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Abstract
Preschool children are generally inaccurate at evaluating past and predicting future performance. The present study examines the 
effect of performance feedback on the accuracy of preschoolers’ predictive judgments and tests whether performance feedback acts as 
an anchor for postdictive judgments. In Experiment 1, preschool children (n = 40) solved number patterns, and in Experiment 2 they 
solved object patterns (n = 59). The results in both experiments revealed, firstly, that children receiving performance feedback made 
more accurate predictive judgments and lowered their certainty after their incorrect answer. Secondly, the children relied on 
performance feedback more than on actual task experience when making postdictive judgments, indicating that performance 
feedback was used as an anchor for subsequent postdictive judgments.
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Metacognitive monitoring plays an important role in human learning in areas ranging from memory and perception 
to reading and problem solving (Flavell, 1979; Kuhn, 2000) and it is essential in planning and evaluation of our actions 
(Panadero, 2017). When planning future steps, we have to predict whether we will be able to solve problems; when 
evaluating, we have to ask ourselves whether the steps we chose enabled us to achieve our goals (Winne & Hadwin, 
1998; Zimmerman & Schunk, 2011). In other words, before we start performing a task we make predictive judgments 
about our future performance; and during or after the task, we make postdictive judgments about the outcomes 
(Schraw, 2009; Winne, 2011). When we monitor our actions accurately, our predictions and postdictions match the actual 
performance and we can regulate our activities effectively (Dunlosky & Rawson, 2012; Roebers & Spiess, 2017).

The ability to monitor performance in a task (Nelson & Narens, 1994) improves from preschool age (Bernard, Proust, 
& Clément, 2015; Destan, Hembacher, Ghetti, & Roebers, 2014; Lyons & Ghetti, 2011, 2013; Roebers, 2014; Schneider & 
Lockl, 2008). Preschool children already understand that their past performance should predict their future performance, 
but they are still overconfident in predicting performance on the new set of items (Lipko-Speed, 2013). Preschoolers are 
generally more accurate when making postdictions than when making predictions (Pieschl, 2009).

In order to improve the accuracy of predictive and postdictive judgments in preschool age, researchers examined the 
effect of performance feedback (Destan, Spiess, de Bruin, van Loon, & Roebers, 2017; Lipowski, Merriman, & Dunlosky, 
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2013; Urban & Urban, 2018, 2020; van Loon, Destan, Spiess, de Bruin, & Roebers, 2017). Receiving performance feed
back can improve metacognitive accuracy in preschoolers’ postdictions (Urban & Urban, 2018, 2020) and predictions 
(Lipowski et al., 2013) from the age of 4 (Geurten & Meulemans, 2017). To answer the question of why feedback has 
an effect on preschool children, Geurten and Meulemans (2017) decided to test the anchoring effect of feedback on the 
predictive judgments of children aged 4, 6 and 8 years old in memory tasks. The anchoring effect is the adjustment of 
estimation based on previously presented external information, i.e., the anchor (Bahník, Englich, & Strack, 2017; Epley & 
Gilovich, 2006; Simmons, LeBoeuf, & Nelson, 2010; Tversky & Kahneman, 1974). They found that children adjusted their 
judgments in relation to feedback regardless of other accessible information related to the task. Moreover, they found 
a positive correlation between predisposition to adjust judgments on the basis of an anchor and inclination to rely on 
feedback when making memory predictions. Children who were more sensitive to the anchoring effect were also more 
sensitive to the feedback effect.

According to the conversational inferences theory of anchoring (Grice, 1975), the important role of social actors 
in the anchoring effect is emphasized; people apply implicit rules of natural conversations (such as trust related to 
the role of expert) in testing situation, using the anchor value to anticipate the range of possible answers. Klein et 
al. (2014) concluded that the anchoring effect was stronger when presented as a statement rather than a question, in 
participants believing the anchor had been created by a person and not a computer (Zhang & Schwarz, 2013) or when 
the anchor had been created by an authority rather than the participants themselves (Frederick, Mochon, & Savary, 
2014). These findings can be related to Stipek and Tannatt’s (1984) assumption that children learn to accurately evaluate 
their performance by introjecting external feedback from important social actors. The selective accessibility theory 
of anchoring on the other hand explains anchoring as a combination of hypothesis-consistent testing and semantic 
priming (Mussweiler & Strack, 1999). In this theory, the anchor increases the accessibility of specific knowledge related 
to the target in the memory and the individual then tests whether the value of the knowledge in their memory matches 
the value of the anchor (Higgins, 1996). The anchoring effect is stronger the less knowledge people have about the target 
and more uncertain about the situation they are (Mussweiler & Strack, 2000; see also Bahník, Englich, & Strack, 2017).

The goal of the present study is to explore the effect of performance feedback on the accuracy of predictive 
judgments in preschool children and to test whether performance feedback acts as an anchor in postdictive judgments. 
In order to prevent possible bias occurring because of the domain specificity of metacognitive monitoring at preschool 
age, we designed two experiments with different kinds of tasks (number patterns in Experiment 1 and object patterns in 
Experiment 2).

Overconfidence at the Preschool Age
From the developmental perspective, preschoolers are overconfident when predict their future performance (Lipko et al., 
2009) and also when they judge their past performance (Destan et al., 2014; Urban & Urban, 2020). However, the overall 
overconfidence decreases with increasing age (O’Leary & Sloutsky, 2017; Roebers, 2002).

Preschoolers, unlike older children and adults, do not become underconfident with practice and remain overconfi
dent over several exam sessions (Lipko et al., 2009, 2012). Underconfidence with practice is a phenomenon in which 
people modify previously overconfident judgments so they become underconfident after a first study-test trial (Koriat, 
Sheffer, & Ma’ayan, 2002). There are, however, several factors affecting overconfidence rates even at preschool age.

Uncertainty Monitoring

The accuracy of overall monitoring depends on the ability to differentiate between correctly and incorrectly solved 
items (Roebers, 2014). Children can discriminate explicitly between correct and incorrect responses in perceptual tasks 
from the age of 3 (Lyons & Ghetti, 2011, 2013), but cannot do so in memory tasks until the age of 4 or 5 (Destan et 
al., 2014; Hembacher & Ghetti, 2014). That means that metacognitive monitoring in preschool age is domain specific 
and as such depends on the nature of the tasks. However, there is also a developmental shift. Metacognitive monitoring 
shifts from being domain specific to being domain general between the age of 8 to 15 years old (Geurten, Meulemans, & 
Lemaire, 2018; Veenman & Spaans, 2005; Vo, Li, Kornell, Pouget, & Cantlon, 2014).
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Preschool children can already differentiate between correct and incorrect answers (Coughlin, Hembacher, Lyons, & 
Ghetti, 2015; Destan et al., 2014; Destan et al., 2017; Roebers, 2014; van Loon et al., 2017), but when they monitor incor
rect answers they are still overconfident when making predictive as well as postdictive judgments (Lipko, Dunlosky, & 
Merriman, 2009; van Loon et al., 2017; Schneider, Visé, Lockl, & Nelson, 2000). Therefore, inaccuracy at the preschool 
age is most evident when children monitor incorrect answers, but at the same time, preschoolers are becoming more 
uncertain about their incorrect answers. Hembacher and Ghetti (2014) tested the accuracy of postdictive judgments in 
3, 4 and 5 year old children. They found that 4 and 5 year old children are more certain about their correct memory 
answers than about their incorrect ones. Moreover, in the subsequent regulation of the next steps, children more often 
selected their correctly solved items to be evaluated and their incorrectly solved to be ignored. Even 3 year old children 
were able to select their less certain answers not to be evaluated. When children had the possibility to skip or withhold 
the task if they thought they do not remember the item, 3 year old children were more likely to skip a task which was 
not remembered (Balcomb & Gerken, 2008; Lyons & Ghetti, 2013). To summarize, children’s ability to monitor their own 
uncertainty develops slowly from the age of 3 (Lyons & Ghetti, 2011) and affects the regulation of next steps (Coughlin 
et al., 2015; Efklides, 2006; Ghetti, Hembacher, & Coughlin, 2013).

To explain the phenomenon, Pillow (2002, 2008) proposed that children could monitor uncertainty if they understood 
analogies (Gentner & Smith, 2012). Children are able to perform analogies if they can represent the relevant relations. 
Children from the age of 2 can represent binary relations and from the age of 5 to 6 they can process ternary relations 
(Halford & Andrews, 2014). If there is a causal relation between analogical reasoning and uncertainty monitoring, 
preschoolers should be able to adjust their uncertainty monitoring in relation to feedback. Previous research has 
supported the theory: 6 year old children still falsely believed that their incorrect answers were correct, but after 
receiving performance feedback their confidence in their incorrect answers fell (Destan et al., 2017; van Loon et al., 
2017).

Roebers, Mayer, Steiner, Bayard, and van Loon (2019) found that 8 year old children showed an uncertainty and 
hesitation when monitoring incorrect answers, but they improved the detection of correctly and incorrectly solved items 
by gaining repeated experience with testing. Urban and Urban (2020) came to the same conclusion with high-performing 
preschool children. However, only high-performing preschoolers were able to foster the accuracy of their monitoring 
with repeated experience, low-performing preschoolers required external cues, such as performance feedback, to be 
able to monitor their performance more accurately. Moreover, performance feedback has been proved to be effective in 
improving overall monitoring accuracy in preschool children (Urban & Urban, 2018).

Task Difficulty as a Predictor of Monitoring Accuracy

Preschoolers are more accurate when monitoring performance in easier tasks than they are in more difficult tasks 
(Geurten & Meulemans, 2017; Lipko et al., 2009; Roebers, 2014). Children begin to recognize task difficulty at preschool 
age (van Loon et al., 2017), but cannot sufficiently utilize this information when making predictions and postdictions in 
more cognitively demanding tasks because of working memory overload (Destan et al., 2017; Kvavilashvili & Ford, 2014; 
van Loon et al., 2017).

Finally, Finn and Metcalfe (2007, 2008) suggested that people are underconfident with practice because they use 
their initial performance in the first session as anchor for future judgments (i.e., the Memory for Past Test heuristic). 
Despite their performance improving in subsequent sessions they do not calibrate their judgments in relation to new 
information that their performance has improved, but rely instead on their initial judgment. To explain persistent 
overconfidence in children, Finn and Metcalfe (2014) conducted a series of experiments with children aged from 8 to 
10 years old and concluded that overconfidence in children is a result of faulty memory, rather than a failure to use 
the anchoring effect of prior performance (see also Yang, Sun, & Shanks, 2018). This means that children are unable to 
remember their initial performance properly and therefore cannot calibrate their judgments more accurately.

Roebers (2014) therefore suggested that preschoolers’ monitoring judgments are linked to their ability to access 
a source of information or knowledge. This idea finds support in the selective accessibility theory of anchoring 
(Mussweiler & Strack, 1999). In other words, if children cannot access information about past performance in their 
memory, they cannot use that information as an anchor for future postdictive or predictive judgments; however, they 
could utilize an additional source of information, such as performance feedback.
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Present Study
Because of the domain specificity of metacognitive monitoring at preschool age, we still know little about children’s 
predictions and postdictions on solving different kind of tasks. Most research on preschoolers’ monitoring ability has 
used memory tasks, such as images (Destan et al., 2017; van Loon et al., 2017) or vocabulary learning (Geurten & 
Meulemans, 2017; Lipowski et al., 2013). In the present research, we aim to explore the effect of performance feedback 
using two analogical reasoning tasks. Experiment 1 focuses on numerical orders (number patterns), the symbolic 
arithmetic task, where children make number sequences by arranging numbers in a specific order following an example. 
Experiment 2 concerns patterns of objects, the non-symbolic task. The objects are arranged in a particular order and the 
child has to identify the pattern and then predict what follows. Numerical orders and object patterns belong to basic 
mathematical skills on which other mathematical concepts are based and are therefore important in later education (see 
Anderson & Cordes, 2013; Hawes, Nosworthy, Archibald, & Ansari, 2019; Mundy & Gilmore, 2009; Seo & Ginsburg, 
2004; Xenidou-Dervou, Molenaar, Ansari, van der Schoot, & van Lieshout, 2017).

The present study has three main objectives. The first is to investigate whether preschoolers’ predictive judgments 
become more accurate following performance feedback and having solved several items in subsequent learning trials 
(Finn & Metcalfe, 2008).

The second objective concerns the effect of performance feedback on monitoring of incorrect answers. Preschool 
children who do not receive feedback tend not to remember incorrectly solved items (Finn & Metcalfe, 2014) and are 
unable to utilize their recent experience to produce more adequate judgments on subsequent performance (Lipko et 
al., 2009). The aim is to examine whether preschool children are able to reduce certainty about future performance 
(predictive judgments) after incorrectly solved items and receiving negative performance feedback.

The third objective concerns the anchoring effect of performance feedback. In research by Destan and colleagues 
(2017), the postdictive judgment was made following performance feedback with performance feedback having an 
immediate effect on the judgment. Children did not rely on their own task experience, but followed the externally 
administered feedback. Furthermore, van Loon et al. (2017) found that 5-year-old children did not rely on item difficul
ty when making judgments after receiving performance feedback. This finding was further tested by Geurten and 
Meulemans (2017) with similar results. Our aim is to test whether performance feedback has a stronger effect on the 
accuracy of postdictive judgments than task experience does. If the link between performance feedback and postdictive 
judgment is stronger than the link between judgment and task experience that would support the hypothesis that 
performance feedback acts as an anchor.

Experiment 1

Method
Participants

The sample consisted of 40 children (24 boys) aged M = 66.81 months (SD = 3.416) from 61.83 to 73.90 months. 
Children were recruited from state preschools in the vicinity of a university town and were native speakers. Testing was 
performed by a trained experimenter. Written consent was obtained from the children’s parents and verbal assent from 
the children.

Materials

The numerical order task was adapted from the mini LÜK children’s game (see Supplementary Materials, Appendix A) 
and served as stimuli. The children were presented with twelve items one-by-one; the answer sheet was the same for all 
12 items.

The predictive and postdictive judgments were indicated on a 5-point scale. The children used a colour thermometer 
(Destan et al., 2017) ranging from dark blue to dark red, indicating very unsure to very sure.
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Procedure

The trained experimenter tested the children individually in a quiet room in their preschool. Children were randomly 
assigned to two groups: Performance Feedback (PF); and No Feedback (NF). The detailed description of procedure can be 
found in Supplementary Materials (Appendix B).

The children indicated their answers by pointing to the answer sheet. After each item had been completed, the 
experimenter asked the child to make a postdictive judgment about his or her performance on a 5-point scale from “I am 
very unsure that I solved the item correctly” to “I am very sure that I solved the item correctly”.

If the child had been assigned to the PF group then after making postdictive judgment, a child received feedback 
about whether the answer was correct. The experimenter then asked the child to make a predictive judgment about how 
he or she would perform on the next item from “I am very unsure I will solve the next item correctly” to “I am very sure 
I will solve the next item correctly” (see Figure 1). If the child had been assigned to the NF group, once the child had 
made postdictive judgment the experimenter immediately asked on the predictive judgment.

Figure 1

Research Procedure for NF and PF Groups

Note. The arrows indicate the hypothesized effect of the performance feedback investigated in the research.

Analytical Approach

In the results section, three main objectives were analysed. Firstly, the general effect of performance feedback on 
the absolute accuracy of predictive judgments was examined. Secondly, the effect of performance feedback on the 
accuracy of uncertainty monitoring using predictive judgments (Model 1) was examined. Finally, analyses to explore the 
anchoring effect of performance feedback were conducted. To examine the anchoring effect, the postdictive judgment 
given directly after the item and before the performance feedback was used. Multilevel analysis in Model 2 was used 
to examine the effect of the performance feedback on the postdictive judgments given immediately after an incorrect 
answer. Another multilevel analysis in Model 3 examined the effect of performance feedback on postdictive judgments 
following an incorrect answer and subsequent negative performance feedback. For detailed description of analytical 
approach, see Supplementary Materials (Appendix C).

All the analyses were conducted in IBM SPSS (Version 25).

Results
Descriptive statistics for the mean values of Performance, Predictive Judgments and Postdictive Judgments can be found 
in Table 1.
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Table 1

Mean and Standard Deviation of Performance, Predictive Judgments and Postdictive Judgments in Experiment 1

Measure

No feedback Performance feedback

M SD M SD
Performance 0.31 0.47 0.35 0.48

Predictive judgments 3.69 0.99 2.98 1.23

Bias index for predictive judgments 0.63 0.23 0.40 0.34

Postdictive judgments 3.77 0.80 3.32 1.17

Bias index for postdictive judgments 0.64 0.24 0.48 0.31

Note. Bias Index represents underestimation (values below zero) or overestimation (values over zero) of performance. Closer to zero represents more 
accurate estimation.

Effect of Performance Feedback on Monitoring Accuracy of Predictive Judgments

To explore the effect of performance feedback on the absolute accuracy (Bias Index) of predictive judgments, a one-way 
ANOVA with the Feedback Group (NF, PF) as a between-subject factor was conducted. The analysis revealed a signifi
cant effect of performance feedback, F(1, 38) = 6.163, p = .018, with a large effect size ηp2 = .14 (Cohen, 1988). The children 
in the PF group (M = 0.40, SD = 0.34) made more accurate predictive judgments than the children in the NF group (M = 
0.63, SD = 0.23).

To examine the effect of performance feedback on predictive judgments following an incorrect answer, a multilevel 
analysis was conducted and Model 1 was created. Overall, the Feedback Group had a significant effect, F(1, 30.483) = 
14.031, p < .001, while Item Number was non-significant, F(10, 42.403) = 0.968, p = .485, as was Interaction term, F(10, 
42.403) = 1.364, p = .230. The estimates of b-coefficients reported a non-significant effect for Intercept (b = -0.227, SE 
= 0.223, p = .318) and a significant effect for performance feedback (b = 0.839, SE = 0.277, p = .006). Children in the PF 
group (M = -0.372, SE = 0.162) lowered their future expectations after incorrectly solved item in comparison to children 
in the NF group (M = 0.344, SE = 0.101).

Anchoring Effect of Performance Feedback on Postdictive Judgments

In Model 2 the effect of performance feedback on postdictive judgments following an incorrect answer was examined. 
The postdictive judgment directly followed an incorrect answer, but the performance feedback was given afterwards, so 
any feedback effect would be indirect only. As expected, the Feedback Group effect was non-significant, F(1, 150342.906) 
= 2.655, p = .103, Item Number effect was also non-significant, F(11, 911.089) = 1.475, p = .135, while the effect of Interac
tion term was significant, F(11, 911.089) = 3.000, p = .001. The estimates of b-coefficients reported a non-significant effect 
for Intercept (b = -0.140, SE = 0.251, p = .579) and a non-significant effect for performance feedback (b = 0.664, SE = 0.345, 
p = .054). Children in the PF group (M = -0.170, SE = 0.191) did not monitor their incorrect answers significantly more 
accurate than children in the NF group (M = 0.260, SE = 0.182).

The aim of Model 3 was to assess the effect of performance feedback on postdictive judgments made following 
an incorrect answer and negative performance feedback. Previous Model 2 showed that performance feedback had 
a non-significant effect on uncertainty monitoring when the judgment did not immediately follow the performance 
feedback. On the contrary, in Model 3, performance feedback had a significant effect, F(1, 25.473) = 8.894, p = .006, 
Item Number did not, F(10, 177.857) = 0.615, p = .800, nor did the Interaction term, F(10, 177.857) = 1.590, p = .113. 
The estimates of b-coefficients reported a non-significant effect for Intercept (b = -0.406, SE = 0.313, p = .197) and a 
significant effect for performance feedback (b = 0.883, SE = 0.400, p = .028). Children in the PF group (M = -0.262, 
SE = 0.166) made significantly lower postdictive judgments following an incorrect answer and negative feedback in 
comparison to children in the NF group (M = 0.287, SE = 0.080).

Moreover, a comparison of the parameters for the Feedback Group in Model 2 (b = 0.664, SE = 0.345, p = .054) and 
in Model 3 (b = 0.883, SE = 0.400, p = .028) indicated that performance feedback had a stronger influence on subsequent 
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postdictive judgments regardless of actual task experience. This supported the hypothesis that performance feedback 
acts as an anchor.

Discussion on Experiment 1
Preschool age children are often inaccurate when judging their learning performance. When making predictions about 
future performance, preschoolers do not become underconfident with practice and are overconfident across several 
trials (Lipko et al., 2009). The current study supports these findings: the preschoolers who received no feedback did not 
become more accurate in their predictions across items. However, children who received performance feedback became 
more accurate in their subsequent predictions (Lipowski et al., 2013). Moreover, children in the feedback group lowered 
their future expectations after they had received performance feedback and were less sure in their subsequent judgment. 
Our research supports the previous conclusion that children usually predict they will get the answer right, but if they 
receive negative information about their performance (negative performance feedback following an incorrect answer), 
they are less certain than children who do not receive feedback (Kvavilashvili & Ford, 2014).

Moreover, preschool age children can use the external information about their performance as an anchor not just 
for the next prediction but also for subsequent postdictive judgments. They utilized the performance feedback from the 
previous item more than they utilized their own task experience in the subsequent item. This finding is in line with 
Finn and Metcalfe (2007, 2008) who showed that children rely on the explicit information given by the experimenter and 
not on their previous performance. In addition to Geurten and Meulemans (2017) who studied the anchoring effect of 
feedback on predictive judgments, results of the current study support the anchoring effect of performance feedback on 
postdictive judgments of preschool children.

Task difficulty could affect the accuracy of metacognitive monitoring at this age. Preschool children seem to find 
it difficult to monitor more cognitively demanding tasks (Destan et al., 2017; Kvavilashvili & Ford, 2014). In the case 
of difficult tasks children from the age of 4 use a perceived task difficulty as a guide in their judgments instead of 
actual task experience (Geurten, Willems, Germain, & Meulemans, 2015). We therefore conducted Experiment 2 based 
on object pattern tasks. Object patterns are also part of basic math skills but different to the number patterns in nature 
(Resnik, 2000; see also Dehaene et al., 1998). Ability to solve a nonsymbolic task (Experiment 2) does not depend on 
the ability required to perform the symbolic arithmetic task (Experiment 1). Solving the arithmetic task depends on 
understanding of abstract representations of numbers, which tends to develop from school age, whereas nonsymbolic 
knowledge develops earlier, at preschool age, influencing the ability of preschoolers to accurately monitor performance 
in these tasks (Barth, La Mont, Lipton, & Spelke, 2005; Rubinsten, Henik, Berger, & Shahar-Shalev, 2002).

Experiment 2

Method
Participants

The sample consisted of 59 children (31 boys) aged M = 68.86 months (SD = 6.011) from 41.80 to 79.80 months. All the 
children were recruited from state preschools in the vicinity of a university town and were native speakers. A trained 
experimenter performed the testing. Written consent was obtained from the children’s parents and verbal assent from 
the children.

Materials

The children completed 12 analogical reasoning items, adapted from the children's mini-LUK game, in the same order. 
The children had to identify the pattern of objects and then predict what followed (see Supplementary Materials, 
Appendix D).

Procedure

See Supplementary Materials (Appendix B).
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Analytical Approach

See Supplementary Materials (Appendix C).

Results
Descriptive statistics for the mean values of Performance, Predictive Judgments and Postdictive Judgments can be found 
in Table 2.

Table 2

Mean and Standard Deviation of Performance, Predictive Judgments and Postdictive Judgments in Experiment 2

Measure

No feedback Performance feedback

M SD M SD
Performance 0.34 0.48 0.47 0.50

Predictive judgments 3.23 1.00 3.09 1.07

Bias index for predictive judgments 0.47 0.23 0.30 0.20

Postdictive judgments 3.45 0.89 3.34 0.90

Bias index for postdictive judgments 0.53 0.17 0.36 0.19

Note. Bias Index represents underestimation (values below zero) or overestimation (values over zero) of performance. Closer to zero represents more 
accurate estimation.

Effect of Performance Feedback on Monitoring Accuracy of Predictive Judgments

To explore the effect of performance feedback on the absolute accuracy (Bias Index) of predictive judgments, a one-way 
ANOVA with the Feedback Group (NF, PF) as a between-subject factor was conducted. The analysis revealed a signifi
cant effect of performance feedback, F(1, 57) = 9.176, p = .004, with a large effect size ηp2 = .139. The children in the PF 
group (M = 0.30, SD = 0.20) made more accurate predictive judgments than the children in the NF group (M = 0.47, SD = 
0.23).

To examine the effect of performance feedback on predictive judgments following an incorrect answer, a multilevel 
analysis was conducted and Model 1 was created. Overall, performance feedback had a significant effect, F(1, 58.811) 
= 6.348, p = .014, while Item Number was non-significant, F(10, 280.114) = 1.062, p = .392, as was the Interaction term, 
F(10, 280.114) = 1.762, p = .067. The estimates of b-coefficients reported a non-significant effect for Intercept (b = -0.265, 
SE = 0.246, p = .282) and a significant effect for performance feedback (b = 1.031, SE = 0.319, p = .001). Children in the 
PF group (M = -0.213, SE = 0.130) lowered their future expectations after incorrectly solved item in comparison to the 
children in the NF group (M = 0.227, SE = 0.117).

Anchoring Effect of Performance Feedback Using Postdictive Judgments

Model 2 examined the effect of performance feedback on postdictive judgments made immediately after an incorrect 
answer. As we expected, the effect of the Feedback Group was non-significant, F(1, 68.059) = 0.144, p = .706. The 
effects of Item Number, F(11, 51.007) = 2.410, p = .017, as well as Interaction term, F(11, 51.007) = 3.151, p = .003, were 
significant. The estimates of b-coefficients reported a non-significant effect for Intercept (b = 0.171, SE = 0.196, p = .388) 
and a non-significant effect for performance feedback (b = 0.190, SE = 0.255, p = .461). Children in the PF group (M = 
-0.018, SE = 0.093) did not monitor their incorrect answers significantly more accurate in comparison to children in the 
NF group (M = 0.032, SE = 0.091).

Model 3 concerned the effect of performance feedback on the second postdictive judgment given after an incorrect 
answer. The analysis revealed that the Feedback Group had a significant effect, F(1, 54.430) = 6.821, p = .012, Item 
Number did not, F(10, 57.042) = 1.275, p = .266, nor did Interaction term, F(10, 57.042) = 1.614, p = .126. The estimates 
of b-coefficients reported a non-significant effect for Intercept (b = -0.165, SE = 0.195, p = .402) and a significant effect 
for performance feedback (b = 0.729, SE = 0.242, p = .005). Children in the PF group (M = -0.227, SE = 0.128) showed 
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significantly lower postdictive judgments following an incorrect answer and negative feedback in comparison to the 
children in the NF group (M = 0.184, SE = 0.092).

The results indicate that preschool children ameliorated their postdictive judgments in line with the performance 
feedback regardless of an actual task experience. Comparing parameters of Model 2 (b = 0.171, SE = 0.196, p = .388) and 
Model 3 (b = 0.729, SE = 0.242, p = .005), this supported the hypothesis that performance feedback has an anchoring 
effect.

Discussion on Experiment 2
In Experiment 2 the children solved reasoning task involving patterns of objects. Similarly as in Experiment 1 the 
preschool children made significantly more accurate predictions about their future performance after receiving perform
ance feedback (Geurten & Meulemans, 2017). Performance feedback also had an effect on uncertainty monitoring, with 
children who received feedback after an incorrect answer lowering their future expectations. Overall improvement in 
monitoring accuracy following feedback provides further evidence of the importance of external cues in monitoring 
development at preschool age (Urban & Urban, 2018, 2020).

Similarly as in Experiment 1, the examination of the postdictive judgments in Experiment 2 provided further 
support that performance feedback acts as an anchor. The performance feedback effect was transferred to the judgment 
regardless of task experience. In other words, children relied on the external information rather than internal cues (van 
Loon et al., 2017).

Moreover, the children that received no feedback in Experiment 2 were able to utilize the internal cues from task 
experience; however, once they had received performance feedback, they relied on an external cue. This result can 
be related to the nature of the task since object pattern task employed in Experiment 2 is developmentally more 
appropriate than the number pattern task used in Experiment 1 (Barth et al., 2005). This result can also provide further 
support for the conclusion that preschool children find highly cognitively demanding tasks more difficult to monitor 
(Destan et al., 2017; Kvavilashvili & Ford, 2014) and that it is important to maintain a level of task difficulty that is 
developmentally adequate so the children remain motivated to proceed (Geurten et al., 2015; Schneider, 1998; Shin, 
Bjorklund, & Beck, 2007).

General Discussion
The first aim of this study was to examine monitoring accuracy of predictive judgments in preschool children. In 
the two experiments preschool children solved analogical reasoning tasks based on patterns. Experiment 1 contained 
number pattern task and Experiment 2 contained object pattern task. In the pattern based task the children had to 
systematically explore how the various elements were repeated and find the number or object that followed. Patterning 
is an important part of basic mathematical skills that is important in the early years of school age (Anderson & Cordes, 
2013; Hawes et al., 2019; Seo & Ginsburg, 2004). The object patterns are nonsymbolic in nature, while the number 
patterns are symbolic and the ability to solve them depends on the child understanding abstract representations of 
numbers, which develops from school age (Barth et al., 2005; Mundy & Gilmore, 2009).

Effect of Performance Feedback on Monitoring Accuracy of Predictive Judgments
From the age of 4, children understand that their past performance predicts their future performance and therefore 
children's second predictions for the same set of tasks are more accurate than the firsts. Moreover, children use their 
past performance as a cue for subsequent predictions. However, they have no valid cues for making predictions for new 
set of tasks (Lipko-Speed, 2013). For this reason, in order to foster the accuracy of predictive judgments, Geurten and 
Meulemans (2017) decided to provide an external cue to the preschoolers. They adapted calibration feedback consisting 
of information about performance as well as about the monitoring accuracy. However, young children that are not yet 
able to process ternary relations (Halford & Andrews, 2014) or the low-performers (Urban & Urban, 2018, 2020) may 
have difficulties to take into account this rather complex external cue, but they are able to improve their monitoring 
accuracy when performance feedback is provided.
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In both experiments conducted in this study, the effect of performance feedback on the overall accuracy of predictive 
judgments was large (ηp2 = .140 and ηp2 = .139). The finding that preschool children ameliorated their predictions in 
line with feedback is consistent with previous research findings (Lipowski et al., 2013). More importantly, in both 
experiments the preschoolers were able to utilize performance feedback to reduce certainty about future performance 
after incorrectly solving an item. The ability to monitor uncertainty is important for subsequent regulation of actions, 
for example modifying learning strategy, like skipping an item or seeking help and plays an important role in self-regu
lation of learning in primary education (Coughlin et al., 2015; Destan et al., 2017; van Loon et al., 2017).

Anchoring Effect of Performance Feedback Using Postdictive Judgments
The second aim of the study was to test whether performance feedback acts as an anchor on postdictive judgments. The 
anchoring effect is the adjustment of estimation based on previously presented external information, an anchor (Bahník, 
Englich, & Strack, 2017). Geurten and Meulemans (2017) conducted a series of experiments and found that children 
who were more sensitive to feedback effect were also more sensitive to the anchoring effect. More importantly, they 
concluded that feedback acts as an anchor on predictive judgments regarding memory tasks, because the children in 
their research relied on performance feedback rather than on task difficulty. This result is in line with research by van 
Loon and colleagues (2017) who studied the utilization of internal and external cues in making postdictive judgments in 
memory tasks. They found preschoolers who received no feedback used task difficulty as an internal cue when making 
postdictive judgments; however, when feedback was received, the external information became more important than 
task experience.

Both the experiments conducted in this study support these conclusions: the preschool children making postdictive 
judgments relied more on performance feedback than on task experience and thus, by definition (Tversky & Kahneman, 
1974), performance feedback acted as an external cue serving as an anchor for the children’s judgments. The cue 
utilization hypothesis (Koriat, 1997) assumes that there is always an interplay between several internal, external or 
mnemonic cues which accounts for the accuracy of judgments. Roebers et al. (2019) stated that cue utilization is a factor 
driving recognition improvements over time. However, this theory cannot explain why an individual making judgments 
decides to rely on one particular cue and not another (Koriat, 2016; Winne, 2011).

Therefore to understand why the preschoolers chose to use the externally administered performance feedback 
instead of task experience we can turn to theories related to the anchoring effect, such as conversational inferences 
theory (Grice, 1975). This theory states that people making judgments transfer social rules from everyday life (e.g., 
trust in the expertise of scientists or superior knowledge of teachers) to the test situation, and so they tend to believe 
that the feedback (anchor) administered by the experimenter is informed and close to the actual result (Jacowitz & 
Kahneman, 1995). This theory has been criticised because anchoring effect also occurs in situations where feedback is 
extremely unlikely (e.g., when using number 212 as an anchor for the age of Mahatma Gandhi; see Bahník, Englich, 
& Strack, 2017). However, this is not the case with performance feedback in our designs because participants could 
trust that the experimenter’s feedback was correct and could be relied upon when making subsequent judgments. 
Raaijmakers, Baars, Schaap, Paas, and van Gog (2017) in a similar setting manipulated performance feedback in order 
to test the effect of dominantly positive or dominantly negative feedback and none of the participants noticed them 
doing so. Future research should address whether the perceived validity of judgments relies on social rules by explicitly 
questioning the validity of the experimenter or feedback. This could examine whether participants rely on feedback 
even when compromised, administered by an “uninformed” experimenter lacking credibility or that is inconsistent with 
the participants’ internal cues (see also Baadte & Kurenbach, 2017; Brunot, Huguet, & Monteil, 1999).

Furthermore, the selective accessibility theory of anchoring (Mussweiler & Strack, 1999) states that anchor improves 
accessibility of topic related knowledge in the memory. Individuals then test whether knowledge in their memory 
matches the value of the anchor. This is resulting in stronger anchoring effect in unfamiliar situations, where the 
individual lacks expertise or feels uncertain (Mussweiler & Strack, 2000). Research by Schneider (1998) shows that 
children’s judgments have higher metacognitive accuracy when they are doing familiar tasks, because they can relate to 
their previous experience. However, in the research on feedback effect there are often used unfamiliar tasks to ensure 
the results are unbiased (Geurten & Meulemans, 2017; Urban & Urban, 2019; van Loon et al., 2017). As Winne (2011) 
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pointed out students perform better on unfamiliar tasks when the overall evaluation standards are set externally by 
the teachers (Hamilton, 1985; Kiewra, Benton, Kim, Risch, & Christensen, 1995), but once students gain experience of 
the subject they can begin to use task familiarity as an internal cue on their own (Begg, Anas, & Farinacci, 1992). 
However, the high degree of familiarity with the ideas prevents the feedback from having an effect, which is especially 
alarming when related to prejudice or stereotype reduction (Swire, Ecker, & Lewandowsky, 2017). Applying this theory 
to preschoolers, future research should address differences in the effect size of performance feedback in familiar and 
unfamiliar tasks to see whether as preschoolers gain more experience of the task, the performance feedback loses its’ 
potential to improve accuracy in metacognitive monitoring.

Both conversational inferences theory and selective accessibility theory of anchoring have therefore practical im
plications in administration of feedback in educational process. Stipek and Tannatt (1984) found that children from 
preschool age, perceiving their teachers as authorities, introject teachers’ feedback and use it as the general assessment 
criteria for their own success. The repetition of information without any feedback can, on the other side, results in 
the reverse situation when children introject the information itself. Plichtová (2013) described the situation in which 
students were unable to accept feedback on the familiar concepts and an attempt to administer feedback was perceived 
as a personal threat. Moreover, Urban (2017) in research with art students described that individuals become reluctant 
to pursue personal goals when receiving negative feedback from peers or teachers. These results are in line with 
research on performance feedback in which Venables and Fairclough (2009) concluded that feedback following failure 
led to adverse changes in mood and motivation and participants were on the verge of abandoning the task. Winne 
(1996) therefore proposed that it is necessary to create learning environment allowing individuals to decide when 
to adjust knowledge in line with external feedback and when to rely on their own internal cues, such as personal 
experience or problem familiarity. In this context, the conceptual connection between anchoring effect theory and 
feedback administration may bring us closer to understanding the cue selection process that begins at preschool age.

Funding: This research project was supported by the Scientific Grant Agency of the Ministry of Education of the Slovak Republic, grant VEGA 2/0134/18.

Competing Interests: The authors have declared that no competing interests exist.

Acknowledgments: We would like to thank the student research assistants who helped with the data collection.

Ethical Approval: The research was approved by the ethical committee of Institute for Research in Social Communication SAS.

Supplementary Materials
For this article the following Supplementary Materials are available (Urban & Urban, 2021):

• Figures showing tasks used in Experiments 1 and 2.
• Detailed description of procedure.
• Analytical Approach.

Index of Supplementary Materials

Urban, K., & Urban, M. (2021). Supplementary materials to: Anchoring effect of performance feedback on accuracy of metacognitive 
monitoring in preschool children. PsychOpen. https://doi.org/10.23668/psycharchives.4615 

References

Anderson, U. S., & Cordes, S. (2013). 1 < 2 and 2 < 3: Nonlinguistic appreciations of numerical order. Frontiers in Psychology, 4(5), 
Article 5. https://doi.org/10.3389/fpsyg.2013.00005

Baadte, C., & Kurenbach, F. (2017). The effects of expectancy-incongruent feedback and self-affirmation on task performance of 
secondary school students. European Journal of Psychology of Education, 32(1), 113-131. https://doi.org/1007/s10212-016-0312-y

Anchoring Effect of Performance Feedback 114

Europe's Journal of Psychology
2021, Vol.17(1), 104–118
https://doi.org/10.5964/ejop.2397

https://doi.org/10.23668/psycharchives.4615
https://doi.org/10.3389/fpsyg.2013.00005
https://doi.org/1007/s10212-016-0312-y
https://www.psychopen.eu/


Bahník, Š., 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). Hove, United Kingdom: Psychology Press.

Balcomb, F. K., & Gerken, L. A. (2008). Three-year-old children can access their own memory to guide responses on a visual matching 
task. Developmental Science, 11, 750-760. https://doi.org/10.1111/j.1467-7687.2008.00725.x

Barth, H., La Mont, K., Lipton, J., & Spelke, E. S. (2005). Abstract number and arithmetic in preschool children. Proceedings of the 
National Academy of Sciences of the United States of America, 102(39), 14116-14121. https://doi.org/10.1073/pnas.0505512102

Begg, I. M., Anas, A., & Farinacci, S. (1992). Dissociation of processes in belief: Source recollection statement familiarity, and the 
illusion of truth. Journal of Experimental Psychology. General, 121(4), 446-458. https://doi.org/10.1037/0096-3445.121.4.446

Bernard, S., Proust, J., & Clément, F. (2015). Four‐ to six‐year‐old children’s sensitivity to reliability versus consensus in the 
endorsement of object labels. Child Development, 86, 1112-1124. https://doi.org/10.1111/cdev.12366

Brunot, S., Huguet, P., & Monteil, J. M. (1999). Performance feedback and self-focused attention in the classroom: when past and 
present interact. Social Psychology of Education, 3, 271-293. https://doi.org/10.1023/A:1009631930740

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Hiilsdale, NJ, USA: Lawrence Earlbaum Associates.
Coughlin, C., Hembacher, E., Lyons, K. E., & Ghetti, S. (2015). Introspection on uncertainty and judicious help-seeking during the 

preschool years. Developmental Science, 18(6), 957-971. https://doi.org/10.1111/desc.12271
Dehaene, S., Naccache, L., Le Clec'H, G., Koechlin, E., Mueller, M., Dehaene-Lambertz, G., . . . Le Bihan, D. (1998). Imaging 

unconscious semantic priming. Nature, 395, 597-600. https://doi.org/10.1038/26967
Destan, N., Hembacher, E., Ghetti, S., & Roebers, C. M. (2014). Early metacognitive abilities: The interplay of monitoring and control 

processes in 5- to 7-year-old children. Journal of Experimental Child Psychology, 126, 213-228. 
https://doi.org/10.1016/j.jecp.2014.04.001

Destan, N., Spiess, M. A., de Bruin, A., van Loon, M., & Roebers, C. M. (2017). 6- and 8-year-olds’ performance evaluations: Do they 
differ between self and unknown others? Metacognition and Learning, 12, 315-336. https://doi.org/10.1007/s11409-017-9170-5

Dunlosky, J., & Rawson, K. A. (2012). Overconfidence produces underachievement: Inaccurate self evaluations undermine students’ 
learning and retention. Learning and Instruction, 22(4), 271-280. https://doi.org/10.1016/j.learninstruc.2011.08.003

Efklides, A. (2006). Metacognition and affect: What can metacognitive experiences tell us about the learning process? Educational 
Research Review, 1(1), 3-14. https://doi.org/10.1016/j.edurev.2005.11.001

Epley, N., & Gilovich, T. (2006). The anchoring-and-adjustment heuristic: Why the adjustments are insufficient. Psychological Science, 
17(4), 311-318. https://doi.org/10.1111/j.1467-9280.2006.01704.x

Finn, B., & Metcalfe, J. (2007). The role of memory for past test in the underconfidence with practice effect. Journal of Experimental 
Psychology. Learning, Memory, and Cognition, 33(1), 238-244. https://doi.org/10.1037/0278-7393.33.1.238

Finn, B., & Metcalfe, J. (2008). Judgments of learning are influenced by memory for past test. Journal of Memory and Language, 58(1), 
19-34. https://doi.org/10.1016/j.jml.2007.03.006

Finn, B., & Metcalfe, J. (2014). Overconfidence in children’s multi-trial judgments of learning. Learning and Instruction, 32, 1-9. 
https://doi.org/10.1016/j.learninstruc.2014.01.001

Flavell, J. H. (1979). Metacognition and cognitive monitoring: A new area of cognitive developmental inquiry. American Psychologist, 
34(10), 906-911. https://doi.org/10.1037/0003-066X.34.10.906

Frederick, S., Mochon, D., & Savary, J. (2014). The role of inference in anchoring effects [Working paper]. New Haven, CT, USA: Yale 
University.

Gentner, D., & Smith, L. (2012). Analogical reasoning. In V. S. Ramachandran (Ed.), Encyclopedia of human behavior (2nd ed., pp. 
130-136). Oxford, United Kingdom: Elsevier.

Geurten, M., & Meulemans, T. (2017). The effect of feedback on children’s metacognitive judgments: A heuristic account. Journal of 
Cognitive Psychology, 29(2), 184-201. https://doi.org/10.1080/20445911.2016.1229669

Geurten, M., Meulemans, T., & Lemaire, P. (2018). From domain-specific to domain-general? The developmental path of 
metacognition for strategy selection. Cognitive Development, 48, 62-81. https://doi.org/10.1016/j.cogdev.2018.08.002

Geurten, M., Willems, S., Germain, S., & Meulemans, T. (2015). Less is more: The availability heuristic in early childhood. British 
Journal of Developmental Psychology, 33(4), 405-410. https://doi.org/10.1111/bjdp.12114

Ghetti, S., Hembacher, E., & Coughlin, C. A. (2013). Feeling uncertain and acting on it during the preschool years: A metacognitive 
approach. Child Development Perspectives, 7(3), 160-165. https://doi.org/10.1111/cdep.12035

Urban & Urban 115

Europe's Journal of Psychology
2021, Vol.17(1), 104–118
https://doi.org/10.5964/ejop.2397

https://doi.org/10.1111/j.1467-7687.2008.00725.x
https://doi.org/10.1073/pnas.0505512102
https://doi.org/10.1037/0096-3445.121.4.446
https://doi.org/10.1111/cdev.12366
https://doi.org/10.1023/A:1009631930740
https://doi.org/10.1111/desc.12271
https://doi.org/10.1038/26967
https://doi.org/10.1016/j.jecp.2014.04.001
https://doi.org/10.1007/s11409-017-9170-5
https://doi.org/10.1016/j.learninstruc.2011.08.003
https://doi.org/10.1016/j.edurev.2005.11.001
https://doi.org/10.1111/j.1467-9280.2006.01704.x
https://doi.org/10.1037/0278-7393.33.1.238
https://doi.org/10.1016/j.jml.2007.03.006
https://doi.org/10.1016/j.learninstruc.2014.01.001
https://doi.org/10.1037/0003-066X.34.10.906
https://doi.org/10.1080/20445911.2016.1229669
https://doi.org/10.1016/j.cogdev.2018.08.002
https://doi.org/10.1111/bjdp.12114
https://doi.org/10.1111/cdep.12035
https://www.psychopen.eu/


Grice, H. P. (1975). Logic and conversation. In P. Cole & J. L. Morgan (Eds.), Syntax and semantics: Vol. 3: Speech acts (pp. 41–58). New 
York, NY, USA: Academic Press.

Halford, G. S., & Andrews, G. (2014). Three-year-olds’ theories of mind are symbolic but of low complexity. Frontiers in Psychology, 5, 
Article 682. https://doi.org/10.3389/fpsyg.2014.00682

Hamilton, R. J. (1985). Adjunct questions and objectives. Review of Educational Research, 55(1), 47-85. 
https://doi.org/10.3102/00346543055001047

Hawes, Z., Nosworthy, N., Archibald, L., & Ansari, D. (2019). Kindergarten children’s symbolic number comparison skills predict 1st 
grade mathematics achievement: Evidence from a two-minute paper-and-pencil test. Learning and Instruction, 59, 21-33. 
https://doi.org/10.1016/j.learninstruc.2018.09.004

Hembacher, E., & Ghetti, S. (2014). Don’t look at my answer: Subjective uncertainty underlies preschoolers’ exclusion of their least 
accurate memories. Psychological Science, 25(9), 1768-1776. https://doi.org/10.1177/0956797614542273

Higgins, E. T. (1996). Knowledge activation: Accessibility, applicability, and salience. In E. T. Higgins & A. W. Kruglanski (Eds.), Social 
psychology: Handbook of basic principles (pp. 133–168). New York, NY, USA: Guilford Press.

Jacowitz, K. E., & Kahneman, D. (1995). Measures of anchoring in estimation tasks. Personality and Social Psychology Bulletin, 21(11), 
1161-1166. https://doi.org/10.1177/01461672952111004

Kiewra, K. A., Benton, S. L., Kim, S., Risch, N., & Christensen, M. (1995). Effects of note-taking format and study technique on recall 
and relational performance. Contemporary Educational Psychology, 20(2), 172-187. https://doi.org/10.1006/ceps.1995.1011

Klein, R. A., Ratliff, K. A., Vianello, M., Adams, R. B., Jr., Bahník, Š., Bernstein, M. J., . . . Nosek, B. A. (2014). Theory building through 
replication: Response to commentaries on the “Many Labs” replication project. Social Psychology, 45(4), 307-310. 
https://doi.org/10.1027/1864-9335/a000202

Koriat, A. (1997). Monitoring one’s own knowledge during study: A cue-utilization approach to judgments of learning. Journal of 
Experimental Psychology. General, 126(4), 349-370. https://doi.org/10.1037/0096-3445.126.4.349

Koriat, A. (2016). Metacognition: Decision-making processes in self-monitoring and self-regulation. In G. Keren & G. Wu (Eds.), The 
Wiley Blackwell handbook of judgment and decision making (Vol. 1, pp. 356-379). Malden, MA, USA: Wiley–Blackwell.

Koriat, A., Sheffer, L., & Ma’ayan, H. (2002). Comparing objective and subjective learning curves: Judgments of learning exhibit 
increased underconfidence with practice. Journal of Experimental Psychology. General, 131(2), 147-162. 
https://doi.org/10.1037/0096-3445.131.2.147

Kuhn, D. (2000). Metacognitive development. Current Directions in Psychological Science, 9(5), 178-181. 
https://doi.org/10.1111/1467-8721.00088

Kvavilashvili, L., & Ford, R. M. (2014). Metamemory prediction accuracy for simple prospective and retrospective memory tasks in 5-
year-old children. Journal of Experimental Child Psychology, 127, 65-81. https://doi.org/10.1016/j.jecp.2014.01.014

Lipko-Speed, A. R. (2013). Can young children be more accurate predictors of their recall performance? Journal of Experimental Child 
Psychology, 114(2), 357-363. https://doi.org/10.1016/j.jecp.2012.09.012

Lipko, A. R., Dunlosky, J., Lipowski, S. L., & Merriman, W. E. (2012). Young children are not underconfident with practice: The benefit 
of ignoring a fallible memory heuristic. Journal of Cognition and Development, 13(2), 174-188. 
https://doi.org/10.1080/15248372.2011.577760

Lipko, A. R., Dunlosky, J., & Merriman, W. E. (2009). Persistent overconfidence despite practice: The role of task experience in 
preschoolers’ recall predictions. Journal of Experimental Child Psychology, 103(2), 152-166. https://doi.org/10.1016/j.jecp.2008.10.002

Lipowski, S. L., Merriman, W. E., & Dunlosky, J. (2013). Preschoolers can make highly accurate judgments of learning. Developmental 
Psychology, 49(8), 1505-1516. https://doi.org/10.1037/a0030614

Lyons, K. E., & Ghetti, S. (2011). The development of uncertainty monitoring in early childhood. Child Development, 82, 1778-1787. 
https://doi.org/10.1111/j.1467-8624.2011.01649.x

Lyons, K. E., & Ghetti, S. (2013). I don’t want to pick! Introspection on uncertainty supports early strategic behavior. Child 
Development, 84, 726-736. https://doi.org/10.1111/cdev.12004

Mundy, E., & Gilmore, C. K. (2009). Children’s mapping between symbolic and nonsymbolic representations of number. Journal of 
Experimental Child Psychology, 103(4), 490-502. https://doi.org/10.1016/j.jecp.2009.02.003

Mussweiler, T., & Strack, F. (1999). Hypothesis-consistent testing and semantic priming in the anchoring paradigm: A selective 
accessibility model. Journal of Experimental Social Psychology, 35(2), 136-164. https://doi.org/10.1006/jesp.1998.1364

Anchoring Effect of Performance Feedback 116

Europe's Journal of Psychology
2021, Vol.17(1), 104–118
https://doi.org/10.5964/ejop.2397

https://doi.org/10.3389/fpsyg.2014.00682
https://doi.org/10.3102/00346543055001047
https://doi.org/10.1016/j.learninstruc.2018.09.004
https://doi.org/10.1177/0956797614542273
https://doi.org/10.1177/01461672952111004
https://doi.org/10.1006/ceps.1995.1011
https://doi.org/10.1027/1864-9335/a000202
https://doi.org/10.1037/0096-3445.126.4.349
https://doi.org/10.1037/0096-3445.131.2.147
https://doi.org/10.1111/1467-8721.00088
https://doi.org/10.1016/j.jecp.2014.01.014
https://doi.org/10.1016/j.jecp.2012.09.012
https://doi.org/10.1080/15248372.2011.577760
https://doi.org/10.1016/j.jecp.2008.10.002
https://doi.org/10.1037/a0030614
https://doi.org/10.1111/j.1467-8624.2011.01649.x
https://doi.org/10.1111/cdev.12004
https://doi.org/10.1016/j.jecp.2009.02.003
https://doi.org/10.1006/jesp.1998.1364
https://www.psychopen.eu/


Mussweiler, T., & Strack, F. (2000). Numeric judgment under uncertainty: The role of knowledge in anchoring. Journal of Experimental 
Social Psychology, 36(5), 495-518. https://doi.org/10.1006/jesp.1999.1414

Nelson, T. O., & Narens, L. (1994). Why investigate metacognition? In J. Metcalfe, & A. P. Shimamura (Eds.), Metacognition: Knowing 
about knowing (pp.1-25). Cambridge, MA, USA: MIT Press.

O’Leary, A. P., & Sloutsky, V. M. (2017). Carving metacognition at its joints: Protracted development of component processes. Child 
Development, 88(3), 1015-1032. https://doi.org/10.1111/cdev.12644

Panadero, E. (2017). A review of self-regulated learning: Six models and four directions for research. Frontiers in Psychology, 8, Article 
422. https://doi.org/10.3389/fpsyg.2017.00422

Pieschl, S. (2009). Metacognitive calibration—an extended conceptualization and potential applications. Metacognition and Learning, 4, 
3-31. https://doi.org/10.1007/s11409-008-9030-4

Pillow, B. H. (2002). Children’s and adults’ evaluation of the certainty of deductive inferences, inductive inferences, and guesses. Child 
Development, 73(3), 779-792. https://doi.org/10.1111/1467-8624.00438

Pillow, B. H. (2008). Development of children’s understanding of cognitive activities. The Journal of Genetic Psychology, 169(4), 
297-321. https://doi.org/10.3200/GNTP.169.4.297-321

Plichtová, J. (2013). Scottish and Slovak university student discussions about stigmatized persons: A challenge for education – moving 
towards democracy and inclusion. Journal of Pedagogy, 4(2), 188-207. https://doi.org/10.2478/jped-2013-0010

Raaijmakers, S. F., Baars, F., Schaap, L., Paas, F., & van Gog, T. (2017). Effects of performance feedback valence on perceptions of 
invested mental effort. Learning and Instruction, 51, 36-46. https://doi.org/10.1016/j.learninstruc.2016.12.002

Resnik, M. D. (2000). Mathematics as a science of patterns. Oxford, United Kingdom: Oxford University press.
Roebers, C. M. (2002). Confidence judgments in children’s and adults event recall and suggestibility. Developmental Psychology, 38(6), 

1052-1067. https://doi.org/10.1037/0012-1649.38.6.1052
Roebers, C. M. (2014). Children's deliberate memory development: The contribution of strategies and metacognitive processes. In P. J. 

Bauer & R. Fivush (Eds.), The Wiley handbook on the development of children's memory (pp. 865–894). Oxford, United Kingdom: 
Blackwell Wiley.

Roebers, C. M., Mayer, B., Steiner, M., Bayard, N. S., & van Loon, M. H. (2019). The role of children’s metacognitive experiences for 
cue utilization and monitoring accuracy: A longitudinal study. Developmental Psychology, 55(10), 2077-2089. 
https://doi.org/10.1037/dev0000776

Roebers, C. M., & Spiess, M. (2017). The development of metacognitive monitoring and control in second graders: A short-term 
longitudinal study. Journal of Cognition and Development, 18(1), 110-128. https://doi.org/10.1080/15248372.2016.1157079

Rubinsten, O., Henik, A., Berger, A., & Shahar-Shalev, S. (2002). The development of internal representations of magnitude and their 
association with Arabic numerals. Journal of Experimental Child Psychology, 81(1), 74-92. https://doi.org/10.1006/jecp.2001.2645

Schneider, W. (1998). Performance prediction in young children: Effects of skill, metacognition and wishful thinking. Developmental 
Science, 1(2), 291-297. https://doi.org/10.1111/1467-7687.00044

Schneider, W., & Lockl, K. (2008). Procedural metacognition in children: Evidence for developmental trends. In J. Dunlosky & R. A. 
Bjork (Eds.), Handbook of metamemory and memory (pp. 391–409). New York, NY, USA: Psychology Press.

Schneider, W., Visé, M., Lockl, K., & Nelson, T. O. (2000). Developmental trends in children’s memory monitoring: Evidence from a 
judgment-of-learning task. Cognitive Development, 15(2), 115-134. https://doi.org/10.1016/S0885-2014(00)00024-1

Schraw, G. (2009). Measuring metacognitive judgments. In D. J. Hacker, J. Dunlosky & A. C. Graesser, (Eds.), Handbook of 
metacognition in education (pp. 415-429). New York, NY, USA: Routledge.

Seo, K.-H., & Ginsburg, H. P. (2004). What is developmentally appropriate in early childhood mathematics education? Lessons from 
new research. In D. H. Clements, J. Sarama, & A.-M. DiBiase (Eds.), Engaging young children in mathematics: Standards for early 
childhood mathematics education (pp. 91–104). Hillsdale, NJ, USA: Erlbaum.

Shin, H., Bjorklund, D. F., & Beck, E. F. (2007). The adaptive nature of children’s overestimation in a strategic memory task. Cognitive 
Development, 22(2), 197-212. https://doi.org/10.1016/j.cogdev.2006.10.001

Simmons, J. P., LeBoeuf, R. A., & Nelson, L. D. (2010). The effect of accuracy motivation on anchoring and adjustment: Do people 
adjust from provided anchors? Journal of Personality and Social Psychology, 99(6), 917-932. https://doi.org/10.1037/a0021540

Stipek, D. J., & Tannatt, L. M. (1984). Children’s judgments of their own and their peers’ academic competence. Journal of Educational 
Psychology, 76(1), 75-84. https://doi.org/10.1037/0022-0663.76.1.75

Urban & Urban 117

Europe's Journal of Psychology
2021, Vol.17(1), 104–118
https://doi.org/10.5964/ejop.2397

https://doi.org/10.1006/jesp.1999.1414
https://doi.org/10.1111/cdev.12644
https://doi.org/10.3389/fpsyg.2017.00422
https://doi.org/10.1007/s11409-008-9030-4
https://doi.org/10.1111/1467-8624.00438
https://doi.org/10.3200/GNTP.169.4.297-321
https://doi.org/10.2478/jped-2013-0010
https://doi.org/10.1016/j.learninstruc.2016.12.002
https://doi.org/10.1037/0012-1649.38.6.1052
https://doi.org/10.1037/dev0000776
https://doi.org/10.1080/15248372.2016.1157079
https://doi.org/10.1006/jecp.2001.2645
https://doi.org/10.1111/1467-7687.00044
https://doi.org/10.1016/S0885-2014(00)00024-1
https://doi.org/10.1016/j.cogdev.2006.10.001
https://doi.org/10.1037/a0021540
https://doi.org/10.1037/0022-0663.76.1.75
https://www.psychopen.eu/


Swire, B., Ecker, U. K. H., & Lewandowsky, S. (2017). The role of familiarity in correcting inaccurate information. Journal of 
Experimental Psychology. Learning, Memory, and Cognition, 43(12), 1948-1961. https://doi.org/10.1037/xlm0000422

Tversky, A., & Kahneman, D. (1974). Judgment under uncertainty: Heuristics and biases. Science, 185(4157), 1124-1131. 
https://doi.org/10.1126/science.185.4157.1124

Urban, M. (2017). Identity of the auteur: Narratives, social representations and narrative Self in Slovak cinematography in 2012–2017. 
Bratislava, Slovakia: VEDA.

Urban, K., & Urban, M. (2018). Influence of fluid intelligence on accuracy of metacognitive monitoring in preschool children fades 
with the calibration feedback. Studia Psychologica, 60(2), 123-136. https://doi.org/10.21909/sp.2018.02.757

Urban, K., & Urban, M. (2019, March 11-13). Improving the accuracy of the self-evaluation during on-screen self-regulated learning 
through calibration feedback [INTED2019 proceedings, pp. 9002-9007]. 13th International Technology, Education and 
Development Conference, Valencia, Spain. https://doi.org/10.21125/inted.2019.2239

Urban, K., & Urban, M. (2020). Effects of performance feedback and repeated experience on self-evaluation accuracy in high- and low-
performing preschool children. European Journal of Psychology of Education. https://doi.org/10.1007/s10212-019-00460-6

van Loon, M. H., Destan, N., Spiess, M., De Bruin, A. B. H., & Roebers, C. (2017). Developmental progression in performance 
evaluations: Effects of children’s cue-utilization and self-protection. Learning and Instruction, 51, 47-60. 
https://doi.org/10.1016/j.learninstruc.2016.11.011

Veenman, M. V. J., & Spaans, M. (2005). Relation between intellectual and metacognitive skills: Age and task differences. Learning and 
Individual Differences, 15(2), 159-176. https://doi.org/10.1016/j.lindif.2004.12.001

Venables, L., & Fairclough, S. (2009). The influence of performance feedback on goal-setting and mental effort regulation. Motivation 
and Emotion, 33(1), 63-74. https://doi.org/10.1007/s11031-008-9116-y

Vo, V. A., Li, R., Kornell, N., Pouget, A., & Cantlon, J. F. (2014). Young children bet on their numerical skills: Metacognition in the 
numerical domain. Psychological Science, 25(9), 1712-1721. https://doi.org/10.1177/0956797614538458

Winne, P. H. (1996). A metacognitive view of individual differences in self-regulated learning. Learning and Individual Differences, 
8(4), 327-353. https://doi.org/10.1016/S1041-6080(96)90022-9

Winne, P. H. (2011). A cognitive and metacognitive analysis of self regulated learning. In B. J. Zimmerman & D. H. Schunk (Eds.), 
Handbook of self-regulation of learning and performance (pp. 15-32). London, United Kingdom: Routledge.

Winne, P. H., & Hadwin, A. F. (1998). Studying as self-regulated engagement in learning. In D. Hacker, J. Dunlosky, & A. Graesser 
(Eds.), Metacognition in educational theory and practice (pp. 277–304). Hillsdale, NJ, USA: Erlbaum.

Xenidou-Dervou, I., Molenaar, D., Ansari, D., van der Schoot, M., & van Lieshout, E. C. D. M. (2017). Nonsymbolic and symbolic 
magnitude comparison skills as longitudinal predictors of mathematical achievement. Learning and Instruction, 50, 1-13. 
https://doi.org/10.1016/j.learninstruc.2016.11.001

Yang, C., Sun, B., & Shanks, D. R. (2018). The anchoring effect in metamemory monitoring. Memory & Cognition, 46(3), 384-397. 
https://doi.org/10.3758/s13421-017-0772-6

Zhang, Y. C., & Schwarz, N. (2013). The power of precise numbers: A conversational logic analysis. Journal of Experimental Social 
Psychology, 49(5), 944-946. https://doi.org/10.1016/j.jesp.2013.04.002

Zimmerman, B. J., & Schunk, D. H. (2011). Handbook of self-regulation of learning and performance. London, United Kingdom: 
Routledge.

About the Authors
Kamila Urban is a postdoctoral researcher at the Institute for Research in Social Communication at Slovak Academy of Sciences 
and an assistant professor at Department of Psychology, Charles University in Prague. Her main research interests are fostering of 
metacognition from preschool age and effects of self-regulated learning.

Marek Urban is an assistant professor at the Faculty of Art and Design, J. E. Purkyne University in Czech Republic. His research 
interests include enhancing creativity, performance and intrinsic motivation in different learning environments using feedback and 
more complex autonomy-supporting and goal-oriented strategies (such as self-regulated learning or academic coaching).

Anchoring Effect of Performance Feedback 118

PsychOpen GOLD is a publishing service by
Leibniz Institute for Psychology (ZPID), Germany.
www.leibniz-psychology.org

https://doi.org/10.1037/xlm0000422
https://doi.org/10.1126/science.185.4157.1124
https://doi.org/10.21909/sp.2018.02.757
https://doi.org/10.21125/inted.2019.2239
https://doi.org/10.1007/s10212-019-00460-6
https://doi.org/10.1016/j.learninstruc.2016.11.011
https://doi.org/10.1016/j.lindif.2004.12.001
https://doi.org/10.1007/s11031-008-9116-y
https://doi.org/10.1177/0956797614538458
https://doi.org/10.1016/S1041-6080(96)90022-9
https://doi.org/10.1016/j.learninstruc.2016.11.001
https://doi.org/10.3758/s13421-017-0772-6
https://doi.org/10.1016/j.jesp.2013.04.002
https://www.leibniz-psychology.org/
https://www.psychopen.eu/

	Anchoring Effect of Performance Feedback
	(Introduction)
	Overconfidence at the Preschool Age
	Present Study

	Experiment 1
	Method
	Results
	Discussion on Experiment 1

	Experiment 2
	Method
	Results
	Discussion on Experiment 2

	General Discussion
	Effect of Performance Feedback on Monitoring Accuracy of Predictive Judgments
	Anchoring Effect of Performance Feedback Using Postdictive Judgments

	(Additional Information)
	Funding
	Competing Interests
	Acknowledgments
	Ethical Approval

	Supplementary Materials
	References
	About the Authors


