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Ágrip 

Hvaða áhrif hefur væntingin um upplýsingar á netinu á tilhneigingu okkar til þess að 

leggja upplýsingar á minnið? Þessari spurningu reyndu Sparrow, Liu og Wegner (2011) að 

svara ásamt því að gagnrýna hugrænu afleiðingarnar af því að nota ytri minnisgeymslur frekar 

yfir hið meðfædda minni. Niðurstöður þeirra gáfu til kynna að væntingin um aðgang að 

upplýsingum á netinu hafði neikvæð áhrif á tilhneigingu fólks til þess að leggja upplýsingar á 

minnið og nefndu þau þetta fyrirbæri Google áhrifin. Markmið þessarar rannsóknar var að 

kanna Google áhrifin og greina áhrif þeirra á minni fyrir aðalatriði og smáatriði hvort fyrir sig. 

Til þess að greina á milli þeirra hugðumst við framkvæma fjórar tilraunir. Tilraun 1a og 1b 

voru hannaðar til þess að mæla getu einstaklinga til þess að greina breytingar á smáatriðum eða 

aðalatriðum í stuttum almennum staðreyndum. Þátttakendur lásu stuttar staðreyndir en 

helmingur þeirra hélt að staðreyndirnar yrðu þeim aðgengilegar aftur. Þeir fengu síðan 

fyrirmæli um að bera kennsl á hvaða staðreyndir höfðu birst þeim áður með “já” og “nei” 

svörum án þess að hvorugur hópur fengi aftur aðgang að efninu. Tilgáta okkar var sú að 

hópurinn sem bjóst við aðgangi að staðreyndunum myndi eiga erfiðara með að bera kennsl á 

þær en hópurinn sem hafði engar slíkar væntingar. Í tilraun 2a og 2b var ætlunin að athuga slíkt 

hið sama en að biðja þátttakendur um að lesa stuttar greinar um íslenska menningu og svara 

spurningum um þær áður en þeir fengu fyrirmæli um að bera kennsl á setningar sem höfðu birst 

þeim í textanum. Tilgátan okkar var sú sama, að hópurinn sem bjóst við aðgangi að greinunum 

aftur myndi eiga erfiðara með að bera kennsl á setningarnar en hinn hópurinn. Niðurstöður 

Bayesian líkindagreiningar studdu núlltilgátuna í tilraun 1a og 1b, og gaf til kynna engin áhrif 

af tilraunameðferðinni á minni fyrir smáatriði eða aðalatriði. Til viðbótar þá veitti könnunar 

gagnagreining (exploratory diffusion model analysis) frekari sannanir gegn tilgátunni. Þessar 

niðurstöður urðu til þess að við ákváðum að aflýsa tilraun 2a og 2b. Niðurstöðurnar okkar eru 

í samræmi við fyrri rannsóknir sem hafa reynt að endurtaka niðurstöður Sparrow o.fl. (2011) 

en mistekist (t.d. Camerer o.fl., 2018, sjá einnig óútgefið verk frá Nguyen, 2018) en í ósamræmi 

við nýlega rannsókn (Nguyen & Shepherdson, óútgefið) sem náði að framkalla svipuð áhrif og 

hjá Sparrow o.fl. Við verðum því að álykta að núverandi aðferðir til þess að mæla Google 

áhrifin eru ekki árangursríkar, og eins og er, eru ekki nægar sannanir sem styðja tilveru þeirra.    

   

Lykilhugtök: minni • aðalatriði • smáatriði • ytri minnisgeymslur • kennslaminni  
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Abstract  

How does the ability to access information online affect our tendency to retain that information 

in memory? In an influential and heavily-cited study, Sparrow, Liu and Wegner 

(2011) investigated this question, evaluating the cognitive consequences of offloading 

information to external memory stores. They conducted a series of experiments which led them 

to conclude that access to the Internet negatively affected people’s tendency to remember 

information they believed they would have future access to, and subsequently named the 

phenomenon, Google effects. In this project, we aimed to experimentally investigate this 

phenomenon, expanding upon Sparrow et al.’s work by separately assessing whether 

offloading impacts on memory for gist or detail. Toward this end, we planned to conduct four 

separate experiments to investigate people’s ability to recognise changes in gist and detail in 

trivia statements and brief factual articles. In Experiments 1a and 1b we showed people 

trivia statements, and manipulated the extent to which they expected to be able to access that 

information later. We then tested their memory using a series of binary response (i.e., 

recognition) questions, and hypothesised that those individuals who expected to have ongoing 

access to information would less effectively remember it. In Experiments 2a and 2b, 

we planned to present participants with brief Iceland-related articles which 

they would answer questions about, and manipulate the extent to which they expected to be 

able to access the articles. We similarly had planned to test their memory using a series of 

binary response questions, and anticipated that those individuals who expected to have 

ongoing access to information, would less effectively remember it. However, Bayesian 

analyses of the data from Experiments 1a and 1b provided evidence in favour of the null 

hypothesis, indicating no effect of our manipulation on memory for gist or detail. Additionally, 

an exploratory diffusion model analysis provided evidence against an effect of our 

manipulation on isolated cognitive processes, leading us to decide against launching 

Experiment 2a and 2b. These results are consistent with prior published replications that 

have failed to replicate the effects (i.e., Camerer et al., 2018; see also unpublished work by 

Nguyen, 2018), but conflict with recent research (Nguyen & Shepherdson, in preparation) that 

managed to produce similar effects to those of Sparrow et al., (2011). Considering the evidence 

as a whole, we therefore conclude that the prevailing method of measuring Google effects is, 

at best, unreliable, and for the time being we deduce that the Google effects do not negatively 

affect people’s ability to remember information. 

 

Keywords: memory • gist • detail • offloading memory • recognition    
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1The introduction section is partly based on contents from a pre-registration document co-authored with 

Peter Shepherdson (Benediktsdóttir, 2021), uploaded to the Open Science Framework 

(https://osf.io/tfn2m/) 

“Google Effects” on Memory for Gist and Detail1 

Science can change our understanding in two fundamental 

ways: first, by extrovert change, influencing our ideas about the world; and secondly 

by introvert change, influencing the perception we have about ourselves (Floridi, 2009, 

2010). In known history, at least two major scientific revolutions have undermined prior 

assumptions about the uniqueness and centrality of humanity and greatly changed our extrovert 

and introvert understanding. The first revolution can be attributed to Nicolaus Copernicus who 

asserted that the earth was not the centre of the universe, correcting the prevailing view. The 

second revolution is attributed to Charles Darwin who similarly displaced humanity as the 

centre of the animal kingdom and famously argued that all species have evolved from common 

ancestors through natural selection (Floridi, 2009, 2010). At present, we find ourselves in the 

midst of what may subsequently be considered a third revolution: that of information and 

communication technology (ICT). As the development of ICT progresses, humanity, much like 

Copernicus and Darwin, seems to be displacing itself from being the central point for the 

generation and storage of information, and begins sharing this role with external sources of 

knowledge.  

The progression of ICT has been mind-blowingly rapid over a short period of time and 

has had a tumultuous impact on all human life. For example, in its entire history, humanity had 

gathered approximately 5 exabytes of data, until the commodification of computers, after 

which we gathered 5 exabytes of data in just the year of 2002 (Floridi, 2009, 2010). 

To characterise this fact in a more meaningful way, 5 exabytes is roughly the same as 37,000 

new libraries the size of The Library of Congress book collections (Lyman & Varian, 2003).    

One of the many impacts of the expansion of ICT has been the development of assistive 

technology for cognition. In general, assistive technology describes products that help enhance 

people’s quality of life, especially the elderly and people with disabilities who may have 

difficulty performing everyday tasks by themselves (World Health Organization, 

2021). Assistive products are very diverse but their use can be as simple as putting closed 

captions in movies for those hard of hearing, implementing wide doorways for easy 

access and availability of adaptive utensils for those with limited motor skills. For direct use, 

assistive technology often includes wheelchairs, crutches, hearing aids or mobility aids 

designed for physical activity (National Institute of Child Health and Human Development, 

2021).  Various pieces of computer software and hardware have been developed to help 

https://osf.io/tfn2m/
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individuals with mobility and/or sensory impairments use computers, including voice 

recognition, screen enlargement, and screen readers. For people who have trouble 

with cognition, numerous resources are available that can serve as an aid for memory, attention 

or other cognitive skills (National Institute of Child Health and Human Development, 2021).

Assistive technology for cognition as known today, generally refers to any electronic 

tools or devices that can serve as an aid to memory by any means: for example, Facebook’s 

birthday reminders, Google’s search engine, and electronic calendars. This assistive 

technology is not primarily used by the elderly or people with disabilities, and when given the 

opportunity, most people usually will offload their memory using these trusted external 

aids (Mercer, 2016), owing to the relative unreliability of biological memory. If used wisely 

such aids can be valuable in supplementing both retrospective and prospective 

memory, with the former referring to the ability to remember past events, and the latter 

referring to the ability to remember or organise future events (Burgess & Shallice, 1997). This 

is particularly the case for those suffering from memory impairments, but memory aids can 

also be beneficial in various aspects of the lives of those who are not (Mercer, 2016). With a 

personal assistant--Alexa, Cortana or Siri--right in one's pocket, one hardly ever needs to 

memorise events, phone numbers or one's own schedule anymore, because one’s smartphone 

will provide a reminder.  

Effects of Technology on Cognition   

Given the rapid uptake and widespread use of such assistive technologies for cognition, 

a relevant question is. “What effect might they be having on the cognition of the people using 

them?” Research on this topic is necessarily a recent phenomenon, but already diverse findings 

show some surprising unanticipated effects. For example, the effects of constant connectivity 

through a smartphone have been found to cause false perceptions. According to Drouin, Kaser, 

and Miller’s data (2012) 89% of smartphone users experience phantom vibrations, perceiving 

vibrations from a smartphone that is not really vibrating.  

These phantom vibrations are one component of a larger phenomenon described in the 

“brain drain” hypothesis, which states that the presence of one’s smartphone reduces cognitive 

capacity by occupying its limited space and leaving fewer resources available for other tasks. 

Considering that the number of attentional stimuli we can focus and react upon is limited 

(Ward, Duke, Gneezy & Bos, 2017), the fact that the average person spends 5.05 hours and 

uses their smartphone 85 times a day (Andrews, Ellis, Shaw & Piwek, 2015) is concerning. 

The “brain drain” hypothesis thus implies that the mere presence of one’s smartphone can be 

distracting because the same attentional resources used by fluid intelligence and working 
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memory are occupied in attempting to control automatic attention to the smartphone (Ward et 

al., 2017). In accordance with this, in one experiment, the mere presence of one’s personal 

smartphone in the room reduced cognitive capacity significantly with the magnitude of the 

effect greater for those assessed as having higher levels of smartphone dependence. (Ward, et 

al., 2017).   

Findings from a study by Storm, Stone, and Benjamin (2017) corroborated the idea that 

people are primed to think about computers when faced with difficult questions (e.g., Sparrow 

et al., 2011). In three experiments, Storm et al. (2017) discovered that individuals who had 

grown accustomed to using the computer as a source of information in answering difficult 

questions would continue to do so on easy questions, even when this was more time consuming 

and inconvenient than searching their memory for the answer. Across all three 

experiments, participants received different instructions before commencing a 

first phase which consisted of relatively hard trivia questions. Participants in the internet 

condition were instructed to search for an answer on a computer before responding to a 

question regarding whether they knew the answer. Participants in the memory 

condition were instructed to answer from memory. During a second phase, all participants had 

equal access to the internet and now received the instructions that they were allowed but not 

required to use the internet to answer easy trivia questions. In one of the experiments, a new 

manipulation was introduced in phase two by making internet access more inconvenient, such 

that participants had to walk across the room or use a slow iPod touch to search for their 

answer.  As mentioned above, the results confirmed their hypothesis that individuals in the 

internet condition were more likely to use the computer to answer easy questions even though 

it was more time consuming and inconvenient than searching their own memory (Storm et al., 

2017).   

Additionally, interested in exploring the difference between conditions in the amount 

of time that passed before participants decided to search the internet instead of their own 

memory, they conducted another experiment. To measure decision time, they made the 

assumption that the time between hearing a question and beginning a Google search is the time 

in which participants searched their own memory for an answer. They found that individuals 

in the internet condition were twice as fast to make the decision to search the internet for 

answers to easy questions as those who had not had the opportunity to conduct a Google search 

to the hard questions. These results indicate that prior use of the internet makes individuals less 

likely to thoroughly search their own memory before relying on Google for the answer (Storm 

et al., 2017).  
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In another study on the topic, Ferguson, McLean, and Risko (2015) examined whether 

the vast amount of information we can easily access directly through the internet influences the 

metacognitive processes we use to govern our decisions about what we know and don't know. 

Further, they attempted to answer whether access to the internet alters our willingness to 

volunteer answers to general knowledge questions. To investigate this, they split participants 

into two experimental conditions: No-Internet-Access and Internet-Access. In their first 

experiment, all participants read questions and, before answering, indicated whether they knew 

the answer by pressing a key. Participants who responded with "I know" then had to type their 

responses into an answer field immediately in both conditions. The procedure when 

participants selected the "I don't know" option differed between the two conditions. Those who 

did not have access to the internet entered “NA” into the answer field and moved on to the next 

question. On the other hand, participants in the internet access condition had to search for the 

answer on the internet and type it into the answer field before moving on to the next 

question. Results of the study revealed that access to the internet negatively affected people's 

inclination to volunteer answers to general knowledge questions (i.e., they less frequently 

selected the “I know” response), (memory quantity), but did enhance the accuracy of 

their responses (memory quality). These results suggested that participants who had access to 

the internet while answering questions developed a more conservative response bias than those 

who did not have access to the internet. This may be because with the nearly endless amount 

of information available, participants raised the bar for an acceptable answer and their own 

internal knowledge became insufficient (Fergusson, McLean and Risko, 2015)  

It is thus apparent that although these external memory stores like the internet provide 

us with rapid and convenient access to information, there are also potential downsides to using 

them. For instance, not only has research concluded that the expectation of having access to 

information online increases the tendency to neglect the internal storage of information 

(Sparrow, Liu & Wegner, 2011) but external memory stores can also be manipulated easily by 

a third party (Risko, Kelly, Patel & Gaspar, 2019). In three experiments, Risko et al. explored 

these external memory manipulations using novel paradigms. They concluded that individuals 

are very susceptible to such manipulations and often mistook false external memories for 

genuine biological ones (Risko, Kelly, Patel & Gaspar, 2019). These results emphasize the 

importance of understanding the effects of offloading memory to an external store without 

encoding the information internally.   
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2
https://www.nytimes.com/2011/07/15/health/15memory.html, https://www.wired.com/2011/07/is-Google-

ruining-your-memory/, https://www.scientificamerican.com/article/the-internet-has-become-the-external-hard-

drive-for-our-memories/, https://www.pbs.org/newshour/show/Google-s-effects-on-memory   

"Google Effects"  

One particularly striking example of changes in cognition that result from the 

development and use of ICT are so-called “Google effects”. The term, coined by Sparrow et al 

(2011), refers to the tendency of humans to forget information we know can be readily 

accessible through a computer, with the name “Google effects” clearly referring to the 

common means of accessing this information. In a series of experiments, Sparrow et al. (2011) 

investigated this phenomenon and sought to see if the constant connection and ability to access 

information from the internet has caused us to treat it like an external memory system primed 

by the need to acquire information. Nowadays, the most common external memory system is 

the internet with its seemingly inexhaustible resources, such as the Google search engine or 

databases such as IMDB (Sparrow et al., 2011). However, humans have been offloading 

information to secondary sources for far longer than the lifetime of the internet. In 

1985, Wegner, Giuliano, and Hertel wrote about the nature of cognitive interdependence and 

transactive memory. The dominant idea was that in personal relationships, people form 

intimate bonds that influence their thinking to a point where they could not think the same 

without each other, and rely on each other for information shared between them. Furthermore, 

they stated that an integral part of understanding transactive memory is recognizing the 

interplay of knowledge, and knowing that this interplay has individual sources and can thus be 

analysed and interpreted differently between recipients (Wegner et al., 1985). Sparrow et al. 

extended this principle to evaluate whether humans rely on the internet in a similar manner as 

they do other external sources of information.  

 Across Sparrow et al.’s experiments, they additionally examined whether this external 

memory system affects not only how we remember, but what we remember, that is, memory 

for where the information can be found rather than the information itself (2011). Their results 

indicated that not knowing the answers to general knowledge questions primed the need to 

search for the answer on a computer. Further, people remembered less information when they 

believed they would have later access to it, but had a better memory for where to find it 

(Sparrow, Liu and Wegner, 2011).  Sparrow, Liu and, Wegner’s work has caught the eye of 

many researchers and the general public and has been cited, to date, 1381 times 

(Google Scholar, 7. April, 2021). Their research has received considerable coverage in the 

popular media, including sources such as the New York Times, Scientific 

American, Wired, and PBS2.   

https://www.wired.com/2011/07/is-Google-ruining-your-memory/,%C2%A0
https://www.wired.com/2011/07/is-Google-ruining-your-memory/,%C2%A0
https://www.scientificamerican.com/article/the-internet-has-become-the-external-hard-drive-for-our-memories/
https://www.scientificamerican.com/article/the-internet-has-become-the-external-hard-drive-for-our-memories/
https://www.pbs.org/newshour/show/google-s-effects-on-memory
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 According to Altmetric (https://www.altmetric.com), their research has an attention 

score of 1375, putting them in the top 5% of all research outputs scored (Altmetric, 

2021). Interestingly, despite the scholarly and public influence of their findings, there are no 

published replications of their research, including the striking results of their second 

experiment, which indicated that people remember less information if they expect future access 

to it (Sparrow et al., 2011). For instance, the Social Sciences Replication Project attempted to 

replicate the findings from Sparrow et al.’s first experiment, but was unsuccessful (Camerer et 

al., 2018). In addition, the practical implications of a failure to remember information that is 

accessible online may differ based on exactly what it is that people are and are not 

remembering. Specifically, if people’s memory for trivial details suffers as a result of reliance 

on an external store, but they remember the coarse meaning, this may have very different 

results than if they fail to even retain the gist of the information. We outline this distinction 

more thoroughly in the following section, before returning to describe some unpublished work 

that attempted to determine exactly what is forgotten, and what retained, when people have 

access to an external memory store; this work formed the basis for the present study.  

Memory for Gist and Detail    

Despite the singularity of the term, memory is not a homogenous entity but 

rather a hypernym for all mnemonic experiences. These experiences are diverse, but a 

common agreement is to classify them as declarative, that is conscious 

recollection, or nondeclarative, nonconscious memory abilities. Declarative memory is also 

called explicit or fact-and-event memory, and includes memory for words, scenes, 

faces and stories. Nondeclarative memory, sometimes called implicit or procedural 

memory, covers abilities that may be unconscious and are acquired during skill learning. This 

involves motor skills, cognitive skills classical conditioning and habit formation, to name a few 

(Squire, 1984). Within these subsystems are innumerable memories, but interestingly no two 

can be the same, because for all individuals, the perception of a single memory is unique in gist 

and detail.   

Research in the area of memory for gist and detail is extensive. Prominent among a 

multitude of work is the research of Brainerd and Reyna (e.g., 1990, 1992), whose studies are 

inspired by fuzzy trace theory. Fuzzy trace theory is based upon the assumption that verbatim 

information (i.e., detail) and fuzzy information (i.e., gist) are closely linked but independent of 

each other. The evidence they provide for this is both behavioural and neurophysiological. The 

first strand of evidence comes from studies of the reasoning/remembering 

independence effect (Brainerd & Reyna, 1990). The reasoning/remembering effect refers to 

https://www.altmetric.com/
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the assumption that memory and reasoning are independent of each other, and that enhanced 

memory for background information does not cause improved reasoning; this is one way of 

explaining how problems can be solved by solely relying on gist information but bypassing 

related verbatim data (Brainerd & Reyna, 1990, 1992). Secondly, verbatim and gist 

information have different decay rates, with verbatim information being forgotten more 

rapidly than gist. Thirdly, and related to the second point, the evidence discussed in a study 

by Granger and McNulty (1986), suggests that these different decay rates may result from gist 

and verbatim traces being supported by different physiological structures (Brainerd & Reyna, 

1990). Behavioural evidence also suggests that individuals prioritise verbatim information to 

begin with but replace it with gist extraction as time passes. Supporting evidence comes from 

a study by Reder (1982), who demonstrated that when verifying sentences by retrieving 

verbatim or gist information, several minutes had to have passed before participants verified 

by gist-based information. Additionally, a study from Gerring and Healy (1983), showed that 

when reading, subjects keep verbatim information in their short-term memory until reaching a 

punctuation mark (comma, period) and that is when verbatim traces are replaced with gist 

(Brainerd & Reyna, 1990). However, forgetting details first could also be an adaptive strategy 

of human memory, for instance, people tend to prioritise remembering the meaning of 

information rather than seemingly irrelevant details (e.g., Mandler & Johnson, 1976).  

Research on the difference between verbatim and gist memory has often relied on 

presenting individuals with a list of words which they then have to accept or reject in a 

recognition test amidst semantically related and unrelated lures. Memory of gist can cause 

confusion and increase the likelihood that people accept these related 

distractors. For instance, people remember that the information they are trying to remember is 

related to sleep, so they accept “sleep” in a recognition test when the original word 

was “snooze”. On the other hand, memory of verbatim (detail) can decrease the likelihood of 

these false alarms through memory for specific details (e.g., the word “snooze”) 

therefore permitting rejection of related distractors (e.g., “sleep”) (Reyna, Corbin, Weldon & 

Brainerd, 2016). However, even though these conceptually related distractors can increase the 

likelihood of false alarms, they also produce hits and make good cues for both gist and verbatim 

memories compared to unrelated distractors (e.g., apple on a tree does not remind people of 

sleep related information; Reyna, Corbin, Weldon & Brainerd, 2016).  

Gist vs Detail in Google Effects  

The distinction between gist and detail formed the basis for one attempt to expand 

upon the findings of Sparrow et al. (2011), undertaken by Nguyen (2018). Her study attempted 
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to replicate Sparrow et al.’s most striking finding from their second experiment---that memory 

was inferior when information was offloaded to an external store---and investigate further if 

the expectation affected memory for gist, detail, or both. In three pilot studies, Nguyen failed to 

replicate the Google effect on either gist or detail memory, using recognition and recall tests 

(2018). The results revealed evidence against an effect in all instances, leading to the 

conclusion that the expectation of access to information affected memory for neither gist nor 

details. Because of the inconsistency between Sparrow et al.’s findings and Nguyen’s, she 

decided to make a direct replication of Sparrow et al.’s second experiment, for which no direct 

replication had been published in literature. However, this direct replication also failed to 

produce the same results as Sparrow et al. had reported in their research. In fact, despite having 

used identical manipulations to those which produced effects for Sparrow et al., 

Nguyen discovered that a large proportion of the participants did not believe that the 

information that was being “offloaded” would really be accessible later (2018).  

In a follow-up experiment in which the gist vs. detail distinction was put aside, Nguyen 

and Shepherdson introducing an enhanced manipulation that involved having participants 

completing a practice block in which the opportunity to restudy the practice statements differed 

across groups. This was designed to reinforce the impression that the information studied 

during the main part of the experiment was stored, and would be accessible later. In this 

instance, Nguyen and Shepherdson found an effect similar to that of Sparrow et al.’s: Those 

participants who expected to have later access to the information they studied showed inferior 

memory to those who did not. Though data collection in this final experiment ceased 

prematurely with a small sample, due to the onset of the coronavirus pandemic, the evidence 

in favour of an effect was positive. In the present study, will use this enhanced manipulation 

and attempt to finally answer the question of whether offloading impacts memory for gist, or 

for detail (Nguyen & Shepherdson, in preparation).   

The Present Study            

In this study, we aimed to build upon the work of Sparrow et al.’s (2011) second 

experiment, and Nguyen and Shepherdson’s replication (in preparation), and test whether 

people remembered information they expected to have later access 

to. Like Nguyen and Shepherdson, we planned to investigate whether this expectation affects 

memory for gist, for detail, or for both. In both previous studies the participants read simple 

trivia statements and typed them into the computer to ensure attention. Half of the participants 

believed that their typing would be saved for later viewing, whereas the other half believed it 

would be erased. When participants finished with the reading and typing task, they were 
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3Parts of this method section are adapted from a pre-registration document co-authored with Peter 

Shepherdson (Benediktsdóttir, 2021), available on the Open Science Framework at 

(https://osf.io/tfn2m/). 

 

instructed to write down as many statements as they could remember, and/or completed a 

recognition test (Sparrow, Liu and Wegner, 2011). In four separate experiments we will try to 

replicate the key finding of this work, that people are less likely to remember information they 

believe will be available to them in the future (Sparrow et al., 2011), and understand it within 

the context of memory for gist and memory for detail.   

Our interest in the distinction between memory for gist and memory for detail concerns 

the practical implications of offloading information to external stores. Whereas offloading of 

this sort may be partly unconscious, when faced with a choice, people would presumably not 

opt to offload information if they believed that doing so would have negative consequences. 

However, if all that is being offloaded is relatively trivial details, the consequences of 

offloading are probably not that great, and may even represent an adaptive use of memory 

resources. On the other hand, gist offloading would imply a more complete forgetting which 

may have greater negative consequences. Thus, the question we ask here is, “is memory 

offloading an adaptive approach to information, or a deleterious one?” By determining what 

information is offloaded, we hope to provide a tentative response to this question.    

To anticipate our findings, our analyses provided evidence in favour of our null 

hypothesis in Experiment 1a and 1b which ultimately led to our decision not to procced 

with Experiments 2a and 2b. Furthermore, an exploratory diffusion model analysis provided 

evidence against any substantial effects of our manipulation on isolated cognitive processes 

across conditions when participants answered binary response questions in both 

experiments. In combination this suggests that the expectation of having future access to 

information does not affect people’s memory for gist or detail. 

1. Method3 

1.1. Participants   

Participants were recruited through the online participant recruitment platform Prolific 

Academic, (https://www.prolific.co) and received GBP3.50 for their participation. 

Participants gave their informed consent prior to the study and received debriefing (and their 

compensation) when they had completed it.   

https://osf.io/tfn2m/)
https://www.prolific.co/
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4The allocation of groups was randomised but the exact number of participants in each condition was 

not controlled.   

Participants were required to be at least 18 years of age and be fluent in English. To 

ensure fluency we restricted our sample to individuals with English as a first language, 

who were resident in Australia, Canada, Ireland, New Zealand, The U.K., or the U.S. No other 

demographic criteria were used to select participants. A total of 88 participants 

participated across the experiments: 48 in Experiment 1a and 40 in Experiment 1b. The mean 

age was 33.3 and the range 18 – 70 years. 68.2% of participants identified as female (n= 60) 

and 31.8% as male (n = 28). The majority of participants came from the United Kingdom, 

85.2% (n = 75) with the second most frequent nationality being the United States, 6.82% (n= 

6). The remaining 8% of participants came from Ireland, Australia, Canada, and New 

Zealand.    

Our data collection was not dependent on a sample size, but rather we continued to 

collect data until we obtained a Bayes factor  ≥3 (or ≤1/3), showing evidence for (or against) 

differences between our conditions of interest. Specifically, in each experiment, we began by 

collecting data from approximately 20 participants in each condition3. We then analysed the 

data to assess whether our stopping criterion had been met. If so, data 

collection ceased; whereas if not, we added another 5 participants (approximately) per 

condition, before re-running the analyses. If our target Bayes factor was not reached by the 

time we had data from 50 participants in each condition, further data collection was contingent 

on the current Bayes factor being proximal to the BF = 3 or BF = ⅓ criteria.     

1.2. Materials  

The experiments were built in PsychoPy Builder (Pierce et al., 2019), with the 

resulting javascript code then manually edited. They were hosted 

on Pavlovia (https://pavlovia.org), and advertised and accessible for participation through 

Prolific Academic (https://www.prolific.co).    

         In Experiments 1a and 1b, we used simple trivia statements taken from the materials 

of Sparrow et al. (2011), with those statements with content that was overly-specific to the 

United States (e.g., concerning the nickname of a local U.S. sporting figure) replaced with 

similar, but less U.S.-specific ones. Each statement was triplicated and the copies changed in 

either gist or detail to create three kinds of statements; the original ones (e.g., “Saddam Hussein 

was executed”), detail changed statements (e.g., “Saddam Hussein’s death resulted from his 

execution”; the same meaning, but phrased differently) and gist changed statements (e.g., 

“Osama Bin Laden’s death resulted from his execution”; different meaning and phrasing). The 

https://pavlovia.org/
https://www.prolific.co/
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detail and gist changed statements are identical in wording except for the meaning change, 

which allowed us to use them in both experiments (see Procedure section for further details).    

Experiment 1a used the original statements for the main experiment and also used them 

for the recognition test, along with with the detail-changed copies of the statements 

as lures. Experiment 1b used the original statements for the main experiment but used the 

detail-changed (but meaning intact) statements as correct recognition 

probes, along with the gist changed statements as lures in the recognition test (see Table 1 for 

examples).    

 In Experiments 2a and 2b the memory materials were paragraphs from articles about 

various aspects of Icelandic history and culture, taken from Wikipedia. When choosing the 

articles, we selected those which were short and easily read and understood (e.g., free from 

specialist terms that we would not expect participants reading the articles to know). Our use of 

Iceland-focused articles reflected a desire to select articles whose topics would presumably be 

unfamiliar to our sample, to reduce the extent to which they could use existing knowledge to 

identify meaning-changed statements. The recognition test differed in Experiments 2a and 2b, 

with pattern recognition questions checking for detail in Experiment 2a (i.e., 

distinguishing between sentences that appeared in the text and rephrased, but meaning-

consistent lures) but meaning recognition questions regarding in Experiment 2b (i.e., 

distinguishing between sentences that are rephrased but consistent with the meaning of parts 

of the text, and lures that are rephrased and have had their meanings altered), (see Table 2 for 

examples).     
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Table 1. 

Examples of used statements in Experiments 1a and 1b.   

Statement type  Examples  

Statement Originals  Saddam Hussein was executed  

There have been 45 presidents of 

the United States  

Pope Benedict XVI deserted the German army 

during World War II  

Statement Semantically Identical  Saddam Hussein’s death resulted from 

his execution  

The U.S. has had 45 different presidents  

During World War II, Pope Benedict XVI 

deserted the German army  

Meaning Changed  Osama Bin Laden’s death resulted from 

his execution  

The U.S. has had 45 different vice-presidents  

During World War II, Pope Benedict XVI 

deserted the Italian army  

  

Table 2.   

Examples of sentences that were created for use in Experiments 2a and 2b.   

Statement type  Examples  

Sentences Originals  They are prose narratives mostly based on 

historical events that mostly took place 

in Iceland  

Icelandic turf houses (Icelandic: torfbæir) 

were the product of a difficult climate  

Sentences Meaning Consistent  They are stories mostly based on events in 

history that mostly occurred in Iceland  

Icelandic turf houses (Icelandic: torfbæir) 

were a result of Iceland’s harsh climate  

Meaning Changed  They are stories mostly based on events in 

history that mostly occurred in Europe  

Icelandic turf houses (Icelandic: torfbæir) 

were a result of Iceland’s great soil supply  

  

1.3. Procedure   

Before taking part in any experiment, participants were presented with information 

about the task, instructions, and completed an informed consent form.  We manipulated the 

https://en.wikipedia.org/wiki/Icelandic_language
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participants’ expectations about having access to the information by modifying the instructions 

they received. One group received instructions indicating (falsely) that they would have the 

opportunity to re-study the material they were initially exposed to, prior to a memory test, 

whereas the other group received no such information. This manipulation was reinforced 

by actually giving one group the opportunity to re-study the material prior to the test during an 

initial practice block. In other aspects, both conditions received identical 

instructions.  Allocation of participants and the order of statements and paragraphs in all 

experiments was completely random and achieved by the use of a random sampling function 

in the experimental program.  

  

1.3.1. Experiment 1a   

Experiment 1a began with a short practice block that was presented to participants as 

being identical to the main experiment, but shorter.  In reality, we used this practice block to 

enact our experimental manipulation. The practice block (and the main experiment) required 

participants to view and re-type a series of one sentence trivia statements. Half of the 

participants were randomly allocated to a condition where, during the practice block, once they 

have completed typing these statements, they were allowed to re-study them prior to the 

memory test. The other half was not permitted to re-study the statements, and simply proceeded 

to the test. This was designed to set up the expectation in the first group that the information 

they typed had been stored and accessible later---simulating a situation analogous to having 

access to information online---whereas those in the second group needed to commit the 

information to memory. During the main experiment, the procedure was similar to the practice 

block, with the exceptions that (a) no participant had the opportunity to access the information 

they had typed prior to the final test, and (b) there was a pre-test distractor task. In this way, 

we aimed to assess whether the expectation that information would be accessible later 

affected participants’ ability to remember it. In the second block participants read simple trivia 

statements one by one in randomized order, typed them in a dialogue box and clicked OK when 

they were ready to proceed to the next statement. After typing all 40 statements they were 

directed to a short (approximately 5 minutes in duration) decision-making task used to fill a 

retention interval between presentation and test. This distractor task was immediately followed 

by the recognition test. The recognition test included 40 statements: 20 detail-changed 

statements along with 20 original ones. Participants were instructed to click YES if the 
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statement appeared before and NO if it was a new (i.e., detail-changed) statement. Finally, they 

were debriefed on the purpose of the study and thanked for participation.    

1.3.2. Experiment 1b   

            Experiment 1b was identical to 1a in all aspects except the type of statements used in 

the recognition test.  For Experiment 1b we used statements that had been changed in both 

meaning and wording, and statements that have been changed in wording but whose meaning 

was intact. Participants had to identify the meaning-intact statements, and reject the meaning-

changed ones. This comparison was designed to ensure that participants would only be able to 

use meaning (i.e., gist) to make the distinction between familiar and unfamiliar statements (i.e., 

noticing a change in wording would not be helpful).    

1.3.3. Experiment 2a   

         Experiment 2a and 2b were not conducted but the intended procedure is described for the 

sake of completeness. Experiment 2a was created to be as similar to that of 1a and 1b as 

possible in procedure except that no distractor task was supposed to be used, and the experiment 

differed in the content participants were required to learn and remember. In particular, whereas 

Experiments 1a and b used trivia statements as the memory materials, Experiment 2a (and 2b) 

would use passages taken from short Wikipedia articles. All participants would be asked to 

read and answer comprehension questions about one such article during the practice block, and 

then answer questions pertaining to the content of that article. However, half of the participants 

would be randomly allocated to a condition in which they would have the opportunity to 

restudy the article prior to answering these questions, whereas the other half would not have 

this opportunity. During the main experiment, the procedure was similar to the one used in the 

practice block, with the exception that no participants would have the opportunity to access the 

information they have typed or read prior to the final test. In this way, we aimed to assess 

whether the expectation that information would be accessible later affected participants’ ability 

to remember it. The second block consisted of five articles from Wikipedia that participants 

would be instructed to read one by one, while answering simple questions about them to ensure 

attention. After finishing with all five articles, they would be directed to the recognition test. 

The participants would be asked true or false pattern recognition questions, (e.g., “Did this 

precise sentence appear in the article you just read?”) and instructed to click YES to answer 

affirmatively and NO to answer negatively. Finally, they would have been debriefed on the 

purpose of the study and thanked for participation
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5Our original intention was to use the bf function available in brms, which uses bridge sampling to 

calculate Bayes factors (Gronau et al., 2020), to compare versions of equal-variance and unequal-

variance signal detection models. As our data did not end up being suitable for fitting an unequal 

variance model, we reverted to the simpler method of testing hypotheses using the Savage-Dickey ratio, 

as described in the text.  

 

1.3.4. Experiment 2b   

Experiment 2b was made to be identical to 2a except for the questions used in the 

recognition test. Here participants would receive questions regarding the meaning of the article 

(or gist; e.g., “Is this information consistent with the contents of the article you just read?)”.   

Unfortunately, because of lack of evidence for the effect in Experiment 1a and 1b we 

decided against launching Experiment 2a and 2b.    

  

1.4. Data Analysis   

Participants whose data were incomplete were excluded from the data analysis as well 

as participants who did not write down the sentences to be memorised or got less than 80% of 

answers correct on the paragraph attention questions. We also excluded all responses to the 

final recognition tests with RTs < 1 s (as this would suggest a response in the absence 

of actually having read the statement being asked about).   

We conducted all data analyses using the brms (Bürkner, 2018) package in R (R Core 

Team, 2019). For all four experiments, our key dependent variable was the binary responses 

participants provided to the final memory test questions; and our key independent 

variable was the group to which the participants were allocated (access expected vs. no access 

expected). We analysed participants’ responses in two ways. First, we used signal detection 

theory to extract measures of sensitivity (d’) and bias (c) using the equal variance SDT model. 

When fitting the model, correct identification of previously-seen/meaning consistent 

statements was coded as hits, and mis-identification of not-previously-seen/meaning changed 

statements coded as false alarms5. All priors were relatively uninformative: Normal (0.5, 2.5) 

priors on the variables corresponding to d’, and Normal (0, 1.5) priors on the variables 

corresponding to c. We tested the null hypothesis of no difference between groups by using the 

Savage-Dickey ratio (Dickey, 1971) to estimate the Bayes factor in favour of an effect of 0 

on d’. The model included by-participant random intercepts.   

Second, in exploratory analyses we also fit participants’ choice response times using a 

Wiener diffusion model, which provides a simplified version of Ratcliff’s diffusion decision 

model (e.g., Ratliff, 1978; Ratcliff & McKoon, 2008). Diffusion models have been used in 
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memory research to isolate specific memory processes affected by experimental manipulations 

(e.g., retrieval speed vs. information quality; Shepherdson et al., 2018; Shepherdson, 2020). 

We had no specific hypotheses about which processes the manipulations we used in these 

experiments might have affected, but hoped to use the results of this modelling to clarify the 

mechanisms underlying any effects we might have found in the primary analyses. We used 

a Cauchy(0, 1) prior on drift rate, a Normal(3.5, 1) prior on boundary separation, a Uniform (0, 

10) prior on non-decision time, and a Normal(0.5, 0.2) prior on bias. These priors were applied 

using identity link functions, and were designed to be relatively uninformative. We fit only a 

single diffusion model to the data from each experiment, with all parameters (drift rate, non-

decision time, boundary separation, and bias) permitted to vary across groups. All models also 

included by-participant random intercepts on these parameters. After some initial difficulties 

with model fitting, we further simplified the model by setting drift rate in lure trials to be the 

negative of drift rate in non-lure trials, and restricting the data to exclude RTs < 1s or > 10s.  

 

2. Results 

2.1. Signal Detection Theory Measures  

2.1.1. Experiment 1a - gist  

 Signal detection parameter estimates for both groups in Experiment 1a are displayed 

in Figures 1 (sensitivity) and 2 (bias). We found evidence against any difference between the 

two groups’ sensitivity values, indicating no effect on gist recognition memory of the groups’ 

differing expectations of later access to information (BF = 3.31 in favour of null 

hypothesis). The average proportion correct overall was 0.76 points, with average proportion 

correct for the "saved" group of 0.78 and 0.73 for the "not saved" group. These means do not 

provide evidence for an effect of our manipulation.   

The "saved" group that received the experimental manipulation 

was numerically higher in sensitivity (d’ = 1.85) and showed a less conservative response bias 

(c = 0.15) compared to the "not saved" control group (d’ = 1.52, c = 0.44), (see Figure 1 and 

2). According to this, though both groups had a conservative bias, with the "saved" group less 

biased to reject the statements as lures than the "not saved" group. It is important to note that 

this evidence for a “reverse Google effect” is minimal since the credible intervals for the two 

conditions overlap substantially, and that despite this minor numerical difference, our 

hypothesis testing provided evidence against any difference.   
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Figure 1. 

Sensitivity across conditions in Experiment 1a.   

  

Note: Figure 1 illustrates sensitivity estimates obtained from performance on the recognition 

test in Experiment 1a. Error bars reflect 95% credible intervals, taken from the posterior.   

Figure 2. 

Bias across conditions in Experiment 1a.   

  

Note: Figure 2 illustrates a response bias across conditions in Experiment 1a. Error bars reflect 

95% credible intervals, taken from the posterior.   
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2.1.2. Experiment 1b - detail  

Signal detection parameter estimates for both groups in Experiment 1a are displayed in 

Figures 3 (sensitivity) and 4 (bias). We found evidence against any difference between the two 

groups’ sensitivity values, indicating no effect on recognition memory of the groups’ differing 

expectations of later access to information (BF = 9.38 in favour of null hypothesis). The 

average proportion correct overall and separately for each group was 0.87, indicating that our 

manipulation did not have an effect.  

The "not saved" group was very slightly higher in sensitivity (d’ = 2.37) and less 

conservative in bias (c = 0.95) than the "saved" group (d’ = 2.35, c = 1.02), (see Figure 3 and 

4).  According to this, though both groups had a conservative bias, the "not saved" group 

were fractionally less biased to reject the statements as lures than the "saved" group. It is 

important to note that this evidence for a Google effect is minimal since the credible intervals 

for the two conditions overlap substantially.  

Figure 3.   

Sensitivity across conditions in Experiment 1b.   

  

Note: Figure 3 illustrates sensitivity estimates obtained from performance on the recognition 

test in Experiment 1a. Error bars reflect 95% credible intervals, taken from the posterior.   
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Figure 4. 

Bias across conditions in Experiment 1b.   

  

Note. Figure 4 illustrates a response bias across conditions in Experiment 1b. Error bars reflect 

95% credible intervals, taken from the posterior.   

  

2.1.3. Experiment 2a & 2b  

Because of lack of evidence for the effect in Experiment 1a and 1b, we decided against 

launching Experiment 2a and 2b.    

  

2.2. Exploratory analysis  

2.2.1. Experiment 1a - gist  

Results from the Wiener diffusion model provided evidence against any effects of our 

manipulation on isolated cognitive processes across conditions when participants answered 

binary response questions.   
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Table 3. 

Wiener diffusion model analysis on results from Experiment 1a.  

Model parameter  Condition saved  Condition not-saved  

Drift rate  0.45  0.40  

Boundary separation  3.31  3.31  

Non-decision time: new 

statements  

1.04  1.04  

Non-decision time: old 

statements  

1.02  1.06  

Response bias  0.56  0.59  

  

The drift rate was similar across conditions but the information entering the decision 

process was slightly better for those participants in the “saved” condition, 0.45 against 0.40 in 

the “not saved” condition. This is inconsistent with the “Google effects” hypothesis but 

consistent with the raw proportion correct values across conditions. The estimated boundary 

separation was identical in both conditions, 3.31, indicating that the manipulation did not make 

one group more (or less) conservative than the other in terms of how much evidence they 

required to produce a response (see Table 3).   

Non-decision time differed minimally across groups for both new and old statements. 

This suggests that pre- and post-decisional processes took similar amount of time in all 

conditions, unaffected by types of statements used or participants’ expectations about later 

access to information (see Table 3). However, the simplifications that were necessary to 

make the model fit might compromise the integrity of these non-decision time estimates.   

Given that a response bias with a value of 0.5 implies unbiased responding, our 

participants were slightly inclined to say that a statement was “old”, one that they had seen 

before (condition saved = 0.56, condition not saved = 0.59). Furthermore, participants in 

the “not saved” condition were fractionally more inclined to say this than those in the “saved” 

condition (see Table 3).    

2.2.2. Experiment 1b – detail  

Results from the Wiener diffusion model provided evidence against any effects of our 

manipulation on isolated cognitive processes across conditions when participants answered 

binary response questions.  
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Table 4. 

Wiener diffusion model analysis on results from Experiment 1b.   

Model parameter  Condition saved  Condition not-saved  

Drift rate  0.58  0.62  

Boundary separation  3.41  3.33  

Non-decision time: new 

statements  

1.29  1.18  

Non-decision time: old 

statements  

1.40  1.28  

Response bias  0.52  0.54  

  

The drift rate was slightly higher in the “not saved” than the “saved” condition, 

indicating that information entering the decision process was better for participants who did 

not expect access to their typed statements (see Table 4). This is consistent with the 

“Google effects” hypothesis as it indicates that the quality of information entering the decision 

process was superior for people who did not expect access. Interestingly, despite the higher 

drift rate, the two conditions had almost identical d’ and proportion correct values. This can 

partly be explained by the fact that the boundary separation values were slightly higher for the 

“saved” group than the “not saved” group, implying that they needed more evidence 

before making a decision. Therefore, their caution compensated for the reduced quality of 

information they had (see Table 4).   

Non-decision times were higher in Experiment 1b than 1a indicating that these non-

decisional thought processes took longer for participants recognising detail changes (see 

Table 4). Furthermore, the non-decision time was shorter for new statements and shorter for 

participants in the “not-saved” group. This might indicate a form of difference in pre-decisional 

memory processes or post-decisional response processes.   

Our participants were slightly inclined to say that a statement was old, 

specifically the “not saved” condition was fractionally more inclined to this (0.54) than the 

“saved” condition (0.52).   

In sum, results from the signal detection theory analysis provided evidence in favour 

of the null hypothesis in both experiments, (BF = 3.31, BF = 9.38). In addition, the exploratory 

analysis provided further evidence against a difference. These results strongly indicate that the 

expectation of future access to information does not affect memory for gist or detail, and we 
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were therefore unable to replicate the key findings of Sparrow et al.’s second experiment 

(2011) or Nguyen and Shepherdson’s successful replication (in preparation).   

 

3. Discussion 

The aim of this study was twofold. First, we planned to replicate the key 

finding of Sparrow et al.’s second experiment stating that the expectation of having future 

access to information negatively impacts what people remember, using the enhanced 

manipulation devised by Nguyen and Shepherdson (in preparation). Secondly, we wanted 

to specifically examine how offloading information to external memory stores affects memory 

for gist and detail separately. The results of our experiments are in accordance 

with previous studies that have tried to replicate Sparrow et al.’s findings but 

failed (e.g., Nguyen & Shepherdson, 2018; Camerer et al., 2018). Even though our study was 

a near direct replication of Nguyen and Shepherdson’s (in preparation) successful trial where 

they used an enhanced manipulation, we were not able to produce the same effect. Despite a 

minor numerical difference between groups in sensitivity and bias, our signal detection theory 

analysis provided us with a Bayes factor in favour of the null hypothesis in both 

experiments. Additionally, exploratory analysis did not reveal any major differences between 

conditions on isolated cognitive processes, which further suggests that our manipulation had 

no effect on memory.  

According to these results it is reasonable to infer that offloading information to external 

memory stores does not negatively affect our ability to remember. Perhaps it is merely an 

extension to our memory that allows us to be more selective on what we transfer to memory, 

saving us the trouble of memorising useful but unnecessary information that, by human 

invention, we can now readily access whenever we need to. If so, the room for selectivity is 

extremely convenient in a world where information flow is speedy. But in addition to being 

speedy, the content in the information flow can also be unreliable. The unreliability of 

information online is primarily because the Internet does not proofread or put limitations on 

content, so the use of critical thinking is of the utmost importance if we continue to use it as an 

additive to biological memory. Additionally, when it comes to offloading memories, external 

memory stores are susceptible to manipulations by a third party which may cause individuals 

to mistake false external memories to genuine biological ones (e.g., Risko et al., 2019). Thus, 

even though the convenience of external memory stores is appealing, it is crucial that the 

biological memory will not be neglected because in spite of its limitations, it is the mastermind 
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behind all human accomplishments. Therefore, as humanity continues to evolve with the ICT 

revolution and gradually displaces itself as the central point for generation and storage of 

information, it is important for it to make haste slowly because we are entering largely 

uncharted waters.   

Concerning the difference between gist memory and detail memory, our results, and 

especially the exploratory analysis, did reveal some minor differences on isolated cognitive 

processes. Specifically, it revealed that the non-decision times for new and old statements were 

longer for participants recognising detail in both conditions, saved and not 

saved. Ultimately though, the model provided evidence against any effect of 

the manipulation, so it is not safe to infer that these minor differences are the result of the 

manipulation having different effects on different memory entities.   

By conducting this study, we hoped to provide further evidence for an improved 

method that could support the idea of Google effects; but instead our results left us with more 

questions. If the enhanced manipulation of Nguyen and Shepherdson’s study caused 

the sudden success in producing the effects, our results should have shown a bigger difference 

between conditions. But conversely, in Experiment 

1a, the average proportion correct for groups were very similar, 0.78 for the "saved" group and 

0.73 for the "not saved" group, an insignificant difference since our Bayes factor of 

3.31 implies a fairly strong evidence against the effect. Similarly, in Experiment 1b, the 

average proportion correct was identical for both groups, 0.87, and a Bayes factor of 9.38 

implying strong evidence against an effect. This leaves us wondering if the successful 

replication of Nguyen and Shepherdson was merely a fluke resulting from their small 

sample, and if the findings about Google effects published in 2011 can still be considered 

relevant to this day. The fact is that the Internet, as it was in 2006 when Sparrow et al. ran their 

first experiments, is not easily comparable with what it is today. To put things in perspective, 

back when Sparrow, Liu and Wegner conducted their original experiment, the first iPhone 

hadn’t been launched yet and access to the Internet typically meant sitting down in front of a 

computer that was connected through an ethernet cable (Sparrow, 2018). Today, the Internet is 

wireless and can be accessed almost everywhere with cellular data. Furthermore, since 

then, 29 variations of the iPhone have been released and from 2007-2018 roughly 2.2 

billion iPhones were sold with approximately 715 million in use now (Minicreo, April 2021), 

making the internet more accessible than ever. In light of these 

advancements, it is perhaps foolish to assume that the principles that applied back in 2006, are 

the same in 2021.   
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3.1. Limitations   

An important limitation to our study is that although we 

replicated Nguyen and Shepherdson’s (in preparation) successful trial carefully, the 

experimental environment differed between the two and it is possible that it affected 

the outcome. Nguyen and Shepherdson were able to produce an effect in laboratory conditions 

after numerous failed attempts. What distinguished the successful replication from the failed 

ones was the enhanced manipulation they implemented after failing to produce an effect by 

directly replicating Sparrow et al. (2011). The enhanced manipulation simply 

involved introducing a practise block in which the opportunity to restudy the practise 

statements differed across groups. This was designed to reinforce the belief 

that participants would or would not have future access to the statements and accordingly, their 

analysis provided evidence for an effect. We were careful to implement to same enhanced 

manipulation that may have had caused their sudden success in replicating the 

effects. Although we did follow their example insofar as was possible, we were not able to 

conduct the experiment in laboratory conditions, mainly because of the Covid-19 pandemic 

that caused most countries, including Iceland, to order a complete or partial lockdown. Our 

experiment was thus conducted through an online participation platform where 

individuals participated through a personal computer. Therefore, it is plausible 

that participants’ current connection to the Internet altered their expectations about future 

access, making it harder for them to believe that they could not access the relevant 

information while still being online.   

Another limitation worth mentioning pertains to the supplementary diffusion 

modelling analyses. For the models to fit the data successfully, we had to simplify them, and 

by doing so we naturally restricted the match between the model and the real world. This 

simplification decreases the confidence with which we can draw inferences from the model 

input. We note, however, that the general outcome of this modelling was consistent with the 

primary (i.e., signal detection theory analyses).  

3.2. Implications  

If we assume our results are valid, then this suggests our offloading of information to 

external memory stores has not yet become problematic. Better yet, offloading might be an 

adaptive way of combining biological memory and the external resources we have available. If 

that is the case, perhaps it might be explained as a modern variant of the findings 

of Mandler and Johnson (1976), and many other researchers over the past decades:  that people 
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adaptively remember what they think is important and put less effort in remembering seemingly 

irrelevant details. By adaptively using the assistive technology for cognition as a supplement 

to memory, we may be reducing our cognitive load by offloading to these external memory 

stores, like a smartphone. By doing so it could give us the opportunity to better focus on our 

current tasks and not be bothered by unimportant information. But for this to be possible, it is 

necessary that we emotionally disconnect ourselves from the device and start treating it like 

any other assistive technology aid. A smartphone has all the potential of a great assistive device 

for cognition, but for it to be beneficial one must be in control of one’s own consumer habits. 

People are becoming dependent on the smartphone in ways that does not benefit their cognition 

but actually reduces their cognitive capacity (e.g. Ward et al., 2017). By spending less time 

on one’s smartphone and strategically working on disengaging from the device, the mere 

presence of it might not have an effect on cognitive capacity anymore and it could become an 

important asset instead of a cognitive liability.   

3.3. Future Directions  

In future attempts to investigate the Google effect, it would be advisable to follow 

Nguyen and Shepherdson’s successful replication even more thoroughly than we did, by 

conducting the experiment in laboratory conditions and implementing the same enhanced 

manipulation. However, in addition to the need for more in-lab research with the enhanced 

manipulation that Nguyen and Shepherdson (in preparation) implemented in their successful 

replication, there is a need for a change in tactics. Numerous replications have tried to produce 

the same results as Sparrow et al. (2011) and failed. It is our hope that this fact evokes curiosity 

among researchers rather than dismissal. It would be interesting and even necessary to 

dig deeper into the concept of Google effects by approaching it with different and more 

relevant experimental methods. The year 2006, when this effect was first produced, cannot 

compare to the year 2021 in regard to Internet use and even people’s adaptive uses of 

memory. This is not to say that Sparrow et al.’s results are unreliable, but rather 

that other measures may be needed to produce the Google effect in 

today’s average inhabitant.   

Furthermore, additional research on the Google effect on gist and 

detail would ameliorate the current understanding of how these supposedly separate memory 

entities work. Currently, there is no evidence regarding whether the Google effect affects gist 

and detail differently, since Nguyen and Shepherdson decided to focus on the main effect and 
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put aside their interest in gist vs detail in the single experiment that successfully reproduced 

the effect. 

4. Conclusion 

In spite of its limitations, our study provided evidence consistent with that of prior 

replications. In two experiments, we manipulated the expectation of future access to 

information and examined how it affected performance on subsequent recognition tests for gist 

and detail. Our signal detection theory analysis provided us with evidence against an effect in 

both experiments. This was further supported by our exploratory analysis, which also provided 

evidence in favour of our null hypothesis, indicating that the manipulation did not affect 

isolated cognitive processes. These results ultimately led to our decision to cancel Experiment 

2a and 2b. By comparing our results to prior replications of Sparrow et al.’s experiment, we 

conclude that the prevailing method of measuring Google effects is not effective and for the 

time being we deduce that the Google effects do not negatively affect people’s ability to 

remember information.    
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6. Appendices 

 

6.1. Appendix A: Original Statements Typed into the Computer in Experiment 1a and 

1b and Used as Correct Recognition Probes in Experiment 1a. 

 

1) Saddam Hussein was executed 

2) Greenland is the largest island in the world by area 

3) The tusunami disaster in Asia occurred in December 2004 

4) A cow produces nearly 200,000 glasses of milk in her lifetime 

5) Sikhism is the fifth-largest religion in the world 

6) Michael Jackson was acquitted of molestation charges 

7) Two of the only countries that border three oceans are the United States and Canada 

8) There was a terrorist bombing in the subways of London in July 2005 

9) There have been 45 presidents of the United States 

10) Dolphins sleep with one eye open 

11) The founder of the Virgin Group, Richard Branson, was a high-school dropout 

12) Pope Benedict XVI deserted the German army during World War II 

13) Switzerland has 208 mountains over 3000 metres high 

14) Europe is the only continent without a desert 

15) The collapse of the Larsen B ice shelf in Antarctica began in January 2002 

16) The space shuttle Columbia disintegrated during re-entry over Texas in February 

2003 

17) The international telephone dialling code for Antarctica is 672 

18) The Icelandic 10 krónur coin has four capelin displayed on the reverse side 

19) Rubber bands last longer when refrigerated 

20) French fries are originally from Belgium, not France 

21) The business card used by Al Capone said he was a used furniture dealer 

22) Without glasses, John Lennon was legally blind all his life 

23) The Atlantic Ocean is saltier than the Pacific Ocean 

24) The Dominican Republic has the only national flag with a bible on it 

25) The Live 8 concerts took place in the G8 nations and South Africa in July 2005 

26) The NATO bombing of Yugoslavia began in March 1999 

27) There is an average of 350 sesame seeds sprinkled on the bun of a Big Mac 

28) In Chinese script there are more than 40,000 characters 

29) The eye of an Ostrich is bigger than its brain 

30) A person burns almost as many calories when sleeping as when watching television 

31) Icelandic strong man Hjalti Árnason was nicknamed The Great Bear 

32) The first job Albert Einstein had after graduation was in the Swiss Federal Patent 

Office 

33) The Himalayan mountains continue to grow due to the collision of tectonic plates 

34) The Great Pyramid of Giza is the only one of the Seven Wonders of the Ancient 

World that still exists 

35) North Korea announced its first successful nuclear test in October 2006 

36) Chechen separatists in southern Russia took a school hostage in September 2004 

37) The longest classical composition would take 639 years to perform 

38) A person will shed over 15 kilograms of skin in their lifetime 

39) Peanuts can be used as one of the ingredients of dynamite 

40) One snake species from south-east Asia has tentacles 
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6.2. Appendix B: Wording Changed Meaning Consistent Statements used as Incorrect 

Recognition Probes in Experiment 1a and Correct Recognition Probes in 

Experiment 1b. 

 

1) Saddam Hussein’s death resulted from his execution 

2) The world’s largest island by area is Greenland 

3) The tsunami disaster hit Asia late in 2004 

4) A cow produces enough milk for almost 200,000 glasses in her lifetime 

5) Sikhism is one of the five largest religions in the world 

6) Michael Jackson was found not guilty of molestation 

7) The United States and Canada are two of the only countries that border three oceans  

8) A bomb exploded in London’s subways in a terrorist attack in July 2005 

9) The U.S. has had 45 different presidents 

10) Dolphins only close one eye when sleeping 

11) Richard Branson, the founder of the Virgin Group, did not graduate from high-school 

12) During World War II, Pope Benedict XVI deserted the German army 

13) More than 200 mountains in Switzerland are over 3000 metres high 

14) Unlike other continents, Europe has no deserts 

15) The disintegration of the Larsen B ice shelf in Antarctica began in January 2002 

16) During re-entry over Texas in February 2003, the Columbia space shuttle broke apart 

17) Antarctica’s international dialling code is 672 

18) Four capelins appear on the reverse side of the Icelandic 10 krónur coin 

19) Refrigerated rubber bands last longer than non-refrigerated rubber bands 

20) French fries did not originate in France, but Belgium 

21) Al Capone’s business card said he worked as a used furniture dealer 

22) John Lennon’s eyesight was so bad that he was legally blind without his glasses 

23) The Atlantic Ocean has a higher salt content than the Pacific Ocean 

24) The only national flag with a bible on it belongs to the Dominican Republic 

25) The G8 nations and South Africa hosted the Live 8 concerts in July 2005 

26) In March 1999 NATO commenced bombing in Yugoslavia 

27) There are approximately 350 sesame seeds on a Big Mac hamburger bun 

28) There are more than 40,000 characters in Chinese script 

29) An Ostrich’s eye is bigger than its brain 

30) Sleeping and watching television burn almost the same amount of calories 

31) The Great Bear was the nickname for Hjalti Árnason, an Icelandic strong man 

32) Albert Einstein’s first job after graduating from university was in the Swiss Federal 

Patent Office 

33) The collision of tectonic plates causes the Himalayan mountains to keep growing 

34) Only one Wonder of the Ancient World still exists: the Great Pyramid of Giza 

35) North Korea successfully tested nuclear weapons for the first time in October 2006 

36) Chechen separatists in southern Russia held students and school staff hostage in 

September 2004 

37) It would take 639 years to perform the world’s longest classical composition 

38) Over their lifetime a person will shed over 15 kg of skin 

39) When making dynamite, peanuts can be used as one of the ingredients 

40) There is a tentacled snake species from south-east Asia 
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6.3. Appendix C: Meaning Changed Statements Used as Incorrect Recognition Probes 

in Experiment 1b. 

1) Osama Bin Laden’s death resulted from his execution  

2) The world’s largest island by area is New Guinea 

3) The tsunami disaster hit Africa late in 2004 

4) A cow produces enough milk for almost 200,000 litres in her lifetime 

5) Hinduism is one of the five largest religions in the world 

6) Jeffrey Epstein was found not guilty of molestation   

7) The United States and Russia are two of the only countries that border three oceans 

8) A bomb exploded in a Rome’s subways in a terrorist attack in July 2005 

9) The U.S. has had 45 different vice-presidents 

10) Orcas only close one eye when sleeping 

11) Elon Musk, the founder of Tesla, did not graduate from high-school 

12) During World War II, Pope Benedict XVI deserted the Italian army 

13) More than 200 mountains in Austria are over 300 metres high 

14) Unlike other continents, Europe has no rainforests 

15) The disintegration of the Kim Larsen ice shelf in Antarctica began in January 2002 

16) During re-entry over Texas in February 2003, the Apollo space shuttle broke apart 

17) Greenland’s international dialling code is 672 

18) Four capelin appear on the reverse side of the Icelandic 1000 krónur bill 

19) Refrigerated hair ties last longer than non-refrigerated hair ties 

20) French fries did not originate in France, but Luxembourg 

21) Pablo Escobar’s business card said he worked as a used furniture dealer 

22) Buddy Holly’s eyesight was so bad that he was legally blind without his glasses 

23) The Atlantic Ocean has a higher iron content than the Pacific Ocean 

24) The only national flag with a bible on it belongs to Haiti 

25) The EU nations and South Africa hosted the Live 8 concerts in July 2005 

26) In March 1999 NATO commenced bombing in Croatia 

27) There are approximately 350 sesame seeds on a Whopper hamburger bun 

28) There are more than 40,000 characters in Korean script 

29) A Sloth’s eye is bigger than its brain 

30) Sleeping and studying burn almost the same amount of calories 

31) The Great Bear was the nickname for Jón Páll, an Icelandic strong man 

32) Albert Einstein’s highest paying job after graduating from university was in the Swiss 

Federal Patent Office 

33) The collision of tectonic plates causes the European Alps to keep growing 

34) Only one Wonder of the Ancient World still exists: the Leaning Tower of Pisa 

35) China successfully tested nuclear weapons for the first time in October 2006 

36) Georgian separatists in southern Russia held students and school staff hostage when 

they stormed their school in September 2004  

37) It would take 639 years to perform the world’s longest modern theatre piece 

38) Over their lifetime a person will shed over 15 kg of hair 

39) When making dynamite, walnuts can be used as one of the ingredients 

40) There is a tentacled spider species from south-east Asia 
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6.4. Appendix D: Comprehension Questions About Articles Created for Use in 

Experiment 2a and 2b. 

Sagas of Icelanders 

1. What kind of sagas are the Sagas of Icelanders? 

2. Who wrote these sagas? 

3. These stories happen in the ninth, tenth and early eleventh century, during which age? 

4. Who is believed to be the author of Egils saga? 

5. Sigurður Nordal divided the sagas into five chronological groups by the state of their? 

 

Guðlaugur Friðþórsson 

6. What happened to Guðlaugur Friðþórsson? 

7. When did this happen? 

8. What is the name of the island where Guðlaugur reached shore? 

9. What was his body temperature when he finally got to the hospital? 

10. Jóhann Axelsson and William Keatinge came to what conclusion after studying 

Guðlaugur? 

 

Þorrablót 

11. What kind of a festival is Þorrablót? 

12. When was the first known modern celebration organised? 

13. At Þorrablót, participants hold speeches and recite poems to honour which Norse god? 

14. Why is it named Þorrablót? 

15. Who was Þorri? 

 

Landnámabók 

16. What is Landnámabók? 

17. How many chapters does Landnámabók include? 

18. How many men does Landnámabók list as the initial settlers? 

19. How many surviving medieval versions exist of Landnámabók? 

20. When was Landnáma written? 

 

Laufabrauð 

21. Laufabrauð, leaf bread, has another name in English. What is it? 

22. Where did Laufabrauð originate? 

23. Laufabrauð is an important part of what holiday in Iceland? 

24. What does Laufabrauð look like? 

25. How is Laufabrauð cooked? 

 

Icelandic Turf House 

26. What was it about the Icelandic climate that made turf houses desirable? 

27. Why was the notion of using turf instead of timber not alien to many settlers? 

28. Where was the only external wood on these houses? 

29. The floor of a turf house was covered with what? 

30. The viking-style longhouses were replaced with a new style in the late 18th century, 

what was it called? 
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6.5. Appendix E: Precise Sentences Created as Correct Recognition Probes in 

Experiment 2a. 

Sagas of Icelanders 

1) They are prose narratives mostly based on historical events that mostly took place in 

Iceland  

2) The sagas of Icelanders  (Icelandic: Íslendingasögur), also known as family sagas, are 

one genre of Icelandic sagas 

3) They are the best-known specimens of Icelandic literature 

4) They reflect the struggle and conflict that arose within the societies of the early 

generations of Icelandic settlers 

5) Eventually many of these Icelandic sagas were recorded 

6) The ‘authors’, or rather recorders of these sagas are largely unknown 

7) One saga, Egil’s saga, is believed by some scholars to have been written by Snorri 

Sturluson 

8) Among the several literary reviews of these sagas is that by Sigurður Nordal’s 

Sagalitteraturen, which divides the sagas into five chronological groups distinguished 

by the state of literary development 

 

Guðlaugur Friðþórsson 

9) Guðlaugur Friðþórsson (born 24 September 1961) is an Icelandic fisherman who 

survived six hours in 5 °C (41 °F) cold water 

10) and furthermore trekked, for another three hours, across lava fields to reach a town for 

help in freezing conditions 

11) It is suspected that the weight of the trenchers was miscalculated, causing the boat to 

be more susceptible to turbulent ocean conditions 

12) The only survivor of the crew of five, Guðlaugur swam for five to six hours in 5 °C (41 

°F) to 6 °C (43 °F) cold water the 6 km to the island, wearing a shirt, sweater and 

jeans,[1] guided by a lighthouse 

13) Reaching the shore of Heimaey, he found himself at the most dangerous section of the 

island's coastline 

14) When he knocked on a door at 7 am, nine hours after the boat had sunk, he was taken 

to the hospital 

15) His body temperature was below 34 °C (93 °F) yet he showed almost no symptoms of 

hypothermia nor vasodilatation, only of dehydration 

16) he finally got to land but had to walk with bare feet, traversing 3 km of volcanic scree 

 

Þorrablót 

17) Þorrablót (transliterated as thorrablot) is an Icelandic midwinter festival 

18) The historical context is from the Orkneyinga saga, where Þorri (“Frost”) is an early 

Finnish king, the son of Snær (“Snow”) 

19) The modern festival arose in the second half of the 19th century 

20) The first known celebration was reportedly organised by the association of Icelandic 

students in Copenhagen in 1873 

21) The Þorrablót is an evening with dinner where participants hold speeches and recite 

poems, originally to honour the Norse god Thor (Þórr), whose name is taken to be 

associated with Þorri 

22) Calling the feast a blót (a sacramental feast held in honor of a god in Norse mythology) 

makes clear the reference to pre-Christian times 

https://en.wikipedia.org/wiki/Icelandic_language
https://en.wikipedia.org/wiki/Lava_field
https://en.wikipedia.org/wiki/Gu%C3%B0laugur_Fri%C3%B0%C3%BE%C3%B3rsson#cite_note-Keatinge_1986_171-1
https://en.wikipedia.org/wiki/Hypothermia
https://en.wikipedia.org/wiki/Vasodilatation
https://en.wikipedia.org/wiki/Dehydration
https://en.wikipedia.org/wiki/Scree
https://en.wikipedia.org/wiki/Copenhagen
https://en.wikipedia.org/wiki/Thor
https://en.wikipedia.org/wiki/Bl%C3%B3t
https://en.wikipedia.org/wiki/Norse_mythology
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23) This was due to a Reykjavík restaurant, called Naustið, starting to offer a platter with a 

selection of foods that had previously been common in the Icelandic countryside, but 

had become rare by that time, in 1958 

24) Today Þorrablót are common events among Icelanders everywhere and can be anything 

from an informal dinner with friends and family to large organised events with stage 

performances and an after-dinner dance 

 

Landnámabók 

25) is a medieval Icelandic written work which describes in considerable detail the 

settlement (landnám) of Iceland by the Norse in the 9th and 10th centuries CE 

26) Landnámabók is divided into five parts and over 100 chapters 

27) Landnámabók lists 435 men as the initial settlers, the majority of them settling in the 

northern and southwestern parts of the island 

28) Some have suggested a single author, while others have believed it to have been put 

together when people met at things(assemblies) 

29) The first copy has not survived; the oldest surviving examples are copies made in the 

second half of the 13th century or a little later 

30) It traces important events and family history into the 12th century. More than 3,000 

people and 1,400 settlements are described 

31) It tells where each settler settled, and it provides a brief genealogy. Sometimes short 

anecdote-like stories are also included 

32) The initial settlement of Iceland largely took place during the Viking Age between 870 

and 930 

 

Laufabrauð 

33) is a traditional kind of Icelandic bread that is most often eaten in the Christmas season 

34) it consists of round, very thin flat cakes with a diameter of about 15 to 20 cm (6 to 8 

inches) 

35) decorated with leaf-like, geometric patterns and fried briefly in hot fat or oil 

36) Laufabrauð can be bought in bakeries or made at home, either with ready-made dough 

or from scratch 

37) Leaf bread making at home is usually a family undertaking and often an essential part 

of the Christmas preparations, where several generations gather and take part in the 

decorating 

38) Originating from northern Iceland but now eaten throughout the country 

39) patterns are either cut by hand or created using a heavy brass roller, the laufabrauðsjárn 

("leaf bread iron") 

40) "leaf bread"; sometimes also called "snowflake bread" in English 

 

Icelandic Turf Houses 

41) Icelandic turf houses (Icelandic: torfbæir) were the product of a difficult climate 

42) offering superior insulation compared to buildings solely made of wood or stone, and 

the relative difficulty in obtaining other construction materials in sufficient quantities 

43) 30% of Iceland was forested when it was settled, mostly with birch 

44) Some structures in Norway had turf roofs, so the notion of using this as a building 

material was not alien to many settlers 

45) The floor of a turf house could be covered with wood, stone or earth depending on the 

purpose of the building 

https://en.wikipedia.org/wiki/Reykjav%C3%ADk
https://is.wikipedia.org/wiki/Nausti%C3%B0
https://en.wikipedia.org/wiki/Icelandic_language
https://en.wikipedia.org/wiki/Settlement_of_Iceland
https://en.wikipedia.org/wiki/Iceland
https://en.wikipedia.org/wiki/Norsemen
https://en.wikipedia.org/wiki/Thing_(assembly)
https://en.wikipedia.org/wiki/Genealogy
https://en.wikipedia.org/wiki/Viking_Age
https://en.wikipedia.org/wiki/Iceland
https://en.wikipedia.org/wiki/Christmas
https://en.wikipedia.org/wiki/Iceland
https://en.wiktionary.org/wiki/en:lauf#Icelandic
https://en.wiktionary.org/wiki/en:brau%C3%B0#Icelandic
https://en.wikipedia.org/wiki/Icelandic_language
https://en.wikipedia.org/wiki/Iceland
https://en.wikipedia.org/wiki/Birch
https://en.wikipedia.org/wiki/Sod_roof
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46) The first evolutionary step happened in the 14th century, when the Viking-style 

longhouses were gradually abandoned and replaced with many small and specialized 

interconnected buildings 

47) The only external wood would be the doorway which would often be decorative 

48) Then in the late 18th century a new style started to gain momentum, the burstabær, 

with its wooden ends or gaflar 

  

https://en.wikipedia.org/wiki/Longhouse
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6.6. Appendix F: Wording-Changed Meaning-Consistent Sentences Created as 

Incorrect Recognition Probes in Experiment 2a and Correct Recognition Probes for 

Experiment 2b. 

Sagas of Icelanders 

1) They are stories mostly based on events in history that mostly occurred in Iceland 

2) The sagas of Icelanders (Íslendingasögur in Icelandic), sometimes known as family 

sagas, are one category of Icelandic sagas 

3) They are the best-known examples of literary culture in Iceland 

4) The stories reflect societal struggles and conflicts among the early Icelandic settlers 

5) Many Icelandic sagas were eventually transcribed 

6) The majority of the ‘authors’, or rather recorders, of these sagas remain unknown 

7) Some Scholars believe that one saga, Egil’s saga, was written by Snorri Sturluson 

8) The literary review by Sigurður Nordal, Sagalitteraturen, uses the state of the sagas’ 

literary development to divide them into five chronological groups 

 

Guðlaugur Friðþórsson 

9) Guðlaugur Friðþórsson (born 24 September 1961) is an Icelandic seaman who spent six 

hours in 5 °C (41 °F) cold ocean and survived 

10) and then trekked across lava fields, in freezing conditions, for three more hours before 

reaching a town for help 

11) It is theorised that the boat sank due to a miscalculation of the weight of the trenchers, 

causing it to be more susceptible to turbulent ocean conditions 

12) Guðlaugur was the only crew-member to survive, using a lighthouse as his guide while 

he swam the 6 km to the island, spending five to six hours in 5 °C (41 °F) to 6 °C (43 

°F) cold water, wearing only a shirt, sweater and jeans 

13) When he reached Heimaey, he was at the most hazardous section of the island’s 

coastline 

14) He reached a house at 7 am, nine hours after the boat sank, and was taken to the hospital 

15) Despite being dehydrated, he showed scarcely any symptoms of hypothermia or 

vasodilatation, even though his body temperature was below 34 °C (93 °F) 

16) he had to walk barefoot across 3 km of volcanic scree after finally reaching land 

 

Þorrablót 

17) Þorrablót (thorrablot in English) is a midwinterIcelandic celebration 

18) Þorrablót’s historical background is derived from the Orkneyinga saga, where Þorri 

(“Frost”) is an early Finnish king, the son of Snær (“Snow”) 

19) The modern Þorrablót celebration emerged in the late 19th century 

20) The association of Icelandic students in Copenhagen was supposedly the first to 

celebrate the modern Þorrablót in 1873 

21) On the evening of Þorrablót, guests eat dinner, hold speeches and recite poems, the 

original purpose of which was to honour Thor (Þórr), a Norse god whose name is 

associated with Þorri 

22) Þorrablót’s name is a reference to pre-CHristian times, in which blót meant a 

sacramental feast held in honor of a god in Norse mythology 

23) This resulted from Naustið, a restaurant in Reykjavík, starting in 1958 to sell trays of 

food that once had been common in the Icelandic countryside but had by then become 

rare 
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24) The modern Þorrablót is a popular event in Icelandic culture and can vary from an 

informal dinner with friends and family to large organised events with stage 

performances and an after-dinner dance 

 

Landnámabók 

25) is a book written in Iceland during the middle ages which describes in depth the 

settlement (landnám) of Iceland when the Norsemen arrived in the 9th and 10th 

centuries CE 

26) Landnámabók is written in five parts and has over 100 chapters 

27) According to Landnámabók there were 435 initial settlers, who mostly settled in the 

northern and southwestern parts of the island 

28) There is some disagreement on whether Landnáma was written by a single author or 

was put together when people met at things (assemblies) 

29) The oldest surviving versions of Landnáma are reproductions made in the second half 

of the 13th century or a little later, of the original copy that did not survive 

30) Landnáma traces events and family history into the 12th century, mentioning more than 

3000 people and including descriptions of 1,400 settlements 

31) It provides a description of where each settler settled, his genealogy, and sometimes 

also includes short anecdote-like stories 

32) The first settlers came to Iceland between 870 and 930, during the so-called Viking Age 

33) is a bread that forms part of the Christmas tradition in Iceland and is primarily eaten 

during the holiday season 

 

Laufabrauð 

34) the cakes are very thin, flat and round, about 15-20 cm (6-8 inches) in diameter 

35) they are incised with geometric patterns before being fried briefly in hot fat or oil 

36) Laufabrauð can be made at home either from scratch or by buying the dough from a 

bakery, where they can also be bought ready-made 

37) For many families the making of leaf bread is an indispensible holiday tradition where 

the extended family gathers and takes part in the decorating 

38) Originally from northern Iceland but now consumed throughout the country 

39) If the patterns are not cut by hand, they can be made using a tool called the 

laufabrauðsjárn or “leaf bread iron”, essentially just a heavy brass roller 

40) leaf bread”; also referred to as “snowflake bread” in English 

 

Icelandic Turf Houses 

41) Icelandic turf houses (Icelandic: torfbæir) were a result of Iceland’s harsh climate 

42) providing insulation that was not possible with solely wood or stone, and the difficulties 

getting other construction materials in sufficient amounts to build houses 

43) 30% of Iceland was tree-covered when it was settled, the majority of the trees being 

birch 

44) The idea of using turf as building material was not alien to many settlers, as some 

structures in Norway had turf roofs 

45) Depending on the purpose of the building, a turf house’s floor could be covered in 

wood, stone or earth 

46) The first big architectural change happened in the 14th century, when the Viking-style 

longhouses were slowly abandoned and replaced with many small and specialized 

interconnected buildings 

47) External wood was often only used for decorative purposes in the doorway 
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48) Burstabær became a popular style in the late 18th century, with its wooden ends or 

gaflar 
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6.7. Appendix G: Meaning-Changed Sentences Created as Incorrect Recognition Probes 

for Experiment 2b. 

Sagas of Icelanders 

1) They are stories mostly based on events in history that mostly occurred in Europe 

2) The sagas of Icelanders (Íslendingasögur in Icelandic), sometimes known as traveller 

sagas, are one category of Icelandic sagas 

3) They are the only known examples of the literary culture in Iceland 

4) The stories describe combat and warfare among the early Icelandic settlers 

5) Many Icelandic sagas were eventually lost 

6) The majority of the ‘authors’, or rather recorders, of these sagas are known 

7) Some Scholars believe that one saga, Egil’s saga, was written by Ari lærði 

8) The literary review by Halldór Laxnes, Sagalitteraturen, uses the state of the sagas’ 

literary development to divide them into five chronological groups 

 

Guðlaugur Friðþórsson 

9) Guðlaugur Friðþórsson (born 24 September 1961) is an Icelandic seaman who spent 

sixteen hours in 5 °C (41 °F) cold ocean and survived 

10) and then trekked across highlands, in freezing conditions, for three more hours before 

reaching a town for help 

11) It is theorised that the boat sank due to a miscalculation of the weight of the fishing 

catch, causing it to be more susceptible to turbulent ocean conditions 

12) Guðlaugur was the only crew-member to survive, using the north star as his guide 

while he swam the 6 km to the island, spending five to six hours in 5 °C (41 °F) to 6 

°C (43 °F) cold water, wearing only a shirt, sweater and jeans 

13) When he reached Surtsey, he was at the most hazardous section of the island’s 

coastline 

14) He reached a main road at 7 am, nine hours after the boat sank, and was taken to the 

hospital 

15) In addition to being dehydrated, he showed severe symptoms of hypothermia but no 

vasodilatation, even though his body temperature was below 34 °C (93 °F) 

 

Þorrablót 

16) he walked, cold and wet, across 3 km of volcanic scree after finally reaching land 

17) Þorrablót (thorrablot in English) is a midwinter Nordic celebration 

18) Þorrablót’s historical background is derived from the Brennunjáls saga, where Þorri 

(“Frost”) is an early Swedish king, the son of Snær (“Snow”) 

19) The original Þorrablót celebration emerged in the late 19th century 

20) The association of Icelandic artists in Copenhagen was supposedly the first to 

celebrate the modern Þorrablót in 1873 

21) On the evening of Þorrablót, guests eat dinner, hold speeches and give blood, the 

original purpose of which was to make sacrifices to Thor (Þórr), a Norse god whose 

name is associated with Þorri 

22) Þorrablót’s name is a reference to pre-Heathen times, in which blót meant a 

sacramental feast held in honor of a god in proto-Norse mythology 

23) This resulted from Naustið, a restaurant in Reykjavík, starting in 1958 to publish 

recipes of food that once had been common in the Icelandic countryside but had by 

then become rare 
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24) The modern Þorrablót is a popular event in Scandinavian cultures and can vary from 

an informal dinner with friends and family to large organised events with stage 

performances and an after-dinner dance 

 

Landnámabók 

25) is a book written in Iceland during the middle ages which describes in depth the 

settlement (landnám) of northern Europe when the Norsemen arrived in the 9th and 

10th centuries CE 

26) Landnámabók is written in five dialects and has over 100 chapters 

27) According to Landnámabók there were 435 initial settlers, who mostly settled in the 

highlands of the island 

28) There is some disagreement on whether Landnáma was written by Snorri Sturluson or 

if it was put together when people met at things (assemblies) 

29) The oldest surviving versions of Landnáma are reproductions made in the second half 

of the 18th century or a little later, of the original copy that did not survive 

30) Landnáma traces conflicts and family history into the 12th century, mentioning more 

than 3000 people and including descriptions of 1,400 battles 

31) It provides a description of where each settler was born, his family history and 

sometimes also includes hand-drawn depictions 

32) The first settlers came to Iceland between 870 and 930, during the so called Settlers 

Age 

 

Laufabrauð 

33) is a bread that forms part of the Easter tradition in Iceland and is primarily eaten 

during the relevant season 

34) the cakes are very thin, flat and square, about 15-20 cm (6-8 inches) on each side 

35) they are incised with symmetrical patterns before being fried briefly in hot fat or oil 

36) Laufabrauð can be made at home either from scratch or by buying the dough from a 

grocery store, where they can also be bought ready made 

37) For many local communities the making of leaf bread is an indispensible holiday 

tradition where the entire community gathers and takes part in the decorating 

38) Originally from Western Iceland but now consumed throughout the country 

39) The patterns are seldom cut by hand, but instead made using a tool called the 

laufabrauðsjárn or “leaf bread iron”, essentially just a heavy brass roller 

40) leaf bread; also referred to as “sheet bread” in English 

 

Icelandic Turf Houses 

41) Icelandic turf houses (Icelandic: torfbæir) were a result of Iceland’s great soil supply 

42) providing earthquake safety that was not possible with solely wood or stone, and the 

difficulties getting other construction materials in sufficient amounts to build houses 

43) 30% of Iceland was tree-covered when it was settled, the majority of the trees being 

oak 

44) The idea of using turf as building material was novel to many settlers, as few 

structures in Norway use turf 

45) Depending on the location of the building, a turf house’s floor could be covered in 

wood, stone or earth 

46) The first big architectural change happened in the 14th century, when the Viking-style 

longhouses were slowly abandoned and replaced with larger and more general-

purpose buildings 
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47) External wood was often only used for decorative purposes on the rooftop 

48) Longhouses became a popular style in the late 18th century, with their wooden ends 

or gaflar 

 

 


