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Age Differences in Processes Underlying Hindsight Bias: A Lifespan Study 

Abstract 

Hindsight bias is the tendency to overestimate one’s prior knowledge of a fact or event after 

learning the actual fact. Recent research suggests that age-related differences in hindsight bias 

may be based on age-related differences in inhibitory control. We tested whether this 

explanation holds for three cognitive processes assumed to underlie hindsight bias: 

recollection bias, reconstruction bias, and the tendency to adopt newly acquired knowledge as 

old. We performed a typical hindsight-bias study including 9-year-olds, 12-year-olds, young 

adults, and older adults. Participants first gave numerical judgments to difficult almanac 

questions. They later received the correct judgments for some of the questions while trying to 

recall their own earlier judgments. In order to experimentally test the impact of inhibitory 

control, the correct judgment was presented either in a weak or in a strong, difficult-to-ignore 

manner. Hindsight bias was larger in the strong than in the weak condition and followed a ∪-

shaped lifespan pattern with young adults showing the least hindsight bias, in line with an 

inhibitory-control explanation. Yet, the mixture of underlying processes differed considerably 

between age groups, so that inhibitory control does not suffice as a sole explanation of age 

differences. 
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Age Differences in Processes Underlying Hindsight Bias: A Lifespan Study 

 Hindsight bias is the tendency to overestimate one’s own original knowledge about a 

question or event once the correct solution or outcome is known. Assume someone answers a 

difficult knowledge question like “How many keys are on a piano?” with “60”. Later, she 

learns the correct judgment of “88” and is asked to recall her own prior judgment. Now, in 

hindsight, people tend to recall judgments that are closer to the correct judgment than the 

original judgment had in fact been (e.g., “70”). This is an example of hindsight bias which has 

been investigated extensively, mainly with young adults (for overviews, see Bernstein, 

Aßfalg, Kumar, & Ackerman, 2016; Blank, Musch, & Pohl, 2007; Guilbault, Bryant, 

Brockway, & Posavac, 2004; Hoffrage & Pohl, 2003; Pezzo, 2011; Pohl & Erdfelder, 2017; 

Roese & Vohs, 2012).  

 In developmental studies, larger hindsight bias has been found in children as well as older 

adults compared to young adults, but only one study tested hindsight bias across the whole 

lifespan (Bernstein, Erdfelder, Meltzoff, Peria, & Loftus, 2011). Some researchers suggested 

that lack of inhibitory control, which shows a similar lifespan pattern (Bedard, Nichols, 

Barbosa, Schachar, Logan, & Tannock, 2002; Cepeda, Kramer, & Gonzalez de Sather, 2001), 

may be responsible for these age differences in hindsight bias (Bayen, Pohl, Erdfelder, & 

Auer, 2007; Pohl, Bayen, & Martin, 2010). We scrutinized this account by looking at the 

distinct cognitive mechanisms underlying hindsight bias (following the suggestion by 

Erdfelder & Buchner, 1998). The goals of our study were (1) to replicate age differences in 

hindsight bias across the lifespan using the same materials and procedure for all age groups, 

(2) to experimentally test the impact of inhibitory control, and (3) to investigate which 

cognitive processes contribute to hindsight bias at what age, thus testing whether age 

differences in inhibitory control may serve as an explanation for age differences in hindsight 

bias.  

 In the next section, we introduce hindsight-bias research and explain how processes 
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underlying hindsight bias can be measured. Then, we summarize previous findings on age-

related differences in hindsight bias and discuss their explanation, before we turn to our own 

study. 

Hindsight bias 

 In typical hindsight-bias studies (following the memory design; see Pohl, 2007; Pohl & 

Erdfelder, 2017), participants answer difficult numerical almanac questions (original 

judgment = OJ). After a delay, participants receive the same questions again. This time, 

experimental questions are accompanied by the correct judgments (CJs), whereas no CJs are 

provided for control questions. Finally, participants are asked to remember their own original 

judgments (recall of the original judgment = ROJ). Typically, for experimental questions, the 

ROJ lies on average numerically closer to the CJ than the OJ did, thus showing hindsight bias. 

For control questions, by contrast, there is no such systematic shift. 

 Since Fischhoff’s (1975, 1977) seminal work on hindsight bias, hundreds of studies have 

investigated this phenomenon, including two meta-analyses (Christensen-Szalanski & 

Willham, 1991; Guilbault et al., 2004). The most important findings are that the bias is very 

robust across experimental procedures, materials, and measures (see Pohl, 2007; Pohl & 

Erdfelder, 2017), and that it is almost impossible to avoid (e.g., Pohl & Hell, 1996). In search 

of explanations for hindsight bias, most theories focused on and found empirical support for 

cognitive processes, such as automatic knowledge assimilation and subsequently biased 

reconstruction (e.g., Erdfelder & Buchner, 1998; Hawkins & Hastie, 1990; Pohl, Eisenhauer, 

& Hardt, 2003; Stahlberg & Maass, 1998). 

 Several studies have demonstrated the occurrence of hindsight bias in the real world, such 

as in legal domains (for a review, see Giroux, Coburn, Harley, Connolly, & Bernstein, 2016), 

medical decision making (e.g., Arkes, 2013), economic fields (e.g., Biais & Weber, 2009), 

and ordinary decision making (Pieters, Baumgartner, & Bagozzi, 2006). Louie, Rajan, and 

Sibley (2007) reported a number of further real-world occurrences of hindsight bias and 

Page 3 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 4 

discussed their potential consequences (cf. Pezzo, 2011; Roese & Vohs, 2012).
1
 

 Generally, hindsight bias can be viewed as an instance of retroactive interference, where 

learning new information (here, the CJ) changes what people report when asked about their 

memory for old information (here, the OJ). Similar phenomena elicited by slightly different 

procedures include the knew-it-all-along effect (e.g., Fischhoff & Beyth, 1975), the curse of 

knowledge (e.g., Birch, 2005), the anchoring effect (e.g., Bahník, Englich, & Strack, 2017), 

and the eyewitness misinformation effect (e.g., Mazzoni & Vanucci, 2007). Birch and 

Bernstein (2007) also emphasized parallels between hindsight bias and theory-of-mind 

problems. The commonality between these and other phenomena (for a comprehensive 

collection, see Pohl, 2017) seems to be that new information conflicts with older information, 

and that it is necessary to ignore the new information for an unbiased judgment or retrieval of 

the old information. This view is also endorsed by researchers who consider lack of inhibitory 

control responsible for hindsight bias (e.g., Bayen et al., 2007; Pohl et al., 2010). The 

rationale behind this idea is that the CJ is a task-irrelevant distractor that needs to be inhibited 

such that it does not influence information processing. A few studies tested the assumed 

relation between hindsight bias and inhibitory control and found some, albeit weak, evidence 

                                                
1
 Ash (2009) gave an instructive real-world example of hindsight bias: Former U.S. Secretary 

of Defense Donald Rumsfeld said in 2002 that “No terrorist state poses a greater or more 

immediate threat [italics added] to the security of our people and the stability of the world 

than the regime of Saddam Hussein in Iraq.” Later, after no weapons of mass destruction had 

been found in Iraq, Rumsfeld responded in a 2004 CBS interview when asked about the 

reality of the “immediate threat” claim: “Well, you’re the—you and a few other critics are the 

only people I’ve heard use the phrase “immediate threat” [italics added]. I didn’t. The 

president didn’t. And it’s become kind of folklore that that’s—that’s what’s happened.” 

Apparently, now in hindsight, he could not remember his earlier use of the phrase. 
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(Bernstein, Atance, Meltzoff, & Loftus, 2007; Coolin, Bernstein, Thornton, & Thornton, 

2014; Coolin, Erdfelder, Bernstein, Thornton, & Thornton, 2015, 2016; Groß & Bayen, 

2015b; Pohl, 2008). 

 We tested the inhibitory-control account by means of an experimental manipulation 

(instead of correlational analyses as in most previous studies). We also tested whether this 

account extends to the specific cognitive mechanisms assumed to lead to hindsight bias. 

Researchers have mainly focused on three such mechanisms, namely recollection bias, 

reconstruction bias, and CJ adoption (see Bayen et al., 2007; Erdfelder & Buchner, 1998; Pohl 

et al., 2010; Stahlberg & Maass, 1998). Recollection bias occurs when knowledge of the CJ 

impairs recollection of the OJ, a process leading to lower probability of correctly recalling 

one’s OJ for experimental than control items (see Erdfelder, Brandt, & Bröder, 2007). In the 

example in the opening paragraph, the participant may fail to recollect her OJ of “60” piano 

keys, because she has been informed of the CJ “88”. Reconstruction bias occurs when the CJ 

is used to reconstruct an OJ that cannot be recalled, a process leading to a shift of the ROJ 

toward the CJ (cf. Hawkins & Hastie, 1990; Hoffrage, Hertwig, & Gigerenzer, 2000; Pohl, 

Eisenhauer, & Hardt, 2003). In the example, an ROJ of “70” represents such a shift. Finally, 

CJ adoption is an extreme case of reconstruction; that is, the participant gives the CJ as the 

ROJ response. CJ adoption may result from source confusion between OJ and CJ in memory. 

In the example, in case of a CJ adoption, a participant would give “88” as ROJ. Traditional 

shift measures of hindsight bias (see Pohl, 2007) are typically a global conglomerate measure 

of all three of these sources of hindsight bias. Thus, they tell us little about the specific 

underlying processes. 

The HB13 model of hindsight bias 

 To disentangle the three potential sources of hindsight bias (recollection bias, 

reconstruction bias, and CJ adoption), which are not directly observable, and to estimate 

probabilities of their occurrence, Erdfelder and Buchner (1998) developed and validated a 
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multinomial processing-tree (MPT) model of hindsight bias, the “HB13” model. In general, 

MPT models are stochastic models that allow us to estimate probabilities of unobservable 

cognitive states or processes from frequencies of observable events (for introductory reviews 

of MPT models, see Batchelder & Riefer, 1999; Erdfelder et al., 2009). A major advantage of 

MPT models is that they provide process-pure measures of assumed underlying processes. 

The HB13 model of hindsight bias includes independent parameters that measure recollection 

bias, reconstruction bias, and CJ adoption. Figure 1 shows the core model assumptions (for 

greater detail, refer to Erdfelder & Buchner, 1998).  

[Insert Figure 1 about here] 

 When asked to recall their OJ, participants recollect the OJ from memory with 

probabilities rC and rE for control items and experimental items, respectively. Recollection 

bias is defined as the difference rC-rE. When participants cannot recollect the OJ and are 

presented with the CJ (for experimental items), they may, with probability b, use the CJ to 

reconstruct the OJ, resulting in reconstruction bias. In case of a biased reconstruction, 

participants may adopt the CJ as their ROJ response, with probability c. These model 

parameters are estimated from the observed frequencies of the potential rank orders of OJ, CJ, 

and ROJ. We describe technical details of goodness-of-fit tests, parameter estimation, and 

parameter tests in the Analyses-and-Results section.  

 The HB13 model and variants thereof were successfully applied in various hindsight-bias 

studies. The main results were that in young adults, hindsight bias is almost exclusively based 

on reconstruction bias, whereas recollection bias and CJ adoption play minor roles if any 

(Erdfelder et al., 2007). 

Age differences in hindsight bias 

 A few studies examined developmental differences in hindsight bias and compared young 

adults to children (Bernstein, Atance, Loftus, & Meltzoff, 2004; Pohl & Haracic, 2005; Pohl 

et al., 2010) or to older adults (Bayen, Erdfelder, Bearden, & Lozito, 2006; Coolin et al., 
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2014, 2015; Groß & Bayen, 2015a, 2015b). So far, only one study compared age groups 

across the whole lifespan, with participants from 3 to 95 years (Bernstein et al., 2011). Taken 

together, the main result of these studies is a ∪-shaped lifespan pattern, with larger hindsight 

bias in children and older adults compared to young adults (see also Bayen et al., 2007). 

Given that several studies have shown that lack of inhibitory control follows the same lifespan 

pattern (Bedard et al., 2002; Cepeda et al., 2001), it is plausible to assume that age differences 

in hindsight bias may be caused by age differences in inhibitory control (e.g., Bayen et al., 

2007; Pohl et al., 2010). Two studies assessed inhibitory control independently from hindsight 

bias in different age groups, but found only weak evidence for the assumed relation (Coolin et 

al., 2015; Groß & Bayen, 2015a).  

 One reason for these findings could be that hindsight bias is not a unitary phenomenon, 

but depends on several cognitive mechanisms discussed above that may not equally depend 

on inhibitory control. Thus, it makes sense to look at age differences in these mechanisms 

first. Accordingly, some of the data from these studies were analyzed with MPT models of 

hindsight bias (see Bayen et al., 2006; Bernstein et al., 2011; Coolin et al., 2015; Groß & 

Bayen, 2015a; Pohl et al., 2010). Recollection bias was typically small in these studies (cf. 

Erdfelder et al., 2007) and showed no clear age-related differences (Bayen et al., 2006; 

Bernstein et al., 2011; Coolin et al., 2015; Groß & Bayen, 2015a). However, Pohl et al. (2010) 

found recollection bias in 9-year-olds only, but neither in 12-year-olds, nor young adults.  

 Reconstruction bias, by contrast, was generally large and showed clearer age effects, 

albeit not consistently: One study showed larger reconstruction bias in younger children 

compared to older ones and young adults (Pohl et al., 2010), whereas another study found no 

significant differences (Bernstein et al., 2011). Bayen et al. (2006) found larger reconstruction 

bias in older than younger adults when the CJ was either available in the visual environment 

(Exp. 1 in which the participants saw the CJ in print during ROJ) or in working memory (Exp. 

2 in which participants were instructed to remember the CJ for a later memory test). When, 
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however, the CJ was neither available in the visual environment nor in working memory 

(Exp. 3 in which the CJ immediately preceded the ROJ with no instruction to remember the 

CJ), then the age difference reversed; that is, young adults showed larger reconstruction bias 

than older adults. These results suggest that older adults had difficulties inhibiting CJ 

information that was easily available. However, the comparison of these age differences was 

across experiments and therefore needs replication with random assignment to different levels 

of CJ availability.  

 Finally, CJ adoptions contributed unequivocally to the larger hindsight bias in children 

(Bernstein et al., 2011; Pohl et al., 2010) and to some degree also to that of older adults 

(Bayen et al., 2006, Exp. 2). In contrast, none of these studies found a significant probability 

of CJ adoption for younger adults. So far, however, the findings are scarce and not always 

consistent, and only one study used the same material and procedure across age groups from 

the whole lifespan (Bernstein et al., 2011). Thus, further research is needed to elucidate these 

relations. 

The current study 

 Our study had several objectives. First, we wanted to investigate hindsight bias from a 

lifespan perspective. Only one study so far tested age differences across the whole lifespan 

using the same materials and procedures for all age groups (Bernstein et al., 2011). All other 

studies that compared either children to young adults or younger to older adults used different 

materials and procedures, thus impairing comparisons and generalizations across studies. We 

therefore included participants from school age to older adulthood and used the same 

materials and procedure for all (cf. Bernstein et al., 2011).  

 Further, we are the first to experimentally test the inhibitory-deficit account of age 

differences in hindsight bias. More specifically, we tested the impact of inhibitory control in 

all age groups by experimentally manipulating the strength of the CJ such that the CJ was 

more or less available to participants during ROJ (cf. Bayen et al., 2006; Wasserman, 
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Lempert, & Hastie, 1991; Wood, 1978). Specifically, we used numerical almanac questions as 

material in a control condition (i.e., no CJ presented), and in two experimental conditions 

(i.e., CJ presented) with varying strength of the CJ presentation. In all three conditions, each 

question was printed on a paper questionnaire and simultaneously a picture of the main object 

in the question was shown on a wall screen. The presentation of the CJ differed between 

conditions: In the weak-CJ condition, the CJ was merely read aloud by the experimenter. In 

the strong-CJ condition, the CJ was additionally printed in the recall questionnaire (in which 

participants wrote their ROJs) and presented on the wall screen (along with the picture of the 

questioned object). Thus, in this condition, the CJ was presented via three channels and was 

visually available during the ROJ. 

 A strong CJ which is easily available in the retrieval environment is presumably more 

difficult to inhibit than a weak CJ which is less available in the retrieval environment. We 

thus expected to find larger hindsight bias in the strong-CJ than in the weak-CJ condition (cf. 

Bayen et al., 2006; Wasserman et al., 1991; Wood, 1978). If inhibitory control is weaker in 

children and older adults than in younger adults, then the ∪-shaped age function of hindsight 

bias suggested by previous studies (Bayen et al., 2006; Bernstein et al., 2004, 2011; Coolin et 

al., 2014; Pohl et al., 2010; Pohl & Haracic, 2005) should be more pronounced in the strong-

CJ condition than in the weak-CJ condition. With the manipulation of CJ strength, we thus 

expected to magnify age differences in overall hindsight bias. Bayen et al. (2006) also used 

weak and strong CJ conditions and adult age differences appeared larger in the strong-CJ 

condition. However, in this prior work, the weak and strong CJ conditions were in different 

experiments and thus cannot be conclusively compared due to lack of random assignment. In 

our current experiment, we therefore randomly assigned participants to strong and weak CJ 

conditions. 

 Age and strength manipulation should not only affect overall hindsight bias, but also its 

component processes: recollection bias, reconstruction bias, and CJ adoption. Only a few 
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previous studies looked at age differences in the underlying processes leading to HB (again, 

mostly not comparable across studies). We present the first study that disentangles these 

component processes of hindsight bias not only across the lifespan, but also across two CJ-

strength conditions. We accomplish this by using a data analytical (multinomial) model that is 

ideally suited for this purpose. If lack of inhibitory control is the only (or main) mechanism 

behind these three processes, then different age groups should show similar mixtures of these 

processes, and strengthening the CJ should increase age effects in these processes. The 

existent literature, by contrast, suggests that there may be age-specific mixtures of cognitive 

processes underlying hindsight bias. Specifically, we expected all groups to show 

reconstruction bias that moreover should follow a ∪-shaped pattern with larger reconstruction 

bias in children and older adults compared to young adults. In addition, children might show 

some recollection bias, but certainly a large probability of CJ adoption, whereas young adults 

should show neither, and older adults possibly only the latter. If thus the mixture of the three 

component processes of hindsight bias indeed varies with age, then inhibitory control can 

hardly be the only explanation for age-related differences in hindsight bias. 

Methods 

Participants 

 There were a total of 278 participants in four different age groups (74 nine-year-olds,74 

twelve-year-olds, 62 young adults, and 68 older adults; see Table 1 for details). We chose 

these specific age groups of children to keep results comparable to prior studies (Pohl & 

Haracic, 2005; Pohl et al., 2010). In addition, this age range allowed us to use the same type 

of materials as in many other studies. From nine years on, children understand the included 

tasks, numbers up to 100, and various units of measurement. For children younger than nine, 

it would have been difficult to devise a sufficient number of appropriate items. Setting α = 

.05, the power to detect a medium effect (f = .25; Cohen, 1988) in an ANOVA across age 
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groups was .95 (computed with G*Power; Faul, Erdfelder, Buchner, & Lang, 2009). 

[Insert Table 1 about here] 

 We recruited the children in public schools in Würzburg. They came from three 3rd grade 

classes (9-year-olds) and three 6th grade classes (12-year-olds). The young adults were first-

year or sophomore psychology majors at the University of Mannheim. The older adults were 

recruited in Düsseldorf via newspaper advertisements. They reported on average 10.68 (SD = 

1.90) years of school education (elementary school + high school); 49 of them reported 

additional education or professional training for M = 3.19 (SD = 1.33) years, thus totaling an 

average of 13.87 years of education; 27 of these studied at a university. On a vocabulary test 

(Riegel, 1967), we observed the typical age pattern, namely older adults (M = 16.4 out of 20, 

SD = 2.6) outperforming younger adults (M = 14.1, SD = 2.6), t(128) = 4.92, p < .0001, 

Cohen’s d = 0.88.  

 The adults completed a health questionnaire. We excluded individuals with a history of 

Parkinson’s disease, kidney dialysis, diabetes, heart attack, stroke, chronic lung disease, brain 

trauma, depression in the last six months, alcoholism, or drug addiction from participation. 

We assessed near- and far-vision in all older adults. All of them were able to fluently read 

both in near-vision (14-point font size printed text) and in far-vision (22-point font-size text 

projected onto the wall). These font sizes corresponded to the ones used in the experiment.  

 Before the experiment, adult participants signed consent forms and children signed assent 

forms. We also obtained written consent from parents or guardians of the children and 

permission from school officials and the Bavarian Ministry of Education. The study was 

exempt from ethics review at the Universities of Mannheim and Düsseldorf (where we 

collected the adult data), because the research was non-invasive and participation did not 

exceed risks that are usually encountered in daily life. Children received small toys and candy 

for their participation. The psychology students received course credit, and the older adults 

received monetary compensation. 
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Design 

 The design was a 4 × 3 mixed factorial with age group (9-year-olds, 12-year-olds, young 

adults, older adults) as a between-subjects factor and CJ condition (weak CJ, strong CJ, no 

CJ) as a within-subjects factor. The weak-CJ and the strong-CJ conditions served as 

experimental conditions, whereas the no-CJ condition served as control condition. 

Materials  

 We used 48 almanac-type questions that required numerical answers (e.g., How many 

months are elephants pregnant?) and were generated from children’s encyclopedias and 

similar sources. Similar materials were used in other studies on age differences (e.g., Bayen et 

al., 2006; Bernstein et al., 2011; Coolin et al., 2014, 2015; Coolin et al., 2016; Groß & Bayen, 

2015a, 2015b; Pohl et al., 2010; Pohl & Haracic, 2005). The CJs ranged from 12 to 91, that is, 

a range of numbers that should be manageable by even the youngest children in our sample. 

The answers required the use of units of measurement that, according to teacher judgment, are 

known by 9-year-olds (e.g., years, kilograms, or centimeters). 

 We constructed two paper-and-pencil questionnaires, one for OJs and one for ROJs, both 

with the 48 questions in the same fixed random order for all participants. The OJ 

questionnaire was identical for all participants. Each question was accompanied by a blank 

response box followed by the unit of measurement for the numerical answer (e.g., months). 

The ROJ questionnaire was identical to the OJ questionnaire except that for one third of the 

questions, the CJ was printed on the questionnaire (strong-CJ condition; e.g., How many 

months are elephants pregnant? The correct answer is 21 months. What was your previous 

answer?). For the remaining two thirds of the questions (weak-CJ and no-CJ conditions), the 

CJ was not given on the questionnaire (see Procedure for further details). 

 We created three item sets of equal size and counterbalanced them across participants and 

conditions, so that—within each age group—all items served about equally often in the 

control condition and in each of the two experimental conditions. On each ROJ questionnaire, 
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the three CJ conditions alternated in fixed order. 

 Along with each question, we showed one of 48 color pictures (mostly photographs) of 

the objects that were mentioned in the respective question (e.g., a photo of an elephant cow 

and her calf with the question about the length of elephant pregnancies). We included these 

pictures in order to maintain motivation, especially in the younger children, and to help 

activate relevant knowledge.  

Procedure 

 The children were tested in group sessions in their respective classrooms. Adults were 

tested in groups of up to 20 in university rooms. Young and older adults were run in separate 

sessions. The older adults received the vision tests prior to the experiment.  

 All materials were presented in test booklets. The experimenter read the instructions 

aloud for each task and asked if there were questions before the task started. Questions were 

carefully answered to ensure that everyone understood the task. 

 The experiment had four time-controlled phases, of which the first three followed the 

typical memory design (Pohl, 2007; Pohl & Erdfelder, 2017): The OJ phase (30 min), a 

retention interval (25 min, filled with cognitive testing), and the ROJ phase (30 min). In the 

fourth phase, we collected some further data from the adults (see below).  

 Phase 1. In the OJ phase, the experimenter first handed out the OJ questionnaire and 

informed participants that they would receive several difficult knowledge questions that they 

should answer as best they could. They were asked to work at the pace set by the 

experimenter’s commands. As soon as the picture for the current question was projected onto 

the wall screen, the experimenter read the question aloud. Participants then entered their 

answer (OJ) in the appropriate response box on the questionnaire. After 30 seconds (which we 

had found to be sufficient in pilot testing), the picture disappeared and the next one appeared; 

the experimenter read the corresponding question, and so forth. After participants had 

answered all 48 questions, the experimenter collected the questionnaires. 
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 Phase 2. To prevent rehearsal of items and OJs during the retention interval, participants 

worked through a booklet of unrelated cognitive tests, again paced by the experimenter. The 

retention interval lasted 25 min and was the same for all age groups.  

 Phase 3. In the ROJ phase, participants received the ROJ questionnaire. They were asked 

to recall their previous answers (from the OJ phase) as exactly as possible and to ignore the 

correct judgments (CJs) that were now provided for two thirds of the questions. Specifically, 

they were told to “Please do not let yourself be influenced by these correct answers, but try to 

remember your own answer that you have previously written down. It is thus best if you write 

down the very same answer that you have previously written.” Each trial then proceeded 

similarly to the OJ phase; that is, the experimenter read the question aloud, while the 

corresponding picture appeared on the wall screen. The task was repeated aloud for every 

question (What was your previous answer?). As in the OJ phase, participants had 30 seconds 

for each question to recall and write down their ROJ. The major change in comparison to the 

OJ phase was that participants now received the CJ for experimental items. For these items, 

the experimenter read the CJ aloud (e.g., How many months are elephants pregnant? The 

correct answer is 21 months. What was your previous answer?). In the strong-CJ condition, 

the CJ was additionally printed on the questionnaire and also appeared next to the 

accompanying picture on the wall screen. In the weak-CJ condition, the CJ was only read 

aloud by the experimenter. For control items, the CJ was not presented at all. After all 48 

items had been answered, the experimenter collected the questionnaires. 

 Phase 4. In the final phase, additional data (e.g., demographics) were collected. All adults 

completed a vocabulary test and a health questionnaire.  

Analyses and Results 

Preliminary data analyses 

 From the total of 26,688 answers (OJs and ROJs from 278 participants × 48 questions), 

49 OJs and 79 ROJs were missing (0.5%). Questions for which a person failed to provide the 
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OJ, the ROJ, or both, were excluded for that person, because hindsight-bias indices and model 

parameters can only be calculated with both responses. From the set of complete OJ–ROJ 

pairs, we deleted 769 extreme values of OJs or ROJs (2.9%; see Pohl, 2007). These values 

were larger than the median of all answers (OJs and ROJs) plus five times the interquartile 

range (cf. Tukey, 1977), computed separately for each item. We further excluded cases of 

correct OJs (i.e., OJ = CJ), because hindsight bias is not defined in these cases. On average, 

participants answered 1.7 out of the 48 questions correctly (3.5%). There were no age 

differences in correct OJs, F(3, 274) = 1.922, p = .13; that is, the questions were equally 

difficult for all age groups. In all, 12,705 pairs of OJs and ROJs (i.e., 95.2% of the maximally 

possible set) remained in the data set. 

Traditional shift analysis 

 According to a 4 (age groups) × 3 (CJ conditions) ANOVA, the rate of correctly recalled 

OJs (i.e., ROJ = OJ) differed significantly between age groups, F(3, 274) = 40.763, p < .0001, 

 = .31, showing the expected inverted ∪-shaped function with rates of 35.1%, 46.8%, 

59.9%, and 52.3% for the four increasing-age groups. The rate also differed between CJ 

conditions, F(2, 548) = 6.943, p = .001,  = .02, with 48.6%, 45.5%, and 49.8% for the 

weak-CJ, the strong-CJ, and the no-CJ condition, respectively.
2
 There was no interaction 

                                                
2
 These percentages of correctly recalled OJs are comparatively large and are due to the short 

retention interval of only 25 min. Similar values of around 50% were reported by Pohl et al. 

(2010) who also used a 25 min. retention interval. Many other studies used a longer retention 

interval of one week and found lower recollection rates between 25% and 35% (Pohl & 

Erdfelder, 2017). Generally, perfect recollections are less interesting than the remaining 

potentially biased reconstructions, so that low recollection rates would be preferable. 

However, to reduce the recollection rate, we would have needed longer retention intervals 

necessitating two separate sessions. This, in turn, bears the danger that participants (especially 

ηp

2

ηp

2
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between age group and CJ condition, F < 1. 

 In order to analyze the incorrectly recalled OJs (i.e., ROJ ≠ OJ) separately, we removed 

correctly recalled OJs, leaving 5,898 pairs of OJs and ROJs in the data set.
3
 For these, we 

computed the shift measure ∆z (Pohl, 1992, 2007). A positive ∆z indicates that compared to 

the OJ, the ROJ shifted toward the CJ (thus signaling hindsight bias). The mean ∆z values by 

age group and CJ condition are presented in Figure 2. We first analyzed the data with a 4 (age 

groups) × 3 (CJ conditions) ANOVA. Compared to the no-CJ control condition, in which ∆z 

was .012, the overall shifts in the two experimental conditions (weak and strong CJ) were 

significantly larger, namely .188 and .276, respectively, thus indicating the presence of 

hindsight bias, F(2, 542) = 43.268, p < .0001,  = .14.  

[Insert Figure 2 about here] 

 Next, we examined the two experimental CJ conditions only. A 4 (age groups) × 2 

                                                                                                                                                   

children) talk to each other about the questions and their answers in the meantime. Another 

way to decrease correct recollections would have been to use a longer item list (list-length 

effect; Roberts, 1972). However, this would have led to fatigue, especially in the youngest 

and oldest age groups. We, therefore, decided to not use more than 48 items with a short 

retention interval and to run the study within one session. 

3
 We removed correct recollections because including them in an overall index can obscure 

underlying mechanisms. Pohl (2007) discussed several findings from the literature that may 

be misleading because they confounded percentages of perfect recollections and amount of 

bias for the remaining questions. For example, if two groups differ in overall hindsight bias 

(as measured with ∆z or similar indices with perfect recollections included), this may be due 

to either different percentages of correct recollections alone (without any real “bias”), or to 

different degrees of bias in the imperfectly recalled answers alone, or to a mixture of both. 

These cases cannot be differentiated, if the overall index includes perfect recollections. 

ηp

2

Page 16 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 17 

(experimental CJ conditions) ANOVA revealed a main effect of CJ condition, F(1, 273) = 

10.410, p = .001,  = .04, showing that, as expected, the shift was significantly larger in the 

strong than in the weak-CJ condition. In addition, there were significant differences between 

age groups with mean shift values of .317, .219, .128, and .254 for the four increasing-age 

groups, F(3, 273) = 6.626, p = .0002,  = .07. Thus, the amount of hindsight bias followed a 

∪-shaped lifespan function. A post hoc test (Fischer’s PLSD) revealed significant shift 

differences between 9-year-olds and 12-year-olds, between 9-year-olds and young adults, 

between 12-year-olds and young adults, and between young and older adults. The interaction 

between age group and CJ condition was not significant, F < 1, suggesting that the same age 

differences existed in both experimental conditions.
4
 

 In order to test the curvilinear trend of hindsight bias across age, we ran a multiple 

regression analysis across all participants with log(age) and squared log(age) as predictors and 

∆z as dependent measure. The model was significant both in the weak-CJ condition, F(2, 273) 

= 4.767, p = .009,  = .03, adjusted R
2
 = .027, and in the strong-CJ condition, F(2, 274) = 

6.040, p = .003,  = .04, adjusted R
2
 = .035. Importantly, squared log(age) was a significant 

predictor in both conditions, with β = 2.127, p = .005, in the weak-CJ condition, and β = 

2.579, p < .001, in the strong-CJ condition, thus confirming the ∪-shaped function of 

hindsight bias across age in both experimental conditions. 

 Simonsohn (2017) recently questioned whether significant quadratic regression 

                                                
4
 To test whether these age-group differences were affected by potential fatigue effects due to 

the relatively long testing session (especially for the younger children), we computed ∆z 

scores separately for the first and second half of questions. Two separate ANOVAs for each 

experimental condition found neither a main effect of question half nor an effect of its 

interaction with age groups. Thus we consider fatigue effects to be negligible in our study. 

ηp

2

ηp

2

ηp

2

ηp

2

Page 17 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 18 

coefficients would suffice to show a ∪-shaped function. On suggestion of a reviewer, we 

followed Simonsohn’s “two-line” approach and ran another multiple regression analysis 

testing two separate slopes for low and high values of age. When we predict a ∪-shaped 

function of hindsight bias, the slope should be negative for younger participants and positive 

for older ones. We determined the breakpoint between younger and older participants as 

suggested by Simonsohn (2017). In both experimental conditions, the lowest fitted hindsight-

bias value in the quadratic regression fell within the group of young adults. Determining the 

range of values for the flat part of the ∪-curve (called yflat by Simonsohn, 2017) led to the 

inclusion of all young adults, but noone else. The median age that was used as the breakpoint 

was thus the same in both conditions, namely 20 years. A multiple regression that tested both 

slopes for younger and older participants simultaneously led to the following results. In the 

weak-CJ condition, the slope was negative (-.193) for ages 8 to 19 and positive (.136) for ages 

20 to 82. However, neither of them was significant, p = .114 and .111, respectively. In the 

strong-CJ condition, the slope was again negative (-.289) for ages 8 to 19 and positive (.197) 

for ages 20 to 82, but in this condition, both were significant, p = .017 and .021, respectively. 

Thus, ∪-shaped age differences in hindsight bias appear to be more pronounced in the strong-

CJ compared to the weak-CJ condition. Note, however, that the ANOVA reported above 

found no interaction between age group and experimental condition, which suggests similar 

age differences in both conditions. 

Multinomial modeling 

 The HB13 model (Erdfelder & Buchner, 1998) estimates the probability of correct 

recollection, of biased reconstruction, and of CJ adoption (with parameters r, b, and c, 

respectively; cf. Figure 1). To estimate parameters, the model uses the frequencies of 10 

different rank orders of OJ, CJ, and ROJ. The frequencies aggregated over participants are 

listed in Appendix A. We fitted the model to these data with the multiTree software 
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(Moshagen, 2010), separately for each age group. Each analysis included 30 frequencies (10 

from each CJ condition), three model trees (one for each CJ condition), 17 free parameters, 

and thus df = 30–3–17 = 10. We evaluated the fit of the model to the data with maximum-

likelihood methods. The goodness-of-fit statistic is G
2 

which is asymptotically chi-square 

distributed. The critical G
2
 value (α = .05, df = 10) to reject the model was 18.31. The 

observed G
2
 values for the four increasing-age groups were 16.25, 11.81, 12.64, and 54.08, 

respectively. Thus, the model fitted the data well except for those of the older adults. Their 

data violated a symmetry assumption of the model, namely that cases of CJ adoption (ROJ = 

CJ) should occur independently of whether the OJ over- or underestimated the CJ. This was 

(for unknown reasons) not the case for older adults. We therefore excluded three items for 

which the asymmetry was largest (cf. Bayen et al., 2006; Bernstein et al., 2011; Coolin et al., 

2015; Pohl et al., 2010). This improved model fit for all age groups, especiallyolder adults, 

namely 14.58, 7.35, 7.57, and 15.64, respectively. Importantly, the estimates for the model 

parameters changed only slightly, so that the main findings of the HB13 analysis remained the 

same.
5
 Figure 3 presents the resulting parameter estimates. 

                                                
5
 In order to check whether these values are artifacts of the data aggregation across 

participants, we also ran the HB13 model separately for each participant. Note, however, that 

the experiment was not designed to allow for individual analyses, so that the number of items 

per participant (i.e., 48-3 = 45) was too low to test meaningful individual models (with 20 

data categories per person). As a consequence, too many cells were empty which led to 

unstable and often extreme estimates. Accordingly, the model showed severe misfit for a 

large number of participants who thus had to be discarded. Nevertheless, the resulting mean 

parameter values for each age group deviated only slightly from those shown in Figure 3 and 

showed the same pattern, thus supporting the validity of the estimates derived from the 

aggregated data. 
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[Insert Figure 3 about here] 

 Analyses within age groups. We performed significance tests of the presence of 

recollection bias, reconstruction bias, and CJ adoption in each age group (see Table 2). In 

addition, we tested parameter differences between the weak- and the strong-CJ condition 

within each age group (see Table 3). Within the MPT-modelling framework, tests of model 

parameters are accomplished by setting the respective parameter equal to zero or by equating 

two parameters. The observed decrement in model fit (∆G
2
) can then be used to assess 

statistical significance. If the observed decrement is large enough (i.e., p < .05), the respective 

parameter is significantly larger than zero or the two parameters differ significantly from each 

other.  

[Insert Tables 2 and 3 about here] 

 Recollection bias occurs when correct recollection in an experimental condition is 

significantly lower than in the control condition (i.e., rC>rE). We observed such recollection 

bias for both groups of children and for young adults, but only in the strong-CJ condition 

(Table 2). That is, children and young adults showed significantly worse recollection of their 

OJs when the CJ was presented via three channels than when it was not presented at all. Older 

adults did not show recollection bias. There was no significant difference in recollection bias 

between the two experimental conditions in any of the age groups (Table 3).
6
 

                                                
6
 The HB13 model does not allow us to test differences in recollection bias (which is itself 

defined as a difference of two parameters) between two experimental conditions or groups. 

We therefore re-parameterized the model by replacing the two rE parameters (rWeak and rStrong) 

with two new ones, (aWeak and aStrong), which measure the ratios of correct recollections in 

each of the two experimental conditions (weak and strong) and the control condition (see also 

Groß & Bayen, 2017). That is, aWeak = rWeak/rC and aStrong = rStrong/rC. In all other aspects, the 
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 Reconstruction bias (parameter b) was significantly larger than zero in all conditions of 

all groups (Table 2). The two groups of children had the same reconstruction bias in both 

experimental conditions, whereas the two adult groups had significantly smaller 

reconstruction bias in the weak-CJ compared to the strong-CJ condition (Table 3). 

 Both groups of children had significant probabilities of CJ adoption (parameter c) in both 

experimental conditions. Older adults showed a small but significant probability of CJ 

adoption in the strong-CJ condition (Table 2). There were no significant differences in 

probabilities of CJ adoption across experimental conditions in any of the age groups (Table 

3). 

 Analyses between age groups. To test parameter differences between age groups, we 

combined the multinomial models for all age groups into an overall model (comprising 120 

frequencies, 12 model trees, 68 free parameters, and thus df = 120–12–68 = 40). The critical 

G
2
 value (α = .05, df = 40) to reject the model is 55.76. Model fit was good, G

2
(40) = 45.15 

(the sum of the G
2
-values of the age groups as reported above), p = .27. The results of testing 

group differences are presented in Table 4. 

[Insert Table 4 about here] 

 We found no age differences in recollection bias, with one exception: In the strong-CJ 

condition, 9-year-olds showed larger recollection bias than older adults (who had no 

recollection bias; see Table 2). Recollection biases of 12-year-olds and young adults had 

intermediate values and showed no age differences. 

 Reconstruction bias, too, showed only one significant age difference, again in the strong-

CJ condition. Older adults showed larger reconstruction bias than younger adults. The 

children showed large reconstruction biases, too (see Table 2), but these were not 

                                                                                                                                                   

re-parameterized model was identical to the original one. Model fit and parameter estimates 

are not influenced. The original r estimates are given in Appendix B. 
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significantly different from those of the adults. 

 Finally, the probability of CJ adoption differed significantly across age, with children 

showing a higher probability of CJ adoption than adults in both experimental conditions. 

There were neither significant differences between the two groups of children, nor between 

the two groups of adults. 

Discussion 

 Major goals of our study were to corroborate previous findings of age-related differences 

in hindsight bias by using the same materials and procedure across a large age span, and to 

investigate how recollection bias, reconstruction bias, and CJ adoptions differed between age 

groups (cf. Bayen et al., 2006; Bernstein et al., 2004, 2011; Coolin et al., 2014, 2015; Groß & 

Bayen, 2015a, 2015b; Pohl & Haracic, 2005; Pohl et al., 2010). We tested four age groups (9-

year-olds, 12-year-olds, young adults, and older adults) in a typical hindsight-bias memory 

design. That is, participants first provided original judgments (OJs) to difficult numerical 

almanac questions and were later given the correct judgments (CJs) for some of the questions 

and asked to recall their OJs (ROJs). To experimentally test an inhibitory-control account of 

age differences in hindsight bias, we manipulated the availability of the CJ during ROJ, that 

is, it was only read aloud by the experimenter (weak-CJ) or also printed in the questionnaire 

and shown on the wall screen (strong-CJ). 

 A traditional overall shift measure (Pohl, 2007) revealed hindsight bias in all age groups 

and, more importantly, a ∪-shaped pattern across age groups with the largest amount of 

hindsight bias in younger children and older adults. Manipulation of CJ-strength, that is, the 

difficulty to ignore the CJ during retrieval of one’s OJ, also had clear effects. Strong CJs 

yielded larger hindsight bias overall than weak CJs (cf. Wasserman et al., 1991; Wood, 1978). 

Moreover, with strong CJs, the ∪-shaped lifespan function of hindsight bias received more 

support than with weak CJs (according to analyses following Simonsohn, 2017). Thus, our 
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results of lifespan age differences in hindsight bias corroborate Bernstein et al.’s (2011) 

findings and are in line with other studies testing less diverse age groups (Bayen et al., 2006; 

Bernstein et al., 2004; Coolin et al., 2014, 2015; Groß & Bayen, 2015a, 2015b; Pohl & 

Haracic, 2005; Pohl et al., 2010).  

 So far, these results are in line with age-related differences in inhibitory control (Bayen et 

al., 2007; Pohl et al., 2010). The idea is that the CJ is a task-irrelevant distractor that needs to 

be excluded from any retrieval or reconstruction process. This control is typically 

accomplished via inhibitory functions of the frontal executive that vary by age, with children 

and older adults showing less effective control and thus greater interference compared to 

young adults (Bedard et al., 2002; Cepeda et al., 2001; Comalli, Wapner, & Werner, 1962; 

Kray, Eber, & Lindenberger, 2004; Reimers & Maylor, 2005; Williams, Ponesse, Schachar, 

Logan, & Tannock, 1999; Zelazo, Craik, & Booth, 2004; but see Verhaeghen, 2011). In 

addition, the strong-CJ condition afforded more inhibitory control than the weak-CJ condition 

and thus led to larger hindsight bias. 

 Only few studies have directly tested the proposed relation from a developmental 

perspective by measuring both inhibitory control and hindsight bias. They found only partial 

support for the idea that age-related differences in inhibitory control may be responsible for 

age differences in hindsight bias (Coolin et al., 2014, 2015; Groß & Bayen, 2015b). Possible 

explanations for this dissatisfying situation could be that these studies employed a 

correlational design (and not an experimental one as we did) or that the mixture of specific 

cognitive processes leading to hindsight bias may vary with age. Thus we employed the HB13 

MPT model by Erdfelder and Buchner (1998) in order to disentangle the processes potentially 

leading to hindsight bias (i.e., recollection bias, reconstruction bias, and CJ adoption). 

 We found that both groups of children showed a large recollection bias (in the strong-CJ 

condition), a large reconstruction bias, and a large probability of CJ adoption, whereas young 

adults showed a small recollection bias (in the strong-CJ condition) and a large reconstruction 
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bias, but no CJ adoptions. This pattern nicely replicates earlier results (Pohl et al., 2010) and 

suggests that hindsight bias in children is based on all three processes, whereas that of young 

adults is mainly based on reconstruction bias alone.  

 Comparing younger and older adults also revealed some differences. Older adults showed 

larger reconstruction bias, but only in the strong-CJ condition, not in the weak-CJ condition. 

This is similar to the findings reported by Bayen et al. (2006) who found larger reconstruction 

bias in older than young adults when the CJ was available in the visual environment during 

recall (Exp. 1), but not when the CJ was not visually available (anymore) during recall (Exp. 

3). Importantly, in Bayen et al., the comparison was across experiments and thus lacked 

validity as the participants were not randomly assigned to conditions. In the current study, we 

addressed this shortcoming by experimentally manipulating the availability of the CJ. We 

even strengthened the CJ presentation further in comparison to Bayen et al. by providing 

visual CJ information via two different channels (i.e., on the questionnaire and on the wall 

screen). We were thereby able to confirm that older adults have particular difficulties ignoring 

the CJ when it is present in the visual recall environment. This result, when viewed alone, 

would still support an inhibitory-deficit account of adult age differences in hindsight bias. 

 Older adults in the current study also showed a small, but reliable probability of CJ 

adoption, again in the strong-CJ condition, but no recollection bias. This also fits with other 

studies (Bayen et al., 2006, Exp. 2; Bernstein et al., 2011; Coolin et al., 2015; Groß & Bayen, 

2015a). 

 An important result is that differences between age groups in the cognitive processes 

underlying hindsight bias tended to be larger in the strong-CJ than in the weak-CJ condition. 

Age differences thus seem most pronounced when the CJ is most difficult to ignore. It thus 

appears advisable to use strong-CJ manipulations when testing for age differences in 

hindsight bias and similar phenomena. This may explain why some previous studies (using 

weaker CJ presentations) did not find significant age differences between younger and older 
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adults in hindsight bias (e.g., Groß & Bayen, 2015b) or in reconstruction bias (Bernstein et 

al., 2011; Groß & Bayen, 2015a, Exp. 3, delay condition). One study even reported no 

reconstruction bias for some of the tested age groups (Bernstein et al., 2011). In addition, 

several studies failed to find recollection bias, let alone age differences therein (Bayen et al., 

2006; Bernstein et al., 2011; Coolin et al., 2015; Groß & Bayen, 2015a). This might all be due 

to the relatively weak CJ presentation used in these studies. 

 In sum, the mixture of cognitive processes leading to hindsight bias differs with age and 

it thus appears difficult to attribute age differences in hindsight bias to one mechanism alone, 

namely an age-related lack of inhibitory control. The different mixtures may also explain why 

the evidence for the inhibitory-control explanation of hindsight bias has been rather weak so 

far. Our conclusion may thus have consequences not only for the studies on age-related 

differences, but also for the basic explanation of hindsight bias, and possibly even beyond, for 

the explanation of other cases of retroactive interference. 

 One remedy for this theoretical challenge might be to not only disentangle different 

processes leading to hindsight bias (as we did), but to also disentangle different components 

of inhibitory control. Hasher and Zacks (1988), for example, suggested three such 

components (see also Lustig, Hasher, & Zacks, 2007): (1) The access function prevents task-

irrelevant information from entering working memory; (2) the deletion or suppression 

function aims to delete or suppress irrelevant information that already entered working 

memory; and (3) the restraint function concerns inhibition of a dominant response or action. 

Possibly, these three components show different trajectories across the lifespan and may thus 

better explain age-related differences in the processes leading to hindsight bias and in other 

phenomena that depend on the failure to inhibit information. 

 In addition, other cognitive features that also follow an inverted ∪-shaped lifespan 

function (such as capacity of working memory or quality of episodic memory; see, e.g., 

Dempster, 1981; Gilinsky & Judd, 1994; Li, Lichtenberger, Hommel, Aschersleben, Prinz, & 
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Baltes, 2004; Shing & Lindenberger, 2011; Yim, Dennis, & Sloutsky, 2013) should be 

scrutinized more intensively as potential explanations for age differences in hindsight bias 

(see, e.g., Bayen & Groß, 2015a; Calvillo, 2012; Coolin et al., 2014, 2015, 2016; Nestler, 

Blank, & von Collani, 2008). Possibly, age differences in recollection bias, reconstruction 

bias, and CJ adoptions arise from different mechanisms. 

  

Page 26 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 27 

References 

Arkes, H. R. (2013). The consequences of the hindsight bias in medical decision making. 

Current Directions in Psychological Science, 22, 356-360. 

doi:10.1177/0963721413489988 

Ash, I. K. (2009). Surprise, memory, and retrospective judgment making: Testing cognitive 

reconstruction theories of the hindsight bias effect. Journal of Experimental Psychology: 

Learning, Memory, and Cognition, 35, 916-933. doi:10.1037/a0015504 

Bahník, S., Englich, B., & Strack, F. (2017). Anchoring effect. In R. F. Pohl (Ed.), Cognitive 

illusions: Intriguing phenomena in thinking, judgment, and memory (2nd ed., pp. 223-

241). London: Routledge. 

Batchelder, W. H., & Riefer, D. M. (1999). Theoretical and empirical review of multinomial 

process tree modeling. Psychonomic Bulletin & Review, 6, 57-86. 

doi:10.3758/BF03210812 

Bayen, U. J., Erdfelder, E., Bearden, J. N., & Lozito, J. P. (2006). The interplay of memory 

and judgment processes in effects of aging on hindsight bias. Journal of Experimental 

Psychology: Learning, Memory and Cognition, 32, 1003-1018. doi:10.1037/0278-

7393.32.5.1003 

Bayen, U. J., Pohl, R. F., Erdfelder, E., & Auer, T.-S. (2007). Hindsight bias across the life 

span. Social Cognition, 25, 83-97. doi:10.1521/soco.2007.25.1.83 

Bedard, A.-C., Nichols, S., Barbosa, J. A., Schachar, R., Logan, G. D., & Tannock, R. (2002). 

The development of selective inhibitory control across the life span. Developmental 

Neuropsychology, 21, 93-111. doi:10.1207/S15326942DN2101_5 

Belleville, S., Rouleau, N., & Van der Linden, M. (2006). Use of the Hayling task to measure 

inhibition of prepotent responses in normal aging and Alzheimer's disease. Brain and 

Cognition, 62, 113-119. doi:10.1016/j.bandc.2006.04.006 

Bernstein, D. M., Aßfalg, A., Kumar, R., & Ackerman, R. (2016). Looking backward and 

Page 27 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 28 

forward on hindsight bias. In J. Dunlosky & S. K. Tauber (Eds.), The Oxford handbook of 

metamemory (pp. 289-304). New York: Oxford University Press. 

Bernstein, D. M., Atance, C., Loftus, G. R., & Meltzoff, A. N. (2004). We saw it all along: 

Visual hindsight bias in children and adults. Psychological Science, 15, 264-267. 

doi:10.1111/j.0963-7214.2004.00663.x 

Bernstein, D. M., Atance, C., Meltzoff, A. N., & Loftus, G. R. (2007). Hindsight bias and 

developing theories of mind. Child Development, 78, 1374-1394. doi:10.1111/j.1467-

8624.2007.01071.x 

Bernstein, D. M., Erdfelder, E., Meltzoff, A. N., Peria, W., & Loftus, G. R. (2011). Hindsight 

bias from 3 to 95 years of age. Journal of Experimental Psychology: Learning, Memory, 

& Cognition, 37, 378–391. doi:10.1037/a0021971 

Biais, B., & Weber, M. (2009). Hindsight bias, risk perception, and investment performance. 

Management Science, 55, 1018-1029. doi:10.1287/mnsc.1090.1000 

Birch, S. A. J. (2005). When knowledge is a curse: Children's and adults' reasoning about 

mental states. Current Directions in Psychological Science, 14, 25-29. 

doi:10.1111/j.0963-7214.2005.00328.x 

Birch, S. A. J., & Bernstein, D. M. (2007). What can children tell us about hindsight bias: A 

fundamental constraint on perspective-taking? Social Cognition, 25, 98-113. 

doi:10.1521/soco.2007.25.1.98 

Blank, H., Musch, J., & Pohl, R. F. (2007). Hindsight bias: On being wise after the event. 

Social Cognition, 25, 1-9. doi:10.1521/soco.2007.25.1.1 

Calvillo, D. P. (2012). Working memory and the memory distortion component of hindsight 

bias. Memory, 20, 891-898. doi:10.1080/09658211.2012.706309 

Cepeda, N. J., Kramer, A. F., & Gonzalez de Sather, J. C. M. (2001). Changes in executive 

control across the life span: Examination of task-switching performance. Developmental 

Psychology, 37, 715-730. doi:10.1037//0012-1649.37.5.715 

Page 28 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 29 

Christensen-Szalanski, J. J. J., & Willham, C. F. (1991). The hindsight bias: A meta-analysis. 

Organizational Behavior and Human Decision Processes, 48, 147-168. 

doi:10.1016/0749-5978(91)90010-Q 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2 ed.). Hillsdale, NJ: 

Erlbaum. 

Comalli, P. E., Jr., Wapner, S., & Werner, H. (1962). Interference effects of Stroop color-

word test in childhood, adulthood, and aging. Journal of Genetic Psychology, 100, 47-53. 

doi:10.1080/00221325.1962.10533572 

Coolin, A., Bernstein, D. M., Thornton, A. E., & Thornton, W. L. (2014). Age differences in 

hindsight bias: The role of episodic memory and inhibition. Experimental Aging 

Research, 40, 357-374. doi:10.1080/0361073X.2014.896667 

Coolin, A., Erdfelder, E., Bernstein, D. M., Thornton, A. E., & Thornton, W. L. (2015). 

Explaining individual differences in cognitive processes underlying hindsight bias. 

Psychonomic Bulletin & Review, 22, 328-348. doi:10.3758/s13423-014-0691-5 

Coolin, A., Erdfelder, E., Bernstein, D. M., Thornton, A. E., & Thornton, W. L. (2016). 

Inhibitory control underlies individual differences in older adults’ hindsight bias. 

Psychology and Aging, 31, 224-238. doi:10.1037/pag0000088 

Dempster, F. N. (1981). Memory span: Sources of individual and developmental differences. 

Psychological Bulletin, 89, 63-100. doi:10.1037/0033-2909.89.1.63 

Erdfelder, E., Auer, T.-S., Hilbig, B. E., Aßfalg, A., Moshagen, M., & Nadarevic, L. (2009). 

Multinomial processing tree models: A review of the literature. Zeitschrift für 

Psychologie/Journal of Psychology, 217, 108-124. doi:10.1027/0044-3409.217.3.108 

Erdfelder, E., Brandt, M., & Bröder, A. (2007). Recollection biases in hindsight judgments. 

Social Cognition, 25, 114-131. doi:10.1521/soco.2007.25.1.114 

Erdfelder, E., & Buchner, A. (1998). Decomposing the hindsight bias: A multinomial 

processing tree model for separating recollection and reconstruction in hindsight. Journal 

Page 29 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 30 

of Experimental Psychology: Learning, Memory, and Cognition, 24, 387-414. 

doi:10.1037/0278-7393.24.2.387 

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G. (2009). Statistical power analyses using 

G*Power 3.1: Tests for correlation and regression analyses. Behavior Research Methods, 

41, 1149-1160. doi:10.3758/BRM.41.4.1149 

Fischhoff, B. (1975). Hindsight ≠ foresight: The effect of outcome knowledge on judgment 

under uncertainty. Journal of Experimental Psychology: Human Perception and 

Performance, 1, 288-299. doi:10.1037/0096-1523.1.3.288 

Fischhoff, B. (1977). Perceived informativeness of facts. Journal of Experimental 

Psychology: Human Perception and Performance, 3, 349-358. doi:10.1037/0096-

1523.3.2.349 

Fischhoff, B., & Beyth, R. (1975). “I knew it would happen.” Remembered probabilities of 

once-future things. Organizational Behavior and Human Performance, 13, 1-16. 

doi:10.1016/0030-5073(75)90002-1 

Gilinsky, A. S., & Judd, B. B. (1994). Working memory and bias in reasoning across the life 

span. Psychology and Aging, 9, 356-371. doi:10.1037/0882-7974.9.3.356 

Giroux, M. E., Coburn, P. I., Harley, E. M., Connolly, D. A., & Bernstein, D. M. (2016). 

Hindsight bias and law. Zeitschrift für Psychologie/Journal of Psychology, 224, 190–203. 

doi:org/10.1027/2151-2604/a000253 

Groß, J., & Bayen, U. J. (2015a). Adult age differences in hindsight bias: The role of recall 

ability. Psychology & Aging, 30, 253-258. doi:10.1037/pag0000017 

Groß, J., & Bayen, U. J. (2015b). Hindsight bias in younger and older adults: The role of 

access control. Aging, Neuropsychology, and Cognition, 22, 183-200. 

doi:10.1080/13825585.2014.901289 

Groß, J., & Bayen, U. J. (2017). Effects of dysphoria and induced negative mood on the 

processes underlying hindsight bias. Cognition and Emotion, 31, 1715-1724. 

Page 30 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 31 

doi:10.1080/02699931.2016.1249461 

Guilbault, R. L., Bryant, F. B., Brockway, J. H., & Posavac, E. J. (2004). A meta-analysis of 

research on hindsight bias. Basic and Applied Social Psychology, 26, 103-117. 

doi:10.1080/01973533.2004.9646399 

Hasher, L., Zacks, R. T., & May, C. P. (1999). Inhibitory control, circadian arousal, and age. 

In D. Gopher & A. Koriat (Eds.), Attention and performance (Vol. XVII: Cognitive 

regulation of performance: Interaction of theory and application, pp. 653-675). 

Cambridge, MA: MIT Press. 

Hawkins, S. A., & Hastie, R. (1990). Hindsight: Biased judgments of past events after the 

outcomes are known. Psychological Bulletin, 107, 311-327. doi:10.1037/0033-

2909.107.3.311 

Hoffrage, U., Hertwig, R., & Gigerenzer, G. (2000). Hindsight bias: A by-product of 

knowledge-updating? Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 26, 566-581. doi:10.1037//0278-7393.26.3.566 

Hoffrage, U., & Pohl, R. F. (2003). Research on hindsight bias: A rich past, a productive 

present, and a challenging future. Memory, 11, 329-335. 

doi:10.1080/09658210344000080 

Kray, J., Eber, J., & Lindenberger, U. (2004). Age differences in executive functioning across 

the lifespan: The role of verbalization in task preparation. Acta Psychologica, 115, 143-

165. doi:10.1016/j.actpsy.2003.12.001 

Li, S. C., Lindenberger, U., Hommel, B., Aschersleben, G., Prinz, W., & Baltes, P. B. (2004). 

Transformations in the couplings among intellectual abilities and constituent cognitive 

processes across the life span. Psychological Science, 15, 155-163. doi:10.1111/j.0956-

7976.2004.01503003.x 

Louie, T. A., Rajan, M. N., & Sibley, R. E. (2007). Tackling the Monday-morning 

quarterback: Applications of hindsight bias in decision-making settings. Social 

Page 31 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 32 

Cognition, 25, 32-47. doi:10.1521/soco.2007.25.1.32 

Lustig, C., Hasher, L., & Zacks, R. T. (2007). Inhibitory deficit theory: Recent developments 

in a “new view”. In D. S. Gorfein & C. M. MacLeod (Eds.), Inhibition in cognition (pp. 

145-162). Washington, D.C.: American Psychological Association. 

Mazzoni, G., & Vannucci, M. (2007). Hindsight bias, the misinformation effect, and false 

autobiographical memories. Social Cognition, 25, 203-220. 

doi:10.1521/soco.2007.25.1.203 

Moshagen, M. (2010). multiTree: A computer program for the analysis of multinomial 

processing tree models. Behavior Research Methods, 42, 42-54. 

doi:10.3758/BRM.42.1.42 

Nestler, S., Blank, H., & von Collani, G. (2008). Hindsight bias and causal attribution: A 

Causal Model Theory of creeping determinism. Social Psychology, 39, 182-188. 

doi:10.1037/0278-7393.34.5.1043 

Pezzo, M. V. (2011). Hindsight bias: A primer for motivational researchers. Social & 

Personality Psychology Compass, 5, 665-678. doi:10.1111/j.1751-9004.2011.00381.x 

Pieters, R., Baumgartner, H., & Bagozzi, R. (2006). Biased memory for prior decision 

making: Evidence from a longitudinal field study. Organizational Behavior and Human 

Decision Processes, 99, 34-48. doi:10.1016/j.obhdp.2005.05.004 

Pohl, R. (1992). Der Rückschau-Fehler: Systematische Verfälschung der Erinnerung bei 

Experten und Novizen [Hindsight bias: Systematic alteration of recollections of experts 

and novices]. Kognitionswissenschaft, 3, 38-44.  

Pohl, R. F. (1998). The effects of feedback source and plausibility on hindsight bias. 

European Journal of Cognitive Psychology, 10, 191-212. doi:10.1080/713752272 

Pohl, R. F. (2007). Ways to assess hindsight bias. Social Cognition, 25, 14-31. 

doi:10.1521/soco.2007.25.1.1 

Pohl, R. F. (2008). Hindsight bias as a consequence of interference and poor inhibitory 

Page 32 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 33 

control? Poster presented at the 29th International Congress of Psychology, Berlin, 

Germany.  

Pohl, R. F. (Ed.) (2017). Cognitive illusions: Intriguing phenomena in thinking, judgment, 

and memory (2nd ed.). London: Routledge. 

Pohl, R. F., Bayen, U. J., & Martin, C. (2010). A multiprocess account of hindsight bias in 

children. Developmental Psychology, 46, 1268-1282. doi:10.1037/a0020209 

Pohl, R. F., Eisenhauer, M., & Hardt, O. (2003). SARA: A cognitive process model to 

simulate the anchoring effect and hindsight bias. Memory, 11, 337-356. 

doi:10.1080/09658210244000487 

Pohl, R. F., & Erdfelder, E. (2017). Hindsight bias. In R. F. Pohl (Ed.), Cognitive illusions: 

Intriguing phenomena in thinking, judgment, and memory (2nd ed.; pp. 423-445). London 

and New York: Routledge. 

Pohl, R. F., & Haracic, I. (2005). Der Rückschaufehler bei Kindern und Erwachsenen 

[Hindsight bias in children and adults]. Zeitschrift für Entwicklungspsychologie und 

Pädagogische Psychologie, 37, 46-55. doi:10.1026/0049-8637.37.1.46 

Pohl, R. F., & Hell, W. (1996). No reduction of hindsight bias with complete information and 

repeated testing. Organizational Behavior and Human Decision Processes, 67, 49-58. 

doi:10.1006/obhd.1996.0064   

Reimers, S., & Maylor, E. A. (2005). Task switching across the life span: Effects of age on 

general and specific switch costs. Developmental Psychology, 41, 661-671. 

doi:10.1037/0012-1649.41.4.661 

Riegel, K. F. (1967). Der sprachliche Leistungstest: SASKA [The SASKA verbal achievement 

test]. Göttingen: Hogrefe. 

Roberts, W. A. (1972). Free recall of word lists varying in length and rate of presentation: A 

test of total-time hypotheses. Journal of Experimental Psychology, 92, 365-372. 

Roese, N. J., & Vohs, K. D. (2012). Hindsight bias. Perspectives on Psychological Science, 7, 

Page 33 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 34 

411-426. doi:10.1177/1745691612454303 

Shing, Y. L., & Lindenberger, U. (2011). The development of episodic memory: Lifespan 

lessons. Child Development Perspectives, 5, 148-155. doi:10.1111/j.1750-

8606.2011.00170.x 

Simonsohn, U. (2017). Two-lines: The first valid test of U-shaped relationships. Unpublished 

manuscript. Retrieved from http://urisohn.com/papers/u_shape.pdf 

Stahlberg, D., & Maass, A. (1998). Hindsight bias: Impaired memory or biased 

reconstruction? In W. Stroebe & M. Hewstone (Eds.), European review of social 

psychology (Vol. 8, pp. 105-132). Chichester: Wiley. 

Tukey, J. W. (1977). Exploratory data analysis. Reading, MA: Addison-Wesley. 

Verhaeghen, P. (2011). Aging and executive control: Reports of a demise greatly exaggerated. 

Current Directions in Psychological Science, 20, 174-180. 

doi:10.1177/0963721411408772 

Wasserman, D., Lempert, R. O., & Hastie, R. (1991). Hindsight and causality. Personality 

and Social Psychology Bulletin, 17, 30-35. doi:10.1177/0146167291171005 

Williams, B. R., Ponesse, J. S., Schachar, R. J., Logan, G. D., & Tannock, R. (1999). 

Development of inhibitory control across the life span. Developmental Psychology, 35, 

205-213. doi:10.1037/0012-1649.35.1.205 

Wood, G. (1978). The “knew-it-all-along” effect. Journal of Experimental Psychology: 

Human Perception and Performance, 4, 345-353. doi:10.1037/0096-1523.4.2.345 

Yim, H., Dennis, S. J., & Sloutsky, V. M. (2013). The development of episodic memory: 

Items, contexts, and relations. Psychological Science, 24, 2163-2172. 

doi:10.1177/0956797613487385 

Zelazo, P. D., Craik, F. I. M., & Booth, L. (2004). Executive function across the life span. 

Acta Psychologica, 115, 167-183. doi:10.1016/j.actpsy.2003.12.005 

  

Page 34 of 43

URL: http://mc.manuscriptcentral.com/HJCD  Email: jcogdev@emory.edu

Journal of Cognition and Development

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

HINDSIGHT BIAS ACROSS THE LIFESPAN 35 

Appendix A 

Frequencies aggregated over participants of the 10 possible rank orders of OJ, CJ, and ROJ 

that were used in the multinomial modeling, for all age groups and CJ conditions. 

 Number of rank order
a
 

 1 2 3 4 5 6 7 8 9 10 

9-year-olds 

 Weak CJ 

 Strong CJ 

 No CJ 

 

119 

116 

135 

 

285 

238 

280 

 

172 

197 

136 

 

27 

35 

6 

 

65 

68 

53 

 

31 

34 

59 

 

126 

113 

135 

 

69 

79 

63 

 

18 

33 

6 

 

68 

82 

81 

12-year-olds 

 Weak CJ 

 Strong CJ 

 No CJ 

 

92 

102 

130 

 

340 

319 

344 

 

130 

134 

78 

 

15 

23 

4 

 

50 

63 

55 

 

44 

41 

55 

 

200 

184 

208 

 

69 

92 

66 

 

11 

20 

5 

 

54 

58 

59 

Young adults 

 Weak CJ 

 Strong CJ 

 No CJ 

 

69 

58 

73 

 

367 

347 

395 

 

92 

116 

75 

 

6 

7 

7 

 

25 

26 

19 

 

43 

35 

45 

 

191 

200 

203 

 

56 

63 

40 

 

3 

4 

7 

 

24 

21 

24 

Older adults 

 Weak CJ 

 Strong CJ 

 No CJ 

 

95 

63 

115 

 

337 

359 

343 

 

124 

165 

104 

 

3 

5 

6 

 

40 

30 

31 

 

35 

27 

58 

 

207 

178 

217 

 

83 

97 

62 

 

5 

9 

6 

 

39 

39 

31 

Note. 
a
The ordinal numbers of the rank orders conform to those given by Erdfelder and 

Buchner (1998): (1) ROJ < OJ < CJ; (2) ROJ = OJ < CJ; (3) OJ < ROJ < CJ; (4) OJ < ROJ 

= CJ; (5) OJ < CJ < ROJ; (6) CJ < OJ < ROJ; (7) CJ < ROJ = OJ; (8) CJ < ROJ < OJ; (9) 

ROJ = CJ < OJ; (10) ROJ < CJ < OJ.  
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Appendix B 

Probability of correct recollections: Estimated r parameter values of the HB13 model for all 

CJ conditions and age groups. 

 rWeak  rStrong rc 

9-year-olds .41 .34 .42 

12-year-olds .53 .48 .54 

Young adults .62 .61 .66 

Older adults .55 .55 .56 

Note. r = probability of correct recollection; Indices: Weak = weak-CJ condition, Strong = 

strong-CJ condition, C = no-CJ control condition. 
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Table 1 

Number, sex, and age of participants in each age group 

Age group N (female;male) Mean age (SD) Age range 

9-year-olds  74 (43;31) 9;5 years (0;4) 8;9 – 10;5 years 

12-year-olds  74 (44;30) 12;5 years (0;5) 11;6 – 13;7 years 

Young adults  62 (53;9) 21.5 years (2.7) 19 – 31 years 

Older adults  68 (50;18) 67.8 years (5.7) 60 – 82 years 

Note. We recorded children’s age in years and months (years;months), but adults’ age in years 

only. To adjust the age of adult groups we added 0.5 years to their means. 
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Table 2 

Tests of recollection bias, reconstruction bias, and CJ adoption within age groups and CJ 

conditions.  

 rWeak = rC rStrong = rC bWeak = 0 bStrong = 0 cWeak = 0 cStrong = 0 

9-year-olds 0.29 12.21* 30.04* 53.43* 26.70* 49.36* 

12-year-olds 0.19 7.95* 26.27* 40.67* 14.08* 29.40* 

Young adults 2.28 3.95* 4.17* 15.70* < 0.00 0.19 

Older adults 0.23 0.59 10.26* 46.95* < 0.00 5.23* 

Note. Model parameters: r = probability of correct recollection, b = probability of 

reconstruction bias, c = probability of CJ adoption. Indices: Weak = weak-CJ condition, 

Strong = strong-CJ condition, C = no-CJ control condition. 

Given are the ∆G
2
(1) values representing the decrement in model fit when testing the 

indicated parameter restriction, compared to the unrestricted model. A significant decrement 

signifies that bias or CJ adoption differs from zero. * p < .05. Critical value of ∆G
2
(1) = 3.84. 
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Table 3 

Tests of differences in recollection bias, reconstruction bias, and CJ adoption between the 

two experimental CJ conditions within age groups.  

 aWeak = aStrong bWeak = bStrong cWeak = cStrong 

9-year-olds 8.96* 1.34 0.24 

12-year-olds 5.41* 0.29 1.34 

Young adults 0.22 3.92* 0.19 

Older adults 0.08 13.83* 1.44 

Note. Model parameters: a = measure of differences in probability of recollection between 

experimental and control condition (recollection bias; see Footnote 4), b = probability of 

reconstruction bias, c = probability of CJ adoption. Indices: Weak = weak-CJ condition, 

Strong = strong-CJ condition. 

Given are the ∆G
2
(1) values representing the decrement in model fit when equating the 

respective parameters, compared to the unrestricted model. A significant decrement indicates 

a difference in parameters. * p < .05. Critical value of ∆G
2
(1) = 3.84. 
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Table 4 

Tests of age differences in recollection bias, reconstruction bias, and CJ adoption.  

 aWeak aStrong bWeak bStrong cWeak cStrong 

9-year-olds vs. 

12-year-olds 

0.03 1.32 0.09 0.04 1.64 0.76 

9-year-olds vs. 

Young adults 

0.15 3.71 1.65 0.22 4.17* 12.70* 

9-year-olds vs. 

Older adults 

0.02 6.11* 0.26 3.12 9.87* 27.28* 

12-year-olds vs. 

Young adults 

0.43 0.70 2.56 0.08 3.30 9.34* 

12-year-olds vs. 

Older adults 

< 0.01 2.23 0.66 3.78 6.79* 15.98* 

Young adults vs. 

Older adults 

0.41 0.57 0.59 4.19* < 0.01 0.26 

Note. Model parameters: a = measure of differences in probability of recollection between 

experimental and control condition (recollection bias; see Footnote 4), b = probability of 

reconstruction bias, c = probability of CJ adoption. Indices: Weak = weak-CJ condition, 

Strong = strong-CJ condition. 

Given are the ∆G
2
(1) values representing the decrement in model fit when equating the 

respective parameters for each pair of groups, compared to the unrestricted model. A 

significant decrement signifies that the tested parameter differs between the respective two 

age groups. * p < .05. Critical value of ∆G
2
(1) = 3.84. 
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Figure 1. Core assumptions of the HB13 model of hindsight bias. Rectangles show 

observable events. Parameters of the model: rC = probability of recollecting the OJ of a 

control item; rE = probability of recollecting the OJ of an experimental item; b = probability 

of a biased reconstruction; c = probability of CJ adoption. Adapted from “Recollection Biases 

in Hindsight Judgments,” by E. Erdfelder, M. Brandt, and A. Bröder, 2007, Social Cognition, 

25, p. 117. Copyright, 2007 Guilford Press. Reprinted with permission of The Guilford Press. 
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Figure 2. Mean shift values (∆z) by age group and CJ condition. Larger values indicate larger 

hindsight bias. Error bars represent 95%-confidence intervals. 
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Figure 3. Parameter estimates of the multinomial model by age group and CJ condition. 

Model parameters: rC-rWeak and rC-rStrong = probability of recollection bias (i.e., difference of 

correct recollections in control versus experimental conditions), b = probability of 

reconstruction bias, c = probability of CJ adoption. Indices: Weak = weak-CJ condition, 

Strong = strong-CJ condition. Error bars represent 95%-confidence intervals (not available for 

rC-rWeak and rC-rStrong differences). 
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