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Abstract

People rely on the internet for easy access to information, setting up potential confu-

sion about the boundaries between an individual's knowledge and the information

they find online. Across four experiments, we replicated and extended past work

showing that online searching inflates people's confidence in their knowledge. Partic-

ipants who searched the internet for explanations rated their explanatory ability

higher than participants who read but did not search for the same explanations. Two

experiments showed that extraneous web page content (pictures) does not drive this

effect. The last experiment modeled how search engines yield results; participants

saw (but did not search for) a list of hits, which included “snippets” that previewed

web page content, before reading the explanations. Participants in this condition

were as confident as participants who searched online. Previewing hits primes to-be-

read content, in a modern-day equivalent of Titchener's famous example of a brief

glance eliciting false feelings of familiarity.
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1 | INTRODUCTION

People often rely on the internet for information, for example, Google

processes more than 3.5 billion search queries a day (Internet Live

Stats, 2021). The internet provides easy access to information well

beyond what can be stored in an individual's memory—making it the

ultimate transactive memory partner (see Marsh & Rajaram, 2019;

Sparrow et al., 2011; Ward, 2013). Here, we focus on people's aware-

ness of the boundaries between what they know (and have stored in

their memories) and the information that they find online. Several recent

demonstrations show that internet searching inflates people's estimates

of what they know (e.g., Fisher et al., 2015), consistent with a larger lit-

erature showing people overestimate their knowledge in a variety of sit-

uations (Fischhoff et al., 1977; Sanchez & Dunning, 2018). We replicate

and extend these findings, with the goal of understanding why internet

searching leads to an illusion of explanatory ability.

Successful internet searching inflates people's estimates of what

they know, regardless of whether people assess their abilities in gen-

eral or their learning of specific facts. For example, people who used

Google to answer 10 trivia questions gave themselves higher marks

on a measure of Cognitive Self-Esteem (sample item: I have a better

memory than most people) as compared to people forced to answer

the questions without access to the internet (Ward, 2021). People

who search the internet for explanations (e.g., why golf balls have

dimples) later overestimate their ability to answer new questions

about unrelated domains (i.e., weather; Fisher et al., 2015). In addition,

participants who searched for information on topics like photosynthe-

sis predicted they would do better on an upcoming fact-based

multiple-choice quiz on that topic, as compared to participants who

read but did not search for the information (Fisher et al., 2022). In all

cases, the increased confidence in the search condition is considered

an overestimate; there is no reason to believe that participants ran-

domly assigned to the search condition are more knowledgeable

about topics, like weather or photosynthesis, than participants in

other conditions. In fact, the participants who searched for facts

online actually performed worse on a multiple-choice test probing

these facts than did participants who read the same information

(Fisher et al., 2022).
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To understand why searching inflates estimates of knowledge, we

briefly review the mechanisms underlying other illusions of knowl-

edge. For example, some work shows that people have expectations

(i.e., schemas) about what they should know, leading people who claim

expertise in a domain (e.g., finance) to purport knowledge of seem-

ingly related concepts that do not exist (e.g., “pre-rated stocks”; Atir

et al., 2015). And many illusions of knowledge likely reflect source

monitoring errors, with information from some external source being

misattributed to the one's internal knowledge. Specific examples

include cryptomnesia (unconscious plagiarism; Brown &

Murphy, 1989) and the false fame effect (mistakenly attributing prior

exposure to a non-famous name as evidence of fame; Jacoby

et al., 1989). Particularly relevant here is the finding that people over-

estimate their own abilities after receiving assistance from an external

collaborator, like a human teammate or AI algorithm, so long as there

is ambiguity about who is responsible for the team's success or failure

(Fisher & Oppenheimer, 2021).

Source misattributions are part of the community-of-knowledge

hypothesis, which posits that people do not make a sharp distinction

between what they know and what others know. What differentiates

the community-of-knowledge hypothesis from other source monitor-

ing errors is the nature of the to-be-confused source: not only is it

external, but it represents a larger group of people who share knowl-

edge with the individual. In one study supporting this hypothesis, par-

ticipants claimed better understanding of a fictional natural

phenomenon (e.g., a newly discovered rock) when told that scientists

fully understood it than when told that scientists had yet to explain or

understand it (Sloman & Rabb, 2016). However, this effect disap-

peared when participants were told that the communal knowledge

(i.e., the scientists' explanations) was classified and thereby inaccessi-

ble to them (Sloman & Rabb, 2016). Applying these ideas to the pre-

sent question, the internet is almost always available, and thus people

may not draw a strong boundary between their knowledge and the

information available on the internet.

The internet's near-constant accessibility is not its only property

likely to have consequences for people's metacognitive judgments.

The internet also returns search results quickly, mimicking a well-

established metacognitive cue. That is, well-known information nor-

mally comes to mind quickly, allowing retrieval speed to be inter-

preted as evidence of knowing (Benjamin & Bjork, 1996). But reliance

on this heuristic is problematic when information is quickly retrieved

for reasons other than stored knowledge. For example, prior exposure

to a list of answers explicitly labeled as incorrect primes the later

retrieval of those answers, and this expedited retrieval in turn

increases confidence in those answers (Kelley & Lindsay, 1993). To

the extent that internet searches return hits quickly, confidence will

likely be inflated. Consistent with this claim, participants' search times

are negatively correlated with their estimates that they will later

remember the information (Stone & Storm, 2021). Critically, the

effects of internet searching disappear when search speed is artifi-

cially slowed. When Google search results were delayed for 25 s, peo-

ple who had used Google to answer 10 trivia questions no longer

rated themselves higher on the measure of Cognitive Self-Esteem

than did people forced to answer the questions without access to the

internet (Exp 6; Ward, 2021). That is, once internet searching no lon-

ger mimicked the cue of fast retrieval, people's estimates of their own

knowledge and abilities were more accurate.

Here, we explore another aspect of the internet that may contrib-

ute to inflated estimates of knowledge: the type of content that is

returned in response to search queries. In many studies, subjects

either study a question-answer pair or receive the question and then

search the internet for the answer (e.g., Stone & Storm, 2021). But the

participant in the internet condition is exposed to much more infor-

mation while searching than the person who is simply told that

“Sudan” is the answer to the question “What country borders Egypt

to the south?” The internet searcher will see many hits, and the search

results may include maps, images, and other information. Seeing

photos, even uninformative ones, can increase people's self-perceived

knowledge and their estimations of how well they understand scien-

tific concepts; for example, seeing a picture of a rainbow increases

belief in one's understanding of how rainbows form, despite gleaning

no additional explanatory knowledge from the image itself (Cardwell

et al., 2017). Consequently, it is possible that online searching inflates

confidence because it exposes searchers to additional web page ele-

ments like photos. After testing (and rejecting) this hypothesis in two

experiments, our last experiment models the way that internet search

engines typically yield results; participants saw (but did not search for)

a list of search hits, which included “snippets” that previewed the

content of relevant web pages, before reading the explanations. Strik-

ingly, participants in this condition were as confident as participants

who searched online directly.

In all studies, we focus on people's estimates of their explanatory

ability, as people are more likely to overestimate their ability to

explain natural and mechanical processes (illusion of explanatory

depth), as compared to their knowledge of facts, narratives, or proce-

dures (Rozenblit & Keil, 2002). In Experiment 1, we replicate past find-

ings showing that searching for explanations leads to higher estimates

of explanatory ability. We extend past work by adding a final test to

assess whether this inflated confidence is justified or not. To date,

few studies have measured downstream consequences for learning

following internet searches. In the relevant studies that we know of,

searching for facts increased confidence but was associated with

worse performance on a multiple-choice test probing these facts

(Fisher et al., 2022). However, that study was focused on recognition

of facts, a much simpler task than producing detailed explanations.

We include a final explanation test as a measure of participants' learn-

ing in all of our experiments; however, because the critical comparison

(read vs. search) was only significant in two of the four experiments,

we conducted a mini meta-analysis and discuss the accuracy results

together in the general discussion.

In sum, we conducted four experiments examining the effects of

internet searching on estimates of explanatory ability and on learning.

After establishing the basic effect in Experiment 1, two experiments

investigated the role of pictorial content, and the last experiment

explored previewing content via search result snippets. All studies

contained a measure of learning to compare participants' confidence
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in their explanatory ability with the accuracy of the explanations they

generated at test.

2 | EXPERIMENT 1

Experiment 1 was designed to replicate the basic effect, namely that

internet searching leads to higher estimates of explanatory ability than

does reading the same explanations. Experiment 1 extended past

work by asking participants to produce the explanations, in order to

evaluate whether the higher estimates in the searching condition are

justified or not.

2.1 | Method

2.1.1 | Participants

Three-hundred and twelve Amazon Mechanical Turk workers located

in the United States with an approval rating above 90% participated

online for compensation. The sample size was determined based on a

power analysis that suggested a sample size of 303 would be suffi-

cient to detect a small to medium sized effect with a power of 80%.

Seventeen participants were excluded for not following instructions

(i.e., they reported using the internet to look up answers even though

they were instructed not to), so data were analyzed with the remain-

ing 295 participants (144 women, 150 men, 1 non-binary;

M age = 34.94 years). We also excluded 63 individual responses

(3.05% of the total) where the wrong URL was provided,1 because we

could not confirm that these participants had read the same explana-

tion materials as others on these specific trials. This exclusion criterion

was applied to both the analyses of confidence ratings and explana-

tion accuracy scores.

2.1.2 | Design

This experiment had three between-subject conditions: control, read,

search.

2.1.3 | Materials

We selected seven explanatory knowledge questions (e.g., Why are

there leap years?) from Fisher et al. (2015).2 The questions targeted

familiar concepts (e.g., zippers, moon phases), so that most partici-

pants could offer a partial explanation without looking up the com-

plete answer (see Appendix A for the full set of questions). The order

of questions was randomized in all conditions.

For each question, we selected a specific article from a reputable

website (e.g., history.com, scientificamerican.com) and tasked partici-

pants in the search condition to find these target articles. Each web

page appeared at or near the top of Google search results and

explained the answer to the question fully. To create explanation texts

for participants in the read condition, we copied and pasted the text

(minus phrases like “click here to learn more”) from the same target

websites that participants in the search condition were asked to find.

Thus, participants in the read and search conditions read the same

explanations.

2.1.4 | Procedure

After giving informed consent, participants completed the rating phase

where they were asked to rate how well they could explain the

answer for each of the seven questions on a scale of 1 (very poorly) to

7 (very well). Before rating their explanatory ability for each question,

participants in the search condition were asked to conduct a Google

search in a separate browser window to find the target article from a

pre-specified website (e.g., history.com) to confirm the details of the

explanation to the question (e.g., why are there leap years?). In order

to confirm that participants found the correct article, they were asked

to copy and paste the URL of the specific web page they found.3 Par-

ticipants in the read condition were asked to read a text before rating

their explanatory ability for each item. These explanation texts were

copied and pasted from the same target websites that participants in

the search condition were asked to find. Control participants were

simply asked to evaluate how well they could explain the answer to

each question without using any outside sources—just their own

knowledge.

After making ratings of explanatory ability for all seven questions,

participants completed the explanation phase. Participants were asked

to explain the answer to each question they saw in the previous rating

phase. They were instructed to provide as much detail as possible

without using any outside sources. After completing the explanation

phase, participants were asked to report if they used the internet to

look up the answers to any questions in either the rating phase or the

explanation phase.

2.2 | Results

The alpha level was set at .05 for all statistical tests.

2.2.1 | Metacognitive judgments of explanatory

ability

We conducted a one-way between subjects ANOVA on participants'

ratings of explanatory ability by condition (control, read, search) col-

lapsing across individual questions. The relevant data appear in

Figure 1. Homogeneity of variance was violated, as assessed by

Levene's Test of Homogeneity of Variance (p = .007). Confidence in

explanatory ability significantly differed by condition, Welch's F

(2, 191.83) = 65.75, p < .001. Participants in the search condition

(M = 5.45, SD = 0.99) gave significantly higher ratings of explanatory
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ability than participants in the read condition (M = 4.71, SD = 1.07, t

(196) = 5.00, p < .001, d = 0.71) and those in the control condition

(M = 3.55, SD = 1.30, t(179.12) = 11.48, p < .001, d = 1.65). Partici-

pants in the read condition also gave higher ratings of explanatory

ability than those in the control condition, t(185.39) = 6.86

p < .001, d = 0.98.

2.2.2 | Learning: Explanation accuracy

Two trained, independent coders scored participants' explanation

responses for accuracy and completeness on a 3-point scale:

0 (no credit), 1 (half credit), 2 (full credit). Interrater reliability was

good, κ = .85, and all scoring discrepancies were resolved through

discussion. An accuracy score (0 to 1) was calculated for each par-

ticipant based on the proportion of total possible points (14) they

received across their responses to the seven questions. Homoge-

neity of variance was violated, as assessed by Levene's Test of

Homogeneity of Variance (p < .001). A one-way between-subjects

ANOVA on participants' accuracy scores revealed accuracy signifi-

cantly differed by condition, Welch's F(2, 190.45) = 70.37,

p < .001. Participants in the read condition (M = 0.59, SD = 0.20)

produced more accurate responses than participants in the search

condition (M = 0.42, SD = 0.23, t(196) = 5.47, p < .001, d = 0.78).

Accuracy scores in the control condition (M = 0.28, SD = 0.16)

were significantly lower than the read condition, t

(184.77) = �11.86, p < .001, d = �1.69, as well as the search con-

dition, t(173.48) = �4.91, p < .001, d = �0.70.

3 | EXPERIMENTS 2a AND 2b

In Experiment 1, participants in the read condition received the text

that was copied and pasted from the original online article. Partici-

pants in the search condition, however, were exposed to target web

pages that contained more content than just text; they, like most web

pages on the internet, included photos (both relevant and not), links

to other websites, colorful headers and footers, and eye-catching ads.

As photos, even uninformative ones, can increase people's self-

perceived knowledge and their estimations of understanding complex

concepts, like scientific processes (Cardwell et al., 2017), it is possible

that the search condition's confidence ratings in Experiment 1 were

inflated by exposure to these additional web page elements. Addition-

ally, when reading an online article, the target information is not typi-

cally the only content on web page; rather, it appears in the context

of other relevant information that allows for potential elaboration of

the target information.

To eliminate these confounds in Experiments 2a and 2b, partici-

pants in the read condition were asked to read full-page screenshots

of the target web pages, so they would be exposed to the same expla-

nation article and many of the same web page elements as partici-

pants in the search condition (with the exception of differences in

personalized ads or other customizations based on an individual's

browsing history and settings). Experiments 2a and 2b were identical;

2b was a replication with a larger sample size.

3.1 | Method

3.1.1 | Participants

In both studies, participation was limited to Amazon Mechanical Turk

workers located in the U.S. with an approval rating above 90% who

participated online for compensation. One-hundred and nineteen sub-

jects participated in Experiment 2a and 288 participated in Experiment

2b. The sample size for Experiment 2a was calculated with a power

analysis based on the results of Experiment 1. The power analysis sug-

gested that a sample size of 93 would be sufficient to provide 80%

power to replicate the medium to large sized effect of the search-

induced confidence boost observed in Experiment 1. In order to

account for excluded participants, we collected data until we had a

usable sample size over 93. With hindsight, we suspected that Experi-

ment 2a might have been underpowered to detect a difference in

explanation accuracy as observed in Experiment 1 between the search

and read conditions, so we ran Experiment 2b as a higher-powered

replication. We determined the sample size for Experiment 2b based

on a power analysis to detect a medium sized effect with 95% power,

which indicated a minimum sample size of 252. Again, anticipating

exclusions, we collected data until we had a usable sample size over

252. In Experiment 2a, 25 participants were excluded for not follow-

ing instructions on more than half of the questions (i.e., 16 participants

reported looking up answers with an unauthorized outside source,

9 participants gave non-compliant responses that suggested the ques-

tions were not read4), so data were analyzed with the remaining

94 participants (39 women, 53 men, 1 nonbinary, 1 unreported;

M age = 35.95 years). We excluded 20 individual ratings (3.04% of

the total) from our analyses in cases where we could not confirm that

participants had read the same explanation materials as others (i.e., 17

cases in which the correct URL was not reported, three cases in which

F IGURE 1 Mean ratings of explanatory ability by condition for

Experiments 1, 2a, 2b, and 3. Error bars reflect standard error of the

mean. Note that Experiment 3 included a preview condition and no

control condition.

4 ELISEEV and MARSH

 1
0

9
9

0
7

2
0

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

0
0

2
/acp

.4
0

5
8

 b
y

 D
u

k
e U

n
iv

ersity
 L

ib
raries, W

iley
 O

n
lin

e L
ib

rary
 o

n
 [0

2
/0

6
/2

0
2

3
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



the participant reported they did not follow their condition's instruc-

tions by using an unauthorized source). In Experiment 2b, 35 partici-

pants were excluded for not following instructions on more than half

of the questions (i.e., 29 participants reported looking up answers with

an unauthorized outside source, 6 participants gave non-compliant

responses that suggested the questions were not read), leaving

253 participants in the analysis (113 women, 136 men, 2 nonbinary,

2 unreported; M age = 35.11 years). As before, we excluded 34 indi-

vidual ratings (1.92% of the total) from our analyses in Experiment 2b

in cases where we could not verify that participants had read the cor-

rect explanation materials (i.e., 26 cases in which the correct URL was

not reported, 8 cases in which the participant reported they did not

follow their condition's instructions by using an unauthorized source).

3.1.2 | Design

Both experiments had the same design as Experiment 1 with

3 between-subject conditions: control, read, search.

3.1.3 | Materials

Both experiments used the same seven explanatory knowledge ques-

tions and the same pre-specified explanation websites as in Experi-

ment 1. In order to better match the content that participants saw in

the read condition to the content seen in the search condition, we

used full-page screenshots of the web pages that participants in the

search condition were asked to find as the explanation texts in the

read condition. Thus, participants in the read and search conditions

were exposed to the same web page layout, images, and other poten-

tially distracting items when reading the explanation article.

3.1.4 | Procedure

The procedure in both studies was similar to that of Experiment

1, with the exceptions that (1) participants were asked to report using

an unauthorized source to look up answers for each question individ-

ually in both the rating phase and the explanation phase and (2) partici-

pants in the read condition were given full-length screenshots of the

explanation article web pages to read (instead of the plain explanation

text copied from the target websites) in order to better match the

explanation content that participants in the search condition find

online. Before moving to the explanation phase, participants in the

search condition were asked to close any other browser windows

they had opened to look up answers in the rating phase.

3.2 | Results

The alpha level was set at .05 for all statistical tests.

3.2.1 | Metacognitive judgments of explanatory

ability

For each study, we conducted a one-way between subjects ANOVA

on participant's ratings of explanatory ability by condition (control,

read, search) collapsing across the seven individual questions. See

Figure 1 for the relevant data. Confidence in explanatory ability dif-

fered significantly across conditions [Exp 2a: F(2, 91) = 44.28,

p < .001; Exp 2b: F(2, 250) = 35.24, p < .001]. Participants in the

search condition (Exp 2a: M = 5.60, SD = 1.05; Exp 2b: M = 5.12,

SD = 1.17) rated their explanatory ability higher than did partici-

pants in the read condition (Exp 2a: M = 4.73, SD = 1.09; Exp 2b:

M = 4.66, SD = 1.12) [Exp 2a: t(60) = 3.17, p = .002, d = 0.80; Exp

2b: t(165) = 2.58, p = .011, d = 0.40] and those in the control condi-

tion (Exp 2a: M = 3.20, SD = 0.94; Exp 2b: M = 3.66, SD = 1.20)

[Exp 2a: t(62) = 9.59, p < .001, d = 2.40; Exp 2b: t(169) = 8.06,

p < .001, d = 1.23]. Participants in the read condition rated their

explanatory ability higher than did those in the control condition

[Exp 2a: t(60) = 5.92 p < .001, d = 1.51; Exp 2b: t(166) = 5.60,

p < .001, d = 0.87].

3.2.2 | Learning: Explanation accuracy

Two trained, independent coders scored participants' explanations

on the final test for accuracy and completeness on a 3-point scale:

0 (no credit), 1 (half credit), 2 (full credit). Interrater reliability was

good (Exp 2a: κ = .75; Exp 2b: κ = .79), and all scoring discrepan-

cies were resolved through discussion. An accuracy score (0 to 1)

was calculated for each participant based on the proportion of

total possible points (14) they received across their responses to

the seven questions. Homogeneity of variance was violated in

Experiment 2a and Experiment 2b, as assessed by Levene's Test of

Homogeneity of Variance [Exp 2a: p = .002; Exp 2b: p = .026]. A

one-way between-subjects ANOVA on participants' accuracy

scores revealed that explanation accuracy differed significantly by

condition [Exp 2a: Welch's F(2, 55.21) = 7.29, p = .002; Exp 2b:

Welch's F(2, 162.32) = 25.89, p < .001]. Participants in the control

condition (Exp 2a: M = 0.29, SD = 0.15; Exp 2b: M = 0.27,

SD = 0.18), who did not have access to any external explanations,

produced less accurate explanations than either participants in

the read condition (Exp 2a: M = 0.49, SD = 0.26; Exp 2b:

M = 0.49, SD = 0.25) [Exp 2a: t(44.79) = �3.65, p < .001,

d = �0.94; Exp 2b: t(146.06) = �6.72, p < .001, d = �1.05] or

participants in the search condition (Exp 2a: M = 0.40, SD = 0.25;

Exp 2b: M = 0.41, SD = 0.21) [Exp 2a: t(49.97) = �2.03,

p = .047, d = �0.51; Exp 2b: t(169) = �4.90, p < .001,

d = �0.75]. While accuracy scores did not differ significantly

between the read and search conditions in Experiment 2a [t

(60) = 1.45, p = .151], accuracy scores in the read condition were

significantly higher than accuracy scores in the search condition in

Experiment 2b [t(165) = 2.22, p = .028, d = 0.34].
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4 | EXPERIMENT 3

Experiments 2a and 2b replicated the key finding that participants

in the search condition rated their explanatory ability higher than

did participants in the read condition, who were provided with the

same explanations. This effect held even though participants in the

read condition viewed a screenshot of the target web page, mean-

ing that they, like the search condition participants, saw all the

images and other extraneous content that appear on a typical

web page.

One possible explanation for this result is that participants

interpret their active engagement in the search process

(i.e., generating a search query and selecting a result) as evidence

that they have learned the explanations well. But web searching

(with a popular search engine like Google) also returns results in a

way that differs from simply being given an explanation to read. A

search engine's algorithms identify additional information that is

related to the search query, including a ranked list of relevant web

pages that shows titles and short descriptions for each hit called

“snippets” that are “designed to emphasize and preview the page

content that best relates to a user's specific search” (Create Good

Titles and Snippets in Search Results, n.d.). Many search queries also

yield “featured snippets” that appear at the top of the search results

page. These featured snippets (aka answer boxes) quickly highlight

the answer to a user's search query by automatically pulling relevant

text from web search listings to a featured box at the top of the

search results page (How Google's Featured Snippets Work—

Google Search Help, n.d.). As a result, searches yielding featured

snippets are more likely to result in no-click searches, where the

searcher does not click on any of the links, than search results that

do not include a featured snippet (Fishkin, 2018; Soulo, 2017). Criti-

cally, each of the seven explanatory questions used in the present

experiments yielded a featured snippet at the top of the search

results page.

Effectively, a featured snippet is a preview of the to-be-

viewed information—and in that sense, potentially primes the to-

be-learned content. In Experiment 3, we investigated this

hypothesis, adding a new preview condition where participants

did not actively search the internet but were exposed to the first

page of Google search results before reading the full explanation

article. Unlike participants in the search condition, who were

instructed to actively engage in the search process (i.e., typing

the question in the search bar, initiating the search, looking

through the list of search hits to locate the target article from a

specific website, and clicking on the target search result), partici-

pants in the preview condition simply saw the Google search

results page before reading an article that explained the answer.

In other words, participants in the preview condition saw the

featured snippet, as well as the snippets accompanying individual

search results, prior to reading the given explanation, but they

were not asked to locate a target article from a specific website

to find the explanation.

4.1 | Method

4.1.1 | Participants

Two-hundred and ninety-seven Amazon Mechanical Turk workers

located in the U.S. with an approval rating above 90% participated

online for compensation. The sample size for Experiment 3 was deter-

mined by a power analysis using the same criteria as Experiment 2b,

which indicated a sample size of 252 was sufficient to detect a

medium sized effect with 95% power. We chose to collect data from

more participants than in Experiment 2b to account for potential

exclusions. Thirty-six participants were excluded entirely for not fol-

lowing instructions on more than half of the questions (i.e., 15 partici-

pants reported looking up answers with an unauthorized outside

source, 21 participants did not report the correct URL of the target

website), so data were analyzed with the remaining 261 participants

(111 women, 149 men, 1 nonbinary; M age = 36.43 years). We also

excluded 49 individual ratings (2.68% of the total) from our analyses,

as we could not confirm that these participants had read the correct

explanation materials for those questions (i.e., 37 cases in which the

correct URL was not reported, 12 cases in which the participant

reported they did not follow their condition's instructions by using an

unauthorized source).

4.1.2 | Design

This experiment had 3 possible between-subject conditions: preview,

read, search.

4.1.3 | Materials

We used the same seven explanatory knowledge questions, pre-

specified explanation websites, and full-page screenshots as in Experi-

ments 2a and 2b. Unlike the previous experiments, a preview condi-

tion replaced the control condition. For the new preview condition,

we took full-page screenshots of the first page of Google search

results for each explanatory question, which included the explanatory

knowledge question (e.g., why are there leap years) typed out in the

Google search bar. Thus, participants in the preview condition were

exposed to similar search results as participants in the search condi-

tion, including web page titles and snippets (i.e., short descriptions rel-

evant to the search query), for all search results on the front page of

Google.

4.1.4 | Procedure

The procedure was the same as the prior experiments for participants in

the read and search conditions. Participants in the preview condition

were shown a full-page screenshot of the first page of Google search
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results and given a full-page screenshot of the explanation web page to

read (as in the read condition) before rating their ability to explain the

answer to this question from 1 (very poorly) to 7 (very well).

4.2 | Results

The alpha level was set at .05 for all statistical tests.

4.2.1 | Metacognitive judgments of explanatory

ability

We conducted a one-way between-subjects ANOVA on participant's

ratings of explanatory ability by condition (preview, read, search) col-

lapsing across individual questions. The relevant data appear in

Figure 1. Confidence in explanatory ability significantly differed by

condition, F(2, 258) = 9.42, p < .001. Participants in the search condi-

tion (M = 5.38, SD = 0.92) gave significantly higher ratings of explan-

atory ability than participants in the read condition (M = 4.71,

SD = 1.10, t(171) = 4.29, p < .001, d = 0.65). Participants in the pre-

view condition (M = 5.19, SD = 1.07) also gave higher ratings of

explanatory ability than those in the read condition, t(171) = 2.89,

p = .004, d = 0.44. Critically, ratings of explanatory ability did not sig-

nificantly differ between the search and preview conditions, t

(174) = 1.23, p = .221.

4.2.2 | Learning: Explanation accuracy

Two trained, independent coders scored participants' explanation

responses for accuracy and completeness on a scale of 0 (no credit) to

2 (full credit). Interrater reliability was good, κ = .89, and all scoring

discrepancies were resolved through discussion. An accuracy score

was calculated for each participant based on the proportion of total

possible points they received, averaged across their responses to the

seven questions. A one-way between-subjects ANOVA on partici-

pants' accuracy scores revealed no significant differences between

conditions, F(2, 258) = 0.17, p = .844 [preview condition: M = 0.52,

SD = 0.24, read condition: M = 0.54, SD = 0.25, search condition:

M = 0.51, SD = 0.24].

5 | GENERAL DISCUSSION

Across four experiments, people who searched the internet for expla-

nations rated their explanatory ability as higher than people who read

but did not search for the same explanations. This searching effect

was not driven by the pictorial content that typifies web pages, even

though pictures increase belief in other contexts (e.g., Cardwell

et al., 2017). Additionally, this boost in confidence was not specific to

active searching (e.g., Fisher et al., 2015), as participants who pre-

viewed the search results (without personally engaging in an active

search process), were just as confident as participants who searched

the internet themselves.

Our results are not consistent with a simple source error,

whereby searching the internet inflates confidence when people con-

fuse externally available knowledge with their own internal knowledge

(e.g., Ward, 2021), as participants in both the read and search condi-

tions were exposed to the same external explanation articles. More-

over, it is ambiguous who deserves credit for the explanatory

knowledge in the search, preview, and read conditions: Participants

could have attributed their knowledge of the explanations to their

own memories or to the articles they read, meaning that this ambigu-

ity cannot fully explain why participants in the search and preview

conditions were consistently more confident than participants in the

read condition (e.g., Fisher & Oppenheimer, 2021).

One question is whether the presence of featured snippets (seen

in the search conditions and the preview condition in Exp 3) lent addi-

tional credibility to the explanations. That is, a featured snippet may

give participants the impression that the explanation is well-

understood and that there is consensus about the answer among the

experts. This is true in some cases—Google, for example, has con-

sulted with medical professionals to craft featured snippets of impor-

tant medical information as a public service (Medical Information on

Google—Google Search Help, n.d.). While we have no direct data

about how our subjects perceived the credibility of the snippets, to

the extent they interpreted them as evidence of available community

knowledge, then the results would be consistent with the community-

of-knowledge hypothesis (Sloman & Rabb, 2016).

While we acknowledge that possibility, our own preference is for

a more parsimonious explanation: namely, the results of the last

experiment suggest that priming contributes to the increased illusion

of explanatory depth observed after searching. In the last experiment,

participants showed a similar illusion when they saw a screenshot of

the search results (including snippets) prior to reading the explana-

tions (Exp 3, preview condition). By previewing the to-be-read con-

tent, search result snippets act like a modern-day equivalent of

Edward B. Titchener's famous example of a person who glances both

ways before crossing the street, gets distracted, and then feels as if

they have already crossed the street (Titchener, 1921). That is, a brief

exposure to information makes it easier to process, and such fluency

is known to be interpreted in different ways. In recognition memory

experiments, a new, unstudied word is more likely to be called “old”

when it was briefly primed with itself (Jacoby & Whitehouse, 1989). A

parallel finding occurs when people are deciding if they have experi-

ence with nonsense symbols, which are judged in the context of famil-

iar symbols from everyday life (e.g., Nike Swoosh, BMW icon). A brief

exposure to the nonsense symbol increases people's belief that it had

been seen previously, outside of the experimental context, as com-

pared to a brief glance at a different symbol or no symbol at all

(Brown & Marsh, 2009). In the present work, a brief glance at upcom-

ing web page content is enough to increase one's estimates of under-

standing. Increased familiarity with web page content (via a snippet)

may have downstream consequences. For example, this priming may

explain why in some other studies participants who searched for
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information online spent less time reading articles than participants in

no-search conditions (e.g., Fisher et al., 2022). Going forward, more

research is needed to understand the individual (or possibly combined)

contributions of fluency and beliefs about a community-of-knowledge

when judging one's explanatory abilities.

Finally, we discuss the learning results across all four experiments.

While the effect on confidence was clear across studies, the explanation

accuracy results were less strong, with two experiments showing the

effect of interest (with higher performance in the read condition than the

search condition) and two experiments showing non-significant differ-

ences between the read and search conditions (albeit in the right direc-

tion). To gain traction on this issue, we performed a mini meta-analysis

across the four experiments comparing explanation accuracy between

the read and search conditions (see Figure 2). We used a fixed effects

model in which the mean effect size (i.e., mean Cohen's d) was weighted

by sample size (Goh et al., 2016). The mini meta-analysis confirmed that,

across the four experiments, there was a significant difference in explana-

tion accuracy between the read and search conditions, with participants

in the read condition producing more accurate explanations than partici-

pants in the search condition, Z = 4.92, p < .001, d = 0.41, 95% CI [0.25,

0.57]. These results suggest that actively searching for explanations online

led to less learning than simply reading the same explanations. As we did

not find any evidence to suggest that online searching benefits explana-

tory learning, the observed inflation of confidence in explanatory ability

reflects an illusion of explanatory depth (e.g., Rozenblit & Keil, 2002).

Although online searching made people feel more confident in their

explanatory knowledge, it did not translate into higher quality, more accu-

rate explanations at test. Instead, online searching was associated with

less accurate explanations overall. While our learning results varied across

individual experiments, the overall finding of the mini meta-analysis aligns

with similar search-related impairments that were observed on a fact-

based multiple-choice test (Fisher et al., 2022).

Why might online searching be associated with less learning? The

problem most likely occurs at encoding, as it is not clear why online

searching would affect later retrieval of stored information. One

possibility is that online searching emphasizes how easy it is to find

the information online thus negating the need to memorize it (offload-

ing hypothesis; Fisher et al., 2022). A second possibility is that people

set up simplified representations based on the brief answers pre-

sented in the search result snippets, and these representations scaf-

fold more superficial encoding of the actual web page. A third

possibility, in line with our fluency hypothesis, is that people exert less

effort to encode the to-be-learned information after searching (or pre-

viewing the search results), because the answer already feels familiar

or fluent after seeing shorter versions of the answer in the search

result snippets. This explanation is similar to that used to explain why

re-reading is not an effective study strategy: Perceptual priming

means that the text is easier to read the second time, leading the

learner to be inappropriately confident in their learning (e.g., Bjork

et al., 2013). All three of these explanations suggest that information

in the search condition is not well encoded, leading to worse learning

outcomes. However, we argue that impaired encoding (as opposed to

voluntarily offloading) offers a more probable explanation for an

intriguing finding from Fisher et al. (2022): namely, that clicking on a

direct link (without searching) does not impair learning in the same

way that searching the internet does (Exp 4; Fisher et al., 2022). While

the authors argue that clicking on a link does not emphasize the avail-

ability of the information online, we believe instead the key difference

is that clicking on a direct link skips exposure to the snippets on a

search results page. Our data cannot separate whether snippets lead

to simplified representations (that guide later encoding) or prime web

page content (thus leading to an illusion of knowledge that reduces

effort spent encoding), but the confidence data are in line with many

fluency-based illusions in the literature. More research is needed to

thoroughly tease these possibilities apart.

In sum, our study replicates past work showing that internet

searching inflates confidence, eliminates three possible explanations

for this finding (i.e., pictures, active searching, source errors) and high-

lights two possible mechanisms that may contribute to this effect

(i.e., that featured snippets may prime and/or instill credibility in the

to-be-read information). These results have implications for the design

of online environments; they emphasize how different aspects of the

internet may combine to affect metacognitive monitoring. Specifically,

a common feature of the online search environment (e.g., featured

snippets) may increase users' confidence in their learning. Internet

searching changes more than just the speed with which information is

retrieved; it also changes the content people see and the type of pro-

cessing and encoding they engage in.
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F IGURE 2 Explanation accuracy effect sizes: Read versus search

conditions. The forest plot shows the effect sizes (Cohen's d) for the

effect of condition (read vs. search) on explanation accuracy. The size

of the square for each experiment represents the weighting according

to sample size, and the error bar line width represents the 95%

confidence interval. The diamond represents the overall effect size

from the mini meta-analysis.
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ENDNOTES

1 In subsequent experiments, we chose to exclude participants in entirety

if they did not follow instructions (i.e., they reported the incorrect URL,

reported looking up answers using unauthorized outside sources, gave

non-compliant responses) for more than half (>3) of the seven questions,

as this indicates an overall lack of attention to the task instructions.

2 One question out of the original 8 questions from Fisher et al. (2015)

was not used, as a reliable answer was difficult to find online.

3 In cases where participants reported the incorrect URL, we excluded

their confidence rating and explanatory response for that specific ques-

tion from our analysis.

4 These non-compliant responses most commonly included: restating the

question or instructions as the answer, responding to all questions with

generic one-word responses (e.g., “yes”, “n/a”, “good”, or “ok”), and

responding to all questions with letters (e.g., “j” or “nn”). Note that varia-

tions of “I do not know” responses were included in the accuracy score,

as this is a valid response to the question.

5 We changed the question wording from “How do zippers work” to

“How zippers work” to facilitate finding consistent search results on the

designated website (science.howstuffworks.com) for this question.
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APPENDIX A

1. Why are there leap years?

2. How is glass made?

3. Why are there jokers in a deck of cards?

4. How (do) zippers work?5

5. Why are there dimples on a golf ball?

6. Why are there phases of the moon?

7. Why are there time zones?

Note: These explanatory questions were selected from the mate-

rials used by Fisher et al., 2015.
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