with a mixed model analysis, using geographical profiling and no 

note-taking as reference levels. The log likelihood ratio (2) of 13.3449 had p = .001. This ratio 

shows that note-taking leads to a significant improvement of model fit compared to predicting 

TLX solely with lecture material. The effect of laptop note-taking on subjective workload is 

highly significant (β = .591, p(Z > |3.83|) < .001). The Z-score of 3.83 shows that the reaction 

time with laptop note-taking is on average almost four standard deviations above the reaction 

time without note-taking. In combination with the coefficient of .591, this indicates a large effect 

of laptop note-taking on experienced cognitive load.  

 

Longhand note-taking also leads to significantly more workload (β = .318, p(Z > |2.04|) = .041). 

The Z-score indicates that this effect is reasonably large. The effect of longhand note-taking on 

TLX is however smaller than the effect of laptop note-taking on TLX. A mixed model analysis 
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with laptop note-taking shows that the difference in TLX between longhand and laptop note-

taking is not significant (p(Z > |-1.78|) = .075). The Z-score of this difference however indicates 

that a difference in effects is present. This difference in effects also becomes clear when looking 

at the difference in coefficients (β = .318 for longhand note-taking and β = .591 for laptop note-

taking). This difference had most likely been significant if the participant sample had been 

larger. This is in contrast with the expectation in hypothesis 1 that laptop note-taking would 

lead to less induced cognitive load than longhand note-taking.     

 

Longhand and laptop note-taking thus both lead to an increase in cognitive load, as measured 

objectively with reaction time and subjectively with TLX. Both analyses suggest that the effect of 

longhand note-taking on cognitive load (RT β = .67.60, Z = 3.58; TLX β = .318, Z = 2.04) is smaller 

than the effect of laptop note-taking (RT β = 92.08, Z = 4.94; TLX β = .591, Z = -1.78) on cognitive 

load. The difference in cognitive load between the two note-taking styles was however not 

significant for reaction times nor for TLX. Results therefore provide partial support for 

hypothesis 1. Induced cognitive load increases with the adoption of note-taking. The 

expectation that longhand note-taking would lead to more induced cognitive load than laptop 

note-taking was not supported. The difference shows a trend in the opposite direction.    

 

3.3.  HYPOTHESIS 2: RECALL  

As described in section 3.1.2 recall scores were adapted to percentages to remove the effect of 

an unequal amount of lecture ideas in the lectures. Mean and standard deviations of recall 

percentages can be found in Table 3.9.  

 
Table 3.9. Mean and standard deviation of recall score per note-taking style. 

 No note-taking Laptop note-taking Longhand note-taking 

Recall 
M = 11.75% 
(SD = 5.71 ) 

M = 10.64% 
(SD = 5.65) 

M = 11.79% 
(SD = 6.17) 

 

Differences in scores were once again analysed with a mixed model analysis. The log likelihood 

test showed that the introduction of note-taking style hardly increased model fit compared to 

only predicting recall with lecture (LR(2) = 1.49, p < .474). Inspection of Z-scores showed that 

note-taking style did not have a significant influence on recall performance (β = -.959, p(Z > |-

1.22|) = .222 and β = -.595, p(Z > |-0.75|) = .454 for laptop and longhand note-taking 

respectively). A separate mixed model analysis with laptop note-taking as reference level 

showed that longhand and laptop note-taking also did not differ in recall performance (p(Z 

>|0.47|) = .640). Thus while cognitive load increased with note-taking, recall performance did 

not differ. Note-taking may lead to an increase in recall performance which is counteracted by 

the negative effects of the increase in cognitive load. This was already mentioned in the 

formulation of hypothesis 2. Explorative analysis is necessary to further investigate this.  
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3.4.  HYPOTHESIS 3: EXPLORATIVE ANALYSIS  

While cognitive load has been found to increase with note-taking, no effect on recall 

performance was found. The increase in cognitive load could be counteracting a positive effect 

of note-taking on recall performance. Correlation analysis however showed that for both note-

taking conditions the reaction time averages and the TLX scores were not significantly 

correlated with recall scores. In the no note-taking condition, a significant negative correlation 

was found between TLX and recall (r = -.354, p = .034). This indicates that for no note-taking it is 

possible to give an indication of recall performance when subjective workload is known; for 

both note-taking conditions it is not possible to give an indication of recall performance based 

on either objective or subjectively measured cognitive workload.  

 

Correlation analysis thus did not show a consistent relationship between cognitive load and 

recall performance when analysed between subjects. We therefore turned our focus to the other 

variables measured, such as transcription fluency and general English proficiency. An 

exploratory analysis was used to determine if it is possible to predict recall performance with 

one or more of the other variables measured. Two different approaches can be taken for this 

analysis. First, it can be done between-subject, for each note-taking style separately. This allows 

us to identify the factors influencing performance per note-taking condition. This approach also 

has the benefit of allowing us to take note quantity and WPM into account. The second approach 

possible, a mixed model analysis, does not allow incorporation of these factors. Since these 

factors have unique values per note-taking style and no value for the no note-taking condition 

they cannot be taken into account in a mixed model. A mixed model analysis however does 

allow testing the between-subject and within-subject effects simultaneously. Both approaches 

thus offer important benefits and they are therefore both reported here.  

 

The variables taken into account in this explorative analysis are Reading Span Test score (RST), 

general prior knowledge, English proficiency, typing speed in WPM, writing speed in WPM, 

laptop note quantity, and longhand note quantity. Preferred note quantity was mentioned in the 

introduction as an additional interesting variable. Results however showed that 32 out of 36 

participants had longhand note-taking as their preferred style. This may explain (in part) why 

laptop note-taking tended to have a higher workload associated with it than longhand note-

taking. The lack of diversity in preference however caused the variable preferred note-taking 

style to have too little discriminatory power to be taken into account. Preferred note-taking 

style was thus not included in the analysis. The variables that were taken into account all do not 

deviate significantly from a normal distribution. 

 

The correlations of recall with RST, general prior knowledge, English proficiency, typing speed, 

writing speed, laptop note quantity, and longhand note quantity were analysed. Means and 

standard deviations of these variables can be found in Table 3.10. English proficiency correlated 

significantly with recall for no note-taking (r = .574, p < .001), for laptop note-taking (r = .539, p 

= .001) and for longhand note-taking (r = .368, p = .027). For laptop and longhand note-taking, 
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significant correlations between recall and note quantity were also established (r = .666 and p < 

.001 for laptop note-taking; r = .644 and p < .001 for longhand note-taking). It is possible that 

better English proficiency would lead participants to be better able to comprehend the material 

presented in the lectures, thereby freeing up mental resources to memorise the material. 

Further analysis revealed a significant relationship between difficulty to comprehend the 

lecture and recall for no note-taking (r = .742, p < .001), laptop note-taking (r = .652, p < .001), 

and for longhand note-taking (r = .564, p < .001).  

 

Table 3.10. Means and standard deviations of RST, general prior knowledge, WPM, and NQ.  

RST Gen. prior 
knowledge 

En prof.  Laptop 
WPM 

Longhand 
WPM 

Laptop NQ Longhand 
NQ 

M = 34.61 
(SD = 7.84) 

M = 1.78 
(SD = 0.76) 

M = 3.47 
(SD = 0.91) 

M = 47.80 
(SD = 11.11) 

M = 33.56 
(SD = 5.37) 

M = 111.78 
(SD = 54.27) 

M = 89.08 
(SD = 23.99) 

 

By using multiple regression, path models were created to predict recall for each note-taking 

style. There were no problems with multicollinearity, as the largest correlation between the 

variables included in the analysis was r = .479 (p = .003) for laptop typing speed and laptop note 

quantity. As described in section 3.1, lecture material may have influenced the relationship 

between the variables. Lecture was therefore included in all analyses with the lecture on 

geographical profiling as reference. Its effect was however found to be non-significant for 

almost all regression models. It is only reported in the cases were it was found to significantly 

impact results.  

 

3.4.1. NO NOTE-TAKING – PATH MODEL 

Correlation analysis showed that only English proficiency, lecture comprehension and TLX had 

to be implemented in a path model to predict recall in the no note-taking condition. The final 

path model is presented in Figure 3.2; statistics are presented in Table 3.11. TLX was 

significantly correlated with recall performance. With the addition of English proficiency and 

comprehension of the lecture material, subjective workload however no longer is a significant 

predictor of recall performance. English proficiency and difficulty of comprehension together 

explain 62.1% of variance in recall performance. A large portion of the variance can thus be 

explained with two relatively simple measures.  
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Figure 3.2. Path model showing the factors predicting recall performance without note-taking. * p ≤ .05; ** p ≤ .01. 

 

Table 3.11. Statistics of the path model predicting recall without note-taking.  

 β df F p R² 
En prof.  compr. .456 (1,34) 8.943 .005 .208 
Compr.  TLX -.521 (1,34) 12.692 .001 .272 
En prof.  recall .298 

(2,33) 27.000 
.019 

.621 
Compr.  recall .606 < .001 

 

3.4.2. LAPTOP NOTE-TAKING – PATH MODEL 

Recall after laptop note-taking was first predicted with English proficiency and lecture 

comprehension. These are the same factors as used in the path model for recall without note-

taking. Lecture material turned out to play a significant role in predicting TLX. The lecture on 

media exposure resulted in higher TLX scores than would be predicted based on the 

comprehension scores. The resulting model can be found in Figure 3.3. The corresponding 

statistics are presented in Table 3.12. General English proficiency and comprehension can 

together explain 53.5% of variance in recall scores. While this is a reasonable amount, it is less 

than the amount of variance explained in recall scores after no note-taking which was 62.1%.  

 

English proficiency 

Comprehension 

Recall 

TLX 

.456** 

-.521** 

.606** 

.298* 

R² = .621 
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Figure 3.3. Path model showing the factors predicting recall performance with laptop note-taking. * p ≤ .05; ** p ≤ .01. 

 

Table 3.12. Statistics of the path model predicting recall with laptop note-taking.  

 β df F p R² 
En prof.  compr. .352 (1,34) 4.796 .035 .124 
Compr.  TLX -.646 

(2,33) 14.690 
< .001 

.471 
Media  TLX .283 .033 
En prof.  recall .354 

(2,33) 18.948 
.009 

.535 
Compr.  recall .527 < .001 

 

The model might be improved by adding more factors. The correlation analysis showed that 

laptop note quantity was also related to recall performance (r = .666, p < .001). In turn, typing 

speed in WPM was related to laptop note quantity (r = .479, p = .003). The extended model – 

created with multiple regression with backward elimination – is displayed in Figure 3.4 

(statistics in Table 3.13). This model shows that the originally significant relationship between 

English proficiency and recall is fully mediated by lecture comprehension and note quantity. 

68.2% of variance in recall scores can be explained with these two factors, making the model 

comparable in strength to the no note-taking model. When adding English proficiency as a third 

predicting factor of recall, 71.3% of variance can be explained. English proficiency is then 

however no longer a significant predictor (p = .075). This relationship was therefore excluded 

from the model.  

 

English proficiency 

Comprehension 
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TLX 
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Figure 3.4. Path model showing the factors predicting recall performance with laptop note-taking (extended).  
* p ≤ .05; ** p ≤ .01. 

 

Table 3.13. Statistics of the extended path model predicting recall with laptop note-taking.  

 β df F p R² 
En prof.  compr. .352 (1,34) 4.796 .035 .124 
Compr.  TLX -.646 

(2,33) 14.690 
< .001 

.471 
Media  TLX .283 .033 
En prof.  NQ .318 

(2,33) 8.030 
.035 

.327 
WPM  NQ .424 .006 
Compr.  recall .507 (2,33) 35.439 < .001 .682 
NQ  recall .528 < .001 

 

3.4.3. LONGHAND NOTE-TAKING – PATH MODEL 

For longhand note-taking, recall performance was once again first predicted by English 

proficiency and lecture comprehension. The resulting model can be found in Figure 3.5 and the 

statistics belonging to the model are presented in Table 3.14. Contrary to the models for no 

note-taking and laptop note-taking, English proficiency was not a significant predictor of recall 

performance when including lecture comprehension for longhand note-taking (p = .089). Full 

mediation of the significant relationship between English proficiency and recall (r = .368, p = 

.027) had thus occurred. Lecture had a significant impact on the relationship between 

comprehension and recall. Recall performance was significantly lower for the lectures on jury 

selection and media exposure than would be expected based on comprehension scores (p < 

.001). The difference between the lectures on jury selection and media exposure was not 

significant. To avoid overloading the model with factors, a single dummy for geographical 

profiling was therefore used, instead of two dummy variables for jury selection and media 

exposure respectively.   
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Figure 3.5. Path model showing the factors predicting recall performance with longhand note-taking. * p ≤ .05; ** p ≤ .01. 

 

Table 3.14. Statistics of the path model predicting recall with longhand note-taking.  

 β df F p R² 
En prof.  compr. .388 (1,34) 6.027 .019 .151 
Compr.  TLX -.523 (1,34) 12.782 .001 .273 
Compr.  recall .405 

(2,33) 20.036 
.002 

.548 
Geo  recall .505 < .001 

 

Lecture comprehension and lecture explained 54.8% of variance in recall scores after longhand 

note-taking. While this is a reasonable amount, extending the model can improve R². Based on 

the correlation analysis it was decided to add longhand note quantity and verbal working 

memory capacity as measured with the reading span test (RST) to the model. This path model 

and the corresponding statistics can be found in Figure 3.6 and Table 3.15 respectively. 
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Figure 3.6. Path model showing the factors predicting recall performance with longhand note-taking (extended).  
* p ≤ .05; ** p ≤ .01. 
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Table 3.15. Statistics of the extended path model predicting recall with longhand note-taking.  

 β df F p R² 
En prof.  compr. .388 (1,34) 6.027 .019 .151 
Compr.  TLX -.523 (1,34) 12.782 .001 .273 
Compr.  NQ .364 

(2,33) 8.298 
.017 

.335 
RST  NQ .391 .011 
Compr.  recall .307 

(3,32) 17.259 
.017 

.582 NQ  recall .324 .022 
Geo  recall .373 .006 

 

While laptop note quantity had been found not to be related to RST, longhand note-taking does 

increase with an increase in RST. The significant relationship with RST makes sense, since 

writing speed in WPM is lower than typing speed in WPM. This makes it necessary to keep 

information in verbal working memory longer when relying on longhand note-taking compared 

to laptop note-taking, thereby forcing the notetaker to rely more heavily on his or her verbal 

working memory. This model explained 58.2% of the variance in recall scores. While 

reasonable, it was lower than the R² of the previous models. Difficulty of lecture comprehension 

can explain a smaller part of variance in recall for longhand note-taking than it can for laptop 

and no note-taking.  

 

3.4.4. WITHIN-SUBJECT ANALYSIS OF RECALL PERFORMANCE 

The path models presented in the previous sections are the result of between-subject analyses. 

They show that lecture comprehension and English proficiency have a strong impact on 

subjective workload and recall in all three note-taking conditions. Furthermore, they show the 

importance of note quantity for recall when taking notes. Within-subject variance is however 

included in these models. This form of variance can be controlled for by performing a mixed 

model analysis. It was first confirmed that English proficiency, lecture comprehension and TLX 

are each significantly related to recall performance when removing within-subject variance 

from the model. Three separate analyses – each including one of the factors mentioned as well 

as lecture material and note-taking condition – show that this is indeed the case. Results can be 

found in Table 3.16. The limited path model as presented in Figures 3.2, 3.3 and 3.5 is now 

recreated with mixed model analysis. The results are in line with the results of the between-

subject analysis and can be found in Figure 3.7 and Table 3.17. The effect of these three factors 

on recall performance did not differ between note-taking styles. As note-taking thus did not play 

a significant role in any of these models, it was removed as a factor to avoid overloading the 

model.  

 

Table 3.16. Results of the mixed model analyses to predict recall (each model also included note-taking and lecture). 

Predict recall with Z p > |Z| 95% CI Log likelihood 
English proficiency 4.39 < .001 [1.75, 4.56] -306.75 
Comprehension 7.10 < .001 [1.69, 2.97] -293.98 
TLX -2.63 .009 [-2.33, -.34] -311.13 
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Figure 3.7. Path model predicting recall with mixed model analysis. * p ≤ .05; ** p ≤ .01. 

 
Table 3.17. Statistics of the path model created with mixed model analysis. 

 Coef. Std. error Z p > |Z| 95% CI 
En prof.  compr. .492 .120 4.08 < .001 [.255, .728] 
Geo  compr. .514 .190 2.71 .007 [.142, .886] 
Compr.  TLX -.429 .067 -6.37 < .001 [-.561, -.297] 
Geo  TLX -.318 .131 -2.43 .015 [-.575, -.062] 
En prof.  recall 2.074 .630 3.29 .001 [.839, 3.309] 
Compr.  TLX 2.190 .330 6.64 < .001 [1.544, 2.837] 
Geo  TLX 2.602 .602 4.32 < .001 [1.422, 3.782] 

 

3.4.5. INTERACTION NOTE-TAKING STYLE AND ENGLISH PROFICIENCY 

As mentioned above, note-taking style did not play a significant role in any of the mixed model 

analyses presented thus far. Note-taking style could however be important when looking at its 

interaction with English proficiency. It might be that the added cognitive load of note-taking is 

only acceptable for those not overloaded by the lecture itself. Those with low English 

proficiency could already be challenged to their maximal level by the lecture itself as 

comprehending the lecture is difficult for them. The graph presented in Figure 3.8 shows that 

English proficiency was important for recall performance, it also shows that English proficiency 

and note-taking style may have interacted. A trend is present that indicates that note-taking, 

especially with a laptop, led to a decrement in performance for those with low English 

proficiency. Laptop note-taking however does not seem to have a negative effect on 

performance for those with high self-rated English proficiency.   

 

English proficiency 

Comprehension 

Recall 

TLX 

.492** 

-.429** 2.190* 

Lecture on geo. 
exposure (= 1) 

-.318* 

2.602** 

.514** 

2.074** 
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Figure 3.8. Histogram showing recall performance for the different note-taking styles separated for the different levels of 
English proficiency. 

 

The visual pattern was further examined and confirmed with a mixed model analysis predicting 

recall performance with comprehension and the interaction of note-taking and English 

proficiency as predictors. Several conclusions can be drawn based on the results of this analysis. 

First, the effect of lecture was significant, with the geographical lecture leading to higher recall 

scores compared to the other two lectures. Secondly, the main effect of difficulty of lecture 

comprehension was still present with the inclusion of the interaction of English proficiency and 

note-taking. The main effect of note-taking was reduced to a significant difference between no 

note-taking and laptop note-taking, with laptop note-taking leading to lower scores. After the 

addition of the interaction between English proficiency and note-taking, the main effect of 

English proficiency was no longer statistically significant. Most interestingly, although the 

interaction is not significant for all levels (most likely due to a lack of data points for some 

levels), the pattern is definitely in line with the trend shown in Figure 3.8. Laptop note-taking 

was found highly beneficial for recall performance but only when English proficiency was above 

average. With low English proficiency, laptop note-taking led to a reduction in recall 

performance compared to no note-taking and to longhand note-taking. The inclusion of 

difficulty of comprehension and lecture made the effect of the interaction more profound than is 

shown in Figure 3.8.  

 

3.4.6. PREDICTING INCREASE IN INDUCED COGNITIVE LOAD 

A final aspect to investigate is whether it can be predicted to what extent note-taking leads to an 

increase in cognitive load. Low English proficiency could potentially lead to a larger increase in 

cognitive load when note-taking is adopted compared to those scoring at the alternative end of 

the scale. The same applies to those with low verbal working memory capacity, low typing or 

writing speed, or high note quantity. Regression analysis with backward elimination showed 

that none of these factors could significantly predict the increase in reaction time or TLX. It was 
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also tested if there was a significant interaction present between WPM and note quantity; as 

those with low typing or writing speed would intuitively have to expend more effort to note the 

same quantity of words as those with better typing or writing skills. This interaction was 

however also found to be non-significant for both laptop and longhand note-taking. Based on 

the data used in these analyses we are thus not able to predict the effects of note-taking on 

induced cognitive load.  
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4. DISCUSSION 

Many students engage in note-taking during lectures as a way to improve their focus and 

memory for lecture content. The effects of note-taking are however not solely positive as it 

requires listening and comprehending the lecture content while simultaneously paraphrasing 

and writing or typing. Importantly, note-taking is thus assumed to lead to an increase in induced 

cognitive load compared to only attending to the lecture (Peverly et al., 2007; Piolat et al., 2005). 

In this study, we presented a theoretical model to summarise existing literature on the effects of 

note-taking, centring on its effects on induced cognitive load. We furthermore tested the effects 

of both laptop and longhand note-taking on induced cognitive load and recall performance.   

 

4.1. REFLECTION ON THE THEORETICAL MODEL 

4.1.1. INCREASE IN COGNITIVE LOAD 

This study focused on the basic premise of the theoretical model, and the suggestion raised in 

note-taking literature, that note-taking induces cognitive load. This relationship had, as far as 

we are aware, never explicitly been investigated experimentally. Results of our experiment 

show that induced cognitive load indeed increases when one engages in lecture note-taking. We 

have shown with both objective (i.e. reaction time) and subjective (i.e. NASA TLX) measures that 

note-taking during a lecture places an extra burden on working memory compared to only 

attending to the lecture. This expected relationship between note-taking and cognitive load has 

thus now been supported with data for the first time.   

 

When comparing cognitive load induced by note-taking, we expected laptop note-taking to be 

less burdening than longhand note-taking. This expectation was based on the difference in 

transcription fluency between the two. Typing speed was assumed – and found – to be higher 

than writing speed, making laptop note-taking faster. Laptop note-taking thus requires less 

multitasking when taking the same amount of notes. When note-taking is faster, less time is 

expended taking notes, and more resources are available for understanding the lecture. We 

however did not find support for this; cognitive load did not differ significantly between the two 

note-taking styles.  

 

While no significant difference was found between the note-taking conditions, induced cognitive 

load was higher for laptop note-taking both when measured objectively and when measured 

subjectively. Preferred note-taking style of the participants provides a possible explanation for 

why we did not find the expected pattern. It is one of the other factors that determines the 

increase in cognitive load due to note-taking, besides transcription fluency. Preference most 

likely leads to more experience. The model predicts that experience with a note-taking style 

makes the note-taking less challenging, thereby reducing the impact of note-taking on induced 

cognitive load. Longhand note-taking was preferred by 32 out of 36 participants. Laptop note-

taking may thus have started off with a disadvantage in this participant sample; as participants 
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likely had less experience with this note-taking style. Induced cognitive load in the laptop 

condition may further have been inflated by the use of a laptop provided by the experimenter. 

The use of a non-familiar device to take notes with (a novel keyboard instead of the participant’s 

own laptop) might have heightened the induced cognitive load in this condition. The size of the 

effects of preference of and experience with a note-taking style on cognitive load need to be 

further investigated in a larger sample.  

 

4.1.2. PREDICTING RECALL 

Students engage in note-taking to improve their memory for the content of the lecture. These 

benefits of note-taking are termed the encoding effect by Di Vesta and Gray (1972). Besides 

these positive effects, note-taking also has negative effects on memory. It demands mental 

resources that can then no longer be used for comprehending and memorising the information 

presented. With our model, we posited that note-taking is beneficial for memory as long as it 

does not overload the notetaker. When the cognitive demands of note-taking are more than the 

notetaker can handle, the positive effects of note-taking may be outweighed by its negative 

effects. The positive effect of note-taking on memory and thereby on recall performance is than 

cancelled out by the high induced cognitive load. This is also why we predicted in our second 

hypothesis that if cognitive load increased with note-taking, no difference in recall performance 

would be found. Recall performance scores indicated exactly that; no difference between no 

note-taking, laptop note-taking, and longhand note-taking was found. Hence, hypothesis two is 

supported by our research results.  

 

Results are thus in line with the predictions based on our model. The increase in cognitive load 

is not accompanied by a decrease in recall performance. It is therefore likely that note-taking 

has benefits for memory, in terms of encoding. It is however not possible to confirm the 

existence of this mechanism based on our research results, as we did not find significant 

differences in recall performance. Further research is therefore necessary to determine if there 

is a trade-off between induced cognitive load and increased encoding due to note-taking.  

 

4.1.3. ROLE OF ENGLISH PROFICIENCY 

We were unable to link induced cognitive load, both measured objectively and subjectively, to 

recall performance in a stable manner. English proficiency and difficulty of lecture 

comprehension turned out to play a much larger role in the prediction of lecture recall. The 

importance of English proficiency becomes clear when reviewing Figure 3.8 in section 3.4.5 on 

the interaction between English proficiency and note-taking. It was possible to predict roughly 

60% of variation in recall performance on the basis of these two relatively simple measures. It is 

therefore that we want to emphasise the importance of incorporating these variables in future 

studies measuring the effects of note-taking. For the same reason we find it important to 

incorporate these factors explicitly in the cognitive load model of note-taking we presented. 

They should be considered as factors underlying the cognitive load induced by the material 

presented. First of all because this allocation is most logical. English proficiency influences the 
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amount of cognitive load induced by the material itself. Difficulty of lecture comprehension is 

also dependent on the material presented. Secondly, the factors must be related to the material 

component of the model to stay in line with our research results. Even without note-taking, 

English proficiency and difficulty of lecture comprehension were important for subjective 

cognitive load.  

 

With further analyses we discovered that English proficiency is not only influential on overall 

recall performance, but also influences the effect note-taking has on recall performance. The 

interaction between note-taking and English proficiency showed that note-taking is only useful 

for those with above average self-rated English proficiency. For these individuals, note-taking, 

especially laptop note-taking, leads to significantly higher recall scores than no note-taking. 

Note-taking however has a negative influence on memory for those struggling with their 

English. For them, the increase in cognitive load caused by note-taking most likely outweighs 

the increase in encoding. A trade-off could thus be present.  

 

It should be noted that the effects of note-taking differ based on English proficiency and not 

based on experienced cognitive load, as was originally expected in the model. The path models 

however show a strong relationship between English proficiency, difficulty of lecture 

comprehension and experienced cognitive load. The interaction can therefore still be 

considered an indication that a trade-off is present between cognitive load and memory.  

 

4.1.4. VARIATION IN THE EFFECTS OF NOTE-TAKING ON COGNITIVE LOAD 

Individual variation in the effects of note-taking was already known to exist (Berliner, 1971; 

Kiewra, 1989; Kobayashi, 2005; Peters, 1972). In these studies, the effect of note-taking on 

recall performance was sometimes positive (i.e. increase in recall performance) and sometimes 

neutral (i.e. no difference in recall performance). The current study extends these earlier 

observations by showing that note-taking can also lead to a decrement in recall performance.  

 

One of the variables leading to variation in the effect note-taking has on students’ memory for 

lecture content is their proficiency in English. Individual variation in subjectively measured 

cognitive load and in recall performance were related to self-rated English proficiency in this 

study. We further expected verbal working memory (measured with the Reading Span Test), 

transcription fluency, preferred note-taking style, and note quantity to be related to induced 

cognitive load. It was not possible to investigate effects of preferred note-taking style on 

cognitive load with the current data because the diversity in preferred note-taking style was too 

small. We did not observe a relationship between RST and increase in cognitive load, nor did we 

establish relationships with either transcription fluency or note quantity and the increase in 

induced cognitive load.   

 

The setup of the experiment could provide an indication why this relationship was not found. 

Induced cognitive load was measured objectively with reaction times to the secondary task. To 
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find stable results it is far best to analyse reaction time data within-subjects (Der & Deary, 2006; 

Hultsch et al., 2002). The effect of for example transcription fluency is therefore best measured 

by having one participant performing the same task twice, once with high transcription fluency 

and once with low transcription fluency. Transcription fluency is however stable within a 

participant and cannot be manipulated. This makes it necessary to measure cognitive load in 

another manner than with reaction time, as reaction time data is not suitable for testing the 

influence of variables that are stable within an individual and that thus cannot be manipulated.  

 

The NASA TLX provides an alternative measure of cognitive load. Results of this study do not 

show a significant effect of verbal working memory or transcription fluency on the increase in 

subjective workload scores. There are two possible explanations why this relationship was not 

found. The first explanation is that these concepts are not related. This is however not in line 

with literature (Peverly et al., 2007; Piolat et al., 2005) and the relationship also makes intuitive 

sense. The alternative explanation is that the effects of verbal working memory and 

transcription fluency were too small to be reliably observed with the size of the current 

participant sample. Sample size was large enough to detect medium effect sizes. The sample size 

however did not provide enough power to detect interactions and small effect sizes. It would 

thus be helpful to use the NASA TLX in a future study with a larger participant sample to identify 

which factors are related to the increase in induced cognitive load. In this context is however 

important to realise that, while both known as measures of induced cognitive load, NASA TLX 

and RT were not found to be related in this study. They might thus measure different aspects of 

cognitive load.  

 

4.1.5. VARIATION IN THE EFFECTS OF NOTE-TAKING ON RECALL PERFORMANCE 

Individual differences in recall performance were partially explained by differences in note 

quantity. We thereby found confirmation for the relationship between note quantity and recall 

performance with longhand note-taking, in line with previous studies (Bui et al., 2013; Kiewra & 

Benton, 1988; Peverly et al., 2007). The path model created for laptop note-taking furthermore 

shows that note quantity is also related to recall performance when taking laptop notes. Note 

quantity thus has benefits when typing notes, as well as when writing notes. While maybe not 

surprising to some, it was not without a doubt that note quantity would also matter for laptop 

note-taking. The supposition existed that note quantity would not be as important for recall 

with laptop note-taking as with longhand note-taking, since the benefits of note quantity are 

partially due to the benefits of paraphrasing (Cook & Mayer, 1983; Peper & Mayer, 1986). 

Transcription fluency of typing is higher than the transcription fluency of writing. Laptop note-

taking therefore allows for more verbatim (i.e. word for word) note-taking and less 

paraphrasing.  

 

We have however shown that note quantity is important for both longhand and laptop note-

taking. This is in line with the non-generative strategies of note-taking (Bui et al., 2013; Mueller 
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& Oppenheimer, 2014). These strategies focus on the benefits of the act of taking notes, instead 

of the benefits of paraphrasing.  

 

For laptop note-taking, note quantity turned out to be influenced by typing speed in WPM. 

Those with higher typing speed took more notes. This relationship is logical, note-taking takes 

time and effort. As more resources need to be expended on the mechanical operation of typing, 

less resources are available for the other processes involved in understanding the lecture and 

formulating notes (Graham, Berninger, Abbott, Abbott, & Whitaker, 1997). Therefore low 

transcription fluency will lead to a lower note quantity. Transcription fluency with typing 

showed greater variability than transcription fluency with writing. The small variability in 

writing speed may explain why transcription fluency was not related to note quantity with 

longhand note-taking.  

 

For longhand note-taking we found note quantity to be significantly related to verbal working 

memory capacity. Previous experiments also expected to find a relationship between these 

variables (Bui et al., 2013; Peverly & Sumowski, 2012), but they did not find evidence for verbal 

working memory capacity to be important for the effects of note-taking. On the contrary, we did 

find a relation between RST scores and note quantity. Those with more verbal working memory 

capacity were found to take more notes when assigned to the longhand note-taking condition 

compared to those with less verbal working memory capacity. This relationship has a clear 

explanation. Those with a better verbal working memory were better able to perform the 

multitasking required for note-taking. Longhand note-taking requires verbal information to be 

stored and processed before it can be written down, therefore verbal working memory is 

important for this process. 

   

The relationship between verbal working memory and laptop note-quantity was found not to be 

significant, which is also understandable. For laptop note-taking, there is less need to store 

lecture material in verbal working memory. Typing speed is much higher than writing speed, 

making time required for typing what one has mentally paraphrased shorter than for writing it 

down. Laptop note-taking thus places a lesser strain on verbal working memory and is not 

dependent on it.  

 

4.2.  LIMITATIONS 

Results of the current research are overall clear and in line with literature. They are however 

subject to several limitations, starting with the rather small sample size. Thirty-six participants 

provided us with 80% power to detect a medium effect size, but the sample size was too small 

to detect small effects. Furthermore, sample size was too small to investigate all interesting 

interactions between variables. More participants would have allowed us to provide more 

robust results and would possibly also have allowed us to significantly predict the increase in 

cognitive load due to note-taking. The fact that most expected results were however found to be 
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significant with this sample of 36 participants indicates that the magnitude of the effect of note-

taking on cognitive load is medium to large.  

 

When reflecting on the experimental design, four further limitations can be identified. First, the 

use of a primary-secondary task setup to measure induced cognitive load is not without 

challenges. Basil (1994) describes the secondary task method as a valid measure of cognitive 

load. The risk however exists that the secondary task (i.e. responding to the auditory signal) 

takes precedence. The participant then treats the primary task (i.e. attending to the lecture) as 

secondary. The order of importance of the primary and secondary task has then switched. This 

means that performance on the initially primary task (the lecture) would then be worse than it 

could have been had the primary task been assigned all cognitive resources it needed. 

Simultaneously, performance on the auditory task would improve compared to when it was 

considered the secondary task. If a switch had taken place, it would most likely have occurred in 

the more challenging conditions when note-taking was expected of participants next to 

comprehending the lecture. A switch would have resulted in reaction times staying equal with 

the adoption of note-taking or potentially even decreasing. This is opposite of the pattern we 

found in our results. Therefore, we believe that no switch in importance of the tasks occurred 

during this experiment.  

 

A second limitation with larger implications for the current results is that all note-taking 

material was provided by the experimenter. The use of a pen and notebook different from those 

normally used by the participant most likely had no or only a marginal effect. Not much 

variability in pens and notebooks exists. In laptops on the other hand, much more diversity is 

possible. Keyboards can for example vary in the location of modifier keys (ctrl, shift, alt) and in 

the distance between keys; mousepads for instance vary in their response size. The use of a 

laptop provided by the experimenter therefore may have had an impact on results. It could have 

increased cognitive load induced in the laptop note-taking condition more than would have 

been the case if participants took notes on their own laptop. Without further testing, it is 

impossible to quantify which part of the increase in cognitive load with laptop note-taking is 

due to the act of note-taking on a laptop and which is due to the use of a laptop one is not 

familiar with. Quantification of this difference is only possible with an experiment testing the 

different effects of note-taking when using a laptop provided by an experimenter and when 

using the laptop the participant is familiar with. 

 

A third limitation is the use of non-standardised testing material. As no standardised lecture 

material was available, every effort was made to select three lectures comparable in difficulty. 

Since differences in difficulty were nevertheless present in the results, lecture material was 

used as an explanatory variable in all analyses. The interpretation of the results is thus not 

affected by the use of non-standardised material. The material may however have introduced 

noise; more stable conclusions might thus have been possible without this limitation.  
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Since the testing material was not standardised, we also did not have access to a standardised 

test. A free recall test was therefore used, which also was the preferred mode of testing to stay 

in line with previous studies on note-taking (e.g. Bui et al., 2013; Einstein et al., 1985; Peper & 

Mayer, 1978; Peverly et al., 2007; Peverly & Sumowski, 2012). A disadvantage of a recall test is 

that it can introduce error due to subjectivity of the rater, especially since the list of lecture 

ideas was composed solely by the experimenter. Inter-rater reliability was however high, 

meaning that scoring was done objectively. A second disadvantage of the free recall test is that it 

showed a potential floor effect. Average recall scores were 11.75% (SD = 5.71), 10.64% (SD = 

5.65) and 11.79% (SD = 6.17) for no note-taking, laptop note-taking and longhand note-taking 

respectively. Since the recall test was the same for all three note-taking conditions, it does not 

influence the interpretation of the results of the current study. The floor effect could however be 

avoided in future studies by using a cued recall test instead of a free recall test. The use of a 

memory test would also be more in line with common practice in lecture exams thereby 

improving the generalisability of the results.  

 

For these reasons, it is recommended future studies engage in more pre-testing of the material 

and the recall test, or use standardised testing material. This would allow for more stable 

results, and potentially also lead to more variability in scores. The relationship between 

cognitive load and recall (between-subject analysis) or difference in cognitive load and 

difference in recall performance (within-subject analysis) could then potentially be found 

significant.  

 

4.3.  FUTURE RESEARCH 

4.3.1. TESTING THE THEORETICAL MODEL 

In this experiment we have made a start with testing the cognitive load model of note-taking we 

presented. We identified three separate components involved in the effects of note-taking on 

cognitive load, namely the load of the material, the load of note-taking and the maximal 

acceptable cognitive load. The factors described as underlying these components were not 

manipulated in this experiment. Instead we focused on the general effect of note-taking on 

cognitive load. Further studies could examine whether these three components indeed exist. 

Research could focus on the combination of these three components, but could also test or 

manipulate each individual component to determine its unique contribution. 
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The first component of the model can be tested by actively varying the cognitive load of the 

material presented to participants. It is expected that lecture structure (i.e. organisation of the 

material), speech rate and information density all influence induced cognitive load. With a 

secondary task, it could be measured if lectures with good structure, low speech rate, or low 

information density indeed lead to less induced cognitive load. The second component of the 

model, cognitive load of note-taking, can for instance be measured by actively selecting students 

based on their preferred note-taking style or their experience with note-taking. It is expected 

that participants who take notes in the style they are accustomed to show less increase in 

cognitive load with note-taking compared to when they take notes in a manner they have no 

experience with. Note-taking experience should lead to automation, making note-taking less 

cognitive demanding.  

 

The maximally acceptable cognitive load has been quantified in this study with the Reading 

Span Test measuring verbal working memory capacity. Information-processing approach 

(Kiewra & Benton, 1988; Kiewra et al., 1987) and attention span (Peverly et al., 2013; Peverly & 

Sumowski, 2012) are both also described as determinants of an individual’s acceptable 

cognitive load. These aspects cannot be manipulated, but they can be measured and their role in 

the effect of note-taking on cognitive load and memory can be explored. This would provide 

further insight in the factors influencing the upper limit of acceptable cognitive load. Further 

research in any or all of these directions would help verify and fill in the framework of cognitive 

load induced by note-taking presented in this study. 

 

4.3.2. EXTENDING THE THEORETICAL MODEL 

The focus in current research, and in the model presented, is on the immediate benefits of note-

taking grouped as the encoding effect. The model could be extended by incorporating the more 

long-term benefits of note-taking, known as the external storage effects due to note review. 

Current study has found that note-taking is not beneficial for those for which the material itself 

A. Cognitive load 
induced by material. 

B. Cognitive load 
added due to  
note-taking. 

C. Maximally acceptable 
cognitive load. 

Figure 4.1. The cognitive load model of note-taking (identical to Figure 1.1.).  
(A) dependent on (i) type of material, (ii) speed of presentation, (iii) information density, and (iv) organisation of the material.  
(B) dependent on (i) prior knowledge, (ii) preferred note-taking style, and (iii) transcription fluency. 
(C) dependent on (i) attention span, (ii) verbal working memory, and (iii) information-processing ability.  
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is already challenging. For them, note-taking takes away resources they need for understanding 

the lecture. Note quantity is however related to recall performance, and this effect becomes 

stronger when note review is possible. Abstaining from note-taking might be the better option 

for those with low English proficiency when looking at their memory immediately after the 

lecture, but this decision may backfire later on. They would not be able to engage in note review, 

which is highly beneficial for memory (Fisher & Harris, 1973; Kiewra, 1989; Rickards & 

Friedman, 1978) 

 

Two alternatives are possible which might provide these students with a solution to this 

problem. First, breaks could be incorporated in the lecture in which students can take notes 

(Peper & Mayer, 1986; Ruhl, Hughes, & Schloss, 1987). This would provide students with the 

opportunity to take notes, without having to multitask note-taking with comprehending new 

information. A second solution is providing these students with notes created by the lecturer 

(Kiewra, 1985; Knight & McKelvie, 1986). This would allow them to expend more cognitive 

resources on understanding the lecture, but would also provide them with the benefit of having 

notes for review. Marsh and Sink (2009) have shown test performance to increase when 

students were provided with handouts of the slides of the lecture beforehand. The risk however 

exists that if all students have access to lecturer’s notes, those with average or above average 

English proficiency stop taking notes. These individuals would then no longer benefit from the 

increase in encoding. Providing students with a skeletal outline and possibly some key points 

might therefore be the favourable middle ground.  

 

4.4. PRACTICAL IMPLICATIONS 

The first question that comes to mind when discussing different note-taking styles is which 

note-taking style is most beneficial for a specific individual. Based on the model, the overall 

answer is that note-taking is beneficial for performance as long as the individual is not 

overloaded by taking notes. This limit differs between individuals, and we have found that 

English proficiency and difficulty of lecture comprehension both play a major role in this. 

Students that find the topic of a lecture difficult to understand should abstain from note-taking 

to improve their memory for the lecture content immediately after the lecture.  

 

Without taking notes, there are however also no notes to review, making it impossible for these 

students to benefit from the external storage effects of note-taking. The model fortunately 

provides suggestions on how to reduce the cognitive load induced by the material and by note-

taking. If this induced cognitive load can be decreased to a level acceptable for students with 

low English proficiency, then they can also benefit from note-taking.  

 

To reduce the cognitive load induced by the material itself, it is first important to look at the 

structure that is used for presenting it. Information that is well-structured is easier to 

comprehend. It is furthermore easier for students to select key points in well-structured 

information (Di Vesta & Gray, 1973). Providing students with relevant examples is also a 
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worthwhile method to improve lecture comprehension and simultaneously reduce information 

density. A final suggestion on how to reduce the cognitive load of the material is by improving 

the English proficiency of students. As found in current study, English proficiency is a major 

determinant of difficulty of lecture comprehension and of recall performance. Better English 

skills would lead to an increase in recall performance directly, but they would also make it 

easier to comprehend lectures, thereby also improving recall for lecture content indirectly.  

 

4.5. CONCLUSION 

Research on the encoding effect of note-taking as it has been conducted to date has been 

combined in the cognitive load model of note-taking. The factors underlying the load of the 

lecture material itself, the added cognitive load of note-taking and the maximal acceptable 

cognitive load are described. We have made a start with testing this model and have shown that 

note-taking indeed increases cognitive load over solely listening to a lecture. This increase in 

cognitive load was not accompanied by a decrease in recall for lecture content. This provides 

evidence for the existence of immediate benefits for memory when taking notes. No difference 

was found for laptop note-taking and longhand note-taking on induced cognitive load, which 

was not in line with expectations. We were also not able to relate individual differences to 

different effects of note-taking on induced cognitive load. We were however able to show that 

individual differences in the effects of note-taking on recall exist. The factors predicting recall 

performance were furthermore found to differ between note-taking styles.  

 

This model thus looks promising and could be considered a valuable starting point. It not only 

structures the factors involved in cognitive load when attending to a lecture, but also allows for 

explanation of individual variation in the effects of note-taking. It provides a way to predict the 

practical implications of note-taking for different types of students. Furthermore, it can also be 

used as a foundation for identifying future research suggestions and structuring research 

results. Therefore, this note-taking model is worth taking note of.  
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APPENDIX A: LECTURE TRANSCRIPTS 

A.1. GEOGRAPHICAL PROFILING 

The importance of the time and space of the offence highlighted by Canter in his Investigative 

Psychology approach, is a theme picked up in the specialty of geographical profiling. So while in 

both Criminal Investigative Analysis and Investigative Psychology the main practical emphasis 

of the offender profile is to provide information about the kind of person the offender may be, in 

geographical profiling the practical emphasis of the profile is to tell you where the offender is 

likely to be based.  

 

So like the more traditional criminal profiles it is a tool that investigators can use to help 

prioritize their search areas. Geographical profiling is typically used to give estimates of the 

most likely geographic location of an offender's home, but can also be used to identify work 

sites or just areas that the offender is highly familiar with. So broadly, geographical profiling 

works on the principle that most crimes are not random. There is a reason or logic that they 

take place in the location that they do. 

 

The various approaches to geographical profiling are based on a variety of observations of 

human behaviour and the resulting principles and theories. The first of these is the least effort 

principle. That is, as its name suggests, given two or more alternatives people will take the 

option that requires the least effort, or is easiest. So at a basic level, in terms of where a crime is 

committed, if there are two identically attractive options then the offender will choose the one 

closest to him or her. 

 

Related to this is distance decay. This is the idea that crimes will decrease in frequency the 

farther away the offender travels from their home. So you may expect that an offender will show 

a preference for crime scenes closer to their home. However, they are unlikely to be too close 

because that would increase the chance of recognition. So close to home, but not in the 'buffer 

zone' where the person is comparatively well known.  

 

But both of these principles are a bit of an oversimplification. If I am an offender and I'm 

thinking that a dark shadowy corner would be ideal in which to commit a crime and I can 

identify two locations, then it is highly probable that other aspects will impact my choice when 

I'm considering relative desirability. What if one doesn't have an easy access route, but is closer 

to my home? What if the other doesn't have a ready stream of people who may pass by, on 

whom I can commit my crime? What if the other has too many people so I might get caught? All 

of these aspects come to bear on my choice of crime site and these may be unknown when 

looking at where I committed my crime and trying to make some sensible inference about 

where my home or base is.  
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This is where the importance of mental schemata or mental maps comes into play. Now these 

are internal representations of an area and reflect how the person typically interacts with their 

environment. So aspects highlighted as significant in the area will vary depending on how you 

interact with that particular area. For example, a car driver may have a very different mental 

map of a city centre than someone who routinely uses public transport. Similarly, as Canter and 

Youngs in 2002 noted 'experience shapes understanding of places which in turn influences 

where a person does what.' So in the context of an offender, where they commit their crime is 

not random. For example, offenders choose areas where familiarity of some sort, through being 

close to home, related to work or leisure activities, leads them to feeling 'safe' to commit their 

crime there. 

 

But as Canter and Youngs in 2008 pointed out, this may not simply be a passive learning of 

opportunity through engaging in 'routine activity'. Rather, this feeling of safety might come 

about through seeing possibilities and, if you like, 'testing' the area or deliberately interacting 

with the area to build up the necessary mental maps or schemata. That is, if you like, seeing 

what is possible in an area they are becoming increasingly familiar with and increasingly feel 

safe in. 

 

Now in terms of practical applications the centrality of the base of an offender was used by 

Canter & Larkin in 1993 to propose two types of offending which was directly linked to the 

degree that the offender is tied to their home in their offending. So a marauder is someone who 

uses his or her home location as a base. So the hypothesis here is, if you can identify the two 

offences that are furthest away from each other and that you are sure have been committed by 

the same person, you can draw a cycle around them and then the perpetrator's home will be 

somewhere in that circle. The alternative type of offender is the commuter. Someone who leaves 

their home and commutes to a different region in which to offend. So this is useful if you can 

determine whether you're dealing with a marauder or commuter, but that of course raises the 

question of how could you know this at the outset?  

 

While Canter and Larkin in a 1993 analysis said that 87% of offenders were marauders; 

subsequent studies have found some variability by crime and by country. So for example, 

Meaney (2004) found that only 35% of burglars in a state in Australia were marauders, whereas 

93% of sex offenders in the same state were marauders. Drawing on research by Warren and 

colleagues and Lundrigan and Canter, Canter and Youngs noted that commuters tend to commit 

their crimes geographically closer together while marauders will, in contrast, spread out across 

the area in which they commit their crime. And so looking at the distance over which crimes are 

being committed may give some practical insight into whether your offender is a commuter or 

marauder.  

 

However, just like the least effort and distance decay principles, there are some complications in 

this differentiation between marauders and commuters. First, it may not apply if there are other 

contextual features of the crime at play. For example, the need to have a particular type of victim 
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who can only be found in discrete locations. A more general complication is that you need to be 

fairly certain that all the crimes you’re looking at have been committed by the same person. And 

this can be tricky, particularly if the perpetrator's mode of offending is evolving as they commit 

their crimes. In addition, you also need to be sure that you have captured in your analysis the 

majority of crimes committed by that particular offender. If you have not, then there is the 

potential that you will have some spatial bias in your sampling and this will distort the 

conclusions that you can draw from your analysis. 

 

Now despite the potential problems with some of the logic in geographical profiling, computer 

programs to assist with the process have been developed. The various programs differ 

somewhat in terms of calculations, cost, interface and output, and some, to a degree, can be 

customised to the area in which they are applied. Based on the geographical distribution of 

crimes, these programs show which geographical areas to prioritize in investigations. Further, 

these programs allow investigators to explore the impact of any given case on the highlighted 

prioritization map. So for example, as an investigating officer if you're not sure whether case X 

has actually been committed by the same individual as cases A, B and C, you can explore the 

impact on the geographical map by omitting case X from your analysis. 

 

A.2. JURY SELECTION 

So, does jury selection actually influence jurors' decisions? Does it matter who you chose from 

that previous set of images? In other words, is it possible to challenge jurors in such a way as to 

influence how the jury will decide a case? In some countries, such as the United States of 

America, there are actually profitable jury selection industries where professional consultants 

advise trial lawyers on how to select the most favourable jury for any particular case.  

 

In fact, in the USA, according to Lieberman and Sale's 2007 research, trial consultants are used 

in almost all major litigation – and one of the services provided by those consultants is what is 

called 'scientific jury selection'. As Lieberman sets out in his 2011 paper on scientific jury 

selection, the idea is to essentially use the scientific method as we explained at the opening of 

this course to identify those jurors who will be positively disposed to the consultant's client, and 

those jurors who will be negatively disposed. The assumption is that by using systematic 

research techniques, consultants should be better at predicting the attitudes of jurors than 

lawyers relying on their intuition and experience. 

 

So how do we know if they actually are better at doing this then? That is, how do we test that 

assumption that trial consultants might be more effective at selecting jurors. Well, testing this 

actually more difficult that it seems at first. As Lieberman noted in 2011, looking at trial 

outcomes might not necessarily provide a good measure of the effectiveness of scientific jury 

selection. One reason is related to the cost of using trial consultants. Because of the expense, 

only those defendants who can afford the cost actually employ them, and those defendants are 

also more likely to hire top tier legal representation. So it’s difficult to know if we do actually 
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observe better outcomes, whether those outcomes are due to the input of the trial consultants 

or the greater skill of the lawyers who’ve been hired. 

 

The approach that about thirty years of research has taken has been to rephrase the question 

somewhat. Rather than necessarily directly comparing the performance of consultants to 

lawyers' intuition, which would actually be very difficult, researchers have focused on whether 

individual juror characteristics are related to trial outcomes. The idea here is that if juror 

characteristics are related to trial outcomes and consultants are selecting jurors based on these 

characteristics, then there should be some merit to scientific jury selection. So does it work 

when we look at the effect of individual juror characteristics? Well, possibly not. This is partly 

because in jurisdictions that allow potential jurors to be surveyed, up to 30% of jurors do not 

disclose all relevant information in questionnaires designed to aid selection, and so any attempt 

to influence the composition of the jury is often made on partial information.  

 

Some research by Lloyd-Bostock in 1988 also suggests that any individual juror biases are 

actually quite a minor influence on the verdict, because individual jurors don't decide the 

verdict, but rather the jury as a group arrives at the verdict. We will come back to the process of 

jury deliberation and what effect is has on decisions in a later video. Other research by Baldwin 

and McConville in 1979 looked at 500 cases in the United Kingdom. They found that no single 

social variable (such as age, gender, or race) was actually associated with variation in the 

verdicts returned by jurors. 

 

In fact, the work of a number of researchers including Diamond and colleagues in 1998 and 

Hastie and colleagues in 1983 suggests that any individual juror characteristic actually only 

accounts for only 2% of the variation in verdicts, and combined juror characteristics account for 

only 5% of the variation in verdicts. Visher found in 1987 that if there is strong evidence against 

the defendant, jury composition actually doesn’t matter at all. So the lack of a relationship 

between juror characteristics and verdicts, and the fact that jury composition doesn't appear to 

matter when evidence is strong, both suggest quite clearly that influencing the composition of 

the jury doesn’t appear to make much of a difference. 

 

Having said that jurors' individual differences probably don't matter, it's worth nothing that 

according to Ellsworth's 1993 research, most cases actually start with an initial lack of 

agreement about the verdict when the jury takes it's first ballot in the deliberation room. Given 

that all jurors actually hear the same evidence in the court room, this suggests that some 

individual differences must contribute to how they evaluate the evidence. 

 

So what might those juror characteristics be? Juror gender seems to matter in some cases. Hans 

and Vidmar's 1982 study suggested that female jurors were more likely to convict in cases 

involving allegations of rape, and Crowley and colleague's 1994 study found a similar effect in 

child sexual abuse cases. Hans and Vidmar also found that older jurors were more likely to 

convict, as are jurors with higher educational qualifications. Dillehay and Nietzel's 1985 study 
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found the same effect for jurors with previous jury experience. Baldwin and McConville showed 

in 1979, however, that the race of the jury doesn’t seem to matter, with Black defendants 

unfortunately being more likely to be perversely convicted regardless of the racial composition 

of the jury. 

 

Now in some jurisdictions it is possible to ask about the attitudes of jurors, in particular their 

attitudes about the legal system in general and defendants as well. One such measure that was 

designed to assess these sorts of beliefs is the Juror Bias Scale, which was developed by Kassin 

and Wrightsman in 1983. Measures like this one tend to be slightly better predictors of verdicts. 

For example, according to Lecci and Myers in 2009, the Juror Bias Scale has been shown to 

typically explain about 15% of the variation in jurors’ verdicts. Now given the relative 

intrusiveness of questions asked in many of these types of surveys, the opportunity to use them 

is actually often limited. 

 

So while juror characteristics play only a small role in the verdicts that are returned, and 

thereby potentially limiting the effectiveness of attempts to select a favourable jury based on 

these characteristics, scientific jury selection actually makes use of a broader range of selection 

tools beyond just juror characteristics. Now, as Lieberman noted in 2011, it’s actually very 

difficult to test these full range of techniques. So perhaps it's fair to say, if you will pardon the 

pun, that the jury is actually still out on the effectiveness of scientific jury selection. 

 

A.3. MEDIA EXPOSURE 

Intuitively, it seems reasonable to be concerned that jurors may be influenced by media 

coverage of the cases they are serving on. It is quite common for the media to be prohibited 

from publishing certain details about a case, including a defendant's prior criminal history for 

this reason. Concern about the possible influence of media exposure on jurors' decisions is one 

of the reasons that here in Queensland, judge-only trials are allowed in high profile cases that 

have received significant adverse media coverage. So should we really be worried about jurors' 

exposure to media stories? Let's look at what the research says. 

 

We know from Mullin and Linz's 1995 research that media reports about the accused, or 

defendant, tend to be negative. In their study, Mullin and Linz used content analysis of actual 

media reports in fourteen large newspapers in the United States of America over an eight-week 

period. In those reports, twenty-seven percent of suspects were described in a negative way 

that might undermine the fairness of the trial. The comments included derogatory assertions 

about the defendant's character and statements about the defendant's guilt. 

 

So does this type of negative media exposure actually influence jurors? Well, research by a 

number of authors such as Fein and colleagues in 1997, Hope and colleagues in 2004, and Ruva 

and McEvoy in 2008, is reasonably clear on this point. Media exposure that describes the 

defendant in a negative light can cause jurors to view the defendant more harshly and result in 
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more guilty verdicts compared to jurors not exposed to such media coverage. In fact, Steblay 

and colleague's 1999 meta-analysis of 23 studies, covering a total of 5,755 participants, found 

that participants exposed to negative pre-trial publicity were more likely to find the defendant 

guilty than those who were not exposed to such media stories. This was a small to moderate 

effect. 

 

There is some evidence from that meta-analysis, however, that the effect size does vary. We 

generally see a stronger effect of media exposure on jurors' decisions when studies use 

community members as participants. The effect is also stronger in cases involving murder, sex 

abuse, and drugs. And we know also that exposure to actual media stories, rather than stories 

created for the purposes of the experiment, also makes the effect stronger. As does longer 

intervals between exposure and having to decide a verdict. 

 

It's reassuring, however, that when the evidence against the defendant is weak, the effect is 

reduced. This was demonstrated in research by Ker and colleagues in 1999. So that's what the 

experimental research suggests, what about actual cases? Well Devine and colleagues' 2009 

study looked at the effect of media exposure in 179 criminal trials in Indiana, in the United 

States of America. They found an increased likelihood of conviction in trials for which judges 

reported being aware of pre-trial publicity. 

 

One of the reasons that media exposure might have had these effects is due to confusion over 

where information about the trial is coming from. Research by Roberts in 1987 suggests that 

jurors sitting on highly publicised trials may attribute information that they have learned from 

the media to evidence actually presented in court. So this effect is related to the 'sleeper effect' 

which was described by Hovland and Weis. This is where something has a delayed impact on us 

because we forget that it comes from a source that should perhaps not be relied upon. 

 

A study by Hope and colleges in 2004 suggested that pre-trial publicity can also result in jurors 

thinking more negatively about the evidence that supports the defendant's side of the case. So 

jurors discount the evidence in favour of the defendant when thinking about the defendant's 

guilt. The publicity effectively distorts jurors memories of the evidence in favour of the 

prosecution case (Hope, Memon, and McGeorge, 2004). As you will hear in the next episode, 

such media coverage can help shape the story that jurors create to explain the evidence they 

hear about the trial. However, before we turn to that, a final question we should consider is 

whether we should be worried about this? Is this a big problem? 

 

Well, in reality, only a small percentage of cases actually receive pre-trial publicity. The concern 

is that in those that do get reported in the media, receive a considerable amount of exposure. 

Consistent with this, there was also a study by Bruscke and Loges in 1999 that looked for pre-

trial newspaper reports of 134 different first-degree murder cases. They found that 46 percent 

of these cases received no coverage in the news media. Of those that did have stories written 
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about them, about a fifth had between one and five reports, another fifth had between six and 

ten reports, and sixteen percent had eleven or more stories written about them. 

 

So what can be done about this? It's not really possible to stop every potential juror from being 

exposed to media about a particular case. Often the media will cover a story many months or 

years before the jury trial, and so you have no way of knowing who the potential jurors will be. 

Also, it is not really possible for a court to impose a restriction on media reporting about a case, 

until there is a defendant who has been identified. 

 

One of the remedies for media exposure, apart from a judge only trial, is to give jurors directions 

to disregard any media stories about the case they may have seen or heard. Now this is a pretty 

easy remedy to use, but unfortunately it is not very effective at reducing this bias as research by 

Devine and colleges in 2001 suggested. Now it's very hard for people to un-see and un-hear 

things they have been exposed to in the media and these things continue to influence them. One 

thing that Devine suggested in 2012 as seeming to work is changing the venue of the trial, which 

has the effect of changing the potential jurors for a group of people who are less likely to have 

heard about the case. 

 

Of course, in addition to the influence of the media on jurors, we’ve already discussed how the 

memory of eyewitnesses who might give evidence in the trial could be influenced by misleading 

or biased information. If a media report contains inaccuracies, then it is possible that these 

inaccuracies could affect what an eyewitness remembers about a crime – potentially leading to 

false memories. Even if the media report contains no factual inaccuracies, it’s possible that the 

contents of the media report could affect eyewitness memory – as in the example where the use 

of the word “smash” to describe a car crash led people to think there was glass at the scene 

when there was not. 
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APPENDIX B: LISTS OF LECTURE IDEAS 

B.1. GEOGRAPHICAL PROFILING 

1. The Investigative Psychology approach highlights the importance of the time and space of 

the offense 

2. The Investigative Psychology is from Carter. 

3. This theme (1) is picked up in geographical profiling. 

4. The emphasis of the offender profile is usually on providing information about the kind of 

person the offender may be. 

5. This is usually the emphasis in Criminal Investigative Analysis (4). 

6. This is usually the emphasis in Investigative Psychology (4). 

7. The emphasis of the offender profile is to tell you where the offender is likely to be based. 

8. This is usually the emphasis of geographical profiling (7).  

9. Geographical profiling is a tool that investigators can use (8). 

10. Investigators can use geographical profiling to prioritize their search areas. 

11. This is similar to more traditional criminal profiles (10). 

12. Geographical profiling is typically used to estimate the geographic location of an offender’s 

home.  

13. Geographical profiling can be used to identify work sites. 

14. Geographical profiling can be used to identify areas that the offender is highly familiar with.  

15. Geographical profiling works on the principle that most crimes are not random (i.e. there is 

a reason and a logic).  

16. There are various approaches to geographical profiling. 

17. The approaches are based on a variety of observations of human behavior (16). 

18. The approaches are based on the resulting principles/theories of these observations (17). 

19. The first principle is the least effort principle (16). 

20. Given two or more alternatives, people will take the option that requires the least effort (the 

easiest option) (19). 

21. When there are two identically attractive options for where a crime is committed, the 

offender will choose the one closest to him or her.  

22. The second principle is distance decay (16). 

23. Distance decay is related to the least effort principle (22). 

24. Distance decay means that crimes will decrease in frequency the farther away the offender 

travels from their home (23). 

25. An offender will stay close to home, but not in the ‘buffer zone’. 

26. A person is comparatively well known in the ‘buffer zone’ (25). 

27. Being too close would increase the chance of recognition. 

28. Both principles (19 and 22) are an oversimplification. 

29. It is highly likely other factors will impact the offender’s choice of relative desirability when 

there are two locations possible.  

30. Possible factors: easy access route (29). 
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31. Possible factors: close to home (29). 

32. Possible factors: a stream of people who may pass by to commit the crime on (29). 

33. Possible factors: a stream of people who may pass by and can catch me (29).  

34. These factors (29) may be unknown when looking at where the offender committed the 

crime. 

35. These factors (29) may be unknown when trying to infer where the offender’s home or base 

is. 

36. Mental schemata and mental maps are the same. 

37. Mental maps are internal representations or an area (36). 

38. Mental maps reflect how the person typically interacts with their environment (36). 

39. What is significant in an area depends on how you interact with that area. 

40. Example: mental maps of a city centere are different for a car driver and a user of public 

transport.  

41. Experience shapes understanding of places (i.e. increase familiarity). 

42. Understanding of places (i.e. familiarity) influences where a person does what (41). 

43. Canter and Youngs (41 and 42). 

44. 2002 (41 and 42). 

45. Offenders choose places with familiarity of some sort (15). 

46. Familiarity through being close to home (45). 

47. Familiarity through a place being related to work (45). 

48. Familiarity through a place being related to leisure activities (45). 

49. Familiarity leads them to feeling ‘safe’. 

50. Feeling ‘safe’ to commit their crime there (49).  

51. Familiarity may not simply a passive learning of opportunity through engaging in ‘routine 

activity’. 

52. Canter and Youngs (51). 

53. 2008 (51). 

54. The feeling of safety might come about through seeing possibilities/’testing’ the area.  

55. The feeling of safety might come from deliberately interacting to get familiar.  

56. There are two types of offending. 

57. The types are directly linked to the degree that the offender is tied to their home in 

offending (56). 

58. The types are based on the centrality of the base of the offender (57). 

59. Canter and Larkin (58). 

60. 1993 (58). 

61. Type 1: marauder (56). 

62. A marauder uses his or her home location as a base (61). 

63. You have to identify the two offences that are furthest away from each other. 

64. The offences must sure have been committed by the same person (63). 

65. The perpetrator’s home is in the circle you can draw around the two offences (63). 

66. Type 2: commuter (56). 
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67. The commuter leaves their home and commutes to a different region in which to offend 

(56). 

68. A commuter’s home will be outside a circle drawn around their offences.  

69. An analysis of the amount of marauders and commuters is done. 

70. Canter and Larkin (69). 

71. 1993 (69). 

72. 87% of offenders were marauders (69). 

73. Subsequent studies found some variability. 

74. Variability by crime (73). 

75. Variability by country (73). 

76. 35% of burglars in a state in Australia were marauders. 

77. 93% of sex offenders in the same state were marauders (76). 

78. Commuters tend to commit their crimes geographically closer together than marauders will 

(i.e. and marauders spread out their crimes over a larger area). 

79. Canter and Youngs (78). 

80. Based on research by Warren and colleagues (78) 

81. Based on research by Lundrigan and Canter (78).  

82. The distance over which crimes are being committed may give practical insight into the type 

of offender. 

83. There are complications in this differentiation (82). 

84. First complication: it may not apply when there are other contextual features of the crime at 

play (83). 

85. Example of a contextual feature: the need for a particular type of victim that can only be 

found in discrete locations (84). 

86. Second complication: you need to be fairly certain that the crimes have been committed by 

the same person (83). 

87. This is particularly tricky if the perpetrator’s mode of offending is evolving (as the 

perpetrator commits their crimes) (86). 

88. Third complication: the majority of crimes committed by the offender must be in the 

analysis (83). 

89. If crimes are missing, then there might be spatial bias in the sampling (88). 

90. The bias will distort the conclusions you can draw from the analysis (89). 

91. Computer programs to assist in geographical profiling have been developed. 

92. The various programs differ somewhat. 

93. They differ in terms of: calculations (92). 

94. They differ in terms of: cost (92). 

95. They differ in terms of: interface (92). 

96. They differ in terms of: output (92). 

97. They differ in terms of: the ability to be customized to the area in which they are applied 

(92). 

98. The programs show which geographical areas to prioritize in investigations. 

99. The programs are based on the geographical distribution of crimes. 
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100. The programs allow for exploration of the impact of any given case by investigators. 

101. The impact of any given case on the highlighted prioritization map (100). 

102. An investigator can explore the impact of omitting a case from the analysis (101). 

 

B.2.JURY SELECTION 

1. The main question is whether jury selection works.  

2. There are profitable jury selection industries in some countries. 

3. One of these countries is the United States of America (2). 

4. In the jury selection industries work professional consultants.  

5. The consultants advise trial lawyers on how to select the most favorable jury. 

6. The most favorable jury for a particular case (5). 

7. Trial consultants are used in almost all major litigation in the USA. 

8. Lieberman and Sale (7). 

9. 2007 (7). 

10. The consultants make use of scientific jury selection (scientific methods) to identify jurors.  

11. Jurors who will be positively disposed to the consultant’s client (10). 

12. Jurors who will be negatively disposed to the consultant’s client (10).  

13. Lieberman (10). 

14. 2011 (10). 

15. Consultants rely on systematic research techniques.  

16. Lawyers rely on their intuition. 

17. Lawyers rely on their experience.  

18. Consultants should be better at predicting the attitudes of jurors than lawyers. 

19. Testing this assumption is more difficult than it seems (18). 

20. The assumption is tested by looking at trial outcomes. 

21. This is not a good measure of the effectiveness of jury selection (20). 

22. Lieberman (21). 

23. 2011 (21). 

24. Trial consultants are expensive. 

25. Trial consultants are only hired by those defendants who can afford their cost.  

26. These defendants are more likely to hire top tier legal representation. 

27. When better outcomes are observed, we do not know the cause (21).  

28. May be due to the input of the trial consultants (27). 

29. May be due to the greater skill of the lawyers who have been hired (27).  

30. 30 years of research have therefore rephrased the question. 

31. Performance of consultants and lawyer’s intuition is not directly compared (30).  

32. Are individual juror characteristics related to trial outcomes? 

33. Consultants select jurors based on their individual characteristics. 

34. If (32), then the effect of (33) should be positive. 

35. Some jurisdictions allow potential jurors to be surveyed. 

36. Up to 30% of the jurors do not disclose all relevant information in the questionnaires. 



[66] 
 

37. Questionnaires designed to aid selection (36). 

38. Attempts to influence the composition of the jury are made on partial information.  

39. An individual juror has a minor influence on the verdict. 

40. Individual jurors do not decide the verdict (39).  

41. The jury as a group arrives at the verdict (39).  

42. Lloyd-Bostock (39). 

43. 1988 (39). 

44. No single variable was associated with variation in the verdicts returned by jurors. 

45. No social variable (44). 

46. Social variables are: age (44). 

47. Social variables are: gender (44). 

48. Social variables are: race (44). 

49. Research looked at 500 cases (44). 

50. Cases in the United Kingdom (44).  

51. Baldwin and McConville (44). 

52. 1979 (44). 

53. Individual juror characteristics account for 2% of variation in verdicts. 

54. Combined juror characteristics account for 5% of variation in verdicts. 

55. Diamond and colleagues (53 and 54). 

56. 1998 (53 and 54). 

57. Hastie and colleagues (53 and 54). 

58. 1983 (53 and 54). 

59. Among other researchers (53 and 54). 

60. Jury composition does not matter when there is strong evidence against the defendant. 

61. Visher (60). 

62. 1987 (60).  

63. (53, 54 and 60) show that influencing the composition of the jury does not make a 

difference. 

64. Most cases start with an initial lack of agreement within the jury about the verdict. 

65. Ellsworth (64). 

66. 1993 (64). 

67. All jurors hear the same evidence in the courtroom. 

68. Because of (64 and 67) individual differences must influence the evaluation of the evidence. 

69. Juror gender matters in some cases. 

70. Female jurors were more likely to convict in cases involving allegations of rape. 

71. Hans and Vidman (70). 

72. 1982 (70).  

73. Female jurors were more likely to convict in child sexual abuse cases. 

74. Crowley and colleagues (73). 

75. 1994 (73). 

76. Older jurors were more likely to convict.  

77. Hans and Vidman (76). 



[67] 
 

78. 1982 (76). 

79. Jurors with higher educational qualifications were more likely to convict. 

80. Hans and Vidman (79). 

81. 1982 (79). 

82. Jurors with previous jury experience were more likely to convict. 

83. Dillehay and Nietzel (82). 

84. 1985 (104). 

85. The race of the jury does not matter. 

86. Black defendants are more likely to be perversely convicted. 

87. This is regardless of the racial composition of the jury (86). 

88. Baldwin and McConville (86 and 87). 

89. 1979 (86 and 87). 

90. It some jurisdictions is possible to ask about attitudes of jurors. 

91. Attitudes about the legal system (90). 

92. Attitudes about defendants (90). 

93. Attitudes can be assessed with the Juror Bias Scale. 

94. Developed by Kassin and Wrightsman (93). 

95. Developed in 1983 (93). 

96. Attitudes are slightly better predictors than individual characteristics. 

97. The Juror Bias Scale explains 15% of the variation in jurors’ verdicts. 

98. Lecci and Myers (97). 

99. 2009 (97).  

100. The opportunity to use surveys is often limited.  

101. The questions are intrusive.  

102. Scientific jury selection makes use of a broader range of selection tools beyond juror 

characteristics. 

103. Difficult to test the full range of techniques. 

104. Lieberman (103). 

105. 2011 (103). 

106. The effectiveness of jury selection is not yet established. 

 

B.3.MEDIA EXPOSURE 

1. The main question is whether media exposure influences jurors.  

2. It is common for the media to be prohibited from publishing certain details about a case. 

3. Details including: a defendant’s prior criminal history (2).  

4. This is prohibited because it can influence jurors (2). 

5. Judge-only trials are allowed in high profile cases in Queensland. 

6. High profile cases that have received significant adverse media coverage (5). 

7. Media reports about the accused tend to be negative.  

8. Mullin and Linz (7). 

9. 1995 (7). 
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10. The authors used content analysis. 

11. The authors used the content of actual media reports (10). 

12. The authors used content from fourteen large newspapers (10). 

13. The authors used content from the United States of America (10). 

14. The authors used content over an eight-week period (10). 

15. 27% of suspects were described in a negative way. 

16. This negative way might undermine the fairness of the trial (7). 

17. Negative comments included: derogatory assertions about the defendant’s character (7). 

18. Negative comments included: statements about the defendant’s guilt (7). 

19. Research is reasonably clear on the influence of negative media exposure on jurors. 

20. Fein and colleagues (19). 

21. 1997 (19). 

22. Hope and colleagues (19). 

23. 2004 (19). 

24. Ruva and McEvoy (19). 

25. 2008 (19). 

26. Media exposure can cause jurors to view the defendant more harshly (23). 

27. Media exposure that describes the defendant in a negative light (26). 

28. Media exposure can result in more guilty verdicts compared to verdicts from jurors who 

have not been exposed to such media coverage. 

29. Participants exposed to negative pre-trial publicity were more likely to find the defendant 

guilty than those who were not exposed to such media stories.   

30. A small to moderate effect (29). 

31. Result of a meta-analysis (29). 

32. A meta-analysis of 23 studies (29). 

33. A meta-analysis covering 5,755 participants (29). 

34. Steblay and colleagues (29). 

35. 1999 (29). 

36. The effect size does vary. 

37. Evidence comes from the same meta-analysis (31). 

38. Several factors make the effect of media exposure on jurors’ decisions stronger. 

39. Effect is stronger when: community members are used as participants (38). 

40. Effect is stronger when: cases involve murder (38). 

41. Effect is stronger when: cases involve sex abuse (38). 

42. Effect is stronger when: cases involve drugs (38). 

43. Effect is stronger with: exposure to actual media stories rather than stories created for the 

purpose of the experiment (38). 

44. Effect is stronger when: the interval between exposure and having to decide a verdict is 

longer (38). 

45. The effect is reduced when the evidence against the defendant is weak. 

46. Ker and colleagues (45). 

47. 1999 (45). 
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48. There is an increased likelihood of conviction in trials for which judges reported being 

aware of pre-trial publicity.  

49. The authors looked at the effect in 179 criminal trials. 

50. Trials in Indiana, United States of America. 

51. Devine and colleagues (48). 

52. 2000 (48). 

53. Media exposure might have this effect due to confusion over when the information about 

the trial is coming from. 

54. Jurors may attribute information that they have learned from the media to evidence actually 

presented in court. 

55. Roberts (54). 

56. 1987 (54). 

57. This is related to the sleeper effect (54). 

58. With the sleeper effect, something has a delayed impact on us. 

59. It has a delayed impact because we forget that it comes from a source that should perhaps 

not be relied upon (58). 

60. Howland and Weis (58 and 59). 

61. Pre-trial publicity can make jurors think more negatively about the evidence that supports 

the defendant’s side of the case.  

62. Hope and colleagues (61). 

63. 2004 (61). 

64. Jurors discount the evidence in favor of the defendant when thinking about the defendant’s 

guilt. 

65. The publicity effectively distorts jurors’ memories of the evidence in favor of the 

prosecution. 

66. Media coverage can help shape the story that jurors create to explain the evidence they hear 

about in trial. 

67. Only a small percentage of cases receive pre-trial publicity.  

68. Those cases that do get reported in the media get a considerable amount of exposure. 

69. 46% of cases received no coverage in the news media. 

70. Of those that did have stories written about them, about a fifth had between one and five 

reports. 

71. Of those that did have stories written about them, about a fifth had between six and ten 

reports. 

72. Of those that did have stories written about them, sixteen percent had eleven or more 

stories written about them. 

73. Authors looked for pre-trial newspaper reports. 

74. Authors looked at 134 different cases. 

75. Authors looked at first-degree murder cases. 

76. Burscke and Loges (69, 70 and 71). 

77. 1999 (69, 70 and 71). 
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78. It is not possible to stop every potential juror from being exposed to media about a 

particular case.  

79. The media will cover a story many months or years before the jury trial. 

80. There is no way of knowing who the potential jurors will be.  

81. The court cannot impose a restriction on media reporting about a case. 

82. A restriction cannot be imposed until a defendant has been identified (81). 

83. A judge only trial is a remedy for media exposure. 

84. Giving jurors directions to disregard any media stories about the case they may have seen or 

heard is a remedy for media exposure. 

85. This remedy is easy to use (84). 

86. This remedy is not effective at reducing the bias (84). 

87. It is very hard for people to un-see and un-hear things they have been exposed to in the 

media. 

88. These things continue to influence them (87). 

89. Devine and colleagues (87). 

90. 2001 (87). 

91. Changing the venue of the trial is a remedy for media exposure. 

92. This remedy seems to work (91). 

93. Devine (91). 

94. 2012 (91). 

95. Changing the venue of the trial leads to changing the potential jurors for a group who are 

less likely to have heard about the trial (91). 

96. The memory of an eyewitness could be influenced by misleading or biased information. 

97. The inaccuracies of a media report could affect the eyewitness memory of the crime. 

98. The inaccuracies of the media report could potentially lead to false memories.  

99. The content of the media report can also affect the eyewitness memory when it contains no 

factual inaccuracies.  

100. Example: the description of a car crash can lead people to think there was glass at the 

scene when there was not. 

101. The description used the word “smash” (100). 
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APPENDIX C: TRANSCRIPTION FLUENCY TESTS 

C.1. TEXT FOR MEASURING WRITING SPEED (258 CHARACTERS) 

Oil giant Royal Dutch Shell has agreed to a settlement with residents of the Bodo community in 

the Niger Delta for two oil spills. These were among the biggest spills in decades of oil 

exploration in Nigeria. Thousands of hectares of mangrove were affected.  

 

C.2. TEXT FOR MEASURING TYPING SPEED (587 CHARACTERS) 

US car makers were forced to recall a record number of cars in 2014, as an ignition switch 

scandal at General Motors put a renewed focus on safety. Now, as all eyes turn to Detroit for the 

US car industry's annual extravaganza, the big question is: can the sector recover? GM's boss 

Mary Barra put it bluntly to reporters this week: 2014 was, she admitted, a year of great 

disappointment. In the wake of revelations that GM had ignored a series of fatal accidents 

relating to problems with ignition switches in its vehicles, the car maker was forced to recall 

2.6m cars in February 2014. 

 

 


