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ABSTRACT 

 

The phenomenon in which words generated from one’s own mind are better remembered 

than read material is known as the generation effect. Semantic processing is necessary for 

the effect to occur. The present thesis was aimed at elucidating whether handwriting 

would facilitate semantic processing during self-generation, and result in better memory 

for generated material. A total of 48 psychology students from the University of New 

Brunswick Saint John participated in each of two experiments, consisting of reading and 

generation tasks, completed by typing (laptop, tablet) or handwriting (active, passive). It 

was hypothesized that a generation effect would emerge when the information was 

handwritten; a negative generation effect was anticipated when generation tasks were 

typed. Two repeated measures analyses of variance (ANOVA) were conducted for each 

experiment. A negative generation effect was observed in both experiments; cross- 

experiment analyses revealed that the magnitude of the negative effect was significantly 

larger for typed information. 

Keywords: semantic encoding, generation effect, writing modality, online vs. 

 

written 
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Writing Modality, Semantic Processing, and the Generation Effect 

 

The generation effect refers to the advantage in memory performance for verbal 

information when it is generated by one’s own mind, rather than passively  read 

(Slamecka & Graf, 1978). In previous studies, an experimenter would cue participants by 

presenting them with a rule and asking them to generate a target word. The ability to 

recall a greater number of generated target words than words that are read, constitutes the 

generation effect (Slamecka & Graf, 1978). The magnitude of the effect is calculated by 

subtracting the number of correctly remembered read words from the number of correctly 

remembered generated words. The phenomenon is a robust effect, improving both item 

memory (word-specific) and context memory (information surrounding the word), 

compared to reading (McCurdy et al., 2020). 

Despite the finding that an estimated 79% of post-secondary students use laptops 

in the classroom (Carter et al., 2017), the literature on computer use in the academic 

setting remains inconclusive. Although some researchers suggest that computer access 

during class instruction has no effect on learning relative to handwriting (Angrist & Lavy, 

2002; Goolsbee & Guryan, 2006; Igo et al., 2006; Kirkland, 2016; Urry et al., 2021; 

Wurst et al., 2008), others suggest a positive effect of laptop use in the classroom for 

specific groups of individuals (Fairlie, 2012) and under certain circumstances (Peverly & 

Sumowski, 2011). Relative to passively reading or listening to the given information, 

using a typing modality to record information is related to better outcomes in memory 

ability (e.g., Purcell et al., 2011). That is, although there may be differences between 

effectiveness of a handwritten or typing modality, typing appears to predict better 
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memory ability than passive consumption of the information, which constitutes an effect 

of generation. 

The goal of many studies has been to understand the effect of generating notes on 

memory (e.g., Bertsch et al., 2007; Kobayashi, 2005). Overall, the generation effect 

appears to be positive and moderate in strength (Kobayashi, 2005). When tested 

immediately on learned material, Bretzing and Kulhavy (1981) found that participants 

were able to recall 60% of information that was generated, but when the information was 

merely listened to, only 15% of the information that was recalled. In a review of 56 

studies on note-taking, Kiewra (1985) found that although 33 studies reported an effect of 

generation, 21 studies revealed no significant differences among conditions. Interestingly, 

two studies reported a disadvantage to generating notes. Overall, generating appears to 

yield a benefit for learning and memory, regardless of whether review time is allotted 

(Bertsch et al., 2007; Kiewra, 1985). Generation is believed to be more cognitively 

engaging than passively reading or listening to information; memory ability for generated 

information is greater because of the additional processes involved in generating 

information, (e.g., Peper & Mayer, 1978). Despite the substantial body of literature in 

support of the advantage in memory performance for self-generated material relative to 

memory performance for passively read material (Bertsch  et al.,  2007), there is 

contention regarding writing modality and its effect on memory ability (e.g., Mueller & 

Oppenheimer, 2014; Urry et al., 2021). 

Prior research has established semantic encoding as a necessary condition for the 

generation effect to be observed (e.g., Mulligan, 2002; Nairne et al., 1985; Payne et al., 

1986); however, the direct examination of the relationship between the amount of 
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semantic encoding present in a task and the size of the generation effect, had not been 

studied. Thus, Ritchie and Wilbiks (2022) conducted two experiments to establish 

whether the amount of semantic encoding, beyond the mere elicitation of semantic 

encoding, would be related to the size of the generation effect. 

Ritchie and Wilbiks (2022) included six tasks: participants were given a list of 20 

nonwords (Gilchrist & Allen, 2015), a list of 20 words (Wilson,  1988), and a brief 

passage consisting of seven sentences, detailing a biographical account of the life of 

either Helen Keller or Adolf Hitler (Sulin & Dooling, 1974). To test our specific 

hypothesis that a greater number of semantic processes would be related to a larger 

generation effect, the passage condition was added—an experimental condition which 

has not been administered in past work on the generation effect. The passage condition 

was added to assess the generation effect for related words in sentences (as opposed to 

unrelated words in lists or related words in word pairs). This condition was assumed to 

elicit a greater amount of semantic processing to consider relationships among related 

words. Across the three reading tasks, participants were instructed to study the list or 

passage by merely reading the words. These tasks constituted the reading tasks of the 

study, and participants did so under three conditions, creating a nonword list–read 

condition, a wordlist–read condition, and a passage–read condition. For the other three 

tasks, participants were instructed to study the words while using a letter transposition 

rule to generate correctly spelled items. To complete the letter transposition task, 

participants merely transposed the two underlined letters of each item to correct its 

spelling. Across all tasks, the amount of time that was allotted to studying was dependent 

upon the number of items to study; approximately 5 seconds were allotted per word or 
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nonword. Following the study phase, participants engaged in a 2-minute mathematical 

distractor task before completing an untimed test of free recall on the material from the 

previous task only. This procedure was repeated for all six tasks; the entire study took 

approximately 45 minutes to complete. Their study was administered online due to 

COVID-19 restrictions and 87% of participants completed the study using a laptop 

computer (rather than a tablet or smartphone). 

Based on previous literature on the generation effect, which has revealed that a 

generation effect is only observed when the information is meaningful (e.g., Mulligan, 

2002), and that the act of self-generation increases the awareness of inter- 

word relationships, which constitute the meaningful relationships that exist between 

words to create meaningful sentences (e.g., McCurdy et al., 2020), Ritchie and Wilbiks 

(2022) hypothesized that a greater semantic processing would be related to a larger 

generation effect. They expected that results would show no generation effect for the 

nonword list condition, a moderate generation effect for the wordlist condition, and a 

large generation effect for the passage condition. Surprisingly, semantic processing was 

related to a larger generation effect; a negative generation effect was observed in Ritchie 

and Wilbiks’ study (see Figure 1). Memory ability was significantly better for 

information that was read relative to information that was generated, among all stimulus 

types. 

Although Ritchie and Wilbiks’ study was a replication and extension of previous 

studies on the generation effect (e.g., Bertsch et al., 2007; Mulligan, 2011), their results 

did not support the hypothesis that an increased elicitation of semantic processing by 

stimulus type is related to a larger generation effect. Nonword lists and wordlists have 
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been used in previous studies to test the role of semantic processing in the generation 

effect; further, letter transposition tasks have been commonly used in previous studies 

(e.g., Mulligan, 2011; Nairne et al., 1985). To test the specific hypothesis that a greater 

number of semantic processes—that is, the processing of inter-word features, in addition 

to the processing of intra-word features—would be related to a larger generation effect, a 

third condition, the passage condition, was added in Ritchie and Wilbiks’ study. The 

generation effect has traditionally been studied using a pen-and-paper writing modality 

but, given the observation of a negative generation effect among all stimulus types, the 

effect of task administration on multitasking, distracted learning, and writing 

modality, was explored in the present studies. 

 

Early Theories of the Generation Effect 

 

According to the selective displacement rehearsal hypothesis (Slamecka & 

Katsaiti, 1987), the generation effect is a product of experimental design; participants 

learn the purpose of the study and selectively rehearse the words in the generation tasks 

to produce the effect. Bertsch et al. (2007) found that the generation effect is robust in a 

between-subjects design, which is evidence against this account. According to the levels- 

of-processing model, when an individual develops semantic interpretations of the target 

material, it is better remembered (Craik & Lockhart, 1972). This model fails to address 

what features of the target stimuli may elicit these deeper level processes; however, it 

suggests that the type of processing matters more than the amount of processing involved 

(Craik & Lockhart, 1972), an assumption made in more empirically supported theories of 

the phenomenon (e.g., Bertsch et al., 2007; McCurdy et al., 2020). 

https://unbcloud-my.sharepoint.com/personal/mritchi1_unb_ca/Documents/Attachments/MA%20Thesis%20Proposal_Michaela%20Ritchie%20LB.docx#_msocom_1
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Theories Supporting the Generation Effect 

 

Semantic Lexical Activation Hypothesis 

 

The semantic lexical activation hypothesis, commonly referred to as the semantic 

activation hypothesis, specifies the type of deeper-level processes involved in self- 

generation (Kinoshita, 1989). Generation is a mechanism that allows the relationships 

between words in phrases to be established, which results in the creation of meaningful 

sentences (Graf, 1980). The subjective lexicon represents meaningful words to the 

individual through the increased activation of semantic features (Gardiner & Hampton, 

1985). According to this hypothesis, the generation effect is observed when the material 

to be remembered is meaningful and already represented in one’s semantic network. 

Intra-word information, such as the definition of a word, is considered when self- 

generating a target word. Memory for meaningless stimuli is therefore not enhanced, 

because the consideration of semantic features cannot occur (McElroy & Slamecka, 

1982). McElroy and Slamecka’s findings support this theory; in their study, participants 

generated word–word pairs and word–nonword pairs and a generation effect was 

observed only for word–word pairs. 

The semantic activation hypothesis states that the act of self-generation 

strengthens the pathway to information in the semantic network, which in turn, 

strengthens the memory trace, enhancing memory performance when meaningful 

material is recalled (McElroy & Slamecka, 1982). Although Graf (1980) found that 

compared to reading, generating words enhanced their recognizability in a sentence, his 

methodology used meaningful words and focused on the increased awareness of inter- 

word relationships. Although some sentences were meaningless, they did not contain any 
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nonwords and, therefore, the findings could not conclusively suggest that superior 

retention is the result of the involvement of semantic memory in generating words 

(McElroy & Slamecka, 1982). Despite the limitations of Graf (1980) and McElroy and 

Slamecka (1982), their results laid the foundation for the later development of the 

semantic activation hypothesis. 

The semantic activation hypothesis is also supported by experimental results 

showing that the generation effect is present for meaningful as well as familiar verbal 

material, but not for meaningless and unfamiliar verbal information including random 

strings of letters or unfamiliar noun compounds (Gardiner & Hampton, 1985). According 

to the semantic activation hypothesis, the generation effect is observed when the material 

to be retrieved is stored in the semantic memory (Mulligan et al., 2006). In support of 

this, studies fail to yield a generation effect with nonwords, which by their very 

definition, cannot be semantically processed (Mulligan, 2002; Nairne et al., 1985; Payne 

et al., 1986). 

The generation effect has been observed in conditions of cued and uncued recall 

of word pairs when the to-be-remembered stimuli are meaningful (Bertsch et al., 2007). 

For example, Gardiner and Hampton (1985) found that generation was beneficial for 

familiar word pairs (e.g., cheese–cake) but not for random letter combinations (e.g., E– 

C). Although relational processing, which is the consideration of inter-word semantic 

features, may be enhanced when generating, relative to reading (Donaldson & Bass, 

1980), it cannot solely account for the generation effect. Although relational processes 

occur between the cue and target words, the generation effect is not observed with 

nonword pairs (McElroy & Slamecka, 1982). According to the semantic activation 
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hypothesis, generation of meaningful stimuli activates features in the semantic network to 

a greater extent than reading, making the information more accessible than read material. 

When the cue-target relationship in generation tasks are rhymes, or are otherwise 

unrelated, the generation effect is reduced (McCurdy et al., 2020). Results such as these 

suggest the relationships between stimuli may play an important role in moderating the 

size of the generation effect, with meaningful relationships between cue and target 

stimuli resulting in greater generation effect sizes (McCurdy et al., 2020). The fact that 

rhyming word pairs and unrelated words elicit fewer semantic processes at encoding 

supports the semantic activation theory and suggests that the level of semantic encoding 

elicited in a task, beyond the mere presence of semantic encoding, influences the size of 

the generation effect. Moreover, items may be more likely to be remembered when the 

items can be bound into a single memory representation; that is, memory is improved for 

self-generated words when the words are contextually related, in support of a relational 

processing account (Greenwald & Johnson, 1989; Marsh, 2006; Marsh et al., 2001; 

Mulligan et al., 2006). 

Relational Processing Account 

 

The relational processing account, which implicates the integration of novel 

information into one’s existing semantic network, has been observed in a note-taking 

setting (e.g., Brazeau, 2006; Castelló & Monereo, 2005). This account posits that self- 

generation enhances memory ability for a greater number of words (Begg et al., 1989). In 

support of the relational processing account of the generation effect, compared to the read 

condition, cued recall tests reveal that self-generated target words are better remembered 

in response to the cue word (Begg et al., 1989). If relational processing is present in self- 
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generation tasks, the awareness of inter-word relationships—specifically, between the 

cue and target words—is enhanced. Relational processing is a process by which the 

distinctiveness of self-generated words becomes enhanced, to a greater extent than read 

words (Gardiner & Hampton, 1988). If relational processing is involved in generating, 

self-generated words are also better remembered because they are more distinct (Hunt, 

2012; McCurdy et al., 2020). Faber et al. (2000) contended that effective note-taking 

strategies involve relating generated information to previously recorded information. 

These strategies are an example of relational processing, which has been found to 

increase the encoding of additional information (e.g., Hidi & Klaiman, 1983; Hohenstein 

& Kliegl, 2014). By this account, generation enhances encoding because individuals 

integrate various components of the generated information. Generating notes is believed 

to increase semantic processing by requiring the active processing of the material in the 

context of one’s existing semantic knowledge (e.g., Di Vesta & Gray, 1972; Peper & 

Mayer, 1986). Relational processing elicits the activation of the semantic network, but 

activation of the semantic network alone is insufficient in eliciting relational processes 

(Bertsch et al., 2007). 

As a consequence of relational processing, when reading a sentence, a reader 

gains useful information about subsequent words from related words that were previously 

read (Hohenstein & Kliegl, 2014). Further, when reading words in sentences, as opposed 

to reading a list of unrelated words, the semantic distance between two words in a 

sentence is small and the association of their relationship is more likely  (McDonald, 

2006). Consistent with prior work (Hohenstein & Kliegl, 2014; McDonald, 2006; Rayner, 

2009), the semantic relatedness among all words in a passage, but not in a wordlist of 
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related words or nonword list, should be associated with improved memory for generated 

information. Given that this relationship was not observed in Ritchie and Wilbiks’ (2022) 

study in which the same stimulus and task types were used, it is possible that this 

relationship occurs only when a handwriting modality is used. Although different 

passages were used in the present studies to test this possibility, they are similar to those 

used in Ritchie and Wilbiks (2022) in that they are of similar length and difficulty, and 

each passage describes a biographical account of the life of a well-known figure. 

Given that website complexity is related to increased demands on working 

memory capacity (Sicilia  & Ruiz, 2010; Wang et al., 2014), relational processing  could 

be hindered during the electronic device-based tasks, but not during the handwritten tasks 

of the present experiments. Relational processing allows one to consider new information 

in the context of one’s existing semantic structure (Bertsch et al., 2007), which is largely 

driven by working memory (Olive & Piolat, 2002). Working memory, as defined by 

Baddeley and Hitch (1974) is the capacity to maintain and coordinate various pieces of 

information at one time. If working memory is compromised because of increased 

cognitive load, relational processing will also be compromised, contributing to a weaker 

semantic interpretation of the information that is encoded when working memory 

capacity is overwhelmed (Olive & Piolat, 2002). 

Experimental Constraint Hypothesis 

 

The magnitude of the generation effect is also moderated by components of the 

generation task itself (McCurdy et al., 2017). Knight et al. (2012) reported a negative 

generation effect when the target word was not semantically related to the cue word, 

regardless of the rule employed to generate the target word but when the generated words 
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were semantically related to cue words, a generation effect was observed. The 

observation of a negative generation effect may be contingent upon the nature of the task: 

When the to-be-generated words were rhymes, and when word completion tasks were 

used, a negative generation effect has also been observed (Clark et al., 2021; Cyr & 

Anderson, 2015). Mulligan and Peterson (2015) found that the observation of a negative 

generation effect may be the result of shorter delays in recall; in their study, the negative 

generation effect was not observed over periods of longer delays (Mulligan & Peterson, 

2015). 

These findings indicate support for McCurdy et al.’s (2020) proposition that 

 

under different experimental constraints, the generation effect may be reduced or 

reversed. Generation task constraints are presented to the participant using a rule to guide 

the generation task., Participants are often presented with a cue word that is intended to 

elicit a related target word but, sometimes, participants are also given the first letter of the 

target word to further restrict the possible responses that may be given (McCurdy et al., 

2020). Generation constraints warrant an anticipated response from the participant and 

are an important aspect of the experimental design because they reduce unsystematic 

generated responses (McCurdy et al., 2020); however, memory performance increases for 

self-generated material when participants are given fewer constraints compared to 

material generated when there are more constraints (McCurdy et al., 2020). 

According to this theory, when a participant is constrained to generate a particular 

type of response, there is no opportunity to engage in relational processes. For example, 

as opposed to generating without such a constraint, if instructed to generate a rhyme to a 

cue word, participants can only consider words that rhyme with the target word. When 
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the rhyming constraint is removed, participants can generate a word that is meaningfully 

related to the cue word, such as a synonym or an antonym. Such findings indicate that the 

design of the generation task itself may predict whether generation will benefit or hinder 

memory ability (Chen et al., 2015; McCurdy et al., 2020). 

To establish the validity of the generation effect in a natural setting, Foos et al. 

(1994) hypothesized that memory ability would be better for target items that were 

generated but should not be improved for nontarget items—items that participants were 

not instructed to remember. The aim of their study was to mimic studying strategies used 

in the academic setting, wherein tests are delayed, and memory ability is not tested after 

generating fragments of words, as has been the focus of prior research. Their hypotheses 

were supported, revealing a strong generation effect in a note-taking scenario (Foos et al., 

1994), refuting the argument that the phenomenon does not exist or is merely an artifact 

of experimental design. Further, a second experiment confirmed that their results were 

not due to the amount of time allotted to review or generation, study time allotted, or 

amount of delay between encoding and recall (Foos et al., 1994). 

Multi-Factor Theory and the Translation Hypothesis 

 

The multi-factor theory of the generation effect is based on the principles of 

transfer-appropriate processing (Morris et al., 1977). According to these principles, 

overlap in the type of processing between the encoding phase and the retrieval phase will 

lead to enhanced memory performance. When generating, the processing of both item- 

specific—or word-specific—and relational information is enhanced, and this increased 

overlap of processes, relative to reading, creates stronger connections between the to-be- 

remembered items and the relationships between them. With an increased number of 



13  

mental representations for the target information, it is more likely that generated 

information will be remembered, compared to passively read material (de Winstanley & 

Bjork, 1997). In conjunction with item-specific processing, relational processing is 

responsible for discriminating information from the context of the target item. These two 

mechanisms, which occur simultaneously, lead to enhanced memory performance 

(Hirshman & Bjork, 1988). In support of this theory, Hirshman and Bjork (1988) found 

that when cue-target word pairs were presented, generating the target word enhanced 

recall, relative to reading the target word, indicating the importance of self-generation. 

The multi-factor theory parallels  the translation hypothesis posited by Conway 

 

and Gathercole (1990), in which the translation of information from one domain to 

another may enhance the distinctiveness of the material. Although the translation 

hypothesis is indicative of the processes involved in generating information, the multi- 

factor theory is more relevant in explaining the generation effect. According to the multi- 

factor theory of the generation effect, both item-specific and relational processes are 

involved in the generation effect (Burns, 1990). Relational processing is a mechanism 

that may explain improved contextual memory performance in lower constraint tasks 

(McCurdy et al., 2017). Relational processing may lead to better memory than item- 

specific processing, although the generation effect has been found when either process is 

involved (McCurdy et al., 2017). 

Generation Modality 

 

Given the large body of literature on the generation effect, the empirical support for 

the necessitation of semantic processing for the effect to occur (e.g., Mulligan, 2002) and 

the benefit of relational processing in the magnitude of the effect (Donaldson & Bass, 
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1980), it is worth considering why these theories were insufficient in predicting the 

outcome of task administration on memory ability when tasks were completed online, 

such as in Ritchie and Wilbiks (2022). One aim of the present experiments was to 

examine whether a negative generation effect is the result of fewer integrative processes 

when completing the tasks using a keyboard (Mangen et al., 2015; Smoker et al., 2009). 

The summarization of information using an electronic device, such as a computer or 

tablet, does not promote the intregrated visuomotor representation of information, this 

integration, promoted by handwriting, facilitates processing of contextual information, 

which contributes to better memory ability (Smoker et al., 2009). Given Ritchie and 

Wilbiks’ (2022) findings, it is reasonable to postulate that the increased awareness for 

inter-word relationships which contributes to better memory ability for self-generated 

information, may be contingent upon generation modality. Given previous research 

findings which will be discussed in this section, it was anticipated that the unique motor 

movements involved in generating information by hand would be related to better 

memory ability for self-generated material, relative to material that was typed. 

Armel and Shrock (1996) assigned participants to one of three conditions during a 

computer-based lesson: required note-taking, optional note-taking, and a control group. 

Participants took longer to complete the lesson in the note-taking conditions, relative to 

the control group, but this was likely due to the added process of recording and 

submitting notes. Results indicated that memory ability was significantly improved for 

both those who were required to do so and for those who chose to do so, relative to those 

who took no notes. That is, recording notes on a computer appears to be more effective 
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than passively listening to the information, when measuring learning outcomes (Armel & 

Shrock, 1996). 

Davis and Hult (1997) included three note-taking conditions during a 21-minute 

lecture. In the generative condition, participants took notes during the lecture, and the 

lecture was followed by a 4-minute break wherein participants were instructed to 

summarize the information from the lecture. In the pause condition, participants took 

notes during the lecture, but during the 4-minute break, participants were instructed to 

review their notes. The control group took notes but were not given a break to review or 

summarize notes. There were no differences in immediate recall but on delayed recall 

tasks, participants in the generative learning group displayed significantly better memory 

ability than participants in the other groups. Davis and Hult noted that individuals in the 

generative condition appeared to use relational processing, wherein the individual relates 

various pieces of information together to create coherent ideas or themes. Thus, 

instructions and task requirements appear to encourage these relational processes to occur 

when generating, but not when reading. Moreover, these results suggest that the benefit 

of generation is related to the quality of notes taken, and the ability to relate the generated 

information to pre-existing knowledge. 

Similar Outcomes Across Modalities 

 

The benefit of handwriting is  supported by the dual-system hypothesis of 

memory. According to this hypothesis, the memory is made up of the instrumental system 

that encodes perceptual information and is essential in recognition and navigation and the 

habit system that encodes patterns of actions (Woolley et al., 2013; Yin & Knowlton, 

2006). According to the dual-system hypothesis, memory is more robust to decay when 
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the information is repeated (Packard & McGaugh, 1996). When information is generated 

by hand, the marked movements involved in writing specific words is first initiated 

during encoding and is later repeated during recall. This repetition does not occur when 

the information is merely read during encoding. Moreover, the repetition of distinct hand 

movements may be absent when typing. When writing information by hand, the hand 

movements during encoding are representative of the actions elicited at recall but typing 

on a computer is not associated with distinct movements for each letter due to the 

proximity and indistinct location of the keys (Mangen et al., 2015). According to the 

results of a mini meta-analysis of seven studies conducted by Urry et al. (2021), the 

difference in quiz performance between laptop or longhand note-taking modality were 

not statistically significant. The results of other studies indicated a significant benefit of 

handwriting but only when participants were given opportunity for review (Luo et al., 

2018; Mueller & Oppenheimer, 2014) and Morehead et al. (2019) found no significant 

differences between laptop, longhand, or an electronic handwriting device. These results, 

along with meta-analytic results, suggest that although the handwriting superiority effect 

may exist (Mueller & Oppenheimer, 2014), it does not appear to be related to any 

significant differences in memory ability across studies. According to some research 

findings, typing may have a stronger effect on memory than reading (e.g., Bui et al., 

2013; Igo et al., 2006; Purcell et al., 2011), but whether it is comparable to handwriting is 

debated (Urry et al., 2021). 

Outcomes of a Handwriting Modality 

 

The findings of James’ (2017) support the notion that generation by hand activates 

specific brain regions among children, which are later utilized for letter recognition 
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among adults. James (2017) had children learn letters using a passive or generative 

learning method. Passive learning, such as the see-and-say method used by James, is 

commonly used in the instruction of letters to young children. Using the see-and-say 

method, children were presented with an object, which was associated with a name for 

that object that was verbalized by the researcher. The generative technique made use of 

handwritten generation; children were trained to learn the letters of the alphabet by 

producing each letter by typing, tracing, or handwriting. Functional magnetic resonance 

imaging (fMRI) scans were recorded prior to the training phase, as well as after four 

weeks of training. Prior to training, the relevant networks were not activated in any of the 

children’s brains. Following the training phase, the regions associated with language 

perception were only activated in children who learned the words through handwriting. In 

generation conditions in which children generated information by either typing or tracing, 

relevant brain regions were not activated, suggesting that there are unique resources 

recruited for handwriting, relative to typing or copying, and this recruitment ultimately 

led to better recognition and more efficient learning of novel information. Follow-up 

functional connectivity analyses were conducted to examine whether the fusiform gyrus, 

which is active during letter perception, functionally communicates with motor areas 

when handwriting, or whether these two brain areas are separately activated but without 

communication. These analyses revealed that the two brain areas were functionally 

connected when handwriting; that is, the two brain areas appeared only to be 

communicating during handwriting (James, 2017). 

Why did tracing and typing yield significantly worse outcomes for learning? Based 

on Gibson and Gibson’s (1955) proposition that information is better remembered when 
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numerous variations of the target information are presented, James (2017) suggested that 

freehand generation produced various examples of the to-be-learned symbols, whereas 

tracing and typing yielded the exact same exemplar each time. In support of this idea, a 

subsequent experiment revealed that children who traced Greek symbols by hand 

displayed a lower capacity for categorization of the learned symbols, relative to children 

who copied the symbols freehand during encoding (James, 2017). The variation across 

each example appears to be related to the benefit of handwriting over tracing: Tracing 

produces nearly identical results, whereas freehand generation elicits  much more 

variation across each generation attempt. Interestingly, learning new symbols by self- 

generation was related to activation in the perceptual-motor network during the 

recognition phase, but this network was not activated when the child initially learned the 

symbols by passively viewing them, even when there was variation in the examples that 

were passively read. Similarly, although Li and James (2016) hypothesized that 

handwriting would allow the integration of visual and motor components of symbol 

production to facilitate learning, their results indicated that handwriting facilitated 

learning by providing numerous variations of each symbol to the learner. Learning 

outcomes were significantly better when the learner had a greater number of variations of 

the symbols to learn, independent of the visual-motor component (Li & James, 2016). 

Their finding is supported by earlier  research  which indicates that the visuomotor 

network is only activated during review when the letters were initially generated freehand 

but not when traced (James & Engelhardt, 2012). These results indicate that the 

integration of visuomotor components when handwriting promote recall when 

information is self-generated from a viewed form, but not when it is merely traced or 
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typed. Such findings informed the present research: It was anticipated that the integration 

of visual and motor components when generating information by hand would be related 

to better memory for information that is handwritten. 

Outcomes of a Typing Modality 

 

The contention in the literature regarding the effectiveness of typing versus 

writing modalities is partly due to which outcomes are being measured; for example, 

some research indicates that more words are produced in a given amount of time when 

using a laptop (Jamet et al., 2020; Luo et al., 2018). Given that quantity of notes is 

positively correlated with test performance (e.g., Fisher & Harris, 1973), results such as 

these support beneficial effects of typing. This finding is consistent with the external 

storage benefit of generation. With more information generated, there is more 

information available for review, and more information to be potentially remembered (Di 

Vesta & Gray, 1972). Despite this, the benefit of increased word count should be 

interpreted with caution: Although word count has been positively associated with better 

memory ability (e.g., Mueller & Oppenheimer, 2014; Urry et al., 2021), the opposite has 

been found to be true for verbatim overlap; memory ability is negatively associated with 

verbatim overlap in a note-taking scenario (e.g., Mueller & Oppenheimer, 2014; Urry et 

al., 2021). Recording information verbatim may be a passive mechanism of generation 

that does not promote the meaningful consideration of the information that is being 

recorded (Urry et al., 2021). 

When considering memory ability for information that is either typed or 

handwritten, the literature is mixed. The laptop superiority effect, wherein memory 

ability is better for information recorded on a laptop (e.g., Morehead et al., 2019; Urry et 
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al., 2021), and the longhand superiority effect, wherein information recorded by hand is 

better remembered (e.g., Jamet et al., 2020; Luo et al., 2018; Mueller & Oppenheimer, 

2014), have both been observed in previous studies. Mueller and Oppenheimer (2014) 

found that when participants were given the opportunity to review material prior to the 

recall test, a longhand superiority effect was observed. Despite increased word count in 

the laptop condition, it is possible that the environmental cues developed from the 

physical act of writing the information enhanced the internal storage of 

conceptual information, leading to improved memory ability, relative to the laptop 

condition (Urry et al., 2021). When reviewing the handwritten material, these cues 

promoted a more comprehensive recall of the information. In contrast, internal storage of 

the information was minimized in the laptop condition (Mueller & Oppenheimer, 

2014). Mueller and Oppenheimer (2014) contend that recording more information is 

beneficial to an extent; however, when the notes were recorded without attention to the 

meaning of the information being recorded, memory ability could suffer. This finding 

may explain the results of Ritchie and Wilbiks (2022); the replication of their experiment 

using a handwriting modality elucidates whether semantic and relational processes are 

less likely to occur when information is typed. 

Bui et al. (2013) examined whether the generation modality was related to the 

benefits of note-taking, relating to quality (Craik & Lockhart, 1972) and quantity of the 

notes (Conway & Gathercole, 1990). Test performance was measured using free recall 

and short answer examinations, administered via computer keyboard, to assess note- 

taking method (organize, transcribe) and note-taking modality (computer, longhand). 

Participants organized notes by summarizing main ideas, and transcribed notes by 
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recording the given information verbatim. Results indicated that verbatim overlap was 

more likely in the computer note-taking condition, and a greater number of idea units 

were recorded. Interestingly, participants in the organizing condition using a computer 

produced fewer idea units than when instructed to transcribe the information using a 

computer. In contrast, note-taking method was not related to the number of idea units 

summarized in the longhand condition. In the computer condition, transcription was 

associated with the greatest proportion of notes taken, and the best test performance on 

free recall and short answer tests. Overall test performance, however, was greatest when 

the longhand modality was used. Bui et al. (2013) suggested that their findings support 

the generation effect because transcribing the information was related to better memory; 

however, this cannot be conclusively determined, given that a reading condition was not 

administered. Moreover, the tests in their study were administered immediately, but 

transcription-based memory may not persist after longer delays. Verbatim memory trace 

is strongest when tested immediately, whereas only contextual information remains 

consistent at immediate testing and delayed tests up to 72 hours later (Pansky, 2012). 

Given the literature on notes recorded verbatim and subsequent memory 

performance, the explanation provided by Gibson and Gibson (1955) appears to be more 

suitable: Generating target information without copying the cue information verbatim 

provides another exemplar of the information, which has been related to better memory 

ability (James, 2017). This hypothesis is also consistent with Pansky’s (2012) findings 

that contextual information is more robust to memory decay over time than transcribed 

notes. Contextual information may include the generation of main ideas and relevant 

information that will cue the learner to remember more at the time of recall. The 
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generation tasks used by Ritchie and Wilbiks (2022) may have mimicked a verbatim style 

of recording information, wherein participants’ goal was to generate the correctly spelled 

words in a limited amount of time, resulting in an inadequate consideration of the 

semantic features of the words. The typing modality that was used may have encouraged 

perceptual processing due to processes such as visual shifts in attention, which was not 

compatible with a test that relied on the semantic processing of information (Mulligan, 

2011). 

According to the levels-of-processing model of the generation effect, the benefit 

of generation is observed as a consequence of deeper levels of processing of the 

information that results because the generated information that was also read (Craik & 

Lockhart, 1972). Bui et al. (2013) contend ed that the additional benefit of generating 

information may not be observed when generating on a computer, because although more 

information can be recorded, the facilitation of using a keyboard to record information 

also compromises the opportunity to deeply consider what information is being recorded. 

In line with the levels-of-processing model, Aragón-Mendizábal et al. (2016) suggested 

that the speed of recording information is increased when using a laptop, thus allowing 

more information to be recorded; however, laptop use hinders the ability for students to 

engage in deeper level processes while learning  in a classroom setting, which is 

ultimately believed to hinder memory ability (Aragón-Mendizábal et al., 2016; Cermak & 

Craik, 2014). Further, Aragón-Mendizábal et al. (2016) found that individuals who 

recorded information on a laptop performed significantly better on tests of recognition; 

however, in a test of free recall, individuals who recorded information by hand performed 

significantly better. Ritchie and Wilbiks (2022) administered a free recall test and 
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reported that memory ability was significantly worse for generated information that was 

typed. The present experiments consisted of the same tasks and free recall tests used by 

Ritchie and Wilbiks (2022), with a modification of generation modality used. 

Generation Modality and Sensorimotor Integration 

 

Symbol understanding, which is the development of a semantic interpretation of 

inherently meaningless symbols, is facilitated by the handwritten generation of those 

symbols (James, 2017). Handwriting implicates both visual and motor processes, which 

may enhance the representation of handwritten information (James, 2017). There is a 

body of research indicating that symbol learning is facilitated by handwritten generation, 

relative to passive learning of symbols (e.g., observation), and is superior to generating 

symbols on a keyboard (James, 2017; Li & James, 2016; Longcamp et al., 2005). Letter 

perception and letter production rely on the same brain network (James & Gauthier, 

2006) and when generating information by hand, the motor systems involved in 

handwriting, and the sensory systems involved in letter processing, converge to create a 

more coherent representation of the target stimuli, and the semantic interpretation of 

target information that is handwritten is consequently more elaborate (James, 2017). 

Beyond the facilitation in learning of novel symbols and letters among young 

children (Longcamp et al., 2005), handwriting is associated with the development and 

activation of motor brain regions that are activated to a significantly lesser extent when 

typing (Vinci-Booher et al., 2016). Functional visuomotor connections appear to be more 

distinct among children learning letters by handwriting to a greater extent than those who 

learn using a typing modality (Vinci-Booher et al., 2016). Specifically, compared to 

typing, handwriting appears to facilitate recognition of novel words (Longcamp et al., 
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2005). Similarly, adults who were trained to learn pseudo letters using a handwriting 

modality showed activation of visuomotor regions significantly more than before 

training, and this difference was significantly greater than those who used a typing 

modality or a reading strategy (James & Atwood, 2009). Although typing was more 

effective than reading, it was less effective than handwriting, when functional neural 

activation was measured (James & Atwood, 2009). These results indicate that, while 

reading, the addition of a motor component should promote integrative processing of 

information across various networks. 

The skills required to type information on a keyboard are distinct from those 

 

elicited by handwriting, and these skills do not appear to be transferable (Rogers & Case- 

Smith, 2002), suggesting that handwriting elicits different cognitive resources than 

typing. Research indicates that motor areas are activated when words are generated by 

hand, but not when typing (Longcamp et al., 2008). During handwriting, the kinesthetic 

movements implicated in the production of each letter is closely related to its perceptual 

output, which is clearly not the case when typing. Using a keyboard, each letter is 

produced with the touch of a key; although its location differs for each letter, the 

movements themselves are not distinct (Vinci-Booher et al., 2016). Mangen et al. (2015) 

assessed memory ability among three writing modalities: handwriting, typing on a laptop 

keyboard, and typing on an iPad keyboard and found free recall ability to be significantly 

better in the handwriting condition as compared to the typing conditions. Results showed 

that the generation of graphic shapes to compose letters by hand was related to improved 

recall relative to the other conditions, indicating that handwriting may promote a more 
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integrated representation of the information to be retrieved at the time of recall (Mangen 

et al., 2015). 

Generating words by hand implicates a distinct kinesthetic expression that is 

related to the generation of each letter. A word is generated by engaging in a series of 

unique motor movements that are related to the composition of that word (James & 

Gauthier, 2006). Beyond the motor information provided while generating, visual 

feedback is also given by the presentation of the word that was produced, providing 

integrated sensory and motor cues about the generated word (James, 2010; Longcamp et 

al., 2005). Research findings indicate differences in letter recognition for characters that 

were studied using a handwriting modality or a typing modality, with better recognition 

being observed for characters that were practiced by hand (Longcamp et al., 2006; James 

& Atwood, 2009). The fMRI recordings of Longcamp et al. (2008) support this finding; 

recognition of handwritten words was related to greater activity in the left Broca’s area, 

which is implicated in the expressive components of language. During the encoding 

phase, the integration of motor movements involved in handwriting, but not in typing, is 

related to a more comprehensive representation of the information, making handwritten 

information more easily retrieved at the time of recall (Longcamp et al., 2008; Mangen et 

al., 2015). The fMRI recordings of Longcamp et al. (2003) reveal that when participants 

looked at letters, motor areas were activated even though there was no motor component 

to the task. The same motor areas were activated when participants were instructed to 

write down the letters. Despite a small sample size (n = 11), their findings are supported 

by other researchers who have used fMRI scans while studying letter generation on 

memory ability and found that handwritten letter generation is related to better 
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recognition than typing, and that generation by hand activates unique brain areas that are 

not activated when typing (e.g., James, 2010; James & Engelhardt, 2012). 

These findings indicate that when a typing modality is used during encoding, the 

representation of the information is weaker because of the absence of the sensorimotor 

integration that is unique to handwriting and recognition of handwritten characters. 

Longcamp et al. (2006) found that when novel characters were learned by typing, 

participants were more likely to incorrectly identify the characters they had learned . This 

effect only became apparent three weeks after the completion of the training phase, 

suggesting that the long-term representation of characters is dependent on generation 

modality during learning. The results of Longcamp et al.’s (2006) study suggest that the 

kinesthetic component of handwriting information may be more robust to the degradation 

of the memory representation, perhaps because it creates more coherent and distinct 

portrayals of information in the memory trace, including sensory and motor elements that 

are unique to each letter, and are not represented for typed letters. 

According to the encoding specificity principle (Tulving, 1983), accurate recall is 

dependent upon the coincidence of information at the time of recall and the episodic 

information from the time of encoding. In support of this principle, generative processing 

is hindered by modalities of producing information that are less generative, such as 

producing information verbatim, searching, and tracing letters (Kobayashi, 2005). The 

motor movements used while handwriting specific letter combinations are encoded into 

episodic memory along with the semantic features of the target information. This 

memory representation is therefore more cohesive, allowing for more elaborate recall for 

information that is handwritten. Typed information is less generative (Kobayashi, 2005) 
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and hand movements are less distinct when typing (e.g., Longcamp et al., 2008), 

suggesting that the generation effect, and the plausible accounts of its occurrence, may be 

contingent upon generation modality. 

Generation Modality and Cognitive Load 

 

Generation tasks involve two processes: monitoring and formulation. The 

monitoring process involves actions such as referring to earlier parts in the text and 

detecting errors in the text. Formulation refers to the generation of the target words or 

sentences, given the cue information (Olive & Piolat, 2002). Although more cognitively 

demanding of children than of adults (e.g., Kellogg, 1999), these processes require 

working memory capacity. Tasks that demand high cognitive load consume a larger 

number of cognitive resources, which is related to decreased performance for cognitive 

tasks (e.g., Shibata & Omura, 2018). A handwriting modality may be related to a lower 

cognitive load, thus making cognitive resources more accessible during encoding. In a 

study conducted by Shibata and Omura (2018), participants were required to complete a 

primary and secondary task, referred to as a dual task, which is typically used to assess 

cognitive load. Low performance on a secondary task indicates that the primary task 

elicited a high cognitive load, whereas high performance on a secondary task indicates 

that the primary task elicited low cognitive load. In this study, participants were given 

words to be recorded by hand or by typing, as well as words to be remembered. In the 

control group, participants ignored the words that were to be recorded, and only focused 

on retaining the to-be-remembered words. Across two experiments, the recall rate for the 

to-be-remembered information was significantly greater when information was 

handwritten, relative to when it was typed. Memory ability of control group participants 
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was greater than memory ability of participants in the handwriting condition; however, 

memory ability for the handwriting condition was still better than memory ability in the 

typing condition. These results indicate that the cognitive load of typing is significantly 

greater than that of handwriting (Shibata & Omura, 2018). Reading was significantly 

better than writing in a test of immediate recall; however, tests of delayed recall were not 

administered. This finding indicates that handwriting yields superior memory ability than 

typing, even in tests of immediate recall, when there is no opportunity for review (Shibata 

& Omura, 2018). Earlier research supports this finding: when performing a secondary 

task simultaneously with the primary task, immediate recall of the primary information 

significantly decreases (e.g., Brown, 1958; Peterson & Peterson, 1959). In Ritchie and 

Wilbiks’ (2022) study, locating the text box and the appropriate location in the list or 

passage by scrolling on an electronic device may have constituted a secondary task in the 

generation conditions, contributing to poorer memory ability for the primary information. 

Decreased contiguity of spatial and temporal information is related to increased cognitive 

load because it requires more effort to interpret incoherent pieces of information (Doubé 

& Beh, 2012). 

Visual Attention 

 

Attentional Resources 
 

Although multitasking is often thought to refer to the simultaneous use of 

attentional resources to complete multiple tasks at one time, according to the bottleneck 

theory of attention, multitasking involves task-switching, whereby an individual must 

continually shift their attention toward competing stimuli to complete more than one task, 

or multiple components of a task (Maslovat et al., 2013; May & Elder, 2018). Continual 
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task-switching is related to poorer learning outcomes (e.g., Fernandes & Moscovitch, 

2000; Foerde et al., 2006; Jamet et al., 2020; May & Elder, 2018). Due to a division of 

attention resulting from the various components of the task, the cue-target word 

relationship in Ritchie and Wilbiks (2022) constituted the relationship between each 

misspelled word which was presented during the encoding phase of the generation task 

(cue word) and the correctly spelled word generated by the participant (target word). This 

relationship may have been inadequately considered in the generation tasks. Attentional 

resources are limited, and when these resources are elicited for multiple components of a 

task, fewer resources are available for the encoding of the relevant information (Maslovat 

et al., 2013; May & Elder, 2018). As a result of the continual shifts in limited attentional 

resources, information is insufficiently encoded when the individual is multitasking at the 

time of encoding (May & Elder, 2018). 

A greater number and duration of visual shifts in attention are related to 

significantly poorer memory performance for the target information (Ohl & Rofls, 2017). 

When attention is fixated on one target location, memory ability improves (Ohl & Rofls, 

2017). Adequate representation of the target stimuli is contingent upon sustained visual 

attention, and with more visual shifts in attention, the target information must compete 

with the distracting visual stimuli for representation, leading to poorer memory ability 

(e.g., Chambers & Mattingley, 2005; Duncan, 1998; Sun et al., 2008). 

Task complexity and website complexity also interact to increase processing 

demands, which may ultimately hinder cognitive abilities such as sustaining attention 

(Sicilia & Ruiz, 2010; Wang et al., 2014), an essential requirement for sufficient 

encoding of relevant information (e.g., Junco & Cotten, 2011). Visual complexity of a 
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website includes components such as the amount of text presented on one page, the 

layout of information on the screen, and the number of varying features on the screen 

(Wang et al., 2014). Visual complexity is also greater when there is incongruence among 

various elements on the screen. The representation for each component of the task in the 

memory trace will be consequently incomplete. The advantages to recording information, 

as opposed to passively reading it, may not be present when the information is recorded 

on a keyboard, when website complexity is high: In the current studies, the effects of 

electronic device use were examined to determine if the use of electronic devices hinders 

the effect of generation. 

The results of Ohl and Rofls (2017) suggested that the incidence of forgetting the 

target information significantly decreases when attention can be fixated for longer 

periods of time, relative to when there are multiple saccades during the encoding phase. 

Saccades are related to poorer memory performance (Sun et al., 2008). This finding is 

congruent with Ritchie and Wilbiks (2022) who found that memory ability was greater in 

the reading tasks, when visual attention was fixated for longer, relative to the generation 

conditions, in which rapid shifts in attention were an inevitable component of the tasks. 

The increase in sustained attention observed in the reading tasks of Ritchie and Wilbiks 

(2022) may have been a necessary condition for adequate encoding of the relevant 

material (Craik et al., 1996; Jamet et al., 2020; Weeks & Hasher, 2016). One aim of the 

present studies was to examine whether an increase in the number of shifts in visual 

attention is related to poorer memory ability, regardless of the use of a specific generation 

modality. 
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Effect of Scrolling 

 

Chen et al. (2015) contended that the generation effect is only observed for tasks 

with low element interactivity; that is, when working memory load is low, the generation 

effect will be observed but when working memory load is high, the presentation of 

information may facilitate learning and memory by decreasing overall cognitive load. 

Although reading and scrolling text is related to poorer learning outcomes due to 

increased strain on oculomotor, attentional, and working memory capacities (Harvey et 

al., 2017), the participants in the present experiments were primarily reading text on a 

static screen. Replicating the method used in Ritchie and Wilbiks’ (2022) study, the 

scrolling component in the electronic device generation tasks came from the navigation 

required between components of the task: Participants read a single word, scrolled toward 

the text box to generate the target item, and then scrolled back to read the next word in 

the list or passage. 

Whether scrolling while reading leads to poorer learning outcomes is debated in 

 

the literature; for example, when forced-choice tests are administered with only two 

options, no significant differences are observed in comprehension ability for those who 

read information that was static versus scrolling  (e.g., Harvey et al., 2017; Valsecchi et 

al., 2013). Such an assessment may rely heavily on recognition abilities or on pre-existing 

knowledge, which may have contributed to non-significant differences in these studies. In 

the present experiments, a free recall test was used to test memory ability; if semantic 

activation was an essential precursor for the generation effect to occur, then semantic 

interpretation would be indirectly tested by performance on the free recall tests. During 

reading, the movement of visual stimuli exogenously redirects attention, and the 
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movement of the stimuli is more likely to be attended to than the semantic features of the 

text (Hoffman & Subramaniam, 1995). Further, abilities in reading comprehension 

(Sanchez & Wiley, 2009) and visual search tasks (Brooke & Duncan, 1983) are lower 

when there is more scrolling involved in the task. 

Regressions facilitate contextual processing by allowing one to refer to earlier 

parts in the text while reading. Scrolling while reading may interrupt this process of 

consulting earlier presented information (Schotter et al., 2014). Moreover, transcription 

fluency is a strong predictor of quality of generated notes, and the attentional processes 

involved in navigating specific locations on the screen while scrolling in Ritchie and 

Wilbiks’ (2022) study may have disrupted transcription fluency, resulting in poorer 

memory ability (Peverly et al., 2007). A purpose of the present experiments was to 

elucidate whether the static presentation of information would be related to better 

memory ability relative to when scrolling was implicated in the task. 

When scrolling is required, there are no static reference points in the text which 

 

makes it more difficult to locate relevant information, such as the cue words to complete 

the task (Sanchez & Branaghan, 2011; Sanchez & Wiley, 2009). This difficulty is present 

when scrolling on any device, but more scrolling during encoding is related to decreased 

comprehension and recall for the material (Sanchez & Goolsbee, 2010). Sanchez and 

Branaghan (2011) asked participants to complete various tasks displayed on either a 

laptop screen, or a mobile device which tested the ability to understand rules presented on 

the screen and apply these rules in novel situations. Results showed that the ability to 

understand and accurately recall the overtly expressed rules did not differ as a function of 

screen display size or amount of scrolling; however, participants were significantly 
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slower in correctly applying the rules on the smaller display and their overall 

performance was also significantly lower. These findings reflect an inability to 

sufficiently encode information into one’s existing semantic structure when using a small 

electronic device (Sanchez & Branaghan, 2011). Although overall performance was 

significantly better in the laptop condition of Sanchez and Branaghan, (2011), other 

findings indicate that scrolling on any electronic device is related to decreased 

performance (e.g., Morrison & Duncan, 1988; Sanchez & Wiley, 2009). 

Church (2002) maintained that perceptual and semantic processes are both 

implicated when engaging with textual information. Due to the orientation, lighting, and 

resolution of electronic devices, perceptual processes may be prioritized over semantic 

features of the text. Although this may be true, the resolution of electronic devices 

continues to evolve, making reading on a screen more comparable to reading on a printed 

piece of paper (Sackstein et al., 2015). For this reason, scrolling is believed to be the 

specific component by which encoding information presented on an electronic device is 

less effective than doing so from a printed copy. 

There is also a body of literature suggesting that scrolling while completing a task 

does not contribute to significant differences in learning outcomes. In Baker (2003), 

participants were randomly assigned to one of three conditions, wherein a passage was 

displayed on a personal computer on either four separate pages or two separate pages– 

which constituted the static conditions–or a scrolling condition. In their study, reading 

time was significantly slower in the four-page static condition. Interestingly, no 

significant differences in comprehension across the scrolling and static conditions were 

observed. One notable limitation of this finding, however, was that comprehension was 
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tested using multiple choice questions, which may have more accurately captured 

recognition, not comprehension nor uncued recall (Baker, 2003). Sahin (2011) found 

similar results in a study conducted with 9-year-old (fourth grade) students; however, 

multiple choice testing was also used and may not reflect comprehension abilities or 

differences in the ability to freely recall the material when it is read while scrolling versus 

printed. Kang et al. (2009) tested reading accuracy of college students who were 

presented with printed passages on an electronic device. They found that modality of 

reading did not predict statistically significant differences in comprehension accuracy. 

Grimshaw et al. (2007) assessed comprehension for read material across electronic and 

 

printed modalities of reading among elementary school children ages 9–11 years old, 

found no significant differences in comprehension across electronic and printed 

modalities. Their finding was supported by a similar study conducted by Stewart (2012) 

on second-grade students, in which no significant differences in comprehension ability 

were observed across electronic and paper forms of text. Given these findings, it is worth 

considering that memory ability and ability for semantic processing is not contingent on 

device used when the information is simply read; however, there may be an aspect unique 

to generation that results in reduced ability to retain and understand information. 

Generation tasks may greatly burden cognitive load, particularly when scrolling is 

implicated. This question was examined in the present experiments. 

Purpose of the Present Studies 

 

In all empirically supported theories of the generation effect, the presence of 

meaningful stimuli or meaningful relationships among stimuli, is emphasized. In further 

support of semantic activation as an essential condition for the generation effect to occur, 
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generation effects are not observed for nonwords (e.g., Mulligan, 2002; Nairne et al., 

1985; Payne et al., 1986). Self-generation allows information to be integrated into one’s 

existing semantic network, through the elicitation of relational processes wherein the cue 

and target information are considered. This consideration enhances the distinctiveness of 

the self-generated words (McCurdy et al., 2020). Reading does not elicit relational 

processes to the same extent, therefore memory for information that is read is not as 

distinct in the memory (Begg et al., 1989). 

Given the body of evidence supporting semantic processing as a necessary 

condition for the generation effect to be observed, the present experiments examined the 

strength of the relationship between the size of the generation effect and the amount of 

semantic processing present at encoding. Specifically, I was interested in examining 

whether the amount of semantic encoding, elicited by the number of semantic features of 

the stimuli, further increases the size of the generation effect, beyond the presence of 

semantic encoding. Such features include intra-word attributes and inter-word 

relationships. Further, I was interested in determining if the elicitation of a greater 

number of semantic processes would result in greater generation effect sizes when the 

same generation rules were employed across conditions. 

Given the observation of a negative generation effect in Ritchie and Wilbiks 

(2022), the present experiments were aimed at considering how generation modality is 

related to visual attention, cognitive load, and distracted learning, and how these factors 

individually contributed to the findings of Ritchie and Wilbiks (2022). When generation 

task constraints are lower, a greater number of semantic processes are elicited, leading to 

improved recall for self-generated material in low constraint tasks relative to higher 
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constraint generation tasks (McCurdy et al., 2017). Lower constraint tasks are limited in 

that responses are not systematic, making the interpretation of the effect of encoding 

modality (i.e., generating or reading) more challenging. Thus, in the present experiments, 

a higher constraint generation task was chosen so that the outcome could be attributed to 

the effect of the manipulation, without the concern of potential confounds such as 

differences in completion time or differences in responses, which are difficult to equate 

across participants. For example, it can be unclear whether a response was better 

remembered because it was generated, or because in the absence of constraining the 

participant to generate only one potential response, participants would be more likely to 

generate words that are easier for them to remember (McCurdy et al., 2017). 

Experiment 1 was a close replication of Ritchie and Wilbiks (2022) and was 

conducted to corroborate their findings, which were inconsistent with the literature. The 

purpose of Experiment 2 was to elucidate the role of writing modality in the generation 

effect. In both studies, participants completed two sets of six tasks of similar format to 

Ritchie and Wilbiks (2022); however, all tasks in Experiment 2 were completed on a 

piece of paper. In this second experiment, participants either completed a passive 

generation task first, where a textbox was presented on a separate page to each list or 

passage in the generate conditions (similar to the online study), or an active generation 

task first, wherein participants actively crossed out each word as they corrected it. 

Although generating a summary of information is related to larger generation 

effects than verbatim generation (McCurdy et al., 2020), in the present experiments, 

information was generated verbatim, to replicate the method used in Ritchie and Wilbiks’ 

(2022) study. Verbatim generation is a high-constraint task because participants are 
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limited to generating only one potential response; thus, another reason a negative 

generation effect may be observed is due to the constraints imposed in the generation 

tasks themselves (McCurdy et al., 2020). The results of the present work extend previous 

studies (e.g., Armel & Shrock, 1996; Davis & Hult, 1997) by determining whether 

generating information on an electronic device is related to poorer memory performance 

relative to reading, and whether generating notes using a handwriting modality is related 

to improved memory ability, relative to reading, when a transcription-based technique is 

used, and review time is not allotted. 

Experiment 1 

 

Hypotheses 

 

Hypothesis 1 (H1): A negative generation effect would be observed when tasks 

were completed on a laptop, across all stimulus types (Ritchie & Wilbiks, 2022). 

Hypothesis 2 (H2): Memory ability for generated material would 
 

be significantly lower when a tablet was used to complete the tasks, relative to when a 

computer was used, because more scrolling was required (Sanchez & Branaghan, 2011; 

Sanchez & Goolsbee, 2010). 

Method 

 

Participants 
 

Participants were recruited from the University of New Brunswick, Saint John, via 

SONA. A recruitment target was calculated based on observed effect sizes in Ritchie and 

Wilbiks’ (2022) study as well as in previous research examining similar phenomena, 

including a Cohen’s d of 0.37 for letter transposition tasks, which was the generation task 

used in the present study. Using an effect size (d) = 0.37, α = 0.05, and power (1- β) = 
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0.95, G*Power (Faul et al., 2009) indicated that an appropriate sample size would be 44. 

To ensure that the order of all conditions could be counterbalanced across participants, a 

sample size of 48 participants was selected for this experiment. The final sample was 

composed of 34 females and 14 males; the mean age was 23.23 years (SD = 6.69). A total 

of 44 participants were right-handed, and four were left-handed. 

Material 

 

Thematic Passage Condition–Generate and Read 

 

The thematic passages were adapted from various biography pages on Wikipedia 

(www.wikipedia.com). These passages were developed to mimic the passages used in 

Sulin and Dooling’s (1974) study on thematic intrusion errors. The passages in Sulin and 

Dooling’s study were developed to ensure semantic processing of the information and to 

test whether information already present in one’s semantic network would influence the 

storage of novel semantic information (Sulin & Dooling, 1974). This was accomplished 

in their study by developing brief passages about the lives of two well known historical 

figures: Helen Keller and Adolf Hitler. 

In the present experiments, similar passages were used to elicit intra-word and 

inter-word semantic processes at the time of encoding. The passages in the present 

experiments are succinct descriptions of the lives of various well-known figures (see 

Appendix A) and were presented in counterbalanced order across tasks. Following each 

task, participants answered a few questions to collect subjective measures of the equality 

of passages for measures of comprehension level, familiarity, and whether the 

information contained in the passage aligned with previous knowledge about the notable 

figure mentioned in the passage, which were also administered in both present 

http://www.wikipedia.com/
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experiments (see Appendix B). In the generate condition, two letters of each word in the 

passages were rearranged and underlined. Participants of the pilot test (n = 4) also 

provided subjective reports regarding the duration of the study, mental fatigue, and 

difficulty. The results of the pilot study revealed that all notable figures in the passages 

were equally well-known and familiar, and that the passages were of equal difficulty to 

understand. Moreover, participants reported no complaints regarding the duration of the 

study nor the difficulty. 

Participants of the present experiments were instructed to use a letter transposition 

rule to generate the properly spelled words, a method used in previous studies of the 

generation effect (e.g., McElroy & Slamecka, 1982). 

Generate. In the passage–generate task, participants were presented with a 

passage, and were instructed to read over and correct the spelling errors in the passage. 

Correcting spelling errors while reading is a way for participants to generate verbal 

material, by transposing the letters of the misspelled words (e.g., Kinoshita, 1989; 

McElroy & Slamecka, 1982). 

Read. In the passage–read task, participants were instructed to passively read the 

passage. That is, there was no engagement with the information beyond reading the 

passage. This task was compared to the passage–generate task, to obtain a generation 

effect size. 

Wordlist Condition–Generate and Read 

 

The words in the wordlist conditions have meaning, but there are no distinct inter- 

word relationships to be semantically processed, as opposed to the passage conditions 

wherein inter-word relationships must be considered. The wordlists in 
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the present experiments were generated using the MRC Psycholinguistic Database 

(Wilson, 1988; see Appendix C). This database has been used in prior work on the 

generation effect to create wordlists (e.g., Mulligan, 2002). The words in the 

present experiments are of average familiarity, as outlined by Wilson (1988), based on 

various linguistic properties and a large database of English words. Based on these 

properties, 20 words were randomly chosen for each wordlist task. In the wordlist– 

generate task, two letters of each word were rearranged and underlined. The lists were 

presented in a counterbalanced order across generate and read conditions. 

Generate. In the wordlist–generate task, participants were instructed to read the 

list of unrelated words and correct the spelling errors in each word. The words are not 

related in any meaningful way; therefore, semantic processes were elicited to a lesser 

degree to encode the information, because intra-word features were considered but not 

inter-word relationships. 

Read. In the wordlist–read task, participants were instructed to read the list of 

unrelated words, passively. That is, there was no engagement with the verbal material 

beyond reading the list of words. This task was compared to the wordlist–generate task to 

obtain a generation effect size for the wordlist condition. 

Nonword List Condition–Generate and Read 

The nonwords used in the present studies were derived from the ARC Nonword 

Database (Rastle et al., 2002; see Appendix D). These nonwords are inherently 

meaningless; therefore, they did not evoke semantic processes at the time of encoding. In 

the nonword list–generate condition, participants were instructed to generate new 

nonwords by using the same letter transposition task as in the word conditions. In the 



41  

nonword list–read condition, participants read a list of nonwords, which was also derived 

from the database. The nonword lists were presented in a counterbalanced order across 

tasks. 

Generate. In the nonword list–generate task, participants were instructed to read 

the list of nonwords and rearrange the two letters underlined. These nonwords, by 

definition, are meaningless, creating a generation task without semantic processing. 

Read. In the nonword list–read task, participants were instructed to read the list of 

nonwords passively. That is, there was no further engagement with the material beyond 

reading the list of nonwords. These nonwords, by definition, are meaningless, creating a 

task without semantic processing. This task was compared to the nonword list–generate 

condition to obtain a generation effect size. 

Mathematical Task 

 

In between the encoding and recall phase of each task, participants were instructed 

to subtract seven from a given number, and to continue subtracting seven from each 

answer they provided, for two minutes. Distractor tasks lasting between 30 seconds and 

two minutes, such as mathematical tasks, are presented between each encoding and recall 

phase to prevent the rehearsal of the encoded information prior to recall (e.g., Gardiner & 

Hampton, 1985, 1988; Mulligan, 2002; Mulligan et al., 2006). To ensure that 

individuals were engaging in the task and to prevent rehearsal of the to-be-remembered 

information, answers were checked for approximate correctness. Answers within 10 

numbers of the correct answer were accepted. 
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Post-Experiment Questions 

 

Following the completion of the entire experiment, participants were administered 

open-ended questions aimed at assessing which techniques were utilized during the 

encoding phases of each task (see Appendix E). 

Laptop and Tablet 

 

A Dell Latitude 5410 laptop with a screen display size of 14 inches was used for 

the laptop condition and was displayed at full brightness. Participants used the laptop 

keyboard to input responses in the computer condition. A Samsung Galaxy Tab A Tablet 

(208.40 x 7.50 mm), locked in portrait mode and displayed at full brightness, was used 

for the tablet condition. The participants accessed the devices in the lab, where the study 

took place. Instructions and examples for each task were presented on the screen before 

each task. Across all stimuli, text was double spaced for both tasks (i.e., reading, 

generating), and all stimuli were presented in Lucida Sans Unicode 12-point font, to 

ensure that the observed effect was due to the experimental manipulation, and not due to 

spacing or font differences across conditions or experiments. 

Procedure 

 

Pre-Registration 

 

The hypotheses, method, and planned analyses for both experiments were pre- 

registered on the Open Science Framework on September 30, 2021, prior to data analysis 

(https://osf.io/8pcu7). 

Laptop-Based Task 

 

Participants completed six of the tasks on a laptop computer, in a private testing 

room in the lab, to minimize distractions. The tasks were administered on Qualtrics 

https://osf.io/8pcu7
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(www.qualtrics.com). This condition was a modification of Ritchie and Wilbiks’ (2022) 
 

study, to establish support for the findings of that study. In the past study, 87% of 

participants completed the online study using a laptop computer. 

Tablet-Based Task 

 

Participants completed six of the tasks on a tablet, in a private testing room in the 

lab. The tasks were administered on Qualtrics. This condition was a partial replication of 

Ritchie and Wilbiks’ (2022) study, with the modification of device used. 

Design 
 

Experiment  1 was conducted using a within-subjects design, using Qualtrics. 

 

Participants completed six computer-based tasks and six tablet-based tasks. The device 

used to complete the tasks was administered in a counterbalanced order to control for 

practice effects. This experiment took approximately 90 minutes to complete, therefore 

participants were given two bonus points toward their final grade in a psychology course 

in compensation for their time. Prior to beginning the study, participants were given 

a consent form, detailing the procedure, and a brief explanation of each task (see 

Appendix F). The participants agreed to having read and understood the consent form 

prior to beginning the tasks. Participants were asked to indicate their handedness, age, 

and gender. The device used to complete the study was recorded in Qualtrics. 

In each condition, participants completed a total of six tasks: two passage tasks 

(generate and read), two wordlist tasks (generate and read), and two nonword list tasks 

(generate and read; see Table 1). The task order was counterbalanced across participants 

to avoid practice effects (Benedict & Zgaljardic, 1998; Forbach et al., 1974). So 

that memory ability could be attributed to the effect of the experimental manipulation, 

http://www.qualtrics.com/
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the passages, wordlists, and nonword lists were also counterbalanced across read and 

generate tasks. Further, the materials used in each condition were counterbalanced across 

participants so that the outcome could be attributed to the experimental manipulation of 

the device used. A mathematical task, lasting two minutes, was presented in between the 

encoding and recall phases of each condition, to prevent the rehearsal of the encoded 

information (e.g., Gardiner & Hampton, 1985, 1988; Mulligan, 2002; Mulligan et al., 

2006). Following the mathematical task, a free recall test was administered on the 

material from the previous task. 

Prior to beginning each task, participants were given instructions about the task, 

 

and were asked whether they had any questions about the procedure of the following 

condition. They were instructed to knock on the door if they had any questions or 

experienced any technological issues. In the reading tasks, the participants were 

instructed to read the nonword list, wordlist, or passage. In the generation tasks, 

participants were given instructions about how to rearrange the underlined letters to 

generate the target words (or nonwords) and were provided with an example. Participants 

were informed of the subsequent memory test for each task, following the two-minute 

mathematical task. In the encoding phase of each list condition, the participants were 

given 100 seconds to learn the list of words (or nonwords) by either reading or 

generating. In the encoding phase of the passage conditions, the amount of time 

allotted was dependent upon the number of words to learn, as well as the length of each 

word. Approximately five seconds were allotted to the encoding of each word. 

Following the encoding phase and mathematical task, an untimed test of free 

recall was administered wherein participants were instructed to freely recall as many 
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words or nonwords as they could. The free recall test was administered after each task 

and only tested the information from the previous task. They were instructed to advance 

to the next screen once they had typed out as many items as they could remember. After 

the free recall phase of one task, participants completed the subsequent encoding task, 

and repeated the entire procedure. Participants were instructed to knock on the door after 

completing each condition, at which time, the next condition was set up for the 

participant. 

Memory ability for each task was calculated as a proportion of correctly 

remembered words, relative to the total number of words to be remembered. At the end 

of the study, participants were presented with a debriefing form, explaining the purpose 

of the study (see Appendix G). 

Results 

 

Data Conditioning 
 

Prior to analysis, scores of memory ability were calculated for each participant 

across all tasks. Memory ability was defined as the proportion of correctly remembered 

items relative to the total number of items in a condition. A Shapiro-Wilk test revealed 

slight deviations from normality; however, given the large effect sizes that were observed 

in the analyses, the ANOVA was considered to be robust to these deviations. Sphericity 

was violated for the interaction between stimulus and task type and Greenhouse-Geisser 

values are reported to correct for this violation. 

A total of 57 participants participated in the first experiment; data from nine 

participants were excluded from analysis due to unusable data. Data were considered 

unusable if participants completed the mathematical task incorrectly; criteria for 
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acceptable answers is discussed later. Data were also removed if the participants did not 

use the appropriate rule to generate the target words, or if no words were recorded during 

the encoding phase of a generation task. Four of the nine participants’ data were unusable 

due to technological issues during testing, such as loss of internet connection. This 

resulted in the intended sample size, N = 48. 

A one-way ANOVA was conducted on the first post-passage question, to analyze 

the equivalency of the passages for understanding and prior knowledge. Results showed 

that average rate of understanding did not differ across passages: F(3, 112) = 2.79, p = 

.056. Mauchly’s test of sphericity was significant, so Greenhouse-Geisser values are 

reported to correct for the violation (see Table 2 for a complete summary of average 

responses and frequency of each response). 

Data Analysis 

 

To test H1 that a negative generation effect would be observed when tasks were 

completed on a laptop, across all stimulus types, a repeated measures analysis of variance 

(ANOVA) with a 2 (modality type: tablet, laptop) X 2 (task type: generate, read) X 3 

(stimulus: nonwords, words, passage) factorial design was conducted. The ANOVA was 

conducted using JASP (JASP Team, 2021). For a visual representation of how memory 

ability differed as an outcome of task and stimulus type across both devices, see Figure 2. 

All relevant statistics pertaining to the ANOVA output can be found in Table 3; refer to 

Table 4 for a complete summary of the means and standard deviations of each task. The 

ANOVA output revealed a statistically significant main effect of task type, p < .001, ηp
2 = 

.72, and post hoc tests using Bonferroni corrections reflected a negative generation effect: 

read items tended to be better recalled than generated items, p < .001, which is in support 
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of H1. A significant main effect of stimulus type emerged, p < .001, ηp
2 = .79, which 

showed that memory ability was greatest for information in the passage condition, p < 

.001. 
 

To test H2, that memory ability for generated material would be significantly 

lower when a tablet was used to complete the tasks, relative to when the laptop was used, 

the repeated measures ANOVA revealed a main effect of device type, p = .025, ηp
2 = 

0.10, but the interaction between device type and task type (read or generate) was not 

significant, p = .555. Post hoc tests revealed that the tablet condition yielded worse 

memory ability than the laptop condition, but this was not unique to the generation tasks. 

Although memory ability was significantly worse when tasks were completed on a tablet 

relative to when completed on a laptop, as anticipated, this difference was not unique to 

generation tasks. That is, memory ability was worse for both read and generated 

information when it was encoded on a tablet. 

Discussion 

 

Depth of processing refers to the attention paid to the semantic features of a text, 

and when attention is continually disrupted—as was observed to a greater degree in the 

generation tasks—semantic interpretations of the text cannot be made (Sanchez & Wiley, 

2009; Sanford, 2002). Sustained attention is needed to engage in deeper levels of 

encoding, and in the absence of deeper levels of encoding, memory ability is hindered 

(e.g., Davis & Hult, 1997). The deeper levels of processing which are necessary for a 

generation effect to emerge were therefore neglected because competing cognitive 

processes were being elicited for the perceptual components of the task. The mechanistic 

processes that would serve the most benefit in completing the transposition tasks in a 
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constrained amount of time may have compromised one’s ability to also engage with the 

material semantically. Encoding the information may have been viewed as a secondary 

goal, following the successful completion of the generation task itself. If this was the 

case, then perceptual processes would have been prioritized in lieu of semantic processes. 

Given that the generation effect is contingent on semantic activation, it is reasonable to 

assert that this is why a negative generation effect emerged in the present experiment. 

Generated information may have been insufficiently encoded in the presence of shifts in 

visual attention, which encourages perceptual processes in lieu of semantic processes. 

Moreover, the proposed benefit of self-generating in increasing contextual awareness, 

may have been contingent on writing modality. As a result, memory ability was 

significantly greater for information in all reading conditions. 

The finding that tablet use was related to significantly poorer memory ability than 

laptop use—but that this effect was not unique to generation—indicates that scrolling, 

and not the act of typing, may contribute to increased cognitive load. The attentional 

demands of the electronic-device based tasks, particularly the generation tasks, to 

navigate various locations on the screen and to scroll to the appropriate locations, but also 

to scroll while reading the material, likely elicited perceptual processes over semantic 

processes. 

The ability to sufficiently encode information may be hindered while scrolling 

during a task, regardless of whether typing is involved. Although the research on the 

unique effect of scrolling on various cognitive processes appears to be limited, this 

finding is congruent with past work. Chen and Lin (2016) found that of three mobile 

device reading conditions (dynamic, static, mixed), the mixed condition elicited the 



49  

highest cognitive load, followed by the dynamic reading condition; the static reading 

condition elicited the lowest cognitive load. The mixed condition included components of 

both scrolling and static text, which is the condition the most comparable to the 

generation tasks of the present work. In the generation tasks of the present experiment, 

participants engaged in static reading which was frequently disrupted by scrolling from 

each word to the text box, and then to the next word. The relational processes needed for 

problem solving are hindered by scrolling, perhaps by impeding processes that are 

typically elicited during reading to connect various pieces of related information together 

(Morrison & Duncan, 1988; Sanchez & Branaghan, 2011; Sanchez & Wiley, 2009). 

Given that reading still yielded better memory ability across all stimulus types and both 

device types, and reading would have necessitated less scrolling than the generation 

tasks, it is reasonable to assume that the shifts in attention due to scrolling may hinder 

memory ability. 

The results of Ohl and Rofls (2017) suggested that the incidence of forgetting the 

target information significantly decreases when attention can be fixated for longer 

periods of time, relative to when there are multiple saccades during the encoding phase. 

Saccades, which are increased when scrolling, are related to poorer memory performance 

(Sun et al., 2008). In this experiment, memory ability was greater in the reading tasks, 

when visual attention could be fixated for longer periods of time, relative to the 

generation conditions, in which rapid shifts in attention were an inevitable component of 

the tasks. Memory ability was particularly hindered when the tablet was used, relative to 

the laptop, across both tasks, perhaps due to the increased scrolling required for both 

reading and generating when the smaller display presented less information on a single 
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screen. Memory ability was better in the reading tasks of this experiment, relative to the 

generation tasks, and memory ability was also better for tasks completed on a laptop. 

Based on this finding, it is inferred from past literature that sustained attention may have 

been disrupted to a greater extent in generation conditions when there were two tasks to 

complete instead of one, and in tablet condition, when the smaller screen necessitated 

more scrolling. Although sustained attention was not directly measured in the present 

work, it may have been necessary for adequate depth of encoding of the relevant material 

(Craik et al., 1996; Jamet et al., 2020; Sanford, 2002; Weeks & Hasher, 2016). Although 

H2 was not supported, the results indicate that tablet use, which necessitates more 

scrolling relative to laptop use, hinders memory ability, possibly because of the increased 

number of shifts in visual attention (e.g., Ohl & Rofls, 2017). The processes involved in 

generation which contribute to improved memory ability—namely, the increased depth of 

processing—may have been hindered by disruptions in attention caused by scrolling. 

The virtual keyboard of a tablet also differs from the physical keyboard of a 

laptop in several ways. First, the physical keyboard allows for the physical depression of 

keys and the resting of fingers on the home row, and aligns with how most individuals 

have learned to type (Findlater & Wobbrock, 2012). Second, the virtual keyboard is often 

much smaller than a physical keyboard, which requires  individuals to re-orient 

themselves in typing on a smaller device, and this process takes time; typing speeds are 

slower when a virtual keyboard is used (Pisacreta, 2013). Third, mistakes are more 

frequently made when typing on a virtual keyboard due to these differences, and also 

because of the differences in character layout (Lopez & Wolf, 2013). Finally, the space 

taken up on the screen by the virtual keyboard is a feature of the virtual keyboard that 
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likely contributed to a notable difference across devices in the present work. The virtual 

keyboard only appears when prompted by the user, and the appearance of the keyboard 

on screen will inevitably shift other content on the screen to accommodate for its 

appearance. The limited amount of space to present information on a smaller screen 

display becomes even more constrained by the appearance of the keyboard, necessitating 

more scrolling (Davis et al., 2015). Significant differences are observed in verbal task 

performance when scrolling is necessitated by a smaller screen display (Bridgeman et al., 

2003). 

When screen displays differ (i.e., across desktops, laptops, and netbooks), but the 

 

amount of information presented on a single screen on each device does not, no 

significant differences emerge (Keng et al., 2011). These findings indicate that the 

primary reason for which task performance is hindered by screen display is due to 

scrolling; when more scrolling is required, the information becomes less integrated and 

pertinent features of the text are not encoded (Sanchez & Wiley, 2009). Even when the 

amount of information is held constant, the amount of scrolling is related to worse 

performance on comprehension tasks, especially for those with low working memory 

capacity (Sanchez & Wiley, 2009). Further, tablets are associated with increased 

subjective difficulty as compared to a laptop with a keyboard (Davis et al., 2015). Given 

that performance was lower in the tablet condition relative to the laptop condition in the 

present work, and modality type (i.e., analogue vs. digital) showed a significant effect 

independent of task type (i.e., generating or reading), studying may be more impaired by 

device use than note taking. This is particularly important when considering that the 
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layout of most browsers and online documents do not accommodate smaller screen sizes 

(Marcial & Hemminger, 2011). 

The monitoring process of generation involves consulting earlier parts in the text 

during encoding, and formulation refers to the generation of the target words or 

sentences, given the cue information presented in the text (Olive & Piolat, 2002). Both 

processes require considerable memory capacity, and when tasks elicit high working 

memory load, fewer resources are available for the encoding of the target information 

(e.g., Shibata & Omura, 2018). If the use of an electronic device to complete the 

generation tasks increased perceptual load while scrolling, navigating the information on 

the screen, and redirecting attention to the keyboard, then memory ability for the 

generation tasks should have been poorer when the generation tasks were completed on 

an electronic device, relative to when they are completed with a pen and paper. To assess 

whether this assumption would hold true, the second experiment was conducted using a 

handwriting modality. Another purpose of assessing memory performance using a 

handwriting modality was to explore whether the physical act of handwriting promoted 

deeper levels of processing of the information, producing a generation effect (Davis & 

Hult, 1997; James, 2017; Longcamp et al., 2008; Peverly et al., 2007). 
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Experiment 2 
 

Hypotheses 

 

Hypothesis 3 (H3): When the generated information was 
 

handwritten, memory ability would be significantly better when striking through 

completed words of the generation task (active condition), relative to when the irrelevant 

information could not be filtered out (passive condition). 

Hypothesis 4 (H5): The generation effect would be present for wordlists and 

passages when the generated information was handwritten. 

Hypothesis 5 (H5): No generation effect would be observed in 

nonword list conditions, which would be consistent with prior findings that the 

generation effect is not observed when the material does not elicit semantic processing 

(e.g., Mulligan, 2002; Nairne et al., 1985; Payne et al., 1986). 

Hypothesis 6 (H6): A medium generation effect would be observed in the wordlist 

tasks when the generated information was handwritten (Bertsch et al., 2007). 

Hypothesis 7 (H7): The generation effect would be greatest for the passage 

conditions across handwriting modality conditions, as a result of increased inter-word and 

intra-word awareness (Donaldson & Bass, 1980; Gardiner & Hampton, 1988). 

Method 
 

Participants 

 

Because the content of the material differed in Experiment 2, students who 

participated in Experiment 1 were also eligible to participate in Experiment 2. 

Participants were recruited from the University of New Brunswick, Saint John, via 

SONA. Using an effect size (d) = 0.37, α = 0.05, and power (1- β) = 0.95, G*Power 
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(Faul et al., 2009) indicated that an appropriate sample size would be 44. To ensure 

adequate counterbalancing across participants, a sample size of 48 participants was 

determined to be suitable. A total of 48 participants were recruited to participate. The 

final sample was composed of 36 females, 11 males, and one non-binary participant; the 

mean age was 22.21 years (SD = 6.51). A total of 46 participants were right-handed and 

two were left-handed. 

Material 

 

The material for Experiment 2 included two passages, two wordlists, and two 

nonword lists, which was of identical format and of different content to the material used 

in Experiment 1. Across all stimuli, text was double spaced for both tasks (i.e., reading, 

generating), and all stimuli were presented in Lucida Sans Unicode 12-point font, to 

ensure that the observed effect was due to the experimental manipulation, and not due to 

spacing or font differences across conditions or experiments. 
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Material 

 

Thematic Passage Condition–Generate and Read 

 

The thematic passages were adapted from various biography pages on Wikipedia 

(www.wikipedia.com). In the present experiment, these passages were used to elicit intra- 

word and inter-word semantic processes at the time of encoding. The passages in the 

present experiments are succinct descriptions of the lives of various well-known figures 

and were presented in counterbalanced order across tasks. Following each task, 

participants responded to questions to collect subjective measures of the equality of 

passages for measures of comprehension level, familiarity, and whether the information 

contained in the passage aligned with previous knowledge about the notable figure 

mentioned in the passage, which were also administered in both present experiments. The 

letter transposition task was employed across the generation tasks by changing the order 

of two letters within each word. Participants of the present experiments were instructed to 

use this letter transposition rule to generate the properly spelled words. 

Generate. In the passage–generate task, participants were presented with a 

passage, and were instructed to read over and correct the spelling errors in the passage, as 

a way for participants to generate verbal material, by transposing the letters of the 

misspelled words (e.g., Kinoshita, 1989; McElroy & Slamecka, 1982). 

Read. In the passage–read task, participants were instructed to passively read the 

passage. That is, there was no engagement with the information beyond reading the 

passage. 

http://www.wikipedia.com/
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Wordlist Condition–Generate and Read 

 

The wordlists in the present experiments were generated using the MRC 

Psycholinguistic Database (Wilson, 1988). Twenty words were randomly chosen 

for each wordlist task. In the wordlist–generate task, two letters of each word were 

rearranged and underlined. The lists were presented in a counterbalanced order across 

generate and read conditions. 

Generate. In the wordlist–generate task, participants were instructed to read the 

list of unrelated words and correct the spelling errors in each word. 

Read. In the wordlist–read task, participants were instructed to merely read the 

list of unrelated words. 

Nonword List Condition–Generate and Read 

 

The nonwords used in the present studies were derived from the ARC Nonword 

Database (Rastle et al., 2002). These nonwords are inherently meaningless; therefore, 

they did not evoke semantic processes at the time of encoding. In the nonword list– 

generate condition, participants were instructed to generate new nonwords by using the 

same letter transposition task as in the word conditions. In the nonword list–read 

condition, participants read a list of nonwords, which was also derived from the 

database. The nonword lists were presented in a counterbalanced order across tasks. 

Generate. In the nonword list–generate task, participants were instructed to read 

the list of nonwords and rearrange the two letters underlined. 

Read. In the nonword list–read task, participants were instructed to read the list of 

nonwords passively. That is, there was no further engagement with the material beyond 
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reading the list of nonwords. These nonwords, by definition, are meaningless, creating a 

task without semantic processing. 

Mathematical Task 
 

In between the encoding and recall phase of each task, participants were 

instructed to subtract 13 from a given number, and to continue subtracting 13 from each 

answer they provide, for two minutes. To prevent rehearsal of the to-be-remembered 

information, answers were checked for approximate correctness. Answers within 10 

numbers of the correct answer were accepted. 

Post-Experiment Questions 

 

Open-ended questions were administered following the experiment and were 

aimed at assessing study techniques utilized during the encoding phases of each task. 

Handwriting Material 

Experiment 2 was conducted in the lab and tasks were administered on printed 

pieces  of paper. Participants were given a pen to write with and were provided with 

space to record their answers. Instructions for each task were presented on a separate 

page. Participants were instructed to knock on the door after completing each condition, 

at which time, the next condition was set up for the participant. Before beginning each 

condition, participants were asked whether they had any questions about the procedure of 

the following condition and were encouraged to knock on the door if they had any 

questions throughout the experiment. 
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Post-Experiment Questions 

 

Following the completion of the entire experiment, participants were administered 

open-ended questions aimed at assessing which techniques were utilized during the 

encoding phases of each task. 

Procedure 

 

Experiment 2 was conducted using a within-subjects design and participants 

completed a total of twelve tasks. The instructions and tasks were printed with each task 

presented on a separate page. Instructions for the task to follow were also presented on 

the page before the task. Participants completed the study using a pen to record answers 

on the same piece of paper that the task was printed on. 

The conditions were administered in a counterbalanced order to control for 

practice effects. This experiment took approximately 90 minutes to complete, therefore 

participants were given two bonus points toward their final grade in a psychology course 

in compensation for their time. Prior to beginning the study, participants were given a 

consent form, detailing the procedure, and a brief explanation of each task. The 

participants agreed to having read and understood the consent form prior to beginning the 

tasks. Participants were asked to indicate their handedness, age, and gender. 

In each condition, participants completed a total of six tasks: two passage tasks 

(generate and read), two wordlist tasks (generate and read), and two nonword list tasks 

(generate and read; see Table 1). The task order was counterbalanced across participants 

to avoid practice effects (Benedict & Zgaljardic, 1998; Forbach et al., 1974). So that 

memory ability could be attributed to the effect of the experimental manipulation, the 

passages, wordlists, and nonword lists were also counterbalanced across read and 
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generation tasks. Further, the materials used in each condition were counterbalanced 

across participants so that the outcome could be attributed to the experimental 

manipulation of the device used. A mathematical task, lasting two minutes, was presented 

in between the encoding and recall phases of each condition, to prevent the rehearsal of 

the encoded information (e.g., Gardiner & Hampton, 1985, 1988; Mulligan, 2002; 

Mulligan et al., 2006). Following the mathematical task, a free recall test was 

administered on a separate page, in which participants were instructed to freely recall as 

many items as they could from the previous task. 

In the generation tasks of the active condition, participants were instructed to 

 

cross a line through the words they had corrected. The line served as an attentional cue 

for the location of the next word to be generated, which was believed to facilitate the 

task. Participants generated words above each cue word, in lieu of providing answers in a 

textbox. Lists and passages were presented with double spacing to allow for adequate 

space to do so. In the generation tasks of the passive condition, participants were not 

allowed to cross a line through the words they had already generated. Instead, 

participants provided the generated answers in a textbox on a separate page. 

Prior to beginning each task, participants were given instructions about the task. 

In the reading tasks, the participants were instructed to read the nonword list, wordlist, or 

passage. In the generation tasks, participants were given instructions about how to 

rearrange the underlined letters to generate the target words (or nonwords) and were 

provided with an example. Participants were informed of the subsequent memory test for 

each task, following the two-minute mathematical task. In the encoding phase of each list 

condition, the participants were given 100 seconds to learn the list of words (or 
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nonwords) by either reading or generating. In the encoding phase of the passage 

conditions, the amount of time allotted was dependent upon the number of words to 

learn, as well as the length of each word. Approximately five seconds were allotted to the 

encoding of each word. 

In the untimed free recall phase of each condition, participants were instructed to 

freely recall as many words or nonwords as they could. They were instructed to notify the 

researcher once they had written out as many items as they could remember. The free 

recall test was administered after each task and only tested the information from the 

previous task. After the free recall phase of one task, participants completed the 

succeeding task, and repeated the procedure. 

Memory ability for each task was calculated as a proportion of correctly remembered 

words, relative to the total number of words to be remembered. Participants were 

presented with a debriefing form at the end of the study, explaining the purpose of the 

study. 

Results 

 

Data Conditioning 

 

Prior to analysis, scores of memory ability were calculated for each participant 

across all tasks, as a proportion of correctly remembered items to all items in that 

condition. A Shapiro-Wilk test revealed deviations from normality in the data; however, 

given the large effect sizes that were observed, the ANOVA was considered to be robust 

to these deviations. A total of 48 participants were recruited to participate, resulting in the 

intended sample size. 

A one-way ANOVA was also conducted on the first post-passage question, to 
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p 

p 

analyze the equivalency of the passages for understanding. Results showed that average 

rate of understanding differed across passages: F(3, 191) = 4.14, p = .008. Post hoc tests 

revealed that the only significant difference was between passage one and passage four, t 

= 3.41, p = .005. To assess whether this difference was related to significant differences 

in memory ability across these two passages, a subsequent independent samples t-test 

was conducted to analyze memory ability for passages one and four, across all 

conditions, and it was not statistically significant, t = 0.96, p = .338. For frequencies of 

each response, see Table 5. 

Data Analysis 

 

Descriptive statistics were analyzed to describe the data and post hoc tests were 

conducted to examine the relationship between the size of the generation effect across 

stimulus types and writing modalities . 

A repeated measures ANOVA with a within-subjects 2 (modality type: written- 

active, written-passive) X 2 (task type: generate, read) X 3 (stimulus: nonwords, words, 

passage) factorial design was conducted. All relevant statistics pertaining to the ANOVA 

output can be found in Table 6; refer to Table 7 for a complete summary  of the means 

and standard deviations of each task. 

The ANOVA was conducted using JASP (JASP Team, 2021). The ANOVA 

output revealed a significant main effect of task type, F(1, 47) = 111.97, p < .001, η 2 = 

.71, and a significant main effect of stimulus type, F(2, 94) = 243.81, p < .001, ηp
2 = .84. 

The interaction effect of stimulus type and task type was also significant: F(2, 94) = 9.17, 

p < .001, η 2 = 0.16. For a visual representation of how memory ability differed as an 

outcome of task and stimulus type, see Figure 3 . With respect to H3, that the active- 
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generate tasks would yield better memory ability than the passive-generate tasks, post 

hoc tests indicated no significant difference between these writing modalities, p = .999, 

thus providing insufficient support for this hypothesis. 

Regarding H4, that a generation effect would be observed for the wordlist and 

passage conditions, post hoc analyses of the interaction between stimulus and task type 

indicated a negative generation effect in both the wordlist condition, Mdiff = 0.13, p < 

.001, and in the passage condition, Mdiff = 0.16, p < .001; therefore, H4 was not 

supported. Post hoc tests using Bonferroni corrections revealed that overall, a 

significantly greater proportion of items were accurately remembered in all reading tasks, 

relative to the generation tasks of the same stimulus type, p < .001. This finding also 

provided support for H5, that a generation effect would not be observed in the nonword 

list tasks, p = .003. A moderate generation effect was anticipated in the wordlist tasks 

(H6), but given the negative generation effect observed across all stimulus types, this 

hypothesis was not supported. The greatest memory ability was observed in the passage– 

read condition. With regard to H7, that the passage–generate condition would yield the 

greatest memory ability  across all stimulus types, was not supported by the findings, 

given the negative generation effect which was observed across all stimulus types. 

Discussion 
 

It was anticipated that a generation effect would be observed when a handwriting 

modality was used, which would be consistent with prior findings (e.g., Bertsch et al., 

2007; McCurdy et al., 2020). This hypothesis was not supported by the results, which 

revealed a negative generation effect across all stimulus types. 
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When generative techniques are used to encode information, the ability to 

integrate various components of the information is improved by an increased  awareness 

of inter-word relationships (McCurdy et al., 2020). This process activates the semantic 

network by requiring the active processing of the material in the context of one’s existing 

semantic knowledge (e.g., Di Vesta & Gray, 1972; Peper & Mayer, 1986). The relational 

processing account posits that generation enhances memory ability, by facilitating 

contextual processing of generated information, relative to reading (McCurdy et al., 

2020). When the to-be-remembered words are related, information about surrounding 

words enhances the semantic awareness of each word, to assign meaning within a context 

(Hohenstein & Kliegl, 2014). In this case, the semantic distance between each word is 

smaller than if the words were unrelated (i.e., wordlist) or meaningless  (i.e.,  nonword 

list), making the semantic representation of a greater number of words, more likely in a 

passage (McDonald, 2006; Rayner, 2009). 

When reading a sentence, as a consequence of relational processing, the reader 

gains useful information about subsequent words, because of the related , previously read 

words (Hohenstein & Kliegl, 2014). The thesis of the present work was that the relational 

processing account may be contingent upon writing modality, and that when a 

handwriting modality is used, a generation effect would emerge. This account was 

insufficient in predicting the negative generation effect that was observed across all 

stimulus types, even when a handwriting modality was used in this experiment. 

Although generation was believed to enhance semantic processing, which in turn 

results in greater memory ability for generated material over read material, the constraints 

inherent in the generation tasks of the present experiment may have compromised 
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semantic processes in allowance of perceptual processes. To efficiently interpret the 

information in a manner which would afford the participant to complete the generation 

task accurately in a short amount of time, perceptual processes may have been prioritized 

(Church, 2002; Sanchez & Branaghan, 2011) to rearrange the transposed letters under a 

perceived time pressure, and the inter-word relationships were therefore inadequately 

considered. Although reading was also constrained by a time limit, reading is a more 

passive process than generating. While reading, participants merely perceived the stimuli 

on the screen or paper but were not required to spell out words during that time. Given 

the absence of an additional task, a sufficient number of cognitive resources were allotted 

to the semantic interpretation of the information in the reading tasks. In the generation 

tasks, manipulating the physical features of the stimuli presented on the page may have 

necessitated perceptual processes. Thus, without sufficient opportunity for review in the 

generation tasks, and given an added pressure of completing the tasks in a limited amount 

of time, not only were perceptual processes prioritized in the generation tasks, but 

semantic processes may have been neglected. If the benefit of generating is semantic 

processing (McCurdy et al., 2020), then the benefit of generating was not observed 

because the generation task itself did not elicit the desired processes which would benefit 

subsequent memory ability. If participants were concerned with completing the 

transposition tasks in a limited amount of time, then the physical features of the words 

may have been stored in lieu of their semantic features, and inadequate semantic 

consideration is related to poorer memory ability (Fata-Hartley, 2011). 

It is also worth considering that there may be no effect of writing modality when 

examining outcomes of memory ability for generated information, as is supported by a 
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recently published meta-analysis on note-taking modality (Voyer et al., 2022). This 

argument is compelling, and prompted the consideration that presentation modality, and 

not writing modality, would be more sufficient in explaining the discrepancy in findings 

of past work (e.g., Bertsch et al., 2007; Foos et al., 1994; McCurdy et al., 2020) and the 

present results. 

Exploratory Analyses 

 

To further assess the role of writing modality in the results of these experiments, a 

factorial 2 (Experiment: 1, 2) X 2 (Modality: Tablet/active, Laptop/passive) X 3 

(Stimulus: nonwords, words, passage) X 2 (Task type: read, generate) ANOVA was 

conducted. Experiment was analyzed as a between-subjects factor, and the other three 

factors were analyzed as within-subjects factors. 

Cross-Experiment Results 

 

Figure 4 presents a visual representation of how memory ability differed as an 

outcome of stimulus type across experiments. All relevant statistics pertaining to the 

ANOVA output can be found in Table 8. The ANOVA output revealed a significant 

interaction effect of stimulus type and experiment: p < .001, ηp
2 = 0.11. Although the 

main effect of experiment was significant, p = .029, the interaction effect of task type and 

experiment was not statistically significant, p = .857, indicating that presentation 

modality (i.e., whether tasks were presented on a screen or on paper) was related to 

differences in memory ability, but this effect was not specific to either reading or 

generating. Post hoc tests were conducted to further interpret the significant interaction 

between stimulus type and experiment, and indicated that memory ability for nonwords 

and for words did not differ across experiments, p = .999. Further, memory ability for 
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passages in Experiment 1 was not significantly different from memory ability for 

wordlists in Experiment 2, p = .725. Notably, memory ability for passages significantly 

differed across experiments one and two, p < .001. 

Analysis of Study Techniques 

 

Participants may have also viewed the generation task as separate from the goal of 

studying the information, and instead of performing both tasks concurrently, participants 

prioritized the perceptual component over the semantic processing of the words that were 

being transposed. To establish whether there is support for this assumption, exploratory 

analyses were conducted on the post-experiment questions. 

Each post-experiment question of both experiments was categorized by main 

study strategy reported by the participant. Study techniques were grouped into three 

categories: association, repetition, and other. When participants reported connecting 

words in the wordlist together, or focusing on the message conveyed in the passage, their 

response was coded as association. When participants reported repetition (i.e., 

subvocalization or speaking the words to oneself), their response was coded as repetition. 

When the responses included various techniques, or were vague in their description, their 

response was coded as other. Scores of memory ability were then categorized by study 

strategy used, and a 2 (stimulus type: wordlist, passage) X 2 (encoding condition: tablet, 

laptop, in Experiment 1, or active, passive in Experiment 2) repeated measures ANOVA 

with a between-subjects factor (study technique: association, repetition, other) was 

conducted for each post-experiment question (see Tables 9–13 for ANOVA output of 

each question). 
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In Experiment 1, study techniques revealed no significant differences in memory 

ability across devices when the material was merely read, nor when it was generated. In 

Experiment 2, there was no significant effect of study technique for the active–generate 

condition, nor the passive–generate condition. The between-subjects effect of study 

technique was significant, p = .014. 

Post hoc tests revealed that when reading, participants who used association 

techniques to remember the words performed better in the reading tasks than those who 

merely used repetition techniques, p = .011. When other techniques were reported, no 

significant differences emerged compared to when association, p = .144, or repetition 

techniques, p =.080, were reported. This finding cannot be further interpreted given the 

vagueness of many responses that were coded as other. 

General Discussion 

 

The cross-experiment analysis indicated that memory ability differed significantly 

across experiments, but that this difference was independent of the type of task completed 

during the encoding phase (i.e., reading or generating). Given that the observed effect did 

not appear to be specific to writing (or typing), but rather, the mere presentation of the 

information (i.e., screen or paper) across experiments, it will be referred to here as 

presentation modality. Memory ability for material in the nonword lists and wordlists did 

not significantly differ by experiment, suggesting that presentation modality did not result 

in significantly different performance across experiments for these stimulus types. 

Remarkably, the passage condition yielded significant differences across 

presentation modalities: Memory ability was poorer when the passage was encoded on an 

electronic device, relative to when it was encoded on paper. When the items to be 
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encoded were meaningless (i.e., nonword list) or unrelated (i.e., wordlist), there was no 

effect of presentation modality; however, when the information elicited relational 

processes, as was the case in the passage condition, memory ability was significantly 

worse for information that was encoded on a screen, rather than encoded on a piece of 

paper. This effect was independent of task type, indicating that modality of encoding 

(reading, generating), and modality of generating (typing, handwriting) do not yield 

differences in memory ability, but modality of presentation during encoding (screen, 

paper) significantly predicted memory ability differences for contextually related 

information. In the following sections, I will explore how the results of the present work 

align with competing theories, and I will examine what the differences across 

experiments may indicate about electronic device use during encoding. 

Semantic and Relational Processing Accounts 

 

According to the semantic activation hypothesis, the generation of meaningful 

stimuli activates features in the semantic network to a greater extent than reading, making 

the information more accessible than read material. Consequently, information that is 

generated will be more distinct in the memory  trace than information that was merely 

read (Bertsch et al., 2007; McCurdy et al., 2020). Semantic and relational processing 

accounts were insufficient in predicting the outcomes of the present study, particularly in 

the second experiment. Interestingly, memory performance for the passage condition— 

the condition in which relational processing was assumed to be elicited—was 

significantly worse when information was encoded on a screen (Experiment 1) relative to 

when it was encoded on paper (Experiment 2) but did not differ based on how it was 
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encoded (i.e., by generating or reading). Overall, reading yielded superior memory 

performance in the generation condition. 

The relational processing  account posits that more information will be 

remembered when it can be bound into a single representation (Greenwald & Johnson, 

1989; Marsh, 2006; Mulligan et al., 2006). Given the competing processes at play during 

the completion of the generation tasks, regardless of writing modality used, the 

establishment of a coherent trace of information may not have developed during the 

encoding phase. Such competing processes appear to be independent of modality of 

presentation (screen or paper) or production (typing or handwriting). Although both tasks 

(reading and generating) were constrained by a time limit, the reading tasks comprised of 

substantially fewer components to the generation tasks. While reading, participants 

merely perceived the stimuli on the screen or paper. Participants reported engaging in 

techniques such as repeating the information aloud, grouping alike words together, and 

using active recall techniques during the encoding phase (see Appendices E and H). 

Similar techniques were relied upon for studying the generated information, but 

many participants noted the additional component of needing to record the information 

first, and recognizing the process as being separate from studying the information. 

Participants also mentioned relying on effective techniques of encoding (e.g., associating 

words in the wordlist) only if they had sufficient time to do so. In subjective reports about 

how generation tasks were completed, participants noted lack of time to adequately 

consider the information, for example: “Writing out the words used the majority of my 

time so I wasn’t able to study them for association,” and “I tried remembering as I wrote 

out but I did most remembering after I finished.” Participants may have prioritized the 
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completion of the task over the consideration of the semantic features of the information, 

due to a perceived time pressure to complete the task that was reported among 

participants: “Only complaint; not enough time,” “Not enough time to study after doing 

the task,” and “Not enough time for writing them out and also studying.” 

When generating, the technique used had no significant effect on memory ability. 

 

Due to the time pressure to complete the generation task first, participants may have 

engaged in more generative forms of processing when reading, in the absence of a 

perceived time pressure to complete the other component of the task. In the reading 

condition, participants were able to generate mental associations among words, and this 

technique appeared to be useful in both the wordlist–read condition and the passage–read 

condition. Given that scrolling was a component of both the generation and reading tasks 

of Experiment 1, it is possible that there was no effect of study technique when 

navigating the complexities of the online tasks, because participants neglected studying 

the material, overall. 

Even when participants reported reliance on association techniques to study in 

Experiment 1, the feedback provided by many participants suggested that insufficient 

time was allotted to this process for the generation effect to emerge from the use of 

association strategies. The feedback given by many participants that insufficient time was 

allotted to semantically encoding the information for any desirable outcome to emerge 

from the use of association strategies. Participants’ goals may have modulated the 

magnitude of the effect observed; despite instructing participants to also try to remember 

as many words as possible in each task, participants may have interpreted this as a 

secondary goal, after the letter transpositions were completed. Given that increased 
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attention to the meaning of the information is related to better memory ability (e.g., 

(Craik et al., 1996; Sanford, 2002), generation tasks with fewer constraints may allow 

participants to meaningfully generate interpretations of the material during encoding, by 

relating the material to their existing knowledge (McCurdy et al., 2020). Tasks which 

would encourage these processes may be more comparable to note-taking strategies used 

in the classroom setting, such as instructing participants to summarize passages instead of 

recording them verbatim (Urry et al., 2021), or to group words together based on 

relationships between them. 

Self-generating information is believed to enhance relational processing, making 

 

information more distinct at the time of recall; however, participants in the present 

studies may have neglected semantic processes in favour of tending to other attentional 

demands required to transpose the letters of the word as quickly as possible—and, when a 

device was used, to shift attention to various locations on the screen—before time was up 

(Hunt, 2012; McCurdy et al., 2020). In the absence of these additional components of the 

task in the paper-based reading task of Experiment 2, relational processing was likely 

greater when reading on a piece of paper, and the engagement in these processes is what 

resulted in improved memory ability in this condition, relative to when the information 

was presented on an electronic device, and to when the information was generated. 

Test Sensitivity 

 

In keeping with the methodology used by Ritchie and Wilbiks (2022), free recall 

tests were administered to test memory ability in the present experiments. Although 

generation effects have been observed when free recall tasks are used (McCurdy et al., 

2020), generation effect sizes are smaller relative to when cued recall and recognition 
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tests are administered (e.g., deWinstanley & Bjork, 1997; McDaniel et al., 1990). In line 

with the relational processing account of the generation effect, the consideration of 

relationships between words may be inadequate across the encoding and recall phase. 

That is, a recognition test may be more likely to promote relational processing at the time 

of recall, thus cueing the correct response from the participant, given the relationships 

initially considered during the encoding phase. 

Recognition tests require the memorizer to determine whether a word presented at 

recall was also presented during encoding. This process relies on both effortful and 

automatic processes (Jacoby, 1998; Mandler 1980; Tulving, 1985). The memorizer relies 

on one's episodic memory about the context in which the word was first encountered 

(during encoding), the semantic knowledge that the word presented in the test was also 

presented during the encoding phase (Mandler 1980; Tulving, 1985), and the 

nonconscious process of automatically locating familiar information in the memory trace 

(Jacoby, 1991). According to the relational processing account, generated information 

may be more familiar than merely read words because generating information creates a 

more distinct representation, making the retrieval of generated material less effortful and 

more accessible (Gardiner & Hampton, 1988; Hunt, 2012; McCurdy et al., 2020). The 

semantic memory of the word is independent of the recollection of the context in which 

the word was encountered, but this information is provided by the episodic memory 

(Manns et al., 2003). In a test of recognition, contextual and semantic memory is being 

assessed, revealing whether these relational processes were utilized during encoding. 

The generation task itself may have promoted a focus on item-specific 

information and cue-target relationships within the encoding task itself, and in this 



73  

pursuit, relational processing across encoding and recall phases may have been 

inadequately considered when there were no cue words presented during the recall phase 

(deWinstanley & Bjork, 1997; Hunt & Einstein, 1981; McCurdy et al., 2020). Although 

relational processing may have been enhanced in the generation tasks, the tests 

administered may not have been sensitive to the detection of this outcome. 

Recognition tasks and cued recall tests may be more accurate tests of relational 

processing and of the benefit associated with generating (Nieznański, 2013). The type of 

benefit experienced by generating may not be adequately captured by free recall tests. 

When free recall tests are administered, reading may result in a greater proportion of 

correctly remembered items. When recognition tests are administered, more information 

will be recalled when it is contextually related and when it was generated during 

encoding (Nieznański, 2013). 

Although this explanation accounts for an inadequate measure of relational 

processing in the present experiments, it is insufficient in explaining why a negative 

generation effect was observed. In contradiction to this claim, inter-item relational 

processing, which enhances one's awareness of associations among words, has resulted in 

improved free recall performance when the encoded information was generated, relative 

to when it was read (Hunt & McDaniel, 1993; McDaniel et al., 1990; McDaniel et al., 

1988). It is unclear whether the type of test administered in the present experiments 

influenced the observed results, and to what extent, but test sensitivity is insufficient in 

accounting for the negative generation effect, in consideration of more relevant 

differences (i.e., presentation modality, time pressure). To further explore this 

phenomenon, other experimental constraints must be considered. 
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Delay Time 

 

It is possible that a longer delay is required  to observe a generation effect using 

the tasks of the present study. Generated information may be more coherently represented 

in the memory trace, and a benefit of generation may be that it produces less forgetting, 

instead of the previously held assumption that it produces better remembering  (Mulligan 

& Peterson, 2015). The generation of information may enhance the consolidation of the 

information that is more robust to memory decay over longer retention intervals, relative 

to reading. McCurdy et al. (2020) found that over longer intervals, memory ability for 

read material significantly decreased, whereas memory ability for generated material was 

stable. As shown by Mulligan and Peterson (2015), a 2-day delay produces less forgetting 

for generated material than read material; Ritchie and Wilbiks (2022) showed that this 

effect becomes evident after a mere 6-minute delay. Over longer delays, read information 

is forgotten to a greater extent than generated information, and that is when a generation 

effect may emerge. If this is the mechanism by which a generation effect emerges, then 

the mere 2-minute delay applied in the present experiments may not have been sufficient 

time to produce this effect. 

Whereas reading primarily relies on the visual perception of the information 

(Mulligan, 2004, 2011), the production of the information is a more active process which 

promotes the consideration of the interpretation of the information (Morris et al., 1977). 

Mulligan and Peterson (2015) asserted that modalities of active encoding, such as 

generation, rely on intra-item awareness, and neglect inter-item awareness, producing a 

negative effect when free recall tests are immediately administered. The results of the 

Ritchie and Wilbiks (2022) suggest that even when free recall tests are administered, 
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generating appears to remain robust to forgetting over a four-minute increase in delay, 

suggesting that relational processes are also enhanced when generating, but that this 

effect is not immediately beneficial. Thus, a negative generation effect observed in the 

present experiments may be due in part to the short delay time between encoding and 

recall. 

Effect of Experimental Constraints 

 

According to findings reported in a meta-analysis conducted by McCurdy et al. 

(2020), the generation effect has been reduced or reversed in experiments in which the 

opportunity to engage in relational processes is limited. When participants are 

constrained to generating specific or unrelated target items to be remembered later, the 

benefit of generating has been reduced or reversed. In the present work, relational 

processing may have been hindered by the nature of the tasks themselves, regardless of 

writing or presentation modality used. Given the perceived time pressure, participants 

may have focused on the perceptual demands of the task, instead of the semantic features. 

Although reading is believed to promote these perceptual processes and generating is 

believed to facilitate semantic processes (McCurdy et al., 2020; Mulligan, 2004, 2011), it 

is possible that perceptual processes superseded semantic processes while generating, due 

to the limited amount of time to complete the task. In the reading conditions of both 

experiments, there was no secondary task (i.e., generating) and thus no interference with 

semantic processing. Although participants were visually perceiving the information, 

they were also able to semantically interpret the information in the absence of a 

secondary component to the task. Representative of similar responses, one participant 

noted: “[I] tried associating words in the list (e.g., hostage, mystery, homicide). I did this 
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for reading and writing tasks but I felt I had more time to dedicate to doing this in the 

reading tasks because I wasn’t also correcting the spelling.” 

No Effect of Writing Modality 
 

Given the recent publication Voyer et al.’s (2022) meta-analysis,  the current 

results should also be considered in the context of their findings. When digital devices are 

considered solely as a note-taking medium—and not as a medium to multitask by 

performing unrelated activities—typing and longhand were related to non-significantly 

different outcomes, regardless of mode of testing assessed (e.g., free recall, recognition, 

factual, conceptual). Note-taking modality (handwriting or digital device) did not predict 

significant differences in memory ability across 36 studies (Voyer et al., 2022). One long- 

held belief, which has been explored in earlier sections, is that the generative techniques 

inherent to handwriting (i.e., the unique production of each letter which is associated with 

some meaning; James,  2017) is lost when typing. These  generative techniques are 

believed to encourage deeper levels of processing, which consequently results in better 

memory ability. In line with the semantic activation hypothesis of the generation effect, 

information that is generated (i.e., by hand) will be better remembered because the 

encoding modality encouraged a more coherent representation of the information in the 

semantic network. Typing is not associated with distinct representations of the 

information being produced, leading to more shallow processing of typed information 

(Bui et al., 2013). Moreover, distractions inherent  to digital device use  have been 

believed to further discourage deeper levels of processing, further hindering memory 

ability for information encoded on an electronic device. 

In consideration of Voyer et al.’s (2022) meta-analytic finding that the mean 
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difference in learning outcomes across writing modalities was not significantly different 

from zero, g = -0.008, 95% CI: -0.18, 0.16, the cross-experiment effect observed in the 

present work is not likely due to the manipulation of typing versus writing. Voyer et al. 

(2022) contended that differences in performance observed in individual studies are the 

result of attentional differences, but not of the visuomotor differences in typing versus 

handwriting. That is, deeper levels of processing promote memory ability, but deeper 

levels of processing are not hindered by typing, relative to writing by hand (Voyer et al., 

2022). Differences observed across note-taking modalities are merely the result of 

attentional distractions elicited by notifications on electronic devices, but are not inherent 

to the typing modality. 

Other distractions, such as class interruption, produce similar disruptions to 

attention (Voyer et al., 2022). Although Voyer et al. (2022) found no significant effect of 

task and test type (i.e., factual/conceptual, free recall/recognition), their sample of studies 

which provided effect sizes for each category was limited, thus limiting  their analyses 

and interpretations; however, wordlist tasks were also found to yield no significant effect 

of writing modality, as well as for tasks lasting less than 10 minutes. Taken together, 

these findings suggest that the results of the present work are due to some factor other 

than generation modality. 

Although there was no significant difference in memory ability across writing 

 

modalities, tablet performance was significantly poorer than laptop performance, 

increased shifts in attention in the tablet condition (as elicited by increased scrolling for a 

smaller screen). Thus, increased shifts in attention rather than the act of typing could 

account for the lower memory of participants. In further support of this, memory ability 
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was significantly worse for information contained in the passage when it was presented 

on a screen, relative to when it was presented on paper, but, again, these findings could 

not be accounted for by differences in the act of typing or writing. That is, although there 

is no inherent difference across writing modalities solely as note-taking mediums, 

continual shifts in visual attention may discourage deeper level processes which are 

necessary for the generation effect to emerge (i.e., semantic processing; Bertsch et al., 

2007). 

Although the effect of distraction appears to be largely inherent to the scrolling 

and website navigation in Experiment 1 of the present work, it is also  true that 

distractions emerge from other sources in the classroom  setting, which have shown 

similar effects in performance (e.g., Kane et al., 2021; Tesch et al., 2011); thus, website 

navigation and scrolling are not unique forms of distraction which impair deeper levels of 

encoding to any greater extent than talking to peers, or being distracted by others (Tesch 

et al., 2011). Electronic device use is  not a unique distractor, but it hinders performance 

in the way all distractions hinder performance, by disrupting sustained attention toward 

the task, which is needed to engage in deeper levels of processing necessary to produce a 

generation effect (Craik & Lockhart, 1972; Kane et al., 2021). 

The observed effect sizes in the present study should also be compared to those 

reported in Voyer et al.’s meta-analytic results, which showed that note-taking modality 

produced a small, non-statistically significant effect: g = -0.008. The cross-experiment 

analysis of the present studies yielded a significant effect in the small to medium range: 

ηp
2 = 0.05, p = .029. Despite the non-significant difference of note-taking modality in 

Voyer et al.'s meta-analysis, their results still provide support for depth-of-processing 
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accounts of generation. In their meta-analysis, class grades were higher when notes were 

handwritten, but this effect may have been modulated by individuals’ personal 

motivations and goals. Voyer et al (2022) contended that in support of the depth-of- 

processing account of a handwriting superiority effect, grades may be higher when notes 

are handwritten only when students experience a personal benefit to performing well 

during evaluations. Unfortunately, further interpretation of such findings is limited given 

the small amount of research available on the effect of writing modality in depth of 

processing, and the modulating role of students’ motivations. Depth of processing 

differences may be further explained  by presentation modality differences observed 

across the present experiments (i.e., screen, paper), rather than writing modality. In their 

work, course topic and learning objectives also significantly moderated the effect of note- 

taking modality; for courses that required critical thinking skills (i.e., urban planning), 

handwriting emerged as the superior note-taking modality, p < .001. For courses which 

utilized rote memorization (i.e., computer science courses), a digital note-taking modality 

was related to preferable learning outcomes. This finding indicates that a handwriting 

modality encourages deeper levels of processing, whereas typing may be more useful in 

explicit recall tasks. Given that the present work tested verbatim free recall, their findings 

further elucidate no effect of writing modality in the present experiments. Voyer et al. 

recognized other components of electronic device use may be related to poorer learning 

outcomes, which are not present when recording information by hand (i.e., in a classroom 

setting, when these distractions are not controlled). Thus, if semantic processing is 

believed to be the mechanism by which information is better remembered, then the 

perceptual demands increased by the tablet condition where increased scrolling was 
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required, could explain worse memory ability across both task types, relative to the 

laptop and handwriting conditions. 

Both perceptual and semantic processes are elicited during the interpretation and 

encoding of textual information (Church, 2002). It has been posited that the mere 

orientation, lighting, and resolution of electronic devices may elicit a prioritization of 

perceptual processes to perceive the visual stimuli, and neglect other processes to encode 

the semantic features of the text (Church, 2002). Since the early 2000s, reading on a 

screen has increasingly become more comparable to reading on a piece  of paper 

(Sackstein et al., 2015), therefore scrolling is believed  to be the aspect of electronic 

device use by which encoding information presented on an electronic device is less 

effective than doing so from a printed copy. This claim is  supported by several  findings 

of the present work: First, that generating, which requires more scrolling to complete the 

task (i.e., to navigate the text box and place in the list or passage),  yielded worse 

outcomes than reading. Second, that overall performance on the tablet, which necessitates 

more scrolling, was poorer than performance on the laptop. Third, a significant difference 

in memory ability for the passage condition emerged in  favour of the paper modality in 

the cross-experiment analysis. The passages would have been presumably  more  difficult 

to navigate while scrolling, given that there were more words per line in the text, relative 

to the lists where only one item occupied each line, making each word more discernible. 

In further support of this assertion, Sanchez and Branaghan (2011) found that 

information was better understood when presented on a laptop screen, relative to the 

smaller display of a mobile device. In their experiment, information was merely read in 

both conditions, indicating that scrolling, as would be necessitated to a greater extent on a 
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smaller display, hinders one’s ability to sufficiently interpret the semantic features of a 

text (Sanchez & Branaghan, 2011). The results of the present experiments are supported 

by past work indicating that electronic device use hinders memory ability when excessive 

navigation is required during encoding. The effect observed may not be inherent to 

writing modality, but is a consequence of excessive scrolling and supports the hypothesis 

that the generation effect emerges when semantic processing can occur. When competing 

cognitive processes are elicited, semantic processing is neglected and as seen in the 

present experiments, a negative generation effect may emerge. When shifts in attention 

are excessive, semantic processes may be superseded by perceptual processes, and 

memory ability for semantic information is consequently hindered. This effect is not 

unique to electronic device use, but electronic device use may elicit these competing 

processes when excessive navigation is required during the task. 

Given that website complexity is related to increased demands on working 

memory capacity (Sicilia & Ruiz, 2010; Wang et al., 2014), and working memory is 

needed for relational processing (Olive & Piolat, 2002), I hypothesized that relational 

processing would be hindered during the electronic device-based tasks, but not during the 

handwritten tasks of the present experiments. A weaker semantic interpretation of the 

information that was encoded in both conditions of Experiment 2 would indicate that 

working memory capacity was also burdened when a handwriting modality was used, and 

that the burden is not caused solely by scrolling nor typing. The finding that electronic 

device use was related to worse overall memory ability than paper-based tasks in the 

present experiments indicates that scrolling was implicated in the observed effects. To 

some degree, however, a component of the generation task itself discouraged the 
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occurrence of relational processes which would have contributed to improved memory 

ability for more words when they were related. 

In considering the increased reliance on online learning in efforts to limit contact 

during the COVID-19 pandemic, students who prefer taking notes on a computer are now 

required to continually shift attention from their document to the information presented 

on the screen shared by the course instructor, and may experience greater difficulties in 

organizing information on a smaller display (i.e., half of their screen). The significant 

effect of presentation modality in the present work is believed to be attributable to 

scrolling, which, when present in a task, discourages relational processing (e.g., Sanchez 

& Wiley, 2009). The extent to which online navigation is increased during virtual 

learning—relative to in-person instruction—remains unknown, and should be considered, 

given that presentation modality may be impacting learning outcomes. 

Limitations and Future Directions 
 

Although it was anticipated that the manipulation in Experiment 2 would produce 

a significant generation effect, there are plausible reasons for which a negative generation 

effect persisted across both experiments. Reasons for which a negative generation effect 

may have been observed include a lack of delay time (McCurdy et al., 2020; Mulligan & 

Peterson, 2015) and perceived time pressure (Dyson & Haselgrove, 2001). Moreover, 

semantic and relational processes may be more accurately captured by testing conceptual 

questions in lieu of explicit recall of the words contained in the list or passage. The 

administration of conceptual questions may be particularly revealing in the context of the 

passage conditions. 
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When a passage was encoded on an electronic device in the first experiment, 

memory ability was non-significantly different than when a list of words was encoded on 

paper, in the second experiment. Given that the passage condition should elicit relational 

processes to encode the information, presentation modality may be related to differences 

in these processes; when information is presented on an electronic device, relational 

processes may be hindered because scrolling burdens working memory capacity, which is 

needed for relational processing (Sanchez & Wiley, 2009). To further interpret this 

finding, future work should be aimed at assessing the effect of presentation modality in 

memory ability for generated information. Past work has shown that relational processing 

is hindered by electronic device use while reading (e.g., Davis et al., 2015; Sanchez & 

Wiley, 2009), and it is likely  that this finding holds true for generated information as 

well, perhaps to a greater extent. In assessing the effect of presentation modality, time 

constraints (McCurdy et al., 2020) and writing modality differences (Voyer et al., 2022) 

should be removed, in order to capture the unique contribution of scrolling to memory 

ability differences for self-generated material.   

Many participants reported insufficient time to complete the task, and under this 

time constraint, the semantic processes may have been neglected. Participants’ goals may 

have modulated the magnitude of the effect observed; to assess the effect of participants’ 

motivations in the generation effect, removing experimental constraints such as time limit 

as well as verbatim transcription should be a goal in future work. It is likely that the time 

required to complete the generation tasks by hand in Experiment 2 was greater than for 

the time required to type responses in the generation tasks of Experiment 1. In future 

https://d.docs.live.net/538783b3b7499359/Documents/Master%27s/MA%20Research/MA%20Thesis%20-%20Committee%20Revisions/MA%20Thesis%20-%20draft%202.docx#_msocom_1
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work, these differing time requirements to complete the tasks should be taken into 

account when assessing differences in memory ability across writing modalities. 

Given that increased attention to the meaning of the information is related to 

better memory ability (e.g., Craik et al., 1996; Sanford, 2002), future work should assess 

whether generative processing can occur without generative behaviours (i.e., writing, 

typing). In removing these experimental constraints, of course, there is the introduction of 

several limitations including over-reliance on subjective reports, and a reduced ability to 

yield systematic responses across participants. 

As aforementioned, information may also be better remembered in a lecture 

setting when information is summarized, rather than recorded verbatim, independent of 

writing modality used (Urry et al., 2021). Future research should be aimed at examining 

the questions put forth in the present thesis when information is not generated verbatim 

(e.g., Mulligan, 2002), when additional time for consolidation is allotted between 

encoding and recall (e.g., Mulligan & Peterson, 2015), and when memory and semantic 

interpretations are tested using different assessments, such as recognition, cued recall, 

and conceptual tests (e.g., Bertsch et al., 2007; McCurdy et al., 2017). The present tasks 

are not comparable to actual note-taking methods; understanding the effect of scrolling 

during the revision of notes taken by hand or on an electronic device, will be an 

important pursuit in future work. 

Conclusion 

 

The present thesis has advanced literature in the area of electronic device use on 

memory ability for actively (self-generated) and passively (read) learned material in 

several ways. First, the present work has made the important distinction in differences for 
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typed and handwritten information, by elucidating that presentation modality, rather than 

generation modality, is implicated in differences in memory ability. Further, although 

generative techniques of learning are related to better memory ability, as is asserted by 

past work on the generation effect (Bertsch et al., 2007; McCurdy et al., 2020), 

generative processes may, under certain conditions, be elicited to a greater extent in 

reading tasks than when physically generating the information. When the mechanical 

features of a text (i.e., letter transposition tasks), the perceptual components of the task 

(i.e., scrolling), task complexity (i.e., website navigation) and perceived time pressure are 

higher in the generation tasks, and are absent in reading tasks, then relational processes 

may actually be enhanced by merely reading. Whether the mechanical processes involved 

in generating material—by typing or handwriting the information—are related to better 

memory ability, or whether the underlying processes can also be elicited during reading 

and in some circumstances, result in enhanced memory  ability, should be  further 

assessed. Pursuing this area of research will provide important insight into effective 

encoding and storage strategies for learning in the academic environment. 
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Table 1 

 

Procedure for Studies (Ritchie & Wilbiks, 2022) 
 

 Stimulus Type Task Type Writing Modality 

Experiment 1 Nonword List Read 
Generate 

Computer 

 
Nonword List Read 

Generate 

Tablet 

 
Wordlist Read 

Generate 

Computer 

 
Wordlist Read 

Generate 
Tablet 

 
Passage Read 

Generate 
Computer 

 
Passage Read 

Generate 
Tablet 

Experiment 2 
   

 Nonword List Read 
Generate 

Handwritten 
(passive) 

 
Nonword List Read 

Generate 
Handwritten 
(active) 

 
Wordlist Read 

Generate 
Handwritten 
(passive) 

 
Wordlist Read 

Generate 

Handwritten 

(active) 

 
Passage Read 

Generate 

Handwritten 

(passive) 

 
Passage Read 

Generate 
Handwritten 
(active) 

Note. Following each task, participants will engage in a 2-minute distractor task and will 

then be asked to freely recall as many items as they can from the previous task only, 

before proceeding to the next condition. 
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Table 2 

 

Post-Passage Responses (Experiment 1) 

 

Passage Number 

Question 5 6 7 8 

1. On a scale 

of 1–10, how 
easy was this 

passage to 
understand? 

9.5 (1.13) 9.67 (0.86) 9.35 (1.21) 9.60 (0.94) 

2. Do you 

know the 

famous figure 

mentioned in 

this passage? 

Yes = 89.58 

No = 10.42 

Yes = 97.92 

No = 2.08 

Yes = 95.83 

No = 4.17 

Yes = 93.75 

No = 6.25 

3. Did the Yes = 87.50 Yes = 97.92 Yes = 93.75 Yes = 93.75 
information No = 12.50 No = 2.08 No = 6.25 No = 6.25 

presented in     

the passage     

generally align     

with your prior     

knowledge     

about the     

person     

mentioned in     

the passage?     

Note. Mean responses (and standard deviations) are summarized for question one, 
frequency of each response is represented as a percentage for questions two and three. 
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Table 3 

 

Experiment 1 Repeated Measures ANOVA Statistics 
 

Measure df F ratio MSE p ηp
2

 

Modality Type 1, 47 5.37 0.02 .025 0.10 

 
Stimulus Type 

 
2, 94 

 
180.59 

 
0.02 

 
< .001 

 
0.79 

 
Task Type 

 
1, 47 

 
118.78 

 
0.02 

 
< .001 

 
0.72 

 
Stimulus Type 
* Task Type 

 
2, 94 

 
9.17 

 
0.02 

 
.012 

 
0.10 

 
Modality Type 

* Task Type 

 
1, 47 

 
0.35 

 
0.01 

 
.555 

 
0.01 

 
Modality Type 

* Stimulus 

Type * Task 

Type 

 
2, 94 

 
0.01 

 
0.01 

 
.691 

 
0.01 

Note. MSE = mean square error. ηp
2 = partial eta squared. Sphericity was violated for the 

stimulus and task type interaction; Greenhouse-Geisser values are reported to correct for 
this. 
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Table 4 

 

Experiment 1 Mean Proportions and Standard Deviations of Stimulus Type and Task 

Type 

Encoding Condition Task Type Mean (SD) 

Nonword list (tablet) Read 0.13 (0.08) 

 Generate 0.04 (0.05) 

Nonword list (laptop) Read 0.13 (0.08) 

 Generate 0.06 (0.05) 

 

Wordlist (tablet) 

 

Read 

 

0.35 (0.19) 

 Generate 0.24 (0.14) 

Wordlist (laptop) Read 0.38 (0.16) 

 Generate 0.24 (0.13) 

 

Passage (tablet) 

 

Read 

 

0.42 (0.22) 

 Generate 0.26 (0.14) 

Passage (laptop) Read 0.47 (0.21) 

 Generate 0.30 (0.18) 
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Table 5 

 

Post-Passage Responses (Experiment 2) 

 

Passage Number 

Question 1 2 3 4 

1. On a scale 

of 1–10, how 

easy was this 

passage to 

understand? 

 
 

9.65 (0.67) 

 
 

9.5 (0.85) 

 
 

9.54 (0.92) 

 
 

9.27 (1.25) 

2. Do you 

know the 

famous figure 

mentioned in 

this passage? 

 
Yes = 100.00 

No = 0.00 

 
Yes = 97.92 
No = 2.08 

 
Yes = 95.83 
No = 4.17 

 
Yes = 95.83 
No = 4.17 

3. Did the 
    

information     

presented in     

the passage Yes = 95.83 Yes = 95.83 Yes = 89.58 Yes = 91.67 

generally align No = 4.17 No = 4.17 No = 10.42 No = 8.33 

with your prior     

knowledge     

about the     

person     

mentioned in     

the passage?     

Note. Mean responses (and standard deviations) are summarized for question one, 

frequency of each response is represented as a percentage for questions two and three. 
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Table 6 

 

Experiment 2 Repeated Measures ANOVA Statistics 
 

Measure df F ratio MSE p ηp
2

 

Stimulus Type 2, 94 243.81 0.03 < .001 0.84 

Modality Type 1, 47 0.10 0.01 .754 0.00 

Task Type 1, 47 111.97 0.02 < .001 0.70 

Stimulus Type * 

Modality Type 

2, 94 0.45 0.01 .642 0.00 

 
Stimulus Type * 
Task Type 

 

2, 94 

 

9.17 

 

0.01 

 

< .001 

 

0.16 

Modality Type * 

Task type 

1, 47 0.18 0.01 .671 0.00 

 
Stimulus Type * 
Modality Type * 
Task Type 

 
2, 94 

 
1.91 

 
0.01 

 
.153 

 
0.04 

Note. MSE = mean square error. ηp
2 = partial eta squared. 
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Table 7 

 

Experiment 2 Mean Proportions and Standard Deviations of Stimulus Type and Task 

Type 

Encoding Condition Task Type Mean (SD) 

Nonword list (active) Read 0.22 (0.16) 

 Generate 0.05 (0.07) 

Nonword list (passive) Read 0.13 (0.07) 

 Generate 0.04 (0.05) 

 

Wordlist (active) 

 

Read 

 

0.50 (0.20) 

 Generate 0.28 (0.18) 

Wordlist (passive) Read 0.38 (0.18) 

 Generate 0.26 (0.13) 

 

Passage (active) 

 

Read 

 

0.59 (0.21) 

 Generate 0.20 (0.12) 

Passage (passive) Read 0.54 (0.20) 

 Generate 0.38 (0.13) 
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Table 8 

 

Cross-Experiment ANOVA Statistics 
 

Measure df F ratio MSE p ηp
2

 

Modality Type 1, 94 4.39 0.01 .039 0.05 

 
Modality Type 

* Experiment 

 
1, 94 

 
3.04 

 
0.01 

 
.085 

 
0.03 

 

Stimulus Type 

 

2, 188 

 

421.54 

 

0.03 

 

< .001 

 

0.82 

 
Stimulus Type 

* Experiment 

 
2, 188 

 
10.99 

 
0.03 

 
< .001 

 
0.11 

 

Task Type 

 

1, 94 

 

230.68 

 

0.02 

 

< .001 

 

0.71 

 
Task Type * 
Experiment 

 
1, 94 

 
0.03 

 
0.02 

 
.857 

 
3.49-4 

 
Modality Type 

* Stimulus 

Type a 

 
2, 188 

 
0.45 

 
0.01 

 
.617 

 
0.01 

Modality Type 

* Stimulus 
Type * 
Experiment a 

2, 188 1.82 0.01 .170 0.02 

Modality Type 

* Task Type 

1, 94 0.05 0.01 .825 5.22-4
 

Measure df F ratio MSE p ηp
2
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Modality Type 

* Task Type * 
Experiment 

1, 94 0.54 0.01 .466 0.01 

Stimulus Type 

* Task Type a 

2, 188 13.61 0.02 < .001 0.13 

 
Stimulus Type 

* Task Type * 
Experiment a 

 
2, 188 

 
0.12 

 
0.02 

 
.862 

 
0.00 

Modality Type 

* Stimulus 

Type * Task 

Type 

2, 188 0.16 0.01 .855 0.00 

Modality Type 

* Stimulus 
Type * Task 
Type * 
Experiment 

2, 188 1.80 0.01 .168 0.02 

Experiment 1, 94 4.90 0.09 .029 0.05 

Note. MSE = mean square error. ηp
2 = partial eta squared. Experiment was measured as a 

between-subjects effect. 
a Sphericity was violated for these terms; Greenhouse-Geisser corrected values are 
reported. 
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Table 9 

 

Experiment 1 Post-Experiment Question One (Read) Repeated Measures ANOVA 

Statistics 

Measure df F ratio MSE p ηp
2

 

Modality Type 1, 45 2.71 0.03 .106 0.06 

Modality Type * 
Technique 

2, 45 0.18 0.03 .840 0.01 

Stimulus Type 1, 45 4.52 0.03 .039 0.09 

Stimulus Type * 
Technique 

2, 45 0.63 0.03 .539 0.03 

 

Modality Type * 
Stimulus Type 

 

1, 45 
 

0.19 
 

0.02 
 

.665 
 

0.00 

Modality Type * 

Stimulus Type * 

Technique 

2, 45 0.03 0.02 .974 0.00 

Technique 2, 45 2.42 .07 .101 0.10 

Note. MSE = mean square error. ηp
2 = partial eta squared. Technique is reported as a 

between-subjects effect. 



120  

Table 10 

 

Experiment 1 Post-Experiment Question Two (Generate) Repeated Measures ANOVA 

Statistics 

Measure df F ratio MSE p ηp
2

 

Modality Type 1, 45 3.13 0.01 .084 0.07 

Modality Type * 
Technique 

2, 45 0.30 0.01 .743 0.01 

Stimulus Type 1, 45 5.54 0.01 .023 0.11 

Stimulus Type * 
Technique 

2, 45 2.20 0.01 .123 0.09 

 

Modality Type * 
Stimulus Type 

 

1, 45 
 

0.22 
 

0.01 
 

.639 
 

0.01 

Modality Type * 

Stimulus Type * 

Technique 

2, 45 0.81 0.01 .452 0.04 

Technique 2, 45 0.10 .06 .910 0.00 

Note. MSE = mean square error. ηp
2 = partial eta squared. Technique is reported as a 

between-subjects effect. 
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Table 11 

 

Experiment 2 Post-Experiment Question One (Active–Generate) Repeated Measures 

ANOVA Statistics 

Measure df F ratio MSE p ηp
2

 

Stimulus Type 1, 45 23.210 0.02 < .001 0.34 

Stimulus Type * 
Technique 

2, 45 0.79 0.02 .462 0.03 

 

Technique 

 

2, 45 

 

0.01 

 

0.03 

 

.991 

 

4.14-4 

 

 
 

Note. MSE = mean square error. ηp
2 = partial eta squared. Technique is reported as a 

between-subjects effect. 
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Table 12 

 

Experiment 2 Post-Experiment Question One (Passive–Generate) Repeated Measures 

ANOVA Statistics 

Measure df F ratio MSE p ηp
2

 

Stimulus Type 1, 45 26.58 0.01 < .001 0.37 

Stimulus Type * 
Technique 

2, 45 0.73 0.01 .487 0.03 

 

Technique 
 

2, 45 
 

1.28 
 

0.02 
 

.288 
 

0.05 
 

 
 

Note. MSE = mean square error. ηp
2 = partial eta squared. Technique is reported as a 

between-subjects effect. 
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Table 13 

 

Experiment 2 Post-Experiment Question Three (Read) Repeated Measures ANOVA 

Statistics 

Measure df F ratio MSE p ηp
2

 

Stimulus Type 1, 45 39.59 0.03 < .001 0.47 

Stimulus Type * 
Technique 

2, 45 0.05 0.03 .950 0.00 

 

Condition 
 

1, 45 
 

0.08 
 

0.01 
 

.779 
 

0.00 

 
Condition * 

Technique 

 
2, 45 

 
2.04 

 
0.01 

 
.143 

 
0.08 

 

Stimulus Type * 

Condition 

 

1, 45 
 

0.00 
 

0.02 
 

.956 
 

6.89-5 

 

Stimulus Type * 

Condition * 

Technique 

 

1, 45 

 

0.03 

 

0.02 

 

.971 

 

0.00 

Technique 2, 45 4.74 0.07 .014 0.17 
 

 
 

Note. MSE = mean square error. ηp
2 = partial eta squared. Technique is reported as a 

between-subjects effect. 
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Figure 1 

 

A Visual Representation of the Relationship Between Memory Ability, Stimulus Type, and 

Task Type After a 2-Minute Delay (Ritchie & Wilbiks, 2022) 

 

Note. Average memory ability scores are shown for each condition. Memory ability was 

calculated as a proportion of correctly remembered items relative to the total number of 

items in the task. Error bars show standard errors. 

Memory ability for nonword–read condition significantly differed from all other 
conditions, except for the passage–generate condition, p = .372. 

Memory ability for the wordlist–read condition significantly differed from all other 

conditions; memory ability for the wordlist–generate condition significantly differed 

from all other conditions. 

Memory ability for the passage–read condition significantly differed from all other 

conditions; memory ability for the passage–generate condition significantly differed from 

the nonword–generate condition and both wordlist conditions. 
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Figure 2 

 

A Visual Representation of the Relationship Between Memory Ability, Task Type, and 

Stimulus Type (Experiment 1) 

1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

Stimulus Type 
 

Note. Average memory ability scores are shown for each condition. Memory ability was 

calculated as a proportion of correctly remembered items relative to the total number of 

items in the task. Error bars show standard errors. 

The tablet–nonword condition differed significantly from all conditions except for the 

laptop–nonword condition. The tablet–wordlist condition significantly differed from the 

laptop–passage condition. 

The laptop–wordlist condition significantly differed from the laptop–passage condition. 

Overall, reading tasks yielded significantly better memory ability than the generation 

tasks on both devices. 
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Figure 3 

 

A Visual Representation of the Relationship Between Memory Ability, Task Type, and 

Stimulus Type (Experiment 2) 
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Note. Average memory ability scores are shown for each condition. Memory ability was 

calculated as a proportion of correctly remembered items relative to the total number of 

items in the task. Error bars show standard errors. 

The main effect of writing modality was non-significant, p = .754. The nonword–read 

condition significantly differed from all other conditions. Memory ability in the 

nonword–generate condition significantly differed from all other conditions. 

Memory ability in the wordlist–read condition significantly differed from all conditions, 

except for the passage–generate condition, p = .999. Memory ability in the passage–read 

condition significantly differed from all other conditions. Memory ability in the passage– 

generate condition significantly differed from all other conditions, except for the 

wordlist–read condition. 
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Figure 4 

 

A Visual Representation of the Relationship Between Memory Ability, and Stimulus Type 

Across Experiments 
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Note. Average memory ability scores are shown for each condition. Memory ability was 

calculated as a proportion of correctly remembered items relative to the total number of 

items in the task. Error bars show standard errors. 

Memory ability was significantly better in the passage condition of Experiment 2 than for 

memory ability in the passage condition of Experiment 1, p < .001, and this effect was 

independent of task type. 

Experiment 1 Experiment 2 

Nonword List Wordlist Passage 
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Appendix A 

 

Thematic Passages (www.wikipedia.com) 
 

Passage One 

Donald Trump says he has never drunk alcohol, smoked cigarettes, or used drugs. 

He sleeps about four or five hours a night. Trump has called golfing his primary form of 

physical activity but usually does not walk the course. He considers exercise a waste of 

energy, because he believes the body is like a battery, with a finite amount of energy, 

which is depleted by exercise. 
Passage Two 

Martin Luther King Jr. was an African American Baptist minister and activist 

who became the most visible spokesperson and leader in the American civil rights 

movement until his assassination. His work advanced civil rights, he participated in and 

led marches for blacks' right to vote, desegregation, and labor rights. He organized the 

march on Washington and delivered his famous speech on the steps of Lincoln 

Memorial. 

Passage Three 

As Princess of Wales, Diana undertook royal duties on behalf of the Queen. She was 

celebrated in the media for her unconventional approach to charity work. She was 

initially devoted to children and youth but she later became known for her involvement 

with AIDS patients. She also raised awareness for people affected with mental illness. 

Her charisma and friendliness helped her reputation survive the collapse of her 
marriage. 

Passage Four 

Oprah Winfrey was born into poverty in rural Mississippi to a single 

teenage mother, and landed her first radio job in high school. Her show has a focus on 

self-improvement, mindfulness, and spirituality. Though she has been criticized for 

unleashing a confession culture, promoting controversial self-help ideas, and having an 

emotion-centered approach, she has also been praised for overcoming adversity to give 

help to others. 
Passage Five 

Thomas Edison was a businessman who has been described as America's greatest 

inventor. He developed many devices in fields such as electric power, sound recording, 

and motion pictures. His creation of the early versions of the electric light bulb have had 

a widespread impact on the modern industrialized world. He also established the first 

industrial research laboratory, applying the principles of organized science and 

teamwork. 
Passage Six 

Michelle Obama was the first African American woman to serve as first lady of the 
United States. In her position, she served as a role model for women and worked as an 

advocate for poverty awareness, education, nutrition, and physical activity. After her 

husband’s presidency, her influence remained high; she was voted the most admired 
woman in America for three years in a row. 

Passage Seven 

http://www.wikipedia.com/
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Madonna initially wanted to pursue a career in modern dance but rose to stardom with 

her debut album. She is noted for her continual reinvention and versatility in music.  She 

is also known for pushing the boundaries of artistic expression  in mainstream music 

while remaining completely in charge of her career. Her works have generated both 

critical acclaim and controversy. Madonna is often cited as an influence and icon. 
Passage Eight 

Muhammad Ali was an American professional boxer, activist, and entertainer. He 

is widely regarded as one of the most significant sporting figures in history, frequently 

ranked as the best heavyweight boxer of the century. Outside the ring, Ali attained 

success as a spoken word artist and writer, releasing two autobiographies. He later retired 

from boxing, and was diagnosed with Parkinson's disease, which some reports attribute to 

head injuries. 
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Appendix B 

 

Post-Passage Questions 

 

1. On a scale of 1 to 10, how easy was this passage to understand? 10 being very easy. 

1 2 3 4 5 6 7 8 9 10 

2. Do you know the famous figure mentioned in this passage? 

Yes No 

3. Does the information presented in this passage generally align with your prior knowledge 

about the person mentioned in the passage? 

Yes No 
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Appendix C 

 

Wordlists from the MRC Psycholinguistic Database (Wilson, 1988) 

 

Read 

List 1 

1. forearm  

2. alter  
3. influence 

4. necessity 

5. recess  
6. traction  

7. curiosity  

8. punch  

9. opposition  

10. ballot  
11. nickel  

12. liberty  

13. driver  

14. confiscate 

15. blister  
16. repeat 

17. cigarette  

18. bribe  

19. embrace 

20. feather  
List 2 

1. legality 

2. mediocre  

3. jersey   
4. general  
5. impulse 

6. happiness 

7. master  

8. humanity  

9. grudge 
10. gallery  

11. jewel  

12. natural  

13. majority  

14. helmet  
15. janitor  

16. ladder  
17. flush  

18. mirror  

19. shelter  
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20. valuable  
List 3 

1. gravy 

2. engine 

3. impersonation 

4. mountain 
5. safety 

6. cunning 

7. quill 

8. precise 

9. indication 
10. organ 

11. melancholy 
12. forecast 

13. blanket 

14. decoration 
15. liquor 

16. towel 

17. mechanic 

18. conscience 

19. linen 
20. anchor 

List 4 

1. hostage 

2. effort 
3. market 
4. foolish 

5. hearing 

6. garden 

7. active 

8. hamster 
9. finance 

10. homicide 

11. illusion 

12. journal 

13. mercury 
14. island 

15. kitten 

16. laundry 

17. mystery 
18. needle 
19. seduction 

20. upstairs 

List 5 

1. acrobat  

2. defeat  
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3. insecure  
4. mucus  

5. routine  

6. billed 

7. recruit  

8. provision  
9. conjunction 

10. outspoken  

11. maturity  

12. interior  

13. alive  
14. cucumber  

15. treatment  
16. chorus  

17. behaviour  

18. ceremony  
19. enamel  

20. filter  

List 6 

1. footstep  

2. lemonade  
3. gratitude  

4. merchant 

5. gullible  

6. jingle 
7. highway  
8. marble  

9. inaccurate  

10. jockey   

11. kernel  

12. landscape  
13. humming  

14. mathematical  

15. heartless 

16. mineral  

17. necklace  
18. orchestra  

19. umbrella  

20. wandering  

List 7 

1. mansion 
2. addition 

3. liver 

4. forehead 

5. permanent 

6. napkin 
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7. receipt 
8. shoulder 

9. blessing 

10. pupil 

11. obnoxious 

12. material 
13. hunger 

14. preference 

15. metaphor 

16. curfew 

17. prestige 
18. guard 

19. consequence 
20. boredom 

List 8 

1. academy 
2. tornado 

3. excessive 

4. float 

5. meadow 

6. television 
7. culture 

8. harvest 

9. judgement 

10. irritation 
11. impersonation 
12. kingdom 

13. laughter 

14. macaroni 

15. offensive 

16. segment 
17. vanilla 

18. pathway 

19. creation 

20. document 

Generate  

List 1 

1. foreram  

2. atler  

3. ifnluence 
4. necesstiy 
5. rceess  

6. trcation  

7. curoisity  

8. pnuch  

9. oppsoition  
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10. blalot  
11. nikcel  

12. liebrty  

13. drvier  

14. cnofiscate 

15. bilster  
16. reepat 

17. cigaertte  

18. birbe  

19. ebmrace 

20. faether  
List 2 

1. leaglity 
2. meidocre  

3. jesrey   

4. genreal  
5. impusle 

6. happinses 

7. matser  

8. humnaity  

9. grduge 
10. glalery  

11. jweel  

12. natrual  

13. majoirty  
14. hemlet  
15. janiotr  

16. ladedr  

17. flsuh  

18. mriror  

19. shetler  
20. valauble  

List 3 

1. grvay 

2. engnie 

3. impersnoation 
4. muontain 

5. saefty 

6. cnuning 

7. qiull 
8. prceise 
9. indciation 

10. oragn 

11. mealncholy 

12. foercast 

13. blaknet 
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14. deocration 
15. liuqor 

16. toewl 

17. mehcanic 

18. concsience 

19. lnien 
20. acnhor 

List 4 

1. hosatge 

2. efofrt 

3. makret 
4. fooilsh 

5. haering 
6. gadren 

7. actvie 

8. hasmter 
9. fiannce 

10. hoimcide 

11. illuison 

12. jounral 

13. mecrury 
14. isalnd 

15. ktiten 

16. luandry 

17. msytery 
18. neelde 
19. seudction 

20. usptairs 

List 5 

1. acorbat  

2. defaet 
3. insecrue  

4. muucs  

5. routnie  

6. bliled  

7. recriut  
8. provisoin  

9. conjunctoin 

10. outspkoen  

11. matuirty  
12. interoir   
13. alvie  

14. cucumebr  

15. treatmnet  

16. chours  

17. behaviuor  
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18. ceermony  
19. enmael  

20. fitler  

List 6 

1. lemnoade 

2. foosttep  
3. jnigle  

4. gullbile  

5. haertless  

6. mrechant  

7. higwhay  
8. inacucrate  

9. jokcey  
10. krenel  

11. landcsape  

12. gratiutde  
13. mabrle  

14. matehmatical  

15. hmuming  

16. minearl  

17. neckalce  
18. orcehstra  

19. ubmrella  

20. wanedring  

List 7 

1. masnion 
2. additoin 

3. lievr 

4. forehaed 

5. peramnent 

6. nakpin 
7. recepit 

8. shoudler 

9. blsesing 

10. puipl 

11. obnxoious 
12. matreial 

13. hugner 

14. preferecne 

15. metpahor 
16. curefw 
17. pretsige 

18. gaurd 

19. conesquence 

20. bordeom 
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List 8 

1. acaedmy 

2. torando 

3. ecxessive 

4. flaot 

5. maedow 
6. teleivsion 

7. cutlure 

8. havrest 

9. jugdement 

10. irirtation 
11. impesronation 

12. kindgom 
13. lauhgter 

14. macraoni 

15. ofefnsive 
16. semgent 

17. vanlila 

18. pahtway 

19. cretaion 

20. doucment 
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Appendix D 
 

Nonword Lists from the ARC Nonword Database (Rastle et al., 2002). 

Read 

List 1  
1. abroga 
2. combusuld 

3. acklon 

4. almanical 

5. thaldock 

6. adairf 
7. balfour 

8. yhaning 

9. bance 

10. draponite 
11. bastionate 
12. degate 

13. aistrope 

14. litholect 

15. phodelate 

16. glandle 
17. kambule 

18. berrow 

19. cantileen 

20. charlek 
List 2  

1. utilisk 

2. eldred 

3. troake 

4. antidoth 

5. descrit 
6. buthred 

7. yetalor 

8. condopre 

9. jowrick 

10. varactal 
11. escration 

12. duffimy 

13. sogmathin 

14. uckeft 

15. eluctaht 
16. sluctuabel 

17. galpin 

18. uoumpe 

19. maxidipe 

20. hapgoor 
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List 3 

1. ghreests 

2. thwuivs 

3. phlurnts 

4. knurdge 

5. shrougnth 
6. quoigned 

7. phreuze 

8. throarth 

9. shrumpep 

10. skraulds 
11. voms 

12. scincs 
13. smoigns 

14. gnaughve 

15. wrawpths 
16. sherlf 

17. ghlomn 

18. rhinde 

19. cauv 

20. grurmb 
List 4 

1. smynucs 

2. knirdnde 

3. snech 
4. grourn 
5. clett 

6. phylnsed 

7. snurgs 

8. pheuphth 

9. steaves 
10. twarked 

11. spauck 

12. phrinsed 

13. sckwilcg 

14. pliqeds 
15. gwownes 

16. treighph 

17. cweadd 

18. cqegned 
19. dirzed 
20. sprourdged 

List 5 

1. semaphrod 

2. snellep 

3. stace 
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4. stimulcraf 
5. suddery 

6. tooley 

7. trodae 

8. trancith 

9. twosa  
10. veppel 

11. vickesn 

12. webberth 

13. walemo 

14. wimraw 
15. rerfed  

16. woolnoug 
17. mesdit 

18. forfert 

19. infecent 
20. sircasmik 

List 6  

1. mercusy 

2. insustent 

3. sinterity 
4. teometry 

5. anasytic 

6. speetral 

7. maxidise 
8. anidolh 
9. prostem 

10. telerant 

11. recothil 

12. ludierous 

13. obsolade 
14. elenat 

15. ragrend 

16. prekilm 

17. besmern 

18. indupto 
19. braceneb 

20. Sapiric 

List 7 

1. flince 
2. weibb 
3. bleabbs 

4. ghlilps 

5. ghois 

6. phlydds 

7. ghroarv 
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8. stroiste 
9. queacked 

10. yeavved 

11. hyscked 

12. clulched 

13. fusk 
14. phrup 

15. vapse 

16. thaips 

17. clithel 

18. skrunn 
19. trebe 

20. thwilned 
List 8 

1. skrorfth  

2. yoavs 
3. ferve  

4. ghwysked  

5. drecsed  

6. cweugs  

7. klonte  
8. saugned  

9. shyltch  

10. spracsts  

11. dountce 
12. kroagued  
13. gloills  

14. voun  

15. gweatched  

16. wroaphth  

17. kleighze  
18. gigued  

19. kromn  

20. wuln Generat

e List 1  
1. aborga 

2. comubsuld 

3. akclon 

4. amlanical 

5. thladock 
6. adarif 

7. baflour 

8. yahning 

9. bnace 

10. drapnoite 
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11. batsionate 
12. degtae 

13. aistrpoe 

14. lihtolect 

15. phoedlate 

16. glnadle 
17. kabmule 

18. berorw 

19. catnileen 

20. charelk 

List 2  

1. utliisk 

2. elrded 
3. traoke 

4. antiodth 

5. descirt 
6. btuhred 

7. yetlaor 

8. conodpre 

9. jowrcik 

10. varcatal 
11. escraiton 

12. dufifmy 

13. somgathin 

14. ucekft 
15. elutcaht 
16. sluctaubel 

17. galipn 

18. uomupe 

19. maixdipe 

20. hagpoor 
List 3 

1. ghreetss 

2. thwuvis 

3. phlunrts 

4. knurgde 
5. shroungth 

6. quiogned 

7. phrueze 

8. thraorth 
9. shrmupep 
10. skrualds 

11. vmos 

12. scnics 

13. smiogns 

14. gnuaghve 
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15. wrwapths 
16. shrelf 

17. ghlmon 

18. rhnide 

19. cuav 

20. grumrb 
List 4 

1. smyuncs 

2. knirndde 

3. snceh 

4. gruorn 
5. clmet 

6. pyhlnsed 
7. sunrgs 

8. phuephth 

9. staeves 
10. tawrked 

11. sapuck 

12. phirnsed 

13. skcwilcg 

14. plieqds 
15. gwonwes 

16. treihgph 

17. cwaedd 

18. cqenged 
19. drized 
20. sprourdegd 

List 5 

1. semaprhod 

2. snlelep 

3. stcae 
4. stimulcarf 

5. suddrey 

6. toloey 

7. troade 

8. tracnith  
9. towsa 

10. veppel  

11. vikcesn  

12. webbetrh 
13. walemo 
14. wimarw 

15. refred 

16. woonloug 

17. medsit  

18. fofrert 
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19. inefcent 
20. sircasimk 

List 6 

1. mercsuy 

2. insusetnt 

3. sintertiy 
4. toemetry 

5. anaystic 

6. speertal 

7. maxiidse 

8. antidloh 
9. prosetm 

10. telernat 
11. reocthil 

12. ludeirous 

13. obsoalde 
14. eleant 

15. rargend 

16. preklim 

17. besmern 

18. indutpo 
19. bracneeb 

20. Saipric 

List 7 

1. flicne 
2. wiebb 
3. blaebbs 

4. glhilps 

5. ghios 

6. phyldds 

7. ghorarv 
8. stroitse 

9. qeuacked 

10. yeavevd 

11. hsycked 

12. clulcehd 
13. fsuk 

14. phurp 

15. vpase 

16. thiaps 
17. cltihel 
18. srkunn 

19. terbe 

20. twhilned 

List 8 

1. srkorfth  
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2. yaovs 
3. freve  

4. ghywsked  

5. dresced  

6. cewugs  

7. kolnte  
8. suagned  

9. shytlch  

10. sparcsts  

11. duontce 

12. kroageud  
13. glolils  

14. vuon  
15. gweacthed  

16. woraphth  

17. kleihgze  
18. giuged  

19. krmon  

20. wlun  
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Appendix E 

 

Post-Experiment Questions (Experiment 1) 

 

During the reading tasks, are there any strategies you made use of to facilitate the 

task? 

I tried to associate it with knowledge I already knew, connecting the new read 

ideas with pre-existing knowledge, making it easier to remember. 

reading them over and over, and quietly reading out loud 

group similar words together, like pupil and liver (both anatomy) 

Also memorized words that I use more often in my vocabulary for non words, try 

to memorize simple words or words that are similar to real words with minor 

changes 

i.e. SHIOAK is SOAK and HI in the middle 

I just repeated the words out loud 

I would repeat it in my head without looking at the passage to try and remember as 
much as possible. rereading the parts that were more complicated/harder to 
remember. 

I focused mainly on repetition. For the words I made up stories using as many 

words as I could and repeated them over and over. For the non-words I focused on 

the shorter ones and the ones that looked most like real words. For the passage I 
learned one sentence at a time and repeated it over and over. 

When reading lists of words, I created imaginative step-by-step scenarios 

associated with the words presented, and/or chose words to memorize that seemed 

related in some way. 

For reading tasks, I whispered the words out loud and went over words/sentences 
multiple times each, from the beginning and then building on what I knew, 
sometimes reading and sometimes saying what I could from memory. 

For the reading task, I would continuously speak the passage to myself until 

memorized until it was somewhat easier to recall. 

I read the passages out loud so I could remember them better. 

When it came to the passages I just reread it multiple times and focused on the key 
terms. When reading the actual words, I came up with stories to remember them. 

The non-words I tried to associated with names or actual words, and focused on 
similar spelling among all the words 

I was able to remember the details by remembering keywords. By keywords, I was 

able to connect the pieces together and it helped me not forget the information 
while doing the two minute distraction. 

I tried to remember key pieces of information or events. 

word association with individual words and knowledge of what I previously knew 
of the characters in the paragraphs . 

I memorize some of the answers and put it at the back of my brain 

Rereading 

Connecting words into images, and then into a song, and then into a story. 

When I did the reading task, I don't think I used any strategies. It was automatic 
when the words were scrambled to read it. But, when I was reading the non-words, 
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I had to read it out loud. I think reading the non-words out loud helped me to 
remember a couple of them 

Attributing the characteristics to the main subject in the passage. 

I would just read it over as many times as possible to try to remember it. 

Memory palace. Repetition. Rehearsal 

I would try to remember a few words at a time and write them all down as fast as I 
would then go through the list and try to memorize them in the form of a story 

I read the tasks a few times over and then looked away from the passage and tried 
to recite it to myself without looking at the passage and then read it over again to 
see how accurate I was. When I was doing the math task, I would repeat the key 
words in the passage over to myself. 

I just read the passages and words multiple times and tried to memorize, and for 

the passage it is easier to memorize the entire passage. 

I would read through the words over and over again. Then I would use those 
words in everyday examples. 

I read one line and then said it back to myself a couple times and then moved onto 
the next line. 

Reading the passage over again until the time ran out 

Attempted to repeat the words or phrases over and over in my head to try and 
remember as many as possible. Tried to focus on words or phrases that seemed the 
easiest to remember, for example if they were short or reminded me of something. 

Read out load and a couple times 

Mainly focused on the first sentence or two to make sure i got as much of the first 
part right as i could. Then filled in what i somewhat remembered after that. 

I first read through the passage or list of words. Then, I tried to group concepts 

together to remember the passage or list of words better. But, for the non-words I 

tried to associate them with words they looked or or sound them out as is they 

were a word. Some of these lists didn't seem to condone that for me, so after 

reading through the list I just picked 2 or thee shortest non-words and tried to 

remember them via spelling (I repeated their spelling in my head). 

trying to group together words that are the easiest to remember 

some of my preexisting knowledge helped with remembering the passage. some 
other strategies I would use include the grouping of words that can be related to 

one another. I would also repeat significant words in my head without looking at 
the passage 

I tried to remember the general points first and then go into the finer details of 
word order after. This didn't necessarily happen for the passages where I also had 
to focus on correcting the words 

Repetition mostly, for the list of words I created a narrative for me to remember 
most of it easily. 

When there was a question to remember actual words, I would try and build a 
story using them to remember. 
I read the whole thing first and then went through sentence by sentence until i had 

one memorized for the most part and then moved onto the next 

re reading over and over 
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I knew most of the people in the reading tasks so I already knew some facts about 
them. I would try to remember key words from each sentence and string them 
together in my head to remember the full text. I read the text a couple of times and 
tried to look away and recite it before the time was up. 

tried to relate the words to eachother 

making points of the statements in my brain 

taking the facts from the passage and the words easier to remember in relation to 
the personality in the passage 

I tried to memorize each sentence independently then repeat them multiple times 
before putting each sentence together in the correct order before the task and while 
solving the math task 

I repeated the passage or words over and over without looking at the screen to try 
and remember, and then checked my accuracy using the screen. 

i tried to remember the first letter of each word. when that didn't work for my first 
try i attempted to remember it by making a song 

I tried to read ahead in the passage to remember more of it. I also re-read key 
words or unusual words within the lists and passages to help memorize them. 
repeated the tasks over and over again outloud to memorize them and continued 

while doing the subtraction tasks 

During the reading tasks I attempted to remember the words in a order that made 

up a story or words that connected with each other. For example out of 20 words i 
would attempt to remember Walking then Garden then Trees 
I used repetition, by reading the passage over again I found I was able to better 

learn the information. 

when using the laptop I would touch the keys as if I were typing to remember 

word/non-words, or text. with the tablet I would "write" them out with my hands 
on the table top 

During the tasks where you had to correct spelling, are there any strategies you 

made use of to facilitate the task and your learning? 

I tried to remember which part of the word was misspelled, helping my distinguish 
between the words. For example, if I knew a word was corrected at the end of it, it would 

help me remember it better. 

connecting them to closely spelt real words and saying reading them over and over 

Just trying to group words by similarity to each other as I write them out. 

no 

after typing out the word, i would repeat the corrected version in my head several times. 

I used many of the same strategies as with the reading. Repetition as I was spelling out the 
words and making up stories. 

I attempted to type as much as I could without working much on memorizing,  then tried 

to memorize from the corrected list/passage I had typed out.When correcting lists of 

words, I sometimes tried to find shorter and/or simpler words.When correcting passages, I 

typed out the full passage then worked on memorization. When correcting lists of words, I 

typed out a few then worked on memorization, adding one or two more at a time if I felt I 

may be able to remember more. When correcting lists, I sometimes read two or three 
words and then typed them, to save time. 
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Not for the normal words but for the non words I would try to associate them with normal 
words so they would be easier to recall. 

Correcting the spelling wasn't very hard, so no. 

When correcting the words, I found that I focused more on objects and then tried to 

remember the other words by associating it with the other words. For the non-words, I found 

that it was I could really remember by saying the "word" out loud and remembering the 
sound of it 

I re-write the passage instead of just correcting the word and putting it word by word. It 

helped me digest the information quickly. 

I tried to link words to things I knew or together in some way. In some cases, I attempted to 

remember words grouped together. 

using memory more then actually reading the words 

Yes, I tried to relate it to something around me that we make the remembering easier 

first and last letters are enf to predict the word, then in the middle sections there are some 
changes, so if you remember the exact word and make some changes in the middle it will be 
a close enough word non-meaning 

meaningful words, I just wrote down the words as i know from my knowledge of spelling 

didnt correct it just read it understood the word wrote it down 

I think when I was correcting the spelling of the words (both real words and non words) I 
started bottom to top because it makes it easier to read and type. Also, the spelling of the real 

words was also automatic but the non words I have to say a few of them out loud to recall or 
to remember how they are spelled. 

I spelled out the words and if I had time I remembered them 

Knowing the meanings and relating it to my immediate environment. 

For nonwords I tried to pick words with 4 letters so I could remember them. I would also 
pick 5 for the non-words because I knew it was impossible to remember any more than that. 

Rehearsing. Trying to connect words into a story 

Same strategy as above 

I was slower with the non-word tasks as they were harder to put together not being an actual 

word. With the word tasks, I would read four or five of the words and I could put them 

together no problem and I would scroll down and rearrange and write four or five at a time. I 
would also make sentences out of the words to remember them and relate them to each other. 

i just memorize the words as i correct them and went over them again where there was a time 

for me to do so 

I would look at the word itself and not the spelling mistake, then retype it into the box. 

Because if I focused too much on the mistake I would end up confusing myself and that 
would waste time. 

I corrected the spelling and read the word back before moving onto the next word 

I would group a few words together by trying to make sentences or stories with them, so 

remembering them would be easier. Or I picked 2 words that I could relate through a 
reference (popculture or personal thought), similarity or that were opposite terms/words. 

I also attempted to repeat the words over and over in my head to remember as much as 
possible. 

Read the correct word and see if the spelling changes made sense 

I don't think i just tried to do the best i could. 
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For the passages, I actually found myself not even paying attention to the words that were 
underlined or spelled incorrectly because I found myself just able to read them as if they 

were not spelled incorrectly while re-typing the passage out. So after I tied out a sentence I 

would look at the words originally spelled incorrectly and repeat them in my head a couple 

times. I found I was able to read through the passage and re-type it quick enough that I had 

time to look back through the whole thing and repeat the words that were originally spelled 

wrong. For the list of incorrectly spelled words, I would just repeat them one at a time as I 

corrected them. After each corrected word in the list I would try to repeat the list so-far from 

the beginning as I continued to type. Again, the non-words I struggled to focus on correcting 

them and repeating them. So I tied out as many as I could and tried to associate one or two 

with words they 'looked' like and repeat those. Or 'sound' them out. 

saying each word out loud as I was correcting them 

preexisting knowledge of how to spell the words helped. Repeated words in my head and 

group words that related together to help remember. I find words I read last or first tend to 
stick in my head more. 

I made use of pneumonic devices like creating sentences in my head with the words I 
corrected. 

I tried to repeat them and associate it to words that were similar. 

Yes, I would pick words that were very close to words I knew. Then I would try and 

remember the slight differences. I learned quickly that it was better to just pick 3 or 4 words, 
otherwise I wouldnt remember any. 

Not really I just kind of read them and then copied it the correct way 

i combined words so they would be easier to remember 

I tried to associate the words to each other by making a rhyme in my head but that was 
difficult while also trying to spell them all, so I didnt have much of a strategy for this one. 

I did not use a strategy to remember the words when doing the correcting tasks 

ended up just switching the letters, learn the corrected words as in chunking them and then 

type them and just put down what i remembered 

I tried to memorize each word whilst correcting the spelling. I would repeat each previous 

corrected word before moving to the next word to correct. 

For the words list, I quickly read the words and then wrote them correctly, and for the non- 
words, it was more challenging and i had to scroll a lot more between the textbox and the 
list, because the words meant nothing. 

i found this task difficult so i tried to pick out all the ones i found easier than attempted the 

harder ones 

I tried to focus on the first few words when there were nonsense words to correct. For the 
actual words, I read two or three at a time and then typed them out correctly, so I would have 

enough time to re-read all the words. 

i glanced quickly and corrected to what i had thought the word would be 

I corrected the words that were easiest to remember first once they were down i repeated 

them in my head and wrote out the harder ones 

I read the article first to figure out what words would properly fit and then corrected the 
spelling and read over the corrected passage. 

with the words I would just try to read them as the words they were supposed to be, or as 
made sense in the text, rather than focusing on the fact that there was an original error in 
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them at all. with the non words I would try to think of a word they were similar to, but 
mostly i just hoped for the best. 

 
Is there anything else you can tell us about how you completed the tasks on the tablet or 

laptop? 

Method of the loci or story making were methods I used to remember the list of 
words. 

Used the same strategy for both(in terms of memorization), getting used to devices 

that I have not used before might be a small factor. Keyboard positioning is slightly 

different than mine. Making some mistakes when typing on the tablet(fixing letters in 

a word/nonword) too since I use a different model. just little things. 

it took me longer to complete the tasks on the tablet 

I tried to go as fast as possible when retyping things in order to have time at the end to 
reread the words. I would also try to relate some of the words together in order to 

remember more at once. It was more difficult to type on the tablet, which made it a lot 
more difficult to complete several tasks. 

The tasks seemed more difficult on the tablet, especially when having to type out 

words/passages while memorizing, as typing was more difficult. I sometimes used the 

swipe-to-type feature rather than pressing individual letters, at it allowed me to focus 

less on typing and more on memorization. 
When correcting lists of words, I generally started from the bottom of the list so I 

could easily see both the original list and the list I was typing without having to 
constantly scroll up and down. 
It was much easier to complete on the laptop compared to the tablet. Typing was 
proven to be difficult on the tablet so I would run out of time quicker. 

For the words in a list that we had to memorize, I picked the words that I was most 

familiar with and made an acronym for them. For example, if some of the words were 

"Lemonade", "Meadow", "Sleep" and, "Mirror", then I would say "Let Me See That" 

out loud to remember them. I didn't bother trying to memorize words I did not know 

because then there was nothing I could associate them with and trying to memorize 
them would just confuse me. 

I found that it was easier to complete the tasks on the computer. On the tablet, my 
finger kept hitting the wrong letter so I was not as focused on remembering the words 
as I kept having to fix my typos. The computer was much easier to use and was the 
preferred method 

on the tablet it was harder to type out words so i had to slow down and really 

concentrate on what i was typing. on the laptop it was a little easier cause i could type 

faster and the laptop would underlying and spelling mistakes so that i could go back 
and correct. 

Swipe to type proved faster than just typing regularly on the tablet, but typing on the 
laptop proved to be the easiest and fastest method. 

typing on the tablet was more challenging, as the keys were more sensitive. Hitting 
the wrong keys, creating spelling errors was stressing me out. 

The laptop was faster than the tablet for me 

N/A. 
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numbers-subraction task are on a pattern, once its understood its easy, other than that, 
memory palace, by the last two three question I got exhausted hence couldt eecollect 

much 

No, I think that is pretty much it. Thank you! 

for the non-correct words it was easier for me to remember words that when you 

change one letter it become a correct word. e.g voun- Noun. Also while I do the 
calculations, I try to remember some of the words i read in the passage and what the 
passage was about. 

I preferred doing the laptop as I am more used to it and it was easier to use. Also, I 

didn't like that when I had to write the words in the box that I could only see so many 

at a time. I had to keep scrolling up and down and it made it more difficult to 

remember and do the task but I don't know if that was the intent. 

No 

I found that it was harder to type on the tablet because of the small space between 

each of the letters, so I kept having to go back to retype my answers as some would be 
initially spelled wrong 

I liked doing the tasks on the laptop better as it was easier to type on the keys and I 
found the tablet harder to type on and work with as there was no keyboard to click 
keys on, I had to use the screen keyboard which made me slower. 

I find it better to memorize a whole passage than just words so i find i did better on 
the passage part of this study. 

It was faster to type out the passage on the laptop, then on the tablet. 

It took me a few second to figure out the tablet, but that is just because I'm more use 
to apple products and the keyboards they have. 

no 

Nope 

I think I did better on the math equations on the tablet and better on the reading and 
correcting of words on the computer. 

I found that when I was typing the words to correct spelling these were easier to recall 
than when I was only reading them. 
when counting down by seven once you get somewhat used to the pattern its easier/ 

quicker to get the numbers down. 

I feel all the tasks were much easier to do on the laptop than the tablet. I think I typed 

much quicker and with less mistakes on the laptop, because the laptop keyboard is 

larger and made it easier to type with both hands simultaneously. I found myself 

trying to type with two hands on the tablet and stopping because it made too many 

errors that were frustrating. The difference in screen size was notable too. I felt the 

larger screen of the laptop made it easier to focus on the tasks, because I did not have 

to scroll up and down to see the list and text-box I was typing in at the same time. 

Especially for the non-words spelling correction, anytime I had to scroll down to see 

what I was typing I kept losing the spelling and having to scroll back up. It felt like 

two or three scrolls up-and-down to correct one nonword. 

tried to remember words together as a group since that was easier 

N/A 

The size of the screen made a difference in general stress level. I felt more pressure 
during the tasks with the tablet because everything was small and the typing wasn't as 
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easy to do, but also, the challenge of typing accurately on the tablet made the recall 
easier in some ways because I had to focus more on hitting the keys correctly and my 
brain just naturally remembered the words better without needing to use a lot of 
strategies. 

Not particularly. 

All I can say is that it was definitely more difficult on the tablet for me. Im not sure if 
it was the keyword or smaller screen that made it harder, but it was for sure. 
For some of the word memorization i tried to group words that went together 

somehow or relate it to something in my life to help me remember 

i tried to make the non words sound like real words 

For the tasks where I had to read and memorize and not correct the spelling, I made 

up a story with as many words as possible so that I could remember them. 

In the non-words where i had to read and not memorize, i looked for words that 
looked the most like real words and tried to memorized those ones instead of the 

really unfamiliar words. 

was much easier with the laptop since the working area was larger and required less 

scrolling on the laptop too 

I have nothing else to add. 

The tasks on the laptop were a lot easier to complete because i can type a lot more 
quickly then i can write on the laptop. 

for the subtracting task i noticed a pattern once you subtracted 7 so many times after i 
started to repeat myself i just copied what i had previously put but changed the first 
and second digit according to where i was. it was the last digit that started to repeat . 

I tried to associate two or more words in order to recall them better after the distracter 
task, both on the tablet and computer. 

No 

Trying to remember about 5-8 words at most as I found anything more than that 
was hard and I would forget more then i would if I tried to remember less 

I found that my spelling was being interrupted by the swipe feature on the 
keyboard of the tablet which gave me a hard time with my speed on the tasks 
because I had to retype things. 

the tablet was extra challenging. I kept making spelling mistakes, or would hit a 

letter and accidently hit the capitalization key or period, which was very 
frustrating and took away from my memory I think with the laptop I think it was 

helpful to pretend type out the words/non-words/text as if I were typing them 

out on a document, and with the tablet I was unable to do this 

I liked the laptop better the tablet I found hard to use as it was so glitchy, it was 
starting to get uneasy after a period of time as words started to get gumbled and 
my mind started to wander because it was the same thing over and over again 

I found the tasks on the laptop easier. It was easier to see, type, and also with the 
bigger screen I did not have to keep scrolling back and fourth. With the tablet I 
found the keyboard really small, and therefore, was making typing errors, which 
made me lose time. Also having to keep scrolling was difficult especially for 

correcting the non words. Overall I feel I completed the tasks better on the 
laptop. 
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Appendix F 

Informed Consent 

Writing Modality, Semantic Processing, and the Generation Effect 
Michaela Ritchie 

Supervisor: Dr. Jonathan Wilbiks 

University of New Brunswick–Saint John 

 

I am a Psychology student conducting my master’s thesis, which will examine the role 

of electronic device use and semantic processing in a memory phenomenon known as the 
generation effect. 

You will be asked to complete the following 6 tasks, in a random order, twice. That is, 
you will complete a total of 12 tasks on either a tablet, computer, or by hand. 

1) Read a passage. 

 In this task, you will be presented with a brief passage. You will be given about 5 

minutes to read this passage in its entirety. After a 2-minute distractor task, you will be 

asked to freely recall as many words as you can remember from this passage. 
2) Read a list of words. 

In this task, you will be presented a list of 20 words. You will be given 1 minute and 40 
seconds to read the list of words. After a 2-minute distractor task, you will be asked to 
freely recall as many words as you can remember from this list. 

3) Read a list of nonwords. 

In this task, you will be presented a list of 20 nonwords. These nonwords are not real 

words. Your task is to read the list of nonwords. You will be given 1 minute and 40 

seconds to read the list of nonwords. After a 2-minute distractor task, you will be asked to 

freely recall as many nonwords as you can remember from this list. 

4) Fix Spelling Errors in a Passage 

You will be presented with a passage containing incorrectly spelled words. You will be 

given about 5 minutes to rearrange the two underlined letters of each word to correctly 

spell the word. Type out the correctly spelled passage in the space provided on the 

screen. After a 2-minute distractor task, you will be asked to freely recall as many words 

as you can remember from this passage. 
5) Fix Spelling Errors in a Wordlist 

You will be presented with a list of 20 incorrectly spelled words. You will be given 1 
minute and 40 seconds to rearrange the two underlined letters of each word to correctly 

spell the word. Type out the correctly spelled list of words in the space provided on the 

screen. After a 2-minute distractor task, you will be asked to freely recall as many words 
as you can remember from this list. 

6) Fix Spelling Errors in a Nonword List 

You will be presented with a list of 20 nonwords. You will be given 1 minute and 40 

seconds to rearrange the two underlined letters of each nonword to spell a new nonword. 

Type out the correctly spelled list of nonwords in the space provided on the screen. After 

a 2-minute distractor task, described below, you will be asked to freely recall as many 

corrected nonwords as you can remember from this list. 
Distractor Task 
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In between each task, before the memory test, you will engage in a math task. You will 

subtract one number from a given number, continually, for two minutes. You will type 

your answers in the space provided on the screen. After 2 minutes, you will be prompted 

to move onto the test. 

Participation 

This study will take approximately 90 minutes to complete. I do not anticipate any risks 

to you or others related to the experiment. The only potential risk of this study is mild 

fatigue, and you can take as many breaks as you would like between tasks. 

You are under no obligation to participate, and you may discontinue the experiment at 

any time. If you choose to end the experiment early, you may wish to tell me that I cannot 

use the information you have provided. I will be presenting the results of this research in 

fulfillment of my master’s degree in Experimental Psychology. I will not be identifying 

any individual by person, title, or by any other identifying information. Anonymous 

summary data will be posted on the Open Science Framework (osf.io) for the benefit of 

other researchers. 

I will be collecting basic demographic information (gender, age) in order to describe my 

sample, but I will not present the results in any way that might identify you personally. 

Only members of the research team will know who participated in the study and will 

have access to the data. All study materials will be kept on a password-protected 

computer at UNB Saint John and will be destroyed five years after study completion. 

This study is in partial fulfillment of my master’s degree in Psychology. I am hoping to 

test 48 individuals in this study. All participants will be recruited through SONA. To 

thank you for your participation and as compensation for your time, you will receive two 

bonus marks in an undergraduate psychology course. 
If you have any questions about this study, please contact me at mritchi1@unb.ca or my 
supervisor, Dr. Jonathan Wilbiks, at jwilbiks@unb.ca. This research has been reviewed 
by the Research Ethics Board at UNB (REB File #). 
For more information about the ethics review process, you can contact the Chair of the 
Research Ethics Board by email (reb@unb.ca), or by phone (506-648-5908). 
By signing this consent form, you are indicating that you fully understand the above 
information and agree to participate in this study. 

Name:   

Date:   

Signature:     

mailto:mritchi1@unb.ca
mailto:jwilbiks@unb.ca
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Appendix G 

Debriefing Form 

Writing Modality, Semantic Processing, and the Generation Effect 
 

Dear Participant: 

Thank you very much for your participation in this study. Your time and commitment to 
psychological research at the University of New Brunswick is very much appreciated. 

The study you took part in will contribute to literature on the generation effect. The 

generation effect is a phenomenon wherein we remember information that we self- 

generate better than information that is read. The study you took part in was designed to 

assess how the level of semantic processing will influence the size of the generation 

effect. Specifically, how many words you can remember when the information presented 

is meaningless (e.g., nonwords), when the words are meaningful but unrelated to each 

other (e.g., wordlists) and when the words are meaningful and are related to each other 

(e.g., the passages). Semantic processing, which is the consideration of meaningful 

stimuli, is known to be necessary process for the generation effect to occur. In this 

experiment, I am examining whether the amount of semantic processing will further 

influence the size of the generation effect.  

The presence of semantic processing is a necessary condition for the generation effect to 

occur; whether the level of semantic processing elicited during encoding, further 

enhances the generation effect size, has not yet been studied. Establishing whether the 

level of semantic encoding increases the size of the effect is the aim of this study. Given 

the observation of a negative generation effect in Ritchie and Wilbiks’ (2021) 

study, which included similar tasks, I am also interested in the effect of electronic device 

use on memory ability for generated material. This study is also aimed at clarifying the 

role of writing modality, visual attention, and multitasking, in the generation effect. 

If you have any questions regarding your participation in this study or would like to 

receive information about the results once they are available, feel free to contact 

Michaela Ritchie at mritchi1@unb.ca. I would be happy to provide you with the overall 

findings of my study. This research has been reviewed and approved by the Research 

Ethics Board at UNB (REB File #). For more information about the ethics review 

process, you can contact the Chair of the Research Ethics Board by email (reb@unb.ca), 

or by phone (506-648-5908). 
References 

Ritchie, M., & Wilbiks, J (2021). The role of semantic processing in the generation 

effect [Unpublished honours thesis]. University of New Brunswick. 
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Appendix H 

 

Post-Experiment Questions (Experiment 2) 

 

Please indicate here any study techniques you used to complete the task and/or 

remember the information in the tasks where you were instructed to cross out the 

words you had corrected. 

1. Tried to group together similar words or make a sentence with the words in the list. This 

was general and not specific to the “crossing out” tasks. 

2. Harder to focus when crossing out, relative to just reading tasks and passive tasks. For 

words and passages, I whispered to myself the words as I was studying them. For 

nonwords, tried to think of a real word that sounded like it. 

3. Harder than the task on a separate page because there was a lot of information to look at 

on the page, it’s more natural to write on a separate page. Also felt like I had less time to 

study when correcting than for reading. 

4. Associating words (in general). Whispering words out loud while studying (general). 

Only complaint; not enough time. Easiest of all types of tasks. 

5. Repeat words/nonwords out loud. Group together similar words. Break down nonwords 

into two parts. read out loud and re-read. This task was harder than reading. 

6. Sound out the nonwords, say the words out loud. 

7. Tried to group words together that were associated 

8. Hardest to recall nonwords 

9. Knew where mistake was in letter transposition tasks without really looking at it 

10. Hard to study/review while also writing all out (timing). 

11. Getting through all of the words left no time for review 

12. Correcting was harder than reading because no time to review/rehearse 

13. Not enough time to study after doing the task 

14. Already knew where the letter transposition was in the word tasks because I knew what 

the word was. Crossing out on same page was easier than doing it on a separate page 

because I felt I had more time. 

15. I didn’t really have a technique, other than saying the word in my head as I correctly 

spelled it. 

16. I would do the task slowly to try to remember previous words 

17. As I know that I am not going to remember all the words and passages especially the 

make-up words, I tried to remember a familiar or close to an actual word, so I will not 

forget it during the two minute distraction period. 

18. Reading them out loud as I wrote them. Reading the word again when I crossed it out. 

19. Words that were similar or easier to pronounce I tried to remember first. 

20. After I corrected the word, I tried to read it repeatedly as much as I could before the sheet 

was taken 
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21. I tried to memorize the words letter by letter as I was re-writing them on the paper. Then 

I tried to recall as many words as I could before the time was up. 

22. I would visualize the letters I rearranged when trying to recall the words 

23. Repat the word as I cross it out. Spell out loud while I rewrite/remember it. 

24. Just read word couple of times and focused more on correcting it. 

25. I tried to remember words that all started with the same letter or I tried to group words 

with similar meaning. 

26. After I crossed out the word, I repeated the spelling in my head. Then after a couple of 

words I would close my eyes and recite those couple words back to myself until I 

remembered them. 

27. Tried to tap my knee every time I crossed out a word. 

28. Associating the words with my immediate environment 

29. I picked the words I could make into a story to remember, rather than individual words 

30. I tried to memorize the words after crossing them out. 

31. Not really just wrote it down in order and crossed it out. 

32. Saying the word out loud as I wrote them, repetition as I knew I would need to recall the 

words. 

33. Repetition. Focusing on exterior parts of the words. 

34. I repeated the words in my head and then crossed them out. 

35. NA 

36. I tried to memorize it 

37. not really a study technique but looking at the word one last time while crossing it out 

helped to remember. 

38. I crossed out all the words then I wrote all the corrected ones after with an assumption of 

previous exposures to those words before. I tried remembering as I wrote out but I did 

most remembering after I finished. 

39. repetition out loud. Mind palace. 

40. Repeat the words after I finished writing and crossing them out. 

41. Saying them out loud as I’m writing the correct words down 

42. First, I rewrote everything then read through it all and without looking, I tried to actively 

recall the words. 

43. I just memorized as much as I could and tried repeating them over and over as I crossed 

the words out. 

44. I tried to pair words together that went together to help remember 

45. Try to pronounce them. Read over multiple times. Rewrite words. 

46. I would read the word first to get all the letters before crossing it out and then once I’d 

finished rewriting them all, I would reread everything and put the letters in the right order 

in my brain. 

47. Writing out the words used the majority of my time so I wasn’t able to study them for 

association. 
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48. I tried to repeat the corrected words or the sentences with the corrected words. 

 
Please indicate here any study techniques or strategies you used to complete the task 

and/or remember the information in the tasks where you were instructed  to 

generate words on a separate page. 

1. I tried to write words that were most similar together on the separate page (I didn’t 

correct them in order) and again, tried to group them on the separate page. I also tried to 

create a story in my head of the words (general to all wordlist tasks) 

2. Whispering words out loud to study. Helpful to have a separate page because when 

crossing out, there was just too much information on one page to focus, it was distracting. 

3. Easier than tasks where I had to write above the word because it was more parallel  to 

how I would take notes from something in the real world and it was also less information 

all on one page. It was harder than the reading task because I didn’t feel like I had enough 

time. 

4. Easier to remember when writing down at recall because I had written it down initially 

when studying them so it prompted memory. Writing on separate page was easier than 

writing on same page. 

5. Same as above. 

6. Read passage again after writing it out. 

7. Tried to group words that were associated together/make a story 

8. See below. 

9. Focused on main ideas in passage 

10. Hard to study/review while also writing all out (timing). Felt I had more time in the 

reading tasks 

11. See above. 

12. Writing on separate page was easier than active for the words, but were about the same 

difficulty for the passages; felt like the 1st passage was easier to read/understand than the 

rest. 

13. Writing on a separate page was easier than crossing out, and reading. For reading, 

reading out loud, not enough time for writing them out and also studying. 

14. Used finger as a guide. 

15. I repeated the words in my head once they were on the separate page. To correct the 

word, I just looked at the misspelled word and knew what it was supposed to be when the 

words were actual English words. 

16. try to group words that are somewhat related in my mind or remembering words I use 

more often 

17. I was writing the words fast then try to memorize the words after I have written all the 

words. 

18. Reading them aloud, making up a little story in my mind incorporating all the words. 

19. None. 
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20. I tried to remember certain words that stood out, read the list repeatedly, and grouped 

some words into sets of three or four 

21. I tried to recall each word in order as much as I could in my head while doing the math 

‘distractor’ even before writing them down on the designated sheet. I would go over 

every word I could remember, write them down, then try to recall words that I might have 

seen on the page that I might not have memorized. 

22. I would visualize the page, repeatedly trying to recall the words without looking for 

practice. I connected words to real life situations (e.g., anchor, engine, blankets). The one 

with murder I related to current case (laundry murder) 

23. Attempt word/sentence repetition in my head. 

24. Remember words by order/location on page 

25. Memorization of words. Tried to think of sentences in my head with these words so I 

could hopefully remember the sentence/scenario 

26. Read the words back to myself along with their spelling. 

27. I tried to remember the physical placement of the words amongst the sentences. 

28. Key words pertaining to the subject of matter e.g., what the subject matter (Oprah, 

Luther), were popularly known for. 

29. I kept them in order and repeated them in my head until I was able to write them down 

30. I generally tried to speak out the words I memorized. 

31. Pick words that would go together or had a common letter or could go together in a 

sentence. 

32. Repetition, saying things aloud as I write them and finding words that related making it 

easier to remember bunches of words 

33. Focusing on the writing movements of the words. Saying the words aloud as I wrote 

them. 

34. I repeated the words over in my head and when I was doing the math I continued 

repeating them. 

35. Make stories or word groupings to remember. 

36. Cramming 

37. Looked over my separate page if I got done before time was up. 

38. I just try to remember the words as I write them on the separate page but as I have 

mentioned, I do most remembering after I finish writing. 

39. Repetition out loud. Mind palace. Tracing over words multiple times. 

40. Read the word then repeat it, then write it on the other page. 

41. Try to group words together and try to make sentences 

42. Again, I wrote all the words out, read through them and then tried to actively recall as 

many as possible without looking. 

43. I tried remembering the easiest words first and then the ones that would take more time. 

44. I kept trying to say the words over in my head 

45. I tried to repeat back to myself what I remembered seeing on the page 
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46. Actually taking the word away and trying to rewrite it into a separate sheet of paper put 

the words into my mind as I spelled them out. 

47. I tried to group words together that shared something in common. 

48. I tried to memorize the words that were the most familiar to me, so they would be easier 

to remember and generate on a separate page. 

Please indicate any strategies you used to study the nonwords and words in the 

reading tasks. 

1. I tried to refer to one word per sentence that would help me remember the main idea of 

the sentence. I thought this was easier to do in the reading task, rather than the writing 

task. 

2. Tried associating words in the list (e.g., hostage, mystery, homicide). I did this for 

reading and writing tasks, but I felt I had more time to dedicate to doing this in the 

reading tasks because I wasn’t also correcting the spelling. In the passage condition, I 

tried to test my memory while studying by closing my eyes and repeating what I could 

remember so far. 

3. For nonwords, tried to think of words that the nonwords sounded like to remember them. 

With words, I tried to group similar words or create an image of them together. Passage 

was the easiest to remember overall because all of the information was connected. 

Reading was easier than writing because felt I had more time to absorb the information. 

4. Tried to think of words that the nonwords sounded like. 

5. For nonwords I focus on ones that looked like words. For words, associating similar 

words 

6. sound out nonwords. Relate to own life (e.g., kitten, I have a kitten) 

7. No. 

8. Group associated words together 

9. Enough time to review; nonwords that sounded like real words. Repeating words when I 

was only reading them. 

10. Created stories with the words in wordlist but strategy not used when writing because no 

time. Focused on nonwords that looked like words 

11. In the wordlist, I tried to create a story. Tried sounding nonwords out. reading passage 

over and over again 

12. Relating words in list to each other (liberty and nickel). No technique used for nonwords 

because couldn’t relate them to anything. 

13. I repeated the sentences back in my head many times. 

14. Nonwords, would try to find associations, often they were 1-2 letters from a section of a 

nonword. For words, remember words that are related, sometimes remembering the first 

letter (alphabetical); I know that I have a word for A, B, C, D 

15. I tried to understand the idea of the passage then tried to read over and over again until 

the time is up. There are some words related to each other so I tried remembering the 

connection between them. 

16. Trying to read them out loud like a real word. Reading over the list multiple times. 
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17. I made a story with the words. The nonwords I found this to not work with, so I couldn’t 

use a strategy except again to remember ones that were easier to pronounce. 

18. I tried to focus on the shorter spelled words and would focus on 2-3 because I know I 

couldn’t remember more than that. But, even so I still would read them all over, 

repeatedly. 

19. I tried to associate the nonwords to actual words, like steaves-leaves. I also tried to 

memorize the spelling of each nonword (each letter that made up the words in order) than 

trying to memorize the actual word itself. 

20. I tried to think of something it sounded similar to (nonwords) 

21. If they sounded like noises they were easier to remember. If they had resemblance to a 

real word, they were easier to remember. 

22. Speak out loud, repeat, chunking for nonwords or similarity to real words. Group similar 

words together. 

23. Tried to remember their sounds or relate them to real words. 

24. I repeated the spelling over and over in my head, choose the simplest words, choose 

words that reminded me of specific things. 

25. Tried to make a story out of them and relate them to my life. 

26. I related it to similar words that I am familiar with e.g., utility=utilisk. Although the 

techniques did not work out for most. 

27. For nonwords I chose to repeat the ones that sounded closest to real words in my head. I 

turned the words into a story/sentence to remember 

28. I tried to pronounce the nonwords and relate them to real words. 

29. Nonwords: Pick ones with the same first letter, short, could relate to real life words. 

Reading: look at each sentence separately. 

30. Repetition, reading aloud, picturing myself reading to or teaching somebody else helps 

me retain information I read but cannot write down. 

31. Relation to real words/real world experiences. Looked for smaller words. Repetition. 

32. I re-read them over a few times and said some words out loud to remember. 

33. Learn the smallest words so I could remember something. 

34. That was too hard…lol. I had to put it at the back of my memory and my relativity to it 

something around me. 

35. picked out ones I thought would be easy to remember and kept going over them 

36. The words were pretty easy to memorize but I also get pressure to time. The nonwords, I 

tried to memorize the ones that rolls off the tongue easily. 

37. Repetition out loud. Mind palace. Trying to give meaning/correct nonwords to real 

words. 

38. Tried to find words that looked or sounded like actual words to try and remember them 

that way. 

39. Saying them out loud multiple times. Reading the words multiple times. Only tried to 

remember shorter nonwords because they were easier to remember. 
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40. I tried to relate them to an actual word based on their spelling and remember them that 

way (e.g., twarking  twerking) 

41. Remembered the easy words first and if I found something similar but just letters in place 

of them I would try replacing those letters. 

42. I tried to link them to words that resembled other words 

43. Relating them to other (real) words if similar. Read over. Tried to pronounce the 

nonwords. 

44. I would just repeat the sentences in my head over and over until I got to write them down. 

45. I use memory by association. I tried to associate the nonwords with the words I knew. 

46. I tried to remember the words that most closely resembled real words or nonwords that 

looked easier to pronounce. 

47. I used memory by association. 

48. NA. 

Is there anything else you want to tell us about how you completed the tasks? 

1. It tried to remember nonwords that looked like real words 

2. No. 

3. No. 

4. Nonword was hardest, wordlist and passage tasks were interchangeable, depending how 

much I understood in the passage, the wordlists were sometimes easier. Overall reading 

was easier than generating. 

5. No. 

6. All nonword tasks were hardest to remember. Passage words were easier than wordlists 

because they were all related as a whole unit. Focused on words that were easier. 

7. Nonwords were easier to remember if I just focused on a couple to remember instead of 

trying to remember the whole list. Reading was easier/about the same as active task, but 

active was easier than passive. 

8. Hardest to recall nonwords. Reading task was just as easy as passive and active tasks. 

9. Nonwords that sound like words. Passage was easiest to remember. Writing on separate 

page was easier than crossing out and reading tasks 

10. Passages were easiest to remember because the words were all connected together. 

Reading was easiest; passive was easier than active because I could focus on the words 

more. 

11. No. 

12. No. 

13. Easier to read because there was time to review things. 

14. Read over passage and then look away and try to paraphrase it in my head (for reading 

and writing tasks). Reading was hardest because I remember things better when I write 

them out 

15. No. 

16. NA 

17. NA 



166  

18. I am a visual and hands on learner. 

19. NA 

20. NA 

21. I tried memorize the reading passages and repeat each sentence in my head. This greatly 

increased the amount of words I could recall from those passages. 

22. NA 

23. Repetition and reading aloud 

24. NA 

25. Sometimes made acronyms with the words. 

26. NA 

27. mnemonic devices such as abbreviations or trying to make a story. 

28. I was able to picture some words in my mind, as I try to solve the calculation. 

29. NA 

30. NA 

31. Took a reasonable amount of words and just focused on those instead of trying to 

remember all of them. 

32. NA 

33. Remembered some words through visualization and saying the words out loud 

34. No. 

35. I went over what I had learned once the phrase or words were taken, before starting the 

math. 

36. None for now. 

37. NA 

38. Most of the words/nonwords I memorized are the first on the lists. 

39. NA 

40. No. 

41. No. 

42. No, all up there! 

43. No, there is nothing else. 

44. NA 

45. No, thank you. 

46. I found that trying to remember the non-words significantly harder than trying to recall 

the real words. 

47. I generally only use memory by association. 

48. Same strategy as above. 
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