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ABSTRACT

External information systems often serve as an extended cognitive system and are
usually conceived as expansions of the capacity of human cognition. However, the
boundaries between our own mind and a powerful cloud mind, like the Internet, are
increasingly blurry. This paper discusses recent empirical evidence of various
metacognitive phenomena taking place while searching for information on the
Internet, against the backdrop of the theory of transactive memory systems and the

theory of cognitive offloading. The discussion focuses on the ways our cognitive
systems maneuver and adapt their responses to the medium of the Internet by
examining its effects on the metacognitive evaluations of oneself as a knower, the
novel metacognitive experience of the feeling of findability, and how our
metamemory judgments are affected. The conclusion proposes directions for future
research and a better understanding of our interaction with the Internet.
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Introduction

Humans have always used external aids or tools to accomplish tasks that are difficult or impossible for their
cognitive systems to handle on their own. These aids are regarded as distributed or extended (designations
derived from cognitive science and philosophy of mind, respectively) and imply a broader conception of cognition,
namely that cognition is not a quality of the mind but “a product of the relationships between mental structures
and the tools of intellect provided by the culture” (Pea, 1985, as cited in Salomon, 1988, p. 5) and that cognitive
processes occurring in the mind can be extended beyond the boundaries of the individual to include the
individual’s physical and sociocultural environment (Kiverstein et al., 2013). Today, these types of aids have
evolved to an unprecedented degree in terms of variety of uses, efficiency, seamless accessibility, and mass
availability. Anyone can access a plethora of tools through digital devices, such as the Global Positioning System
(GPS), language translators, identification tools (from plants and birds to constellations), trackers of all types
(from daily mood trackers to activity trackers), and, of course, the Internet, the world’s most extensive data
source and storage. This updated interest in cognitive tools has led to a remarkable boom in research focusing
on the interactions between them and the human cognitive system. This paper discusses how the above
relationship is expressed at the cognitive and metacognitive levels by using the Internet as a sample cognitive
tool, constituting an information source and, at the same time, an information storage device (Ward, 2013b). In
the context of our discussion, the term “Internet” is conceptualized specifically to refer to the activity accessing
and retrieving digital information via search engines. The perspective adopted for online search is that of a
problem-solving process (Brand-Gruwel et al., 2009).

We begin our exploration by describing how humans enter into this special relationship with the Internet
based on the theory of transactive memory systems (Wegner, 1987), which states that the Internet is more of a
partner than a tool. Thus, an intriguing question arises: how does delegating the responsibility for completing a
cognitive task to such a partner affect the cognitive system? In order to theoretically frame our question, we
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introduce the theory of cognitive offloading, which assigns a pivotal role to metacognition and argues that
“opportunities to offload cognition can affect both lower-level cognitive systems (e.g., memory) and higher-level
metacognitive evaluations of these systems (e.g., confidence)” (Risko & Gilbert, 2016, p. 683). We then present
evidence on the factors affecting the decision to use the Internet, the bias of the inflated feeling of confidence in
oneself as a knower (which is induced by searching the Internet), the feeling of findability, and how it can be
seen as an example of a functional adaptation to the specificities of the medium, and how knowledge of the future
availability of information in an electronic medium influences the way people remember information.
Suggestions for future research are presented at the end of the discussion.

The human Internet relationship

In the study of human-cognitive tool interaction, a very challenging idea is that human and cognitive tools
enter into a relationship. This relationship is often portrayed in various terms. For example, it can be viewed as
an intellectual partnership. Specifically, Salomon (1988) discusses that similar to the role of social interaction in
a child's zone of proximal development, auxiliary tools and symbols are also internalized, serving as cognitive
signs for self-guidance. Thus, tools could also serve as “more capable peers” (Vygotsky, 1978, as cited in Salomon,
1988, p. 3), the functions of which are internalized. This partnership involves a complementary division of labor
and interdependence between internal processes, external processes, and intermediate products (outputs
contributing to the final goal). Despite this interconnection, the individual may not necessarily be aware of the
strategies employed by the tool. Attempting these activities individually, without the partnership, would exceed
a person's mental capacity (Pea, 1985, as cited in Salomon, 1988).

The human-cognitive tool relationship has also been described as a coupled system, which can be viewed as
an independent cognitive system, each part of which plays an active role in its functioning, guiding behavior as
cognition typically does. Removing the external component would lead to a decline in performance, similar to
the decline that would occur if a part of the brain was removed. This kind of coupled process counts just as well
as a cognitive process, regardless of whether it is entirely in the head or not (Clark & Chalmers, 1998).

Another way to describe the relationship is as a cognitive dyad, a rudimentary transactive memory system
in which the tool becomes a site of external storage for the individual (Wegner, 1987). The latter type of
relationship is analyzed in the next section since it is the one most frequently used in contemporary research on
the Internet.

The Internet as a transactive memory partner

In the last decade, the theory of transactive memory systems (Wegner, 1987) has been revisited to explore
the relationship between humans and the Internet. This theory posits that people typically use other people as
external information storage based on areas of expertise. Recent studies have extended this concept of socially
distributed memory to encompass human-technology interactions (Risko & Gilbert, 2016). Specifically, in
Wegner's (1987) division of memory into internal and external, transactive memory is part of the latter. Internal
memory contains memory and processes that occur in the individual’s mind, while external memory includes all
kinds of external storage media. A distinctive property of external memory is that the same processes applied
internally (that is encoding, storage, retrieval, and semantic networks) can also be applied externally. Transactive
memory systems are formed when other people (or as currently proposed, the Internet) become external storage
sites for an individual. Empirical evidence supporting this idea resulted from experiments (Giuliano & Wegner,
1985, as cited in Wegner, 1987; Wegner et al., 1991) that used the smallest possible transactive memory system,
such as pairs of either randomly selected participants or participants who were involved in a romantic
relationship. These pairs worked together in tasks to recall a list of words. In the absence of experimental
instructions, couples divided the memory load based on perceived expertise or situational factors. If one person
was seen as knowledgeable in a specific area (e.g., food), they took on the related tasks (e.g., food names) and
provided the other person with words in their own field of expertise (e.g., history information). Just as humans
form transactive partnerships in which they delegate the responsibility of storing (i.e., memorizing) information
to other individuals with expertise (Flanagin & Lew, 2022), they can likewise delegate this responsibility to the
Internet, thus making it a “transactive memory partner” (Ward, 2013b, p 11). Of course, the Internet is very
different from an ordinary transactive partner, since it can be conceived as a “supernormal stimulus” (Ward,
2013a). Supernormal stimuli are exaggerated or magnified versions of the stimuli that have shaped humans’
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neural structures and cognitive tendencies during evolution (Tamir & Ward, 2015). Thus, the Internet almost
always has a higher degree of expertise than any individual person, as well as an information storage capacity
that far exceeds human measures (Ward, 2013a). Considering this, are there any cognitive and metacognitive
consequences of being in a relationship with such a transactive memory partner?

Cognitive offloading

This question can be best answered within the theoretical framework of cognitive offloading (Risko &
Gilbert, 2016). This theory assigns a pivotal role to metacognition whenever an individual decides to delegate the
responsibility of handling cognitive tasks to an external medium. Cognitive offloading is defined as “the use of
physical actions to alter the information processing demands of a task in order to reduce cognitive demands”
(Risko & Gilbert, 2016, p. 676). Examples of such physical actions include turning one’s head to view a rotated
image, counting with one's fingers, or using a smartphone to schedule an appointment (Risko & Gilbert, 2016).
When faced with a problem, metacognitive experiences, and metacognitive beliefs initially shape the decision as
to whether an individual turns to external cognitive tools for assistance or relies solely on their own strengths.
Then, the reliance on the former can affect both lower-level cognitive systems (e.g., memory) and higher-level
metacognitive evaluations of those systems (e.g., confidence) (Risko & Gilbert, 2016). For example, if an
individual needs to recall some information, their knowledge about the past successes of internal or external
storage, their beliefs about their reliability, and/or a feeling of fluency can contribute to their decision to store
that information internally or externally. However, the use of internal or external strategies per se may modify
metacognitive evaluations (e.g., after successfully using GPS, one may conclude that it is a more reliable method
of navigation than relying solely on memory). Thus, the use of strategies may directly affect cognitive functions
(e.g., continuous use of GPS may have an impact on visuospatial memory) (Risko & Gilbert, 2016). The cognitive
offloading theory predicts a type of self-reinforcing pattern that produces a tendency to disengage from internal
resources in an environment with highly effective cognitive technologies (Risko & Gilbert, 2016).

In the following sections, we present empirical evidence for the cognitive and metacognitive consequences
of the above transactive relationship. Specifically, in the first part, we present studies concerning the decision to
use the Internet, the confidence inflation phenomenon, and the feeling of findability. In these studies, the Internet
is seen mostly as an information source, so the transactive partner becomes a transactive all-knower (Ward,
2013b). In the second part, we present studies on memory storage in which the Internet is seen mostly as a
storage device, so the transactive partner is transformed into a transactive super memorizer (Ward, 2013b).

The transactive all-knower: Effects of the Internet as an information source

In most of these studies, the typical experimental design required the participants to answer general
knowledge questions. They were assigned to two conditions: either the Internet condition in which they were
allowed to search for answers or information on the Internet or the control condition in which they were
instructed to answer without external help. In both conditions, they were asked to report their metacognitive
experiences on a Likert scale (e.g., feeling of knowing and feeling of familiarity) before and after submitting their
answers. The studies mentioned in the following subsection, The decision to use the Internet, explored whether
the participants in the Internet condition were more likely to offload the task of answering questions compared
with those in the control group, while the studies in the Inflated feeling of confidence subsection investigated
whether the participants in the Internet condition tended to report higher feelings of confidence in terms of their
current and future performance relative to those in the control condition.

The decision to use the Internet

The theory of cognitive offloading predicts that the decision to use an external medium is informed by offline
metacognitive beliefs and online metacognitive experiences. With respect to Internet use, to our knowledge, there
are no studies that explicitly examine this idea. We report the research evidence from studies that are relevant
to this topic instead. Specifically, in a study conducted by Storm et al. (2017), the participants in the Internet
group and those in the control group were asked to answer a series of difficult general knowledge questions. The
participants in the Internet group were instructed to answer after searching the Internet, and they were
compelled to do so, even if they knew the answers. In the next phase of the experiment, the participants in both
groups were asked to answer easy questions and were given the choice of either conducting an online search or
answering on their own. It was found that the Internet group preferred to search the Internet significantly more
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often (Experiment 1a) and decided to do so in considerably less time than the control group (Experiment 2). This
difference remained significant even when participants had to get up from their seats and cross the room in order
to use a computer or tablet (Experiment 1b).

In Ferguson et al.’s (2015) research, all participants were presented with general knowledge questions and
instructed to indicate whether they knew the answer. If they did, they were asked to type it. Only those in the
Internet group who did not know the answer were permitted to look it up and then type it. It was found that
these participants were less willing to respond to questions without using the Internet, and, as a result, they
provided fewer replies compared with the participants in the no-Internet-access group. Nevertheless, the
answers in the Internet condition were more likely to be correct, and the participants were quicker to decide
whether they knew an answer (Experiment 1). It appeared that people recognized the expertise of the transactive
memory partner (the Internet) and chose to offload the responsibility of answering questions to it. Indeed, the
way the participants in the experimental condition of these two studies addressed the task was successful, since
they gave more correct answers when seeking help from the Internet compared with the participants in the
control condition.

Furthermore, research evidence from studies using functional magnetic resonance imaging (fMRI) showed
that people may develop impulsivity to search the Internet. In particular, Dong and Potenza (2015) compared
their study’s participants’ brain activation while answering general knowledge questions in an online search
condition versus an encyclopedia search condition. A positive correlation was found significant only in the online
search condition between brain activation in orbitofrontal cortex- a region associated with executive control,
emotional regulation, and impulse inhibition- and the participants’ reports of their impulsivity to search the
Internet to answer new questions. However, this correlation was significant only in the Internet condition and
not in the encyclopedia search condition. It is noteworthy that the same brain regions seem to play a role in drug
cravings, potentially implying a similar mechanism behind the impulsivity associated with internet use. In a
similar vein, a study by Wang et al. (2017) showed that after six days of training in online searching, participants
reported higher rates of impulsivity to search the Internet for answers to unusual questions compared with their
reports before training. In addition, a positive correlation was found between the participants’ impulsivity reports
and activation of the dorsolateral prefrontal cortex and anterior cingulate cortex, regions connected to
impulsivity and distraction control respectively.

Thus, at the stage where people must decide whether to use external aid, they are quick to turn to the
Internet. The same pattern is observed in the research on cognitive offloading of future intentions, where people
tend to set external reminders even in very easy experimental conditions (Gilbert et al., 2023). These results are
in accordance with the main hypothesis of the cognitive offloading theory that we tend to disengage from our
internal resources when we are in an environment with highly effective cognitive technologies (Risko & Gilbert,
2016), presumably in order to avoid cognitive effort (Gilbert et al., 2023). Also, the Internet, as a transactive all-
knower, may create a change in the internal benchmark against which personal competence is assessed, which
results in a reduction in the feeling of knowing (Ferguson et al., 2015). Since offloading on the Internet is
simultaneously less mentally taxing, even though Internet search does create cognitive load (Gwizdka, 2010), and
provides the highest likelihood of obtaining accurate information, people might naturally opt for this strategic
approach to the task. Lastly, the factor of impulsivity might also suggest that the quick turn to the Internet could
be driven either by an imperative cognitive need to fill a knowledge gap (Loewenstein, 1994) or by the search
engine/websites’ user interface, which might be designed to encourage compulsive use (e.g. Mathur et al., 2021).

To summarize, taking into consideration the scarcity of data so far, it appears that when the option of
searching the Internet for answers is available, people quickly turn to the transactive memory partner even for
easy-to-answer questions (Ferguson et al., 2015; Storm et al., 2017). It seems that the use of the medium also
leads to impulsivity to continue using it, a finding that seems to have a neuropsychological basis (Dong & Potenza,
2015; Wang et al., 2017). Next, we examine the impacts of using the Internet on our feeling of confidence.

The phenomenon of the inflated feeling of confidence

The studies we examine below reveal that using the Internet to answer questions creates a bias that inflates
the feeling of confidence. Is this an indication that the boundaries between the individual and the all- powerful
transactive partner are becoming blurred and that the individual is taking credit for the partner's remarkable
ability? (Ward, 2013b). Ward (2013b) examined the idea that the boundaries between the two members of the
cognitive dyad become blurred and that people attribute properties of the Internet to themselves. He based this
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on his finding that when people offload the responsibility of answering general knowledge questions to the
Internet, there is a tendency to overestimate their personal ability to answer such questions even without the use
of an external medium. Specifically, in a series of experiments originally conducted for his dissertation (Ward,
2013b) and recently enriched (Ward, 2021), the participants who used Google to answer general knowledge
questions, compared with those who were instructed to answer on their own, rated themselves significantly
higher both in the ability to search external media (access) and the ability to remember (memory). However,
they did not rate themselves as high in other types of abilities, such as physical, social, or mathematical (Ward,
2021, Experiment 1). In addition, they predicted significantly higher performance on a similar future test of
answering general knowledge questions without the use of external means (Ward 2021, Experiment 2), but when
they were actually exposed to these tests, their performance did not match their predictions (Ward, 2021,
Experiment 3). Overestimation was maintained for the Internet on the variables of future performance
estimation, memory and ability to think, when they had to answer questions of moderate difficulty (Ward, 2021,
Experiment 7).

Research by Fisher et al. (2015) followed a similar line of reasoning. In their basic experimental design, in
the induction phase, the participants in the Internet group were instructed to search online for explanatory
answers to general knowledge questions in a particular domain (e.g., meteorology), while the participants in the
control group simply viewed the same questions. Both groups then rated their ability to explain the answers (but
without answering them). In the target phase, they were exposed to an entirely new set of questions in different
domains (e.g., anatomy and physiology) and were asked to assess how well they could answer similar questions
without the use of an external medium. It was found that in the target phase, the participants in the Internet
group rated their ability to answer this entirely different set of questions significantly higher relative to the
control group (Experiment 1a). In a subsequent experiment, they were provided with an artificial brain activation
scale with the misleading information that the scale showed brain activation and that the more qualitative
explanations one gave, the more the brain was activated. When they were asked to choose the level of their brain
activation during the processing of the previous task, the participants in the Internet group chose the highest
brain activation for themselves compared with the participants in the control group (Experiment 2a).

However, this finding regarding the transfer of confidence overestimation from the induction phase (an
initial set of questions) to the target phase (an entirely different set of questions) was not confirmed in a
replication study conducted by Pieschl (2019). The latter also asked the participants to submit their answers to
the questions along with their predictive and postdictive judgments about their ability to answer such questions
and about their performance. It was found that the judgment of those who used the Internet was inflated and
that their actual performance did not correspond to their judgment compared with the control condition. Finally,
in Dunn et al.’s (2021) study, the participants in the Internet condition reported marginally significantly higher
confidence in their predictive judgment about the accuracy of their responses to general knowledge questions
and significantly higher confidence in their postdictive judgment. They were also less able to distinguish between
correct and incorrect answers relative to the participants in the control condition. Several factors have been
suggested to explain the phenomenon of inflated confidence, such as fluency in processing, the act of searching
the Internet, the lack of external evaluation criteria, and the ambiguity of performance. In the following
paragraphs, we briefly discuss these factors.

Fluency in processing. One important factor that seems to contribute to overconfidence is fluency in
searching, which is possibly perceived as a cue for the feeling of confidence to emerge. Pieschl (2019) interpreted
the phenomenon within the context of Koriat and Levy-Sardot’s (1999) dual-process theory, which distinguishes
metacognitive judgments into experience-based judgments and information-based judgments. The former
emerge automatically as a by-product of information processing and are based on various mnemonic cues, such
as accessibility, fluency, familiarity, ease of retrieval, and memorization effort, while the latter draw on people's
domain-specific knowledge and beliefs and emerge from goal-directed inferential processes, which can lead to
informed self-evaluation (see also Koriat et al., 2008). Thus, if a user experiences the process of searching for
information on the Internet as positive (i.e., they experience ease, fluency in processing, and immediate
availability of information), they may feel that they can answer a knowledge question (experience-based
judgment). Yet, these signals may reflect the speed offered by the web service or search engine's algorithm rather
than the individual's understanding. Metacognitive experiences arising from the act of searching may bias users
toward overestimating their ability to solve information problems (Pieschl, 2019). Indeed, the phenomenon of
overestimation was eliminated when Ward (2021) introduced the parameter of analytical thinking or time delay.
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When the participants were asked to write down their answers before conducting an online search (Experiment
5) or when a delay of 25 seconds in retrieving Google results was introduced, there was no difference in the
scores between the experimental and control conditions (Experiment 6).

Dunn et al. (2021) on the other hand, argued that when individuals engage in an online search, they are
more likely to be prone to errors, possibly not due to misinterpretation of the signals but due to the lack of signals.
This is because the emergent metacognitive experience is irrelevant (e.g., one may feel fluency during a search,
but it does not mean anything). Therefore, a person may rely more on metacognitive knowledge—in this case,
the perception that the Internet is a reliable source of information. In their research, they found that individuals
in the Internet condition were less able to distinguish between correct and incorrect answers compared with the
participants in the control group. This may have been due to the interference of the metacognitive belief that the
Internet is trustworthy combined with the fact that, when searching the Internet, individuals are highly prone to
make mistakes (e.g., judging sources and the reliability of a website) and they may not be aware of this (Dunn et
al., 2021).

The act of Internet searching. The contribution of Internet searching to the emergence of the inflated
confidence bias can be found in the research experiment of Fisher et al. (2022). In their study, the participants
were administered learning tasks on various topics, asked to make predictive judgments of performance, and
answered a multiple-choice quiz. The Internet group had access to study materials via prompts to search the
Internet for specific articles located on specific websites (e.g., Topic: Autism Treatment Options in apa.org). The
no-Internet group was exposed to the same materials, but they had to read the text without engaging in an online
search. The participants in the Internet group had significantly lower performance on the quiz and spent
significantly less time studying the material but evaluated their future performance higher compared with the
control group (Experiment 1). The pattern of overconfidence and worse performance in the Internet group
remained intact despite variations in the experiment; for instance, when the no-Internet group was exposed to
potentially disruptive factors mimicking those encountered during an online search (e.g., They were asked to
solve a CAPTCHA by identifying and typing letters and numbers in a noisy image into a box) (Experiment 2)
when both groups were required to devote the same amount of time to studying (Experiment 3a), when both
groups were asked to reflect on their knowledge before each trial (Experiment 3b), and when a novel link
condition was created to be compared with the Internet condition in which the participants accessed the study
materials by clicking a ready-made hyperlink (Experiment 4).

The implications are quite alarming, since the act of searching online leads to metacognitive biases
concerning performance by masking Internet-induced learning deficits (Fisher et al., 2022) The inflated feeling
of confidence might be accompanied by inadequate performance and lead to a more superficial processing of
information (Fisher et al., 2022). This poor calibration seems to be a result of the misinterpretation of various
external cues emerging during an Internet search. It has been shown that inferences or feelings-of-knowing
generated from various cues increase confidence but reduce overall calibration and that confidence often is
related to cue familiarity (Juslin, 1994, as cited in Stone, 2000). In a web search, such cues constantly occupy the
working memory. The process of finding the right keywords, viewing, assessing the results page, etc., may create
numerous associations. Along with the fluency felt by the rapid retrieval of results, all these cues together could
evoke a false feeling of familiarity, leading individuals to exhibit a 'knew it all along' bias, believing they had
known the answer all along when they, in fact, did not (Ward, 2013b).

The lack of external evaluation criteria. Another factor that may contribute to overconfidence and might
provide insight into why the act of searching makes people prone to biases, is the lack of external evaluation
criteria. Mattes and Pieschl’s (2022) research was based on the idea that when individuals make metacognitive
judgments, they are in essence comparing their knowledge to an idiosyncratic internal standard (see Winne and
Hadwine’s COPES model of self-regulated learning, 1998), and it is the lack of external objective knowledge
evaluation criteria that makes them susceptible to the overconfidence bias. Indeed, when the participants in the
Internet condition were given a rubric schema clarifying how answers would be scored to guide their responses,
their predictive and postdictive confidence biases about performance were reduced compared with the
participants who searched the Internet without external guidance. In higher education, the use of rubrics,
including criteria and performance standards with specific examples of the final product, resulted in higher use
of self-regulatory learning strategies, performance, and accuracy (Panadero & Strijbos, 2016). Also, feedback, and
especially process feedback (e.g. concerning learning strategies) seems to have a significant impact on calibration
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levels (Stone, 2000). It seems the mis-calibrated confidence may be due to the discrepancy between people's
everyday online experience and the experimental task demands. People don't typically perceive online searches
as performance tasks; instead, they see them as a way to satisfy their personal information needs. The satisfaction
of these needs, combined with a lack of feedback about the accuracy of their comprehension of the information
obtained, may lead to inflated confidence. As initial metacognitive judgments are based on past experiences (Zhao
& Linderholm, 2008), this subjectively effective engagement with the Internet could serve as an anchor for future
metacognitive evaluations. However, these consequences seem to be reversible; when an external performance
criterion is introduced, people are quick to adjust and perform adequately.

Performance ambiguity. Fisher and Oppenheimer's (2021) research provides another interesting
perspective on the phenomenon of overconfidence. In their basic experiment with a task of answering general
knowledge questions, participants were divided into two conditions: the individual condition in which the
participants were alone and the group condition in which the participants collaborated with two algorithms. In
the latter condition, each participant answered five out of fifteen geography questions, and the algorithms
answered the rest. The participants did not see the algorithms’ answers but directly received feedback on the
correctness of both their own answers and those of the other group members. Next, the participant was asked
whether they could satisfactorily answer an upcoming set of questions in either geography or other knowledge
areas without aid from the teammate algorithms. The group condition showed overconfidence in their
performance on future quizzes in the same knowledge domain (geography) but not in other knowledge domains.
Their actual performance did not differ from that of the participants in the individual condition (Study 1). In
various experimental variations, the effect of overconfidence was eliminated only when the participants simply
observed the algorithms providing responses without their personal involvement compared to those involved in
the group condition (Study 3) and when they were informed about their own contribution to the group’s
performance by replying to the questions assigned to the algorithms compared to those who did not (Study 5).
Thus, it appears that people in a transactive system have increased confidence in their performance on a future
task not because they confuse their own performance with the group’s performance but because each member’s
contribution to the final performance is not made clear. Assessing, thus, one's ability becomes more challenging
when one has only experienced a task in the context of a transactive memory system (Fisher & Oppenheimer,
2021).

To summarize, it seems that offloading the responsibility for answering questions to the Internet has a
profound effect on the metacognitive level of functioning, as it leads to an overconfidence bias concerning (a)
one’s ability to process, remember, and access information (Ward, 2013b; 2021); (b) judgments of future
performance in similar tasks (Fisher et al., 2022; Pieschl, 2019; Ward, 2013b, 2021); and (c) judgments of the
correctness of answers (Dunn et al., 2021). This bias, in turn, affects cognitive processing by decreasing the time
spent learning and the level of performance (Fisher et al., 2022). The factors that contribute to this bias seem to
be either a misinterpretation of cognitive processing cues or a lack of these cues (Dunn et al., 2021; Pieschl, 20109;
Ward, 2021), the lack of an objective external criterion for performance standards (Mattes & Pieschl, 2022), the
act of online searching (Fisher et al., 2022), and ambiguity with respect to an individual’s contribution to task
performance (Fisher & Oppenheimer, 2021). We have seen how the individual-Internet transactive relationship
may lead to metacognitive biases, followed by adverse consequences at the cognitive level of functioning but we
cannot state conclusively that the boundaries between humans and the Internet have become indistinct. Notably,
when the factors contributing to the inflated feeling of confidence are controlled for, the phenomenon appears
to be diminished. Beyond making us susceptible to fallacies, could this transactive relationship also foster our
metacognitive sensitivity regarding information retrieval? The feeling of findability has been studied as an
example of a metacognitive experience emerging in the context of retrieving information from such a transactive
system.

The feeling of findability

Based on Wegner’s (1987) theoretical premise that in a transactive memory system it is necessary for
individuals to know how to access information, Risko et al. (2016) examined whether individuals develop such
knowledge in the context of their interactions with the Internet. They studied the development of the feeling of
findability, which is an estimate of the time it takes to retrieve information from the Internet. In their
experiments, the participants were shown general knowledge questions and asked to indicate whether they knew
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the answers and rate how quickly they could retrieve the answers using the Internet on a Likert scale (Studies 1a
and 1b). The results revealed that the feeling of findability negatively correlated with search time was not affected
by the perceived difficulty of the questions and did not strongly correlate with the individuals’ familiarity with
the Internet. In their Study 2, they investigated whether the feeling of findability was distinct from the feeling of
knowing. A new condition was introduced, in which participants were asked to rate the likelihood of recognizing
the answer, immediately after indicating whether they knew the answer to the presented question. Although the
results showed a negative correlation between the feeling of knowing and search time, no significant correlation
was found between the feeling of findability and the feeling of knowing, nor was there a correlation between the
feeling of findability and the probability that a question would receive an “I know” response; however, there was
a strong significant correlation between such a response and the feeling of knowing. Finally, two factors were
found to correlate with the feeling of findability, namely the difficulty in generating a search query and a belief
in the popularity of a search item; that is, an estimation of how often other people search for that specific question
(Study 3).

The above evidence shows that people seem to develop the ability to accurately estimate how quickly they
can find information on the Internet. Given that in transactive memory systems internal cognitive processes can
also have external applications (Wegner, 1987), the feeling of findability appears to be an external manifestation
of the internal feeling of knowing and the experience of ease of access (Risko et al., 2016), adapted specifically
for the medium of the Internet. This remarkable metacognitive sensitivity contradicts the bias discussed earlier
and the proposed ambiguity of human-Internet boundaries (Ward, 2021). Why are we sometimes able to make
such distinctions and other times not? A possible explanation is that these judgments are influenced by a different
set of cues. For instance, the feeling of findability correlates with the difficulty of formulating search terms and
the popularity of those terms. In contrast, the feeling of confidence seems to be dependent on the
misinterpretation of the search engine's fluency cues.

The transactive super memorizer: Effects of the Internet as a storage device

Not only is the Internet a source of information, as presented up to this point, but it is also a huge storage
device. We now move on to examine the effects of the Internet as a storage device on human memory by
presenting evidence for the so-called Google effect and discussing how our metacognitive beliefs can regulate our
memorization strategies.

The Google effect: A case of directed forgetting?

The Google effect refers to the phenomenon of people having better memory for the location where
information is stored but worse memory for the content of this information. In a study conducted by Sparrow et
al. (2011), the primary experimental design consisted of two conditions in which the participants were instructed
to memorize general knowledge statements that would be either saved on a computer or deleted. They found
that the participants had significantly worse memory for the material they believed would be saved (Experiments
2 & 3). Moreover, when the name of the storage folder was provided alongside the statements without explicit
instructions, it was highly likely that neither the statements nor the folder would be remembered but equally
likely that only the folder would be recalled (Experiment 4). This study has been criticized for its methodological
drawbacks (e.g., assessing the comparison between recall and recognition test outcomes) (Marsh & Rajaram,
2019) and lack of ecological validity, as it did not involve Google or the Internet but folders on computers in a
psychology laboratory (Heersmink, 2016). However, it seemed to highlight a phenomenon confirmed by other
studies (see below), and as Sparrow et al. (2011) argued, the type of experiment resembled directed forgetting
experiments in which participants are instructed to either remember or forget sentences. It has been shown that
individuals have better memory for sentences to be remembered (Sahakyan & Foster, 2016). In this context,
considering that the participants had worse memory for the to-be-saved statements, it was as if they were
instructed to forget the information to be saved. Nevertheless, since there was no explicit instruction to forget
the information, what caused the to-be-saved information to be perceived as a cue to forget it?We will address
the question by analyzing studies that explore the impact of saved versus unsaved information on memory and
a smaller subset of studies with ecological validity due to their connection with Internet search.
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Metacognitive beliefs and strategy adjustment. A possible explanation consistent with the cognitive
offloading theory (Risko & Gilbert, 2016) is that the to-be-saved prompt is perceived as a cue for offloading and
that metacognitive processes are activated to help us adjust our task-related strategies. Domain-specific
metacognitive knowledge is potentially triggered, drawing on our experiences of storing information in external
media, so that we give high priority to to-be-deleted information. This is in accordance with directed forgetting
in which the role of metacognitive beliefs in the memorability of objects is highlighted, as they can lead to
different recall patterns depending on whether individuals are trying to achieve the goal of memorizing or
forgetting information (Sahakyan & Foster, 2016). Offloading between people in transactive memory systems is
activated when trust exists among those involved. If people distrust a particular medium, they are less likely to
offload information onto it (Schooler & Storm, 2021). As demonstrated by Schooler & Storm (2021), people exhibit
inferior memory performance for information they expect to be stored externally, but this phenomenon is
observed only when the external storage medium is perceived as unreliable. Storm and Stone (2015) examined
how the knowledge that a piece of information will be saved affects other pieces of information. They found that
saving a file before studying a new file significantly improved memory for the contents of the new file. This effect
was eliminated, though, when the participants were informed that the storage process may be unreliable or when
the contents of the file to be stored did not create a significant mnemonic load to interfere with memory for the
new file.

Another factor that may affect worse memory for saved information is the value that individuals assign to
information. According to the theory of value-directed memory (Castel, 2007), memory is influenced by the value
that people assign to information, and this value can be impacted by several factors, such as the relevance of the
information to the current goals, its consistency with prior knowledge, its expected future use, and the
individual’s motivation. In Park et al.’s (2022) study, participants were given words assigned with arithmetic
values and were instructed to memorize them so that, when tested, they could achieve the highest score by
summing those values. Participants who were falsely informed that words from the last two trials would be
stored showed significantly poorer performance in the subsequent memory test compared to the control group,
which shows that the Google effect can persist even for high-value information. However, it would be intriguing
to see whether this is replicated in an experimental design more aligned with everyday contexts, including
information with emotional value, or that is more closely related to participants' interests.

Moving forward, we will focus on studies that offer greater ecological validity and incorporate elements of
the Internet. Macias et al. (2015) found that people implicitly distinguish between searchable and non-searchable
information, remembering non-searchable information better. Interestingly, this distinction wasn't mentioned
in the experiment instructions. In the experiment, sentences were categorized either as searchable on the Internet
(e.g., a mathematical constant's value) or as non-searchable on the Internet (e.g., a lock's number). Participants,
unaware of this categorization, were only asked to memorize the sentences. In the subsequent recall test, their
memory for non-searchable information was significantly better compared to searchable information, which
shows that people not only monitor storage reliability hints but material searchability as well.

In the study conducted by Kang (2023), participants were shown a credit card advertisement highlighting
its benefits in bullet points. One group (the easy access condition) was told they could use a specific keyword to
search for the credit card later. The other group (the difficult access condition) was told they'd have to make a
request via email to view the advertisement in the future. After reviewing the advertisement for as long as they
wanted, both groups were asked to recall the keyword or email address and the credit card benefits they saw
earlier. The results suggest that when information is readily accessible (e.g., by searching the Internet), people
tend to remember the retrieval method (e.g., the keyword) rather than the content itself. This pattern was more
pronounced in people with better working memory. Similar to the inflated confidence phenomenon, the
misinterpretation of cues of fluency and ease of access emerging during a web search creates a fallacy leading
people to falsely perceive easily retrieved words as more memorable. Storm and Stone (2021) found that answers
retrieved more quickly from the Internet were judged to be more memorable than answers that took more time
to retrieve, even though recall was better for those slower-retrieved answers compared to the quickly retrieved
ones. Thus, we both observe a strategic adjustment to the storage process of digital media and a misinterpretation
of web search fluency cues leading to mis-calibrated judgments of memorability. The “Google effect” seems to
suggest that the default strategy people use is to allocate resources in a way that prioritizes the retention of non-
saved information, while continuously monitoring explicit or implicit hints about storage reliability and material
searchability. When storage is deemed unreliable or material unsearchable, people promptly adjust their strategy
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and allocate their resources equally. The finding that people with better working memory are more likely to
remember the retrieval method rather than the content of information shows that the prioritization of not-to-
be-saved-information may be adopted not as compensation for poorer working memory, but as an optimization
of the allocation process.

In the end, the finding that faster retrieved answers are perceived as more memorable is rather interesting.
The swift and seamless interface between internal thought and external information that characterizes online
search (Ward, 2021) might lead people to perceive an online search as an internal process and apply the same
internal metacognitive processes. Thus, participants misinterpreted the ease of information retrieval with the
ease of future retrieval of this information (Storm & Stone, 2021), just as retrieval fluency from the long-term
memory affects metamemory judgments (Benjamin et al., 1998). Further, answers that require more time to
retrieve could signal a feeling of difficulty, potentially initiating a data-driven, bottom-up process (Efklides, 2011).
This would possibly result in deeper information processing and better actual memory performance.

To summarize, the Google Effect suggests that people have worse memory for information that they know
will be saved and better memory for the location of information. Regarding worse memory for saved information,
studies confirm that people have worse memory for saved information when they perceive the storage process
as reliable (Pereira et al., 2022; Schooler & Storm, 2021; Sparrow et al., 2011; Storm & Stone, 2015). The pattern
of worse memory for saved information persists even for high-value information (Park et al.,, 2022).
Furthermore, people distinguish between searchable and non-searchable information and exhibit worse memory
for the former (Macias et al., 2015). Also, when information is readily accessible, people tend to remember the
retrieval method rather than the content itself (Kang, 2023) Finally, people seem to be prone to incorrectly
assessing the memorability of a piece of information based on how quickly it can be retrieved (Storm & Stone,
2021).

Conclusion

The empirical evidence presented in the above sections suggests that, in transactive memory systems, the
same cognitive processes that are applied internally can also be applied externally, although they may manifest
in different ways (Wegner, 1987). A pattern observed in the previous studies is that external fluency cues, inferred
from the act of searching and possibly inherent to the search engine's design, are misinterpreted as internal
inferential cues, which in turn leads to inflated metacognitive judgments. These judgments enhance beliefs about
the effectiveness of the cognitive tool and, as the theory of cognitive offloading suggests, a self-reinforcing pattern
emerges, leading to a tendency to rely less on internal resources while working in an environment with highly
efficient cognitive technologies (Risko & Gilbert, 2016). It is noteworthy that, although the engagement with the
web search makes people prone to fallacies, this is not always the case. It seems that, while using the cognitive
tool, people are constantly monitoring the current conditions and adjusting their strategies accordingly (e.g.,
prefer to encode the information internally, when the storage is perceived as unreliable). This strategic
adjustment and the need for effective access to the transactive system can also give rise to novel metacognitive
experiences, such as the feeling of findability. It can be described as a manifestation of the internal feeling of
knowing, which is tailored to the external medium.

Future steps

In the digital era, people have constant access to the Internet, which serves both as an information retrieval
tool and a storage device. As we have seen in the previous sections, its unprecedented efficacy makes it more of
a partner than a mere tool, a relationship that is reflected at the metacognitive level. This interaction with the
Internet profoundly shapes the way we process information and influences the formation of opinions and
behaviors in social and educational contexts. Therefore, understanding the exact mechanisms that affect our
engagement with this cognitive tool is crucial.

Future research should focus on understanding exactly which components of the web search produce cues
that could potentially influence metacognitive judgments. For example, the generation of search keywords might
produce a feeling of familiarity, or the perceived mental effort may trigger a false judgment of learning (Koriat
et. al, 2014). Affective states induced either by the searching process (Kuhlthau, 1993, 2004) or by the content of
information could also play a role. Another focus should be identifying the conditions under which people
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distinguish between external and internal inferential cues. For instance, an internal feeling of difficulty during
search, as opposed to the search engine's fluency might prompt a more accurate interpretation of the external
cues. A more ecologically valid approach is needed for exploring the "Google effect" further. A good start would
be to examine how high value information is handled, based on aspects such as the emotionality of information
or expected future use. Also, the worse memory for saved information warrants further breakdown to identify
exactly which part of the memory process fails. For example, if any information is retained, is it random, or does
it include specific elements used for formulating keywords? Since people are quick to turn to the Internet when
encountering problems, it should be examined whether there's a strong underlying belief that the Internet is an
all-knower, thus it's the right strategic choice to use it under any circumstance. An example of a research question
could be how people act when having to choose between answering simple questions by themselves or using a
readily accessible, yet more error-prone tool. Does medium reliability matter in information retrieval as we saw
it matters in "Google effect" studies? Lastly, use of external strategies may directly affect cognitive functions
(Risko & Gilbert, 2016). Could continuous reliance on the Internet permanently alter our metacognitive judgment
accuracy and memory? We offload our hopes for answers to future studies of metacognitive phenomena in the
context of external media.
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IMEPIAHYH

Ta ewtepkd TANPOPOPLAKA CUOTHHATA TUYVA AELTOUPYOUV WG Eva SLEVPUKEVO
YVWOTIKO oUOTNHA KoL SUVNTIKE EKAXUPEVOVTAL WG EMEKTATELS TNG LKOVOTNTAG TNG
avBpwmvng vénong. Qotdéoo, Ta 6pLa HETAED TOL KOV HOG VOU KAl EVOG LOYUPOU
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HeTaYVWOTIKE datvépeva mov Aapfdvouv xwpo katd tn StdpKela TG avalrtnong
nanpodoplwv oto Awadiktvo, pe Baon ) Bewplac CUVOAMOKTIKOV CLOTNHATWV
VUG kat ) Bewpia ™G YVwoTkng skdpoptwone. H ouvlntnon emKkevipoveTaL
0TOUG TPOTOUG HE TOUG OTOIOUG TO YVWOTIKO Hog olotnUa eAlooetal ko
npooappdlel TG avidpAoelg ToU 010 HETO Tou Aladiktvov, eo0Tldlovtag OTLG
ETUTWOELG TNG XPNONG OTIS UETAYVWOTIKEG OELOAOYNOELG TOU €QUTOU MG WG
YVOOTN, TNV KAVOPpavr] LETAYVWOTIKY EUTELPIA TOU alaBMULATOG TG EVPETLUOTITOG
Kab®G koL atov Tpdmo Ue Tov omoio mnpedlovTaL Ol LETAUVIHOVIKEG LaG KPLOELS.
310 TéA0g, poTElVOVTaL KATEUOUVTIPLEG YPALHES Yio TN LEAMOVTIKY €pELva KAl YL
TNV KOAUTEPT KATAVONOT) TNG OANAETIOpaanig oG e To AladikTuo.
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