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ABSTRACT 

The ability to monitor our cognitive performance (i.e., metacognitive monitoring) is central to 

efficient functioning. Research investigating this ability has focused largely on tasks that rely 

exclusively on internal processes. However, our day-to-day cognitive activities often consist of 

mixes of internal and external processes. In the present investigation, we expand research on 

metacognition to this more distributed domain. Specifically, we examine participants’ ability to 

accurately monitor their performance in a knowledge retrieval task when they were required to 

rely on only their internal processes and when required to rely on both internal processes and 

external processes (i.e., utilizing the Internet). Results reveal a reduced ability to discriminate 

between correct and incorrect performance when an external aid was used. This result, among 

others, provides the beginnings of an understanding of metacognition in distributed cognitive 

contexts. 
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Distributed Metacognition: Examining the metacognitions associated with retrieval from 
Internal and External Stores 
 
 Metacognitive processes (i.e., monitoring and control) provide an important tool in 

predicting our cognitive performance and assessing it either online or after-the-fact (Ackerman & 

Thompson, 2017; Fleming, Dolan & Frith, 2012; Metcalfe & Finn, 2008; Thiede, Anderson & 

Therriault, 2003). As an example, students’ beliefs about their memory could lead to non-optimal 

decisions about how best to go about studying (Karpicke & Roediger, 2008; Karpicke, 2009; 

Tullis, Finley & Benjamin, 2013). While there is a long and rich history of research on 

metacognition, much of it has focused on cognitive acts that rely largely on internal processes. 

However, cognitive acts often include an “external” aid or aids (Clark, 1997; 2010; Gray et al., 

2006; Heersmink, 2013; Hutchins, 1995; 2010; Michaelian & Sutton, 2013; Sterelny, 2010; 

Sutton, 2010; Wilson, 2002; Wilson & Clark, 2008). For example, individuals offload a 

tremendous amount of information retrieval onto the Internet with various consequences 

(Ferguson, McLean & Risko, 2016; Fisher, Goddu, & Keil, 2015; Sparrow, Liu & Wegner, 

2011; Ward, 2013). How then does thinking in this more distributed manner influence our ability 

to predict and monitor our cognitive performance? In the present investigation, we begin to 

examine this question by having individuals predict and assess their cognitive performance in a 

general knowledge fact retrieval task when relying on internal processes or relying on both 

internal processes and an external aid. 

Metacognition and Cognitive Offloading 

 Metacognition has come to play a central role in research on cognitive offloading – the 

trading off of internal processing through external means (Risko & Gilbert, 2017). The fusing of 

these lines of research specifically looks to examine how individuals think about their thinking 

when including the use of the body (e.g., gesture) or physical environment (e.g., paper and pen), 
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and how this thinking influences individuals’ decisions to attempt to offload cognitive processing 

(Gilbert, 2015; Dunn & Risko, 2016; Risko & Dunn, 2015). For example, Gilbert (2015) 

demonstrated that participants’ memory confidence predicted the likelihood of offloading, where 

individuals lower in confidence were more likely to offload memory demands when given the 

opportunity. This persisted even after controlling for actual memory performance. Furthermore, 

engaging in cognitive offloading can influence our metacognitions. For example, searching for 

information on the Internet can influence individuals’ subsequent judgments about their own 

knowledge (Fisher, Goddu, & Keil, 2015). Ferguson et al. (2015) demonstrated that individuals 

were more likely to report not knowing the answer to a question when they had the Internet 

available. This suggests that metacognitive errors in evaluating our knowledge could arise by (or 

be partially induced by) thinking in more distributed contexts. While interesting theoretically, 

such results also point to the practical importance of better understanding our metacognitions in 

these more distributed contexts.  

Metacognitive Judgments in More or Less Distributed Cognitive Tasks 

 Metacognitive judgments can best be viewed as a kind of cue-based inference (e.g., 

Dunlosky, Mueller, & Tauber, 2014; Koriat, 1997; Mueller, Dunlosky, & Tauber, 2016). From 

this cue-utilization perspective, a metacognitive judgment consists of the application, implicitly 

or explicitly, of some rule/heuristic over available cues. For instance, according to the analytic 

processing theory of judgments of learning (JOL; Dunlosky, Mueller, & Tauber, 2014; Mueller, 

Dunlosky, & Tauber, 2016) individuals search for variability across studied items (i.e., cues) that 

can be plausibly related to memory. As an example, studied items may consist of either words or 

non-words. Here, the cue is lexicality which varies across the items. Individuals may then apply 

the heuristic that words are easier to remember than non-words over the lexicality cue to infer 
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what their memory performance will be. Metacognitive judgments are often further classified 

into theory- or mnemonic-based judgments. The former relies on an explicit inference based on  

pre-existing beliefs. The latter relies on the online experience of internal cues such as fluency 

(i.e., an experience of the ease of information processing; Whittlesea, 1993), and are used more 

automatically (Koriat, 1997; Koriat & Bjork, 2006).  

Within a cue-utilization framework, the choice between performing a cognitive task when 

relying on internal processes or those integrating some external aid can be seen as potentially 

differing in the types of cues used and the nature of individuals’ pre-existing theories brought to 

bear. First, with respect to the types of cues, integrating an external aid could be viewed as 

reducing the contribution of internal cues to the metacognitive judgement. For example, when 

retrieving information from an external store, the feeling of fluency typically part-and-parcel of 

internal retrieval (e.g., Kelley & Lindsay, 1993) could be less salient (i.e., due to a lack of 

directed internal search), ignored, or non-informative, if that “processing” is external to the 

cognitive system.  Assuming that such internal cues are at least to some extent reliable predictors 

of performance (Koriat & Adiv, 2012; Michaelian, 2012; Proust, 2008; Reber & Unkelbach, 

2010), this might predict a reduction in metacognitive accuracy when retrieving from an external 

source. In a similar vein, it is likely that individuals have pre-existing beliefs that reflect the fact 

that external aids are very reliable and will be associated with reliable outcomes, or at least more 

reliable than if that function were performed internally. This likely has metacognitive 

consequences. For instance, this could lead to an insensitivity to errors and reduced 

metacognitive accuracy. This could also lead individuals to ignore internal cues. That said, it is 

important to also note that the use of external aids could be associated with cues not available 

internally (e.g., cues available in a search results page). If these cues are reliable, then they could 



Distributed Metacognition 6 
 

compensate for any lack of internal cues or even improve metacognitive performance relative to 

relying only on internal processes.   

One can also assess the relation between metacognitive judgments across distributed and 

non-distributed contexts. If one tends to be metacognitively accurate in less-distributed contexts, 

then do they also tend to be more metacognitively accurate in more-distributed contexts? This 

question bears directly on ongoing debates about the extent to which a domain general 

metacognitive skill exists (Kelemen, Frost & Weaver, 2000; Maki, Shields, Wheeler, & 

Zacchilli, 2005; Mengelkamp & Bannert, 2010). For example, Kelemen et al. (2000) found 

significant correlations in bias scores (i.e., extent of over- or under-confidence), but not G or 

discrimination scores (i.e., ability to discriminate correct from incorrect responses), within tasks 

across time and across different tasks (for a similar result see Mengelkamp & Bannert, 2010). It 

is worth noting that the tasks used in this work relied completely on internal processes. The 

present investigation provides a novel contrast to this work as the general task is the same (i.e., 

knowledge retrieval), but differ in the resources that participants are allowed to utilize while 

completing them (i.e., internal only vs. a mix of internal and external). 

Present Investigation 

In the present investigation, we examined participants’ accuracy and their metacognitive 

judgments of their accuracy in a knowledge retrieval task. Individuals had to rely either on their 

internal memory alone, or had the option to use their internal memory and the Internet. 

Participants answered fact-based general knowledge questions (e.g., “What is the capital of 

South Dakota?”). Individuals either had to complete the task relying solely on their internal 

knowledge or used the Internet to retrieve the answer (Ferguson et al., 2015; Risko, Ferguson & 

McLean, 2016). Risko et al. (2016) provided some evidence that participants can make accurate 
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judgments about their own speed of retrieval of unknown answers to general knowledge 

questions using the Internet. This suggests that individuals have some ability to predict their 

performance in retrieving information from the Internet – what the authors called a “feeling-of-

findability” (Risko et al., 2016). In the present investigation, participants made judgments about 

their future or past performance. That is, on each trial participants either made a prospective 

judgment about their cognitive performance before completing the trial (but after being given 

information about the upcoming trial), or a retrospective judgment of their performance 

following the trial. The use of both types of judgments provides an opportunity to examine the 

extent to which experience performing the cognitive act (i.e., retrieving the answers to the 

questions) contributes to metacognitive performance. For example, retrospective judgments 

might be expected to be superior provided the direct experience of performing the trial (Fleming, 

Massoni, Gajdos, & Vergnaud, 2016). 

  Two item sets were used across the internal and external conditions based on careful 

item selection (based on pilot testing and previous research; Ferguson et al., 2015; Risko et al., 

2016). The items were selected to yield similar accuracy across conditions. In other words, the 

internal and external conditions were made equivalently “easy”. We also selected items in the 

external condition that would be difficult for most people to answer while relying on their own 

knowledge. Moreover, we asked participants whether they could have answered the question 

without the use of the Internet following each trial. This was done in an attempt to limit the 

contribution of internal knowledge. When comparing an internal condition to an external 

condition there is typically, and possibly always, an asymmetry in the sense that the external 

condition does not preclude an internal contribution (i.e., internal + external sources). Though 

the internal condition does preclude the contribution of the external artifact (i.e., internal alone). 
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In the present context, this could complicate the interpretation of the results, for example, when 

an individual knows the answer to a question in the external condition. In this case, their 

metacognitive judgment may not reflect a judgment about their performance together with the 

Internet. By selecting difficult items and removing items for which individuals reported having 

known the answer prior to searching the Internet we can reduce, though potentially not eliminate, 

this issue.   

Methods 

Participants 

 One hundred and ninety-four participants were recruited through Amazon’s Mechanical 

Turk to take part in the study in exchange for financial compensation. Each individual was 

randomly assigned to either a prospective or retrospective judgment group.  

Design 

 A 2 (Knowledge Location: Internal vs. External) x 2 (Confidence Judgment: Prospective 

vs. Retrospective) mixed design was utilized. Judgment type was assigned randomly to create 2 

balanced groups and order of presentation for knowledge location was counterbalanced.  

Stimuli and apparatus 

Participants were presented with two lists of 30 general knowledge questions selected 

from Tauber et al.’s (2013) updated list of Nelson and Narens (1980) normed general knowledge 

questions. All participants completed the study online via Amazon Mechanical Turk where the 

task was presented through Qualtrics online survey software. 

Procedure 

Following instructions, participants performed two blocks of trials spanning both 

knowledge location conditions. On each trial, participants were first presented with a general 
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knowledge question. Participants in the prospective judgment condition were then asked to 

provide an estimate of how likely they were to provide the correct answer using a slider with end 

points of 0 and 100 in increments of 1. This screen did not appear for participants in the 

retrospective condition. In the internal location condition, a screen was then presented with an 

empty box where participants were to type their answer. In the external location condition 

participants were presented with the general knowledge question and instructed to “Click next 

when you are ready to begin your search.” On the next screen the question remained displayed 

and participants were instructed to “Please search the Internet now. Click “NEXT” when you 

have found the answer.” Finally, they were presented with the box to input their answer.  

In the prospective judgment condition, participants in the internal location condition 

moved on to the next trial and participants in the external condition were asked if they knew the 

answer to the question before they searched the Internet for it following the entry of their 

estimate. In the retrospective judgment condition participants in both the internal and external 

conditions entered their estimate after entering their answer (and before the question pertaining 

to prior knowledge in the external condition). At the end of the experiment participants were 

asked to provide an estimate as to how many of the questions that they believed that they had 

answered correctly in each block out of thirty. Because we only analyze questions in the external 

condition that participants did not know before looking up the answer, we do not report an 

analysis of these questions as their estimates would refer to all questions. The entire experiment 

took approximately 30 minutes to complete.  

Results 

Data analysis and visualization was completed in the R programming language (R Core 

Team, 2016) with the assistance of add-on packages (boot, Canty & Ripley, 2016; effsize, 
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Torchiano, 2016; ez, Lawrence, 2016; ggplot2, Wickham, 2009; hmisc, Harrell & Dupont, 2016; 

psych, Revelle, 2016; reshape2, Wickham, 2007). Five individual trials were removed due to not 

following instructions. We removed 36.4% of trials because participants said they knew the 

answer prior to searching in the external condition. Importantly, an analysis including these trials 

yielded the same overall pattern of results.1 Greenhouse-Geisser corrections (Greenhouse & 

Geisser, 1959) are used to adjust significance levels when Sphericity assumptions are violated. 

Welch’s t-tests are used where applicable. Effect sizes are reported using generalized eta squared 

( ; Bakeman, 2005) and/or Cohen’s d (Cohen, 1988).  

As noted above, half of the participants started the experiment in the internal condition 

and the other half in the external condition. When we included “Order” as a between subject 

factor in the reported analyzes we found no main effect or any interactions with the variable. To 

aid in interpretation of the results, we first report analyzes for the internal and external conditions 

separately, followed by comparisons across memory location.  While the latter contrast is our 

main interest, provided the lack of research in this general domain it thought it valuable to report 

separate analyzes within the Internal and External conditions as well (see Fig. 1). 

2
Gh



Distributed Metacognition 11 
 

Fig. 1. Actual and judged accuracy as a function of location and judgment type.  

 

Note: error bars are 95% Bias Corrected and accelerated (BCa) confidence intervals. 

 

Knowledge Location: Internal Condition 

A 2 (Judgment Type: Prospective vs. Retrospective) ANOVA was performed on actual 

and judged accuracy. There was no effect of judgment type on actual accuracy, F(1, 192) = 2.91, 

p = .09,  = .015. This effect was significant in judged accuracy, F(1, 192) = 6.84, p = .01,  

= .03. Participants judged themselves to be less accurate in the retrospective condition than in the 

prospective condition. 

A 2 (Measure: Actual Accuracy vs. Judged Accuracy) x 2 (Judgment Type: Prospective 

vs. Retrospective) mixed ANOVA revealed a main effect of measure, F(1, 192) = 15.5, p  < 

.001,  = .02, such that participants’ actual accuracy was higher than their judged accuracy 
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(i.e., underconfidence). There was no interaction between measure and judgment type, F(1, 192) 

= 1.96, p = .16,  = .002 (see left panel of Fig. 1). 

Knowledge Location: External Condition 

A 2 (Judgment Type: Prospective vs. Retrospective) ANOVA was performed on actual 

accuracy and judged accuracy. There was a significant effect of judgment type on actual 

accuracy, F(1, 192) = 8.57, p = .016,  = .03, such that participants were less accurate in the 

retrospective condition than in the prospective condition. This effect was not significant in 

participants’ judged accuracy, F(1, 192) = .42, p = .52,  = .002. 

A 2 (Measure: Actual Accuracy vs. Judged Accuracy) x 2 (Judgment Type: Prospective 

vs. Retrospective) mixed ANOVA revealed no main effect of measure, F(1, 192) = .005, p = .82, 

 = .0001, but there was a significant interaction between measure and judgment type, F(1, 

192) = 4.33, p = .039,  = .009. In the prospective condition participants were numerically 

underconfident but not significantly so, F(1, 96) = 1.66, p = .20,  = .008. They were 

significantly overconfident in the retrospective condition, F(1, 96) = 4. 44, p = .038,  = .013 

(see right panel of Fig. 1). 

Comparisons Across Knowledge Location 

A 2 (Knowledge Location: Internal vs. External) x 2 (Judgment Type: Prospective vs. 

Retrospective) mixed ANOVA was conducted on actual accuracy and judged accuracy. There 

was a main effect of location on actual accuracy, F(1, 192) = 49.38, p < .001,  = .09. 

Participants answered more questions correctly in the internal condition than the external 

condition. There was no interaction between location and judgment type, F(1, 192) = 1.02, p = 

.31,  = .002. With respect to judged accuracy there was a main effect of location, F(1, 192) = 
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9.73, p = .002, = .02, such that participants’ judged accuracy was greater in the internal 

condition than the external condition. There was also an interaction between location and 

judgment type, F(1, 192) = 4.39, p = .037,  = .009, such that the higher confidence in the 

internal condition was significant in the prospective condition, F(1, 96) = 8.49, p = .004,  = 

.04, but not the retrospective condition, F(1, 96) = 1.31, p = .25,  = .004. 

Last, a 2 (Measure: Absolute Actual vs. Absolute Judged) x 2 (Memory Location: 

Internal vs. External) x 2 (Judgment Type: Prospective vs. Retrospective) mixed-design ANOVA 

was performed assessing the complete crossing of all factors. There was a significant three-way 

interaction between measure, location and judgment type, F(1, 192) = 7.2, p = .008,  = .005. 

This reflects the different forms taken by the interaction between measure and judgment type 

discussed above. Namely, in the internal condition individuals were underconfident both in 

making prospective and retrospective judgments but in the external condition individuals were 

(non-significantly) underconfident in the prospective condition but overconfident in the 

retrospective condition.  

Metacognitive Accuracy 

We first indexed metacognitive accuracy by correlating participants’ trial-level accuracy 

and confidence ratings into Gamma coefficients (Nelson, 1984). Gamma coefficients can range 

from -1 (a perfect negative association) to +1 (a perfect positive association), with 0 representing 

an absence of association (i.e., confidence ratings at random). In the following, we present 

average Gamma correlations as a function of conditions. Given a lack of variability in accuracy 

(e.g., always correct) or confidence ratings (e.g., an individual never changed their rating over 

trials), 27.3% (n = 53) of participants that had no Gamma coefficient and were removed from the 
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following analyses (n = 35 for the prospective condition, n = 18 for the retrospective condition). 

As a final note, we additionally observed 24 occurrences where participants achieved a perfectly-

inverse Gamma of -1, and 45 occurrences where there was perfectly-positive Gamma of +1. For 

the purpose of main analysis below we included these participants. When these ‘perfect’ 

awareness scores were excluded in a secondary analyses the results were not qualitatively 

different2. 

 First, for the internal condition, a 2 (Judgment Type: Prospective vs. Retrospective) 

between-subject ANOVA demonstrated no effect of judgement type, F(1, 139) = 3.2, p = .08, 

 = .02. For the external condition, a 2 (Judgment Type: Prospective vs. Retrospective) 

between-subject ANOVA demonstrated an effect of judgement type, F(1, 139) = 27.96, p < .001, 

 = .17. Here, participants were more metacognitively accurate when judging retrospectively 

relative to prospectively.  

Next, following from above, we compared across the location conditions. A 2 

(Knowledge Location: Internal vs. External) x 2 (Judgment Type: Prospective vs. Retrospective) 

mixed ANOVA demonstrated a main effect of knowledge location, F(1, 139) = 49.84, p < .001, 

 = .15, and judgement type, F(1, 139) = 24.72, p < .001,  = .08, such that metacognitive 

accuracy was highest in the internal location and retrospective conditions. Interestingly, there 

was also an interaction between location and judgement type, F(1, 139) = 6.46, p = .012,  = 

.02. For the internal location, metacognitive accuracy in the prospective condition, M = .59, SD = 

.62, did not differ from the retrospective condition, M = .74, SD = .42, Welch’s t(102.9) = 

1.71, p = .09, d = .29, d 95% CI = [-.05, .63]. However, for the external location, metacognitive 

accuracy was much lower in the prospective condition, M = -.03, SD = .63, relative to the 
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retrospective condition, M = .45, SD = .43, Welch’s t(103.3) = 5.06, p < .001, d = .86, d 95% CI 

= [.51, 1.21] (see Fig. 2). 

 
  
Fig 2. Average Gamma correlations as a function of location and judgment type.   

 

 

Note: error bars are 95% Bias Corrected and accelerated (BCa) confidence intervals. 

 

As a complimentary analysis, we next assessed individuals’ ability to discriminate correct 

from incorrect answers by analyzing accuracy estimates as a function of actual accuracy within 

and across locations, and between judgment types. Forty-three of the 194 participants performed 

every trial correctly in either the internal (16.0%) or external condition (8.8%), and therefore had 
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no estimates of accuracy when incorrect. These participants were removed for the purposes of 

this analysis. 

A 2 (Actual Accuracy: Correct vs. Incorrect) x 2 (Judgment Type: Prospective vs. 

Retrospective) mixed ANOVA was conducted for the internal and external conditions separately. 

In the internal condition, there was a main effect of actual accuracy, F(1, 149) = 301.79, p < 

.001,  = .45, such that participants’ judged accuracy was higher when individuals were correct 

than incorrect. There was no interaction between actual accuracy and judgment type, F(1, 149) = 

1.95, p = .16, = .005. In the external condition there was also a main effect of actual accuracy, 

F(1, 149) = 69.87, p < .001,  = .058. Participants’ judged accuracy was higher when correct 

than incorrect. There was also a significant interaction between actual accuracy and judgment 

type, F(1, 149) = 27.87, p < .001,  = .024, such that discrimination was greater in the 

retrospective condition than in the prospective condition but significant in both nonetheless, F(1, 

78) = 66.85, p < .001,  = .23; F(1, 71) = 6.88, p = .011,  = .005, for the retrospective and 

prospective conditions respectfully. 

A 2 (Actual Accuracy: Correct vs. Incorrect) x 2 (Knowledge Location: Internal vs. 

External) x 2 (Judgment Type: Prospective vs. Retrospective) ANOVA was performed to 

compare the ability to discriminate across the two memory locations. There was an interaction 

between actual accuracy and memory location, F(1, 149) = 113.44, p < .001,  = .096. The 

difference in judged accuracy when correct and incorrect was smaller in the external condition 

than the internal condition. There was no interaction between actual accuracy, memory location, 

and judgment type, F(1, 149) = 1.91, p = .17,  = .002 (see Fig. 3). 
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Fig 3. Judged accuracy as a function of actual accuracy, location, and judgment type.  

 

Note: error bars are 95% Bias Corrected and accelerated (BCa) confidence intervals. 

 

Correlations 

We computed bias scores (i.e., participants’ average judged accuracy minus their actual 

accuracy) and discrimination scores (i.e., participants’ judged accuracy when correct minus 

incorrect) for each location. There was a significant positive correlation between bias in the 

internal and external knowledge conditions, rs (192) = .17, p = .018. There was no correlation 

between discrimination ability across memory locations, rs (149) = -.01, p = .935. Furthermore, 

we correlated participants’ Gamma coefficients in the internal and external memory conditions 

with one another. Overall there was no correlation between metacognitive accuracy between the 

internal and external conditions, r(139) = .08, p = .343. 
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Discussion 

Participants in the external condition were less able to discriminate correct from incorrect 

responses than in the internal condition. This was observed despite overall performance not 

being superior in the external condition. Recall that items were selected in order to have 

approximately equal accuracy across the two tasks. Overall, metacognitive accuracy was higher 

for the internal location and retrospective judgment condition. Interestingly, the observed 

interaction between location and judgement type suggests a large cost in metacognitive accuracy 

when making prospective judgements when using external aids. This difference across 

prospective and retrospective judgments was not observed when individuals relied on their 

internal memory alone. We return to this finding in the following General Discussion. 

Second, there was a significant positive correlation in bias scores (i.e., the extent of 

over/underconfidence) but not when discrimination was considered. That is, the extent to which 

participants’ actual accuracy differed from their judged accuracy was related across the internal 

and external conditions, though their ability to discriminate correct from incorrect answers across 

the two conditions was not. With respect to bias scores, participants were not overconfident 

across the board. Rather, in the internal condition participants were underconfident. In the 

external condition participants were slightly underconfident in the prospective condition and 

significantly overconfident in the retrospective condition. Thus, at least in the retrospective 

condition, we see divergence between bias across the internal and external conditions when 

accuracy across condition was approximately equal. 

General Discussion 

 Our day-to-day lives are filled with cognitive acts that can best be considered distributed 

in the sense of including an external contribution. Here, we examined individuals’ 
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metacognitions in similar tasks across distributed (internal memory and the Internet) and non-

distributed (internal memory only) conditions. Notably, metacognitive accuracy was lower when 

using the Internet, and was practically zero when making prospective judgments while using the 

Internet. Discrimination was not correlated across the internal or external conditions, but bias 

scores were. Participants were not generally over- or under-confident. Rather, whether 

individuals were over or underconfident changed across tasks, conditions, and judgment type. 

That said, when individuals assessed their performance after-the-fact they were overconfident in 

the external location condition. In the following, we further discuss these patterns and situate 

them within the existing literature on distributed metacognition. 

Distributed Metacognition 

We have suggested two general reasons for why metacognitive accuracy might be lower 

in a distributed cognitive context: (1) a lack of internally generated mnemonic signals in the 

external condition and/or, (2) a general bias to assume external cognitive aids are highly reliable. 

With respect to metacognitive accuracy as measured using discrimination, this general prediction 

seems to have been borne out. Metacognitive accuracy was poorer in the external condition 

relative to the internal condition. This appears to reflect a relative insensitivity to errors. Namely, 

when individuals in the external condition were incorrect they tended to think they were correct. 

For instance, when individuals searched and found an incorrect answer to the general knowledge 

question, their average estimate of the likelihood that their answer was correct was 75% (when 

correct it was 85%). That said, individuals relying on the Internet were able to tell correct from 

incorrect responses to some extent. In addition, at least here, metacognitive accuracy was better 

in the retrospective than the prospective condition. This is important as it suggests that the 

experience of retrieving information from this particular external store provides some useful 
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information with respect to individual’s judgements about the veracity of their answers. What 

this information is or what these cues might be represents an important question for future 

research. 

 Why are individuals better at discriminating correct from incorrect answers in the internal 

condition? Individuals have accurate (to some extent) knowledge of what they do and do not 

know (Koriat, 1997). Internal cues, for example the speed of retrieval, provide useful 

information with respect to predicting what one knows (Kelley & Lindsay, 1993). When 

retrieving knowledge from an external source the contribution of these internal cues might be 

reduced. This could happen for a number of reasons (or combinations of those reasons). For 

example, the items selected for use in the external condition were ones that most people would 

not know and, in addition, we removed items from the analysis that participants said they did 

know. Thus, any between-item differences in feeling-of-knowing or confidence in the external 

condition would likely be much less salient than between-item differences in feeling-of-knowing 

or confidence in the internal condition where some items could be known and others unknown. 

With these limited internal cues, individuals would need to rely on knowledge about an item’s 

likelihood of being located in the external store (i.e., feeling-of-findability; Risko, Ferguson & 

McLean, 2016) and/or cues that become available during retrieval from the external store (i.e., 

here searching the Internet). Provided the present results it seems these potential sources, and 

others we may not have identified, are not sufficient to support a high level of discrimination 

between correct and incorrect information. That said, these sources of information are sufficient 

to support some amount of discrimination, and in comparing the prospective to retrospective 

conditions, it seems clear that cues made available during the act of searching can support 

discrimination (i.e., discrimination was superior in the retrospective than prospective condition). 
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In the absence of any information that would discriminate items from one another, individuals 

likely rely on pre-existing beliefs about the reliability of a given source (i.e., internal knowledge; 

the Internet).  

As noted above, in the external condition it seems clear that individuals generally 

believed information was correct when retrieved from the Internet. For the kind of general 

knowledge questions asked here this seems a reasonable assumption.  Interestingly, our selection 

of items in the internal and external conditions as being approximately equal in difficulty here 

makes it likely that any bias to believe a given source was accurate or not comes from pre-

existing experience. That is, it is not simply the participant’s experience within the experiment 

that led them, in the external condition, to assume incorrect answers were correct, because 

participants were actually more accurate in the internal condition. This suggests that a high level 

of accuracy (locally defined) is not sufficient to explain the poorer discrimination in the external 

condition.  

 Though there are substantial differences between the internal and external resources 

available in the conditions used presently, there was a correlation across the internal and external 

conditions in terms of metacognitive performance. Thus, metacognitive judgments made across 

the distributed and non-distributed cognitive tasks are not completely independent and may 

signal a common contribution to both. Specifically, bias (i.e., the difference between actual and 

judged accuracy) correlated significantly across the internal and external conditions. The more 

overconfident (or underconfident) individuals were in the internal condition the more 

overconfident (or underconfident) they were in the external condition, though the effect was 

rather small. Nonetheless, this finding provides a novel extension of previous research 

demonstrating correlations in bias across different internal tasks (e.g., Kelemen et al., 2000) and 
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suggests a common contribution to metacognitive judgments elicited across distributed and non-

distributed cognitive tasks. For instance, this correlation might reflect an individual’s general 

confidence. Interestingly, while bias correlated across internal and external conditions, the ability 

to discriminate did not. Whether an individual was good or bad at discriminating correct from 

incorrect responses in the internal condition did not predict whether they would be good or bad 

in the external condition. This result also replicates and extends previous research (e.g., Kelemen 

et al., 2000) demonstrating little in the way of correlations between discrimination on different 

tasks within individuals. The extension here is interesting as the general tasks are ostensibly 

similar, but carried out using a different set of procedures rather than completely different tasks. 

These results are consistent with skepticism regarding a domain general metacognitive ability 

(e.g., Kelemen et al., 2000; c.f. Gilbert, 2015).   

Conclusions 

The present investigation represents one of the first systematic analyzes of metacognition 

across a task completed with and without the aid of an external aid. Future work examining these 

types of tasks, as well as expanding to other domains, will further inform our understanding of 

metacognition in distributed contexts. With increases in integration between cognition and 

various cognitive technologies the need to understand the similarities and differences is of great 

interest. 
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Footnotes 

1. In the main analysis of the external condition trials on which individuals reported that they 

would have known the answer to the question without searching the Internet were removed. We 

conducted a reanalysis of the external condition with those trials included. The results were 

qualitatively the same with the following exception. With respect to judged accuracy unlike the 

main analysis, there was no main effect of location, F(1, 192) = .08, p = .78,  < .001. There 

was an interaction between location and judgment type, F(1, 192) = 6.69, p = .01,  = .01, such 

that confidence was not significantly different across locations when given prospectively, F(1, 

96) = 2.83, p = .095,  = .01, but confidence was higher in the external condition when given 

retrospectively, F(1, 96) = 4.8, p = .03,  = .01. 

 

2. In the metacognitive accuracy section we chose to include those participants who produced 

perfect Gamma correlation coefficients (either +1 or -1). While not statistically improbable, the 

likelihood a priori of any individual being perfectly metacognitively accurate in a real-world 

setting is very unlikely. Specifically, the perfect Gamma coefficients we observed here are likely 

a function of accuracy overall being relatively high in the experiment. Thus, we further elected to 

re-analyze Gamma correlations that excluded: (1) those who produced gamma coefficients of -1, 

and (2) those who produced gamma coefficients of -1 and/or +1. In the former scenario, the 

sample size was reduced by 14.8% (N = 120) relative to the main analysis. However, the pattern 

of results is similar. Participants were more metacognitively accurate retrospectively than 

prospectively in the external condition, t(118) = 3.49, p = .001, d = .62, d 95% CI = [.24, 1.00], 

but not in the internal condition, t(118) = .88, p = .38, d = .16, d 95% CI = [-.21, .53], F(1, 118) 
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= 6.37, p = .012,  = .025, judgement type by location interaction. In the latter scenario, where 

the sample size was reduced by 43.9% (N = 79), the originally observed main effects are 

conserved, but the interaction is not signficant. Participants in the external condition were more 

metacognitively aware retrospectively than prospectively, t(77) = 2.27, p = .025, d = .49, d 95% 

CI = [.028, .954], but not in the internal condition, t(77) = .68, p = .496, d = .15, d 95% CI = [-

.30, .61], F(1, 77) = 2.08, p = .154,  = .013, judgement type by location interaction. Critically, 

in each case the overall pattern of results stays the same: individuals’ metacognitive accuracy 

was worse prospectively relative to retrospectively in the external condition, with no difference 

across judgement type in the internal condition. Furthermore, it is likely that the loss of the 

significant between-subjects interaction effect in the second scenario is a result of a loss of 

power, not from a change in the pattern of results due to exclusions. 

 

3. We additionally performed two correlational analyses on Gamma coefficients across locations 

based on the two scenarios outlined in Footnote 2. In the first scenario where those who 

produced gamma coefficients of -1 were excluded, we observed a non-significant correlation 

across locations, r(118) = .07, p = .423. In the second scenario where those who produced 

gamma coefficients of -1 and/or +1 were excluded, we again observed a non-significant 

correlation, r(77) = .04, p = .748. Thus, these results did not differ from those observed 

originally.  
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