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Judgment bias in diagnosing misconceptions with decimal fractions 

Andreas Rieu1, Timo Leuders and Katharina Loibl 
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A prerequisite for remediating student misconceptions is their accurate diagnosis by the teacher. 

However, studies on judgment accuracy show that teachers differ substantially regarding their 

judgments even though little is known about the reasons so far. The present study investigates whether 

teachers’ diagnosis of misconceptions with decimal fractions is subject to judgment biases. For this 

purpose, we propose a cognitive model for diagnosing misconceptions based on the process of 

hypothesis testing. The study results show that the formulation of alternative hypothesis and the 

processing of relevant information are predictors of high judgment accuracy when diagnosing 

misconceptions. Furthermore, normative and confirmatory biased judgment processes could be 

distinguished. Implications for teacher education are discussed. 
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Judgment processes in diagnosing misconceptions 

The term misconception suggests that students commit a systematic error due to a naïve theory. From 

a student's point of view, it is rather a strategy based on a hitherto reasonable idea. In mathematics 

education, various student misconceptions are well researched (cf. Confrey & Kazak, 2006), such as 

the assumption that "multiplication makes bigger, division makes smaller" which is correct with 

natural numbers and is thus often overgeneralised to fractions. From a teachers’ perspective, 

misconceptions are constructs that emerged as a result of the learners’ experiences in different 

contexts but that no longer function correctly when transferred to another area of knowledge (Fujii, 

2014). In order to create adaptive learning opportunities, learner misconceptions must first be 

diagnosed. Then the teacher can trigger a cognitive conflict and resolve it by introducing  the actual 

mathematical concept (Corno, 2008). Thus, teachers’ judgment accuracy when diagnosing 

misconceptions – that is to determine it precisely - seems crucial for student learning. However, 

various studies have shown that teachers' judgment accuracy on student performance varies widely 

(mean effect size between teachers’ judgments of students’ academic achievement and students’ 

actual academic achievement of r = 0.63 in the meta-analysis by Südkamp, Kaiser, & Möller, 2012).  

In their framework, Loibl et al. (2020) conceptualise diagnostic judgments in pedagogical contexts 

as a teacher's inference about learners (e.g., their abilities) or materials (e.g., task difficulty) based on 

the information that is explicitly or implicitly present in a diagnostic situation. This definition locates 

diagnostic judgments within the larger field of social judgment and cognitive information processing 

and allows investigating the genesis of (correct and incorrect) diagnostic judgments. In this line of 

research, recent studies focus their research interest on the judgment processes and examine which 

information teachers actually gather and process to form their judgment (e.g., Rieu et al., 2022).  

The judgment process can be influenced by personal expectations (often leading to erroneous 

diagnoses), which have already been documented in the area of ethnicity, socioeconomic status, and 
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gender (McKown & Weinstein, 2003; Rubie-Davies, Hattie, & Hamilton, 2006; Südkamp et al., 

2012). Biases like the confirmation bias – the tendency to selectively choose and process information 

supporting the initial hypothesis – influence the judgment process when the diagnostic judgments are 

based on hypothesis testing (Herppich et al., 2018; Oswald & Grosjean, 2004; Westhoff & Kluck, 

2014).  

 

The current study 

One diagnostic situation in which the teacher’s cognitive processes can be modelled as hypothesis 

testing (Trope & Liberman, 1996), is the detection of misconceptions in decimal fraction (e.g., 

longer-is-larger, shorter-is-larger, Stacey, 2005). In this process, an erroneously solved task often 

cannot be clearly assigned to one single misconception, but only the structured processing of several 

tasks and its solutions by the student allow the precise diagnosis of the misconception. 

We assume that cognitive biases occur in this knowledge-based process and that these biases 

systematically favour the confirmation of a hypothesis and make its rejection unlikely (overestimation 

of the a priori probability of the hypothesis, selective gathering of hypothesis-confirming information, 

hypothesis-consistent interpretation of ambiguous information according to Schulz-Hardt & 

Köhnken, 2000, figure 1).  

 

 

Figure 1: Hypothesis testing process and confirmatory effects in the domain of diagnosis 

misconceptions 

 

The present study defines diagnostic judgments as information processing and analyses the causes of 

diagnostic errors. The collection of external indicators such as the formulation of the initial hypothesis 

and the number and type of information processed allow conclusions to be drawn about the genesis 

of diagnostic judgments (Loibl et al., 2020).   

Specifically, it is assumed that in the ambiguous diagnostic situation of detecting misconceptions in 

decimal fraction comparison, confirmatory biases occur and prevent an accurate diagnosis. To this 

end, the following research question is investigated:   

Is the diagnostic process of misconceptions in decimal fractions subject to confirmation 

biases?  

Based on the modelled judgment process and the theoretical assumptions, it is assumed that  

Hypothesis generation

• confirmatory effect:
formulation of only one 
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selection of tasks that 
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 the generation of the initial hypothesis reveals if the (prospective) teachers recognise the 

ambiguous situation when diagnosing misconceptions in the area of decimal fractions based on one 

erroneously solved task and that  

 the amount and type of processed information indicate possible confirmatory biases when 

gathering and identifying information. The processed information influences the accuracy of 

judgments when diagnosing misconceptions in the area of decimal fractions.  

 

Method 

To test these assumptions, prospective mathematics teachers (N = 79, average age = 21,7 years, 85% 

were female) at the beginning of their studies were confronted with one erroneously solved task by a 

virtual student in the domain of decimal fraction comparison (cf. figure 2). The first task and its 

incorrect solution represent an ambiguous diagnostic situation, as several misconceptions can be 

responsible for the student error. The diagnostic goal for the participants was to clearly determine the 

existing misconception of the presented student who consistently solves tasks according to a precise 

misconception. For this purpose, the necessary specific PCK concerning the misconceptions was 

visible to the participants and in total, 7 standardised cases had to be diagnosed. 

 

 

Figure 2: erroneously solved task in the domain of decimal fraction comparison 

 

In an online survey, the prospective teachers first formulated an initial hypothesis about the 

misconception based on the erroneous student solution to one task. Afterwards they could choose 

further tasks which were solved by the student after their selection. That is, after clicking on it, 

teachers saw the solution to this task generated according to the misconception. Finally, the teachers 

submitted their final diagnosis.  

The tasks offered for selection were shown in groups of four. The tasks differed with to the relevance 

of their information for the diagnosis. Tasks with relevant information for diagnosis allowed to 

distinguish between two possible misconceptions in the ambiguous diagnostic situation (i.e., these 

tasks are typically solved correctly with one misconception, but not with the other). Tasks with 

irrelevant information for diagnosis are either solved correctly by all learners despite the presence of 

a misconception or do not provide any additional information to the incorrectly solved tasks presented 

at the beginning.  

A digital questionnaire was used to collect the initial hypothesis (single hypothesis or alternative 

hypotheses) and the number and type (diagnostically relevant or irrelevant) of information the 

participating persons used to get to their final diagnosis.  

 



 

 

Results  

Due to floor effects, two case diagnoses were excluded from the calculation. The judgment accuracy 

for the diagnosis of 5 cases over all participants was 63.3% (SD = 0.48) which designs the ratio of 

correct diagnoses of the presented students’ misconception.  

In a first step, the predictors for high judgment accuracy for the diagnosis of misconceptions in the 

area of decimal fractions are to be determined. Based on the theoretical modelling of the diagnostic 

process as hypothesis testing, the formulation of the initial hypothesis, the amount of information 

processed and the proportion of relevant diagnostic tasks are examined. Table 1 gives an overview of 

the average values of the three predictors. 

Table 1: Representation of the average values of the assumed predictors for judgment accuracy 

according to accurate or incorrect diagnoses 

 accurate diagnoses  

(n = 250) 

incorrect diagnoses 

(n = 145) 

average number of alternative initial 

hypotheses (SD) 

 

0.26 (0.44) 0.15 (0.36) 

average number of processed further tasks (SD) 2.73 (2.28) 

 

2.94 (2.73) 

 

average proportion of processed further 

relevant diagnostic tasks (SD) 

0.68 (0.31) 

 

0.54 (0.36) 

 

 

The influence of the type of initial hypothesis (single hypothesis or alternative hypotheses) on the 

accuracy of the judgment was compared for accurate and incorrect diagnoses. The one-factor 

ANOVA indicates that significantly more accurate judgments are given after the formulation of an 

alternative hypotheses (F(394) = 6.333, p = .012, d = 0.263).  

In addition, it was hypothesised that the amount of information processed, i.e. the number of tasks 

selected to see further solutions of the student, would also have an impact on judgment accuracy. To 

calculate this influence, the average number of processed tasks was compared for accurate and 

incorrect diagnoses.  Group comparison using an ANOVA indicates no significant difference between 

accurate and incorrect judgments (F(394) = 0.647, p = .422, d = 0.084). 

As a final predictor of judgment accuracy, we examined whether the type of information selected had 

an impact on judgment accuracy. For this purpose, the proportion of processed tasks that provide 

relevant diagnostic information was examined. The one-factor ANOVA indicates that accurate 

judgments, compared to incorrect judgments, are obtained by processing a significantly higher 

proportion of diagnostic tasks (F(394) = 18.025, p ≤ .001, d = 0.444). 



 

 

In a second step, the study aims to differentiate between different categories of information 

processing. Based on the finding that one of the predictors of high diagnostic accuracy is the 

formulation of an alternative hypothesis, different categories of judgment processes can be 

distinguished. First, after formulating an alternative hypothesis, a correct or incorrect diagnosis can 

be made. Secondly, a correct initial hypothesis can lead to correct or incorrect diagnoses. Thirdly, a 

correct or incorrect diagnosis can also be made after an incorrect initial hypothesis. Altogether, 6 

different categories of judgment can be distinguished. 

Out of the 6 possible judgment categories, two seems of special interest: On the one hand, the process 

that maps the ambiguity of the situation and subsequently leads to a correct result. Founded on the 

model assumptions, the ambiguous diagnostic situation should start with the formulation of 

alternative hypotheses and the given information (the tasks to select) must be processed as hints to 

correct diagnoses (normative judgment process). On the other hand, and taking into account the 

research interest, the process that starts from a single confirmatory misguided hypothesis and despite 

contrary information leads to an incorrect diagnosis (confirmatory-biased judgment process). Table 

2 provides the descriptive overview on these two judgment categories concerning the number of 

processed information and the proportion of relevant diagnostic information. 

 

Table 2: Descriptive overview of the information processing of the two judgment categories correct 

diagnoses based on alternative initial hypothesis and incorrect confirmatory diagnoses 

 N average number of 

processed information (SD) 

average proportion of relevant 

diagnostic information (SD) 

Normative judgment process: correct 

diagnoses based on alternative initial 

hypothesis 

65 2.51 (2.02) 0.72 (0.28) 

Confirmatory-biased judgment process: 

incorrect confirmatory diagnoses  

 

84 2.48 (2.05) 0.47 (0.36) 

 

The comparison using a one-factor ANOVA shows that the two judgment processes do not differ in 

the amount of information processed (F(148) = 0.009, p = .926, d = 0.016). Significant differences 

are shown, however, in the proportion of relevant diagnostic information processed and in the 

certainty of the final diagnosis: correct judgments based on an alternative hypothesis are made using 

a greater proportion of relevant information (F(148) = 1.734, p ≤ .001, d = 0.219).  

 

 



 

 

Discussion 

Accurate diagnosis of student misconceptions by the teacher is crucial for building resilient 

conceptions in learners (Bradshaw & Templin, 2014). The research interest of the present study 

focuses on the emergence of such judgments via the investigation of the underlying cognitive 

processes (Loibl et al., 2020; Rieu et al., 2020). For such a complex judgment situation, it is assumed 

that biases take place and have a negative impact on judgment accuracy (Oswald & Grosjean, 2004).  

The present study defines diagnostic judgments of misconceptions in decimal fractions as information 

processing in form of hypothesis testing and examines the impact of the created initial hypothesis, 

the number and type of processed information on the final diagnosis. It is expected that the 

information processing of the participating persons indicates the presence of confirmatory biased 

diagnoses.   

In a first step, the formulation of alternative hypothesis and the processing of relevant information 

could be identified as predictors for the accuracy of judgments in the assessment of misconceptions 

in the area of decimal fractions. Due to the fact that all participating students had the necessary 

specific PCK about the misconceptions, these results show that the ambiguity of the diagnostic 

situation must be perceived and subsequently appropriate strategies must be used to cope with it. 

These findings complement previous studies on knowledge-guided information processing in 

diagnostic situations (Ostermann et al., 2018; Rieu et al., 2022) and person-dependent diagnostic 

sensitivity as a disposition (Kron, Sommerhoff, Achtner, & Ufer, 2021). 

In a second step, categorising and contrasting the normative process with the confirmatory process 

highlights the differences between the two approaches concerning the type of information processed 

to obtain accurate judgments. These results indicate that an information-integrating strategy leads 

more often to a correct diagnosis (Böhmer, Hörstermann, Gräsel, Krolak-Schwerdt, & Glock, 2015; 

Fiske & Neuberg, 1990). 

Despite several limitations, the results of the present study allow first insights into the judgment 

processes of prospective teachers when diagnosing misconceptions in the area of decimal fractions. 

The categorisation carried out on the basis of the type of initial hypothesis and further information 

processing permits an initial distinction between normative-accurate and confirmatory-biased 

judgment processes. The normative procedure, which processes relevant information based on 

alternative hypotheses in order to obtain an accurate diagnosis, should be incorporated into teacher 

training as a judgment strategy in complex situations to achieve a higher diagnostic accuracy and thus 

increase the adaptivity of teaching.  
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