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Abstract
A frequent observation in the school context is that opportunities to learn from errors are
often missed. However, a positive error climate may support learning from errors. For the
school subject of mathematics, some findings about characteristics of the error climate
already exist. But, a comparison of the error climate between different school subjects is
still pending. In the present study, it is analyzed whether the error climate differs in
different school subjects and whether the same interrelations between the ways in which
individuals deal with errors can be found in these different school subjects. In a study
with 937 students from 48 classrooms from grades 5 to 7, in different secondary schools
in Germany and Austria, we assessed the error climate and individual reactions following
errors in mathematics, German, and English. Small mean differences between mathemat-
ics and the two language subjects were yielded. In addition, we found medium-sized
correlations between the error climate measures in the three school subjects. However, the
same pattern of interrelations between error climate and the way individuals deal with
errors for all three school subjects could be shown. The results suggest that the perception
of the error climate is rather similar in different school subjects. This has implications, for
instance, for interventions that aim at fostering the error climate.
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Theoretical background

Many errors that occur in the classroom offer the opportunity to learn from them: They provide
information for students as well as for teachers about false concepts, non-functional strategies,
and which learning activities are (not) sensible (see Clifford 1991; Hascher and Hagenauer
2010; Weinert 1999). Thus, they help with the construction of negative knowledge, which is
knowledge about what is not the case and how it does not work (see Oser and Spychiger
2005). Next to these rather cognitive aspects, errors may lead to positive emotional and
motivational outcomes. Hence, overcoming errors—for instance, during independent error
correction—may lead to experiencing positive emotions like joy or pride and to an increase in
competence (see Seidel and Prenzel 2003). Actually, the potential that is inherent to errors is
frequently not used (e.g., Weinert 1999), and errors are regarded as disruptions of the learning
process. In fact, findings from classroom observations and students’ self-reports of perceived
error climate show that teachers often place little emphasis on the learning potential of errors
(Tulis 2013). On the part of the students, dysfunctional reactions like negative emotions,
feelings of helplessness, and actions to protect self-worth (e.g., covering up errors) take place
in the classroom. As a consequence, cognitive resources, that deal with the content of the error
at hand and its causes, vanish. The environment—and the behavior of the teacher, which is a
crucial factor here—has an impact on the handling of errors by the students (Oser and
Spychiger 2005; Turner and Patrick 2008; Urdan and Schoenfelder 2006). In an environment
where errors are seen as potential learning opportunities, students can deal with errors with
more self-confidence and with less fear compared to an environment in which errors are
avoided and result in negative consequences (e.g., Althof 1999).

The error climate has already been assessed in different school subjects but most of the time
in mathematics (e.g., Heinze et al. 2012). But, a systematic comparison between school
subjects on an empirical basis is still pending. Also, frequent conceptualizations were used
that assume a general single factor for the error climate (e.g., DESI-Konsortium 2008). With
the present paper, we analyze whether the error climate (based on a multidimensional model)
differs between school subjects and if similar interrelations to the individual dealing with errors
persist.

Definition, relevance, and structure of the error climate

A functional error climate may be described as perception, evaluation, and usage of errors as
crucial elements of the learning process within the classroom (cf. Oser and Spychiger
2005; Steuer 2014). This includes that errors have positive connotations and are evaluated
as potentially helpful by the teacher as well as by students. Furthermore, errors are used as
learning opportunities. Therefore, an error climate is a complex construct that affects teachers
and students as well as their interactions. Besides concrete behavior on the teacher and student
level, the error climate also pertains to attitudes and potential behavioral intentions towards
errors. For the school subject of mathematics, an eight-factor model was already developed
(Steuer et al. 2013). The eight subdimensions of the error climate model comprise the error
tolerance by the teacher (attitude of the teacher towards errors: positive and open minded
towards errors or error avoidant), irrelevance of errors for assessment (extent to which errors
lead directly to negative evaluations and bad grades; separation of learning; and achievement
situations), teacher support following errors (supportive behavior of the teacher after errors),
absence of negative teacher reactions (verbal and non-verbal reactions of the teacher that
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express displeasure, e.g., expression of anger or embarrassing students), and analysis of errors
(extent to which one gets to the bottom of the errors or communication about errors). On the
student level, absence of negative classmate reactions (classmates’ behavior, e.g., laughing
(at), taunting), taking the error risk (extent to which students in the classroom dare verbal
contributions during the lesson even if they are not sure whether they are correct), and
functionality of errors for learning (extent to which errors are seen and utilized as a starting
point for learning in the classroom in general) are included in the conceptualization of the error
climate. All of them are interrelated but nevertheless can be differentiated from each other. It is
assumed that all eight dimensions contribute to an adaptive error climate. Therefore, an
additional superordinate factor that describes the error climate in total is postulated.

Despite the relatively young research tradition in the pedagogical and psychological
context, clear hints for the relevance of an error climate exist: It could be shown that error
climate is interrelated with many central characteristics of the quality of teaching. Positive
relationships between classroom management and cognitive activation could be demonstrated
(cf. Steuer 2014). Also, for the classroom goal structure (which describes the influence of the
context of the classroom on how students pursue learning or achievement goals), differential
interrelations could be shown: The error climate is interrelated more closely with learning goal
structures compared to achievement goal structures (cf. Steuer 2014). In addition, the error
climate is interrelated with many characteristics on the student level. It has been replicated
several times that the dimensions of error climate predict how students handle their own errors.
A positive error climate is closely related to adaptive individual reactions following errors.
This is true for rather cognitive-behavioral reactions (concrete learning behavior that is focused
on overcoming the error and underlying misconceptions) as well as for affective-motivational
reactions after errors (maintaining motivation and positive emotions towards the learning
content) (Kreutzmann et al. 2014; Steuer et al. 2013). Kreutzmann et al. (2014) analyzed a
series of characteristics with respect to their interrelations with the error climate by using a
sample of 421 primary school students. Associated with the interrelation between the error
climate and emotions, it could be revealed that the error climate is positively related to the
experience of positive emotions (like joy for learning) and negatively with unfavorable
emotions (like fear and experiencing helplessness). Also, a positive association of the error
climate with motivational characteristics and learning characteristics like higher self-efficacy
expectations, stronger interest, and more willingness to put in effort was demonstrated in this
study. Moreover, interrelations with grades could be proven (Kreutzmann et al. 2014). In other
studies, interrelations between error climate and achievement—assessed via achievement tests
(for German and English: DESI-Konsortium 2008; for English: Käfer et al. 2018; for
mathematics: Steuer 2014)—could be empirically shown.

Error climate in other school subjects than mathematics

Error climate was analyzed in previous studies predominantly in the school subject of
mathematics (e.g., Heinze et al. 2012). Compared to other domains, errors are often more
clearly defined in mathematics and as such are more obvious to perceive (and possibly more
comprehensible) for the students. Whether the handling of errors in different school subjects is
equally relevant and whether the error climate with its postulated subdimensions is appropriate
to describe and explain the subsequent individual reactions that follow errors are open
questions at this point. The school subjects we focused on in the study presented here are
German (as the first language) and English (as a foreign language). These school subjects were
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chosen because of two reasons: In the German school system, major school subjects and minor
school subjects are divided. Both selected school subjects are major school subjects and
therefore more important for succeeding at school. The second reason, which also is related
to the first, is that both school subjects are taught with similar amounts of hours per week (i.e.,
4 to 5 h). Minor subjects (e.g., geography, religion) have much lower amounts of time and are
less comparable in this respect. Thus, we decided to choose major school subjects that are
usually taught for a high amount of hours per week.

Errors, error correction, and error climate in German (as the first language instruction)

Errors in first language instruction differ from errors in mathematics or second language
instruction. In this school subject, errors are usually less clear as the focus shifts from isolated
spelling or grammatical errors to errors occurring in the argumentation or composition of texts,
reading and presenting, understanding texts, and other media, with not just right-or-wrong
answers (Kunze 2004). Therefore, errors are rarely detected by the students themselves but
mostly by the teacher. This requires teachers to guide students to work with errors indepen-
dently, for example, by structuring and classifying errors so that they can be identified more
easily in the future (Kunze 2004). For students to be able to learn this and, furthermore, to
develop other competencies like reading comprehension, attention in the classroom lies on
discussion and reflection of errors in order to develop strong meta-cognitive strategies (Goer
2014). From this, it follows that teachers in German may be more challenged in inducing a
positive error climate than in other school subjects, where errors are more apparent.

Errors, error correction, and error climate in English (as foreign language instruction)

For English as a foreign language, one may find a change in the way errors are dealt with over
the years. Dating back, ideas of behaviorism are used to inspire the handling of errors (see
Lightbown and Spada 2006). The rationale was to avoid errors and if they occurred, they
should be corrected as soon as possible in order to not consolidate false knowledge (e.g., Heuer
1968). Only in the last few decades, a process of rethinking has begun and the immediate
correction of errors faded into the background in favor of language production. Students
should now be encouraged to produce language rather than be interrupted after every error,
which also led to a decrease of motivation. Similar approaches may be observed in other
countries (e.g., Japan; Sato 2003).

When it comes to written mistakes, a correction occurs in the way that it helps
guiding a student’s learning process and, ultimately, enables self-correction. Generally,
all mistakes are considered learning opportunities (Klieme 2006) now and should be
grappled with individually and transparently while considering affective-emotional
components. The ultimate aim for students changed from achieving perfect native-
speaker level to simply using the language, with what comes to a certain mistake
tolerance (Bohnensteffen 2010).

However, in the actual classroom, it is more common to act on mistakes than not to. When
corrections are made, teachers use different methods for different types of mistakes. Unfortu-
nately, students are barely cognitively involved in making corrections and mistakes are still
used as indicators of performance rather than a chance to advance (DESI-Konsortium 2008;
Klieme 2006).
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Comparisons of error climate between the three school subjects

Until now, only a few studies have analyzed error climate (often whilst using the term “error
culture”) in different school subjects at the same time in order to find out about differences between
school subjects. To the best of our knowledge, only a single study has drawn a comparison between
two school subjects: mathematics and German. This work stems from Spychiger et al. (1998) and
was conducted within the context of the validation of their questionnaire (“Student questionnaire for
dealing with errors at school,” S-UFS(-K)). In this study, 641 students from 33 classrooms in grades
4 to 9 answered their questionnaire (N= 295mathematics;N= 346German). Spychiger et al. (1998)
chose to include two different school subjects in the study in order to find out if there were any
differences between them regarding the error culture. For the short version utilized in thiswork, three
components of the error culture are differentiated: teacher behavior, self-factor cognitive, and self-
factor emotional. The component teacher behavior comprises aspects like error tolerance of the
teacher and non-existence of negative teacher reactions or corrections and opportunities for repeti-
tion. This corresponds in large parts to the understanding of the error climate as it is presented here.
The components self-factor cognitive and self-factor emotional describe how individual students
deal with errors on an individual level and would therefore not fall into our definition of error
climate. It was analyzed whether the means of the three error culture components in mathematics
differ from the ones inGerman. Results yielded that mean differences were significant for two of the
three components—among them also teacher behavior (Mm = 3.42,Md = 3.35, p < .05) (Spychiger
et al. 1998), which is the component that is the closest to the conceptualization of error climate used
in this paper. The presented results might implicate that mathematics teachers’ reactions after errors
in the classroom are perceived slightly more positive compared to German teachers. However, the
differences are marginal and scarcely reached significance. The authors themselves ascribe no
special relevance to the differences and emphasize that more analyses are needed.

Also, in the DESI-study, an analysis of the error climate in different school subjects,
German and English, was performed. The instrument utilized to assess the error climate was
based on the questionnaire from Spychiger et al. (1998). It was adapted for the study (i.e.,
items that are specific for language courses were added), conceptualized unidimensionally, and
shortened considerably.1 The instrument was employed for both school subjects—German and
English—addressed within the study. However, no direct comparison between the school
subjects was carried out. Thus, it can only be stated that the means in both subjects were
similar (ND = 4719, MD = 2.76, SDD = 0.55; NE = 4667, ME = 2.80, SDE = 0.55 by using a
Likert-type scale ranging from 1 to 4) (DESI-Konsortium 2008; Wagner et al. 2009). At the
same time, there are no hints for the comparability of the structure of the error climate, due to
the fact that the measurement instrument was unidimensional.

Research questions

Overall, it can be stated that the status quo of research concerning the error climate in different
disciplines still leaves considerable gaps. An approximation may be made by drawing comparisons
to results from other constructs that are closely related to the error climate. For instance, it is known
that constructs that influence the perception of the error climate are organized rather than domain
specifically, e.g., goal orientations (Sparfeldt et al. 2007), value for a school subject (Green et al.
2007), or ability self-concept (Rost and Sparfeldt 2002). Furthermore, risk-taking behavior with

1 The instrument comprised 15 items in total.
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regard to task selection is different between school subjects. Clifford (1988) could show in different
studies in various grades that students consistently chose tasks in mathematics that resulted in fewer
errors than in language tasks. An explanation could be that tasks in mathematics are easier to verify
compared to language tasks. This may directly influence the students’ choice. But, errors may also
bemore easily recognized by students themselves inmathematics due to better potential verifiability
(cf. Clifford 1988).

For the individual reactions following errors in mathematics, German, and English, there
are hints for (minor) domain specificities regarding adaptive learning behavior following errors
(action adaptivity). These kinds of reactions following errors include, for instance, that errors
are regarded as cues in order to practice target oriented. Regarding the maintenance of
motivation and joy for learning after errors (affective-motivational adaptivity of error reac-
tions), domain specificity could not be proven (Tulis et al. 2017) despite the fact that Spychiger
et al. (1998) found minor mean differences for the self-factor emotional, which is similar to
affective-motivational adaptivity. No mean differences occurred in the subjects of German and
mathematics for the cognitive and action-related component (cf. action adaptivity and attitude
towards errors).

The overriding aim of the present paper is to investigate error climate (and its interrelations
with an individual dealing with errors) in different school subjects. Therefore, we choose three
major subjects that are taught a considerable amount of hours per week in secondary school.
As a groundwork, the validity of the error climate model for the school subjects of mathe-
matics, German, and English shall be examined before differences between the three school
subjects will be analyzed. Examining the validity of the error climate model for these school
subjects is important, as similarities or differences in the error climate in the three school
subjects can only be compared properly if the underlying error climate model is the same for
all the subjects. Therefore, it has to be examined whether the error climate model is valid for all
of the three school subjects. Overall, we presume that the model of the error climate with its
eight subdimensions—plus one superordinate factor—is suitable to describe how errors are
dealt with in other school subjects. Between the subjects, errors may have a distinct signifi-
cance and thus their characteristics (i.e., means) may vary. However, we assume that the factor
structure of the error climate in mathematics, German, and English is similar.

For our main research question, we presume that small-sized differences in the extent of the
error climate between the three school subjects may prevail. Relational patterns of error
climate and how individuals deal with errors—with regard to action adaptive and affective-
motivational reactions following errors—should be quite similar in the three school subjects.

Method

Sample

The sample comprised N = 937 students from 48 classrooms of 5th to 7th grades from different
gymnasiums and secondary schools in southern Germany and Austria.2 The sample was
distributed quite similarly across the three grades (5th grade: 32.8%; 6th grade: 30.8%; 7th
grade: 36.4%). 57.8% of the sample attended the gymnasium, whereas the rest attended

2 We abstained from a classical power analysis due to given requirements concerning the sample size for
multilevel analyses. A common desirable number for level two units is 50 (cf. Hox 1998; Maas and Hox 2004).
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“Realschule” (i.e., intermediate secondary school). The schools were located in rather urban
areas. The percentage of female students was 52.9%. The slightly higher proportion of females
results from the fact that a school for girls only was included in the study.3 The average age in
the sample was 11.9 years (SD = 1.00). By including schools from at least two different
countries, different school types, and different grades in the sample, we tried to be able to
generalize the results a bit broader compared to collecting data in only one country, one type of
school, and a very narrow range of age. An additional reason for using students from two
countries was that it could be assumed that the error climate is a universal phenomenon and
thus should also work in different contexts—at least in such with the same language and
similar culture. We controlled for school type and country in our analyses.

The paper-pencil surveys took place during one school lesson (45 min each). We decided for
performing data collection directly within the lessons in order to improve data quality and
completeness of data due to more concentrated work, compared to filling out the questionnaires
at home. Trained university students conducted the surveys. The data collection took place in
three waves. Participation in the study was voluntary and a parental agreement was given.

Measuring instruments

In the present study the three school subjects mathematics, German, and English were
incorporated. This was implemented on item level by varying the school subject: “mathemat-
ics” was replaced by “German” or “English” and instead of “mathematics lesson” we used
“German lesson” or “English lesson.” Aside from these changes, all items remained identical.

The perceived error climate of the students was assessed by utilizing the Error Climate
Questionnaire (ECQ) from Steuer and colleagues (Steuer et al. 2013). The instrument com-
prises 31 items, which are assigned to eight dimensions and may be combined to a superor-
dinate factor. All dimensions were assessed using four items.4 A sample item for error
tolerance by the teacher reads: “In our Math class/German class/English class it is okay with
our teacher if the assignments are not done correctly.” Irrelevance of errors for assessmentwas
assessed by items like “If someone in our Math class/German class/English class says
something wrong, it has an immediate effect on his grade” (negative item). A sample item
for teacher support following errors would be “If someone in our Math class/German class/
English class does something wrong, he will get support from the teacher,” whereas absence of
negative teacher reactions was for instance inquired by “If someone in our Math class makes
mistakes, the teacher often looks annoyed.” Parallel to that, absence of negative classmate
reactions was conceptualized (e.g., “If someone in our Math class/German class/English class
makes mistakes, his classmates will sometimes make fun of him”). A sample item for Taking
the error risk reads as follows: “In our Math class/German class/English class a lot of students
don’t dare to say anything because they are afraid it is wrong.” A sample item for Analysis of
errors is: “In our Math class/German class/English class we discuss it in detail when
something is done incorrectly.” The last dimension ––Functionality of errors for learning
was assessed for example by items like: “In our Math class/German class/English class wrong
answers on assignments are used to learn something.” Reliabilities for the different dimensions

3 Single-sex schools for girls are quite common in southern Germany and Austria. Thus, considering these kinds
of schools should increase rather than undermine the generizability of the results. Furthermore, a study conducted
in southern Germany revealed that teacher-student relationship—a variable that may be linked to error climate—
did not differ between co-educational schools and girls’ schools (Schurt & Warburg, 2007).
4 An exception is taking the error risk, which is assessed by using three items.
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in the three school subjects lay between α = .78 and α = .92 (cf. Table 1). Internal
consistencies for the superordinate factor in the different school subjects were α = .78 for
mathematics, α = .80 for German, and α = .79 for English. Items of the error climate were
answered on Likert-type scales ranging from 1 (strongly disagree) to 6 (strongly agree).

In order to operationalize both kinds of adaptivities of reactions following errors, 13 items
were used in total, which proved to be reliable and valid in previous studies (cf. Dresel and
Ziegler 2002; Dresel et al. 2013; Tulis et al. 2015). The scale affective-motivational adaptivity
following errors comprised six items and captured functional affective and motivational
reactions after errors during school lessons, e.g., maintenance of joy for learning. A sample
item reads “When I can’t do something in Math/German/English, the lessons in the future will
still be just as fun for me as always.” Reliabilities for different school subjects ranged from α =
.81 to α = .83. The second scale to assess reactions following errors refers to cognitive aspects
and concrete learning behavior, for instance, initializing goal-related learning activities. A
sample item for action adaptivity reads “When I can’t solve a Math/German/English problem,
then I practice these types of exercises on my own.” Reliabilities for the different school
subjects were quite similar and lay between α = .89 and α = .90. For both scales, Likert-type
scales ranging from 1 (strongly disagree) to 6 (strongly agree) were utilized.

Multimatrix design and handling of missing data

Due to economic reasons, a multimatrix design was used in this study (cf. Smits and Vorst
2007). Students answered the items for two of the three school subjects completely. For the

Table 1 Descriptive statistics of error climate and individual reactions following errors

Number of
items

Mathematics German English

M SD α ICC M SD α ICC M SD α ICC

Error climate

Error tolerance by the
teacher

4 4.45 1.06 .78 .05 4.28 1.08 .78 .15 4.30 1.07 .78 .15

Irrelevance of errors for
assessment

4 5.02 0.96 .90 .07 4.92 0.98 .89 .13 4.92 0.99 .89 .22

Teacher support following
errors

4 4.86 0.99 .81 .12 4.63 1.08 .83 .17 4.68 1.02 .81 .16

Absence of negative
teacher reactions

4 5.12 0.95 .82 .17 4.96 1.11 .87 .27 5.01 1.05 .85 .24

Analysis of errors 4 4.39 1.10 .90 .08 4.05 1.12 .90 .05 4.07 1.12 .89 .09
Absence of negative
classmate reactions

4 4.56 1.29 .92 .13 4.59 1.27 .92 .14 4.53 1.27 .90 .17

Taking the error risk 3 3.58 1.40 .90 .09 3.64 1.38 .91 .10 3.49 1.37 .88 .10
Functionality of errors for
learning

4 4.40 1.12 .85 .08 4.17 1.17 .87 .08 4.29 1.07 .82 .08

Superordinate factor of the
error climate

8 4.55 0.70 .78 .16 4.41 0.74 .80 .20 4.41 0.72 .79 .26

Individual reactions following errors

Affective-motivational
adaptivity

6 4.56 0.98 .83 .08 4.55 0.94 .81 .09 4.61 0.94 .82 .12

Action adaptivity 7 4.54 0.93 .90 .08 4.49 0.92 .90 .10 4.59 0.88 .89 .08

Notes: N = 937 students. Theoretical range each 1–6
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third school subject, they answered two anchor items per scale. Distribution of the different
versions of the questionnaires was random. Any missing values were replaced by using tenfold
multiple imputation using the full information maximum likelihood estimation (cf. Lüdtke
et al. 2007; Peugh and Enders 2004). Multiple imputation is a recommended approach that
leads to accurate and reliable databases (see Lüdtke et al. 2007).

Methods for analyses

As we used similar questionnaires in different school subjects, we had to deal with measuring
invariance. Therefore, we checked for measurement invariance by utilizing the alignment
method (Asparouhov andMuthén 2014). First, we ran the free alignment model and afterwards
the fixed alignment model by using MPlus 8.3 (Muthén and Muthén 2019). The results
suggest invariance of means for all items, also almost all of the items showed similar loadings
between the three groups. Only one item from the subdimension absence of negative teacher
reaction (mathematics) and one from taking the error risk (English) differed significantly in the
loading. The average invariance index was .61. This index, with a possible range between zero
and one, is an average R2 across all parameters and may be interpreted as a hint whether the
means may be interpreted meaningfully across groups.

To analyze the factor structure of the error climate, confirmatory factor analyses were calculated
for each school subject separately. For each school subject, two separate models were estimated:
one with eight subdimensions and another that assumes an additional superordinate factor. We
utilize both models in order to be able to use the superordinate factor to have a combined measure
for the global error climate and the eight-factor model to be able to have a closer look at the single
aspects of the error climate. In all models, the analyzing option “type = complex” was utilized, in
order to take into account the nested data structure. Hereby a correction of standard errors was
conducted, which is indicated due to the fact that students are clustered in classrooms.

Multilevel regression models were again computed separately for each school subject. As a
dependent variable, one type of adaptive reaction following errors was entered and the error
climate—respectively the single subdimensions—of the same school subject served as pre-
dictors. The perceived error climate was included on the individual as well as the classroom
level, in order to be able to quantify effects on the second level. For these analyses, HLM 6.06
(Raudenbush et al. 2008) was utilized.
Model version 1:

Level 1 : Y ij ¼ β0 j þ β1 j �M FKLij þ rij
Level 2 : β0 j ¼ γ00 þ γ01 �M FKL j þ u0 j

β1 j ¼ γ10

Model version 2:

Level 1 : Y ij ¼ β0 j þ β1 j �M TOLij þ β2 j �M BIRij þ β3 j �M LUNij þ β4 j �M ALRij

þ β5 j �M ANAij þ β6 j �M AMRij þ β7 j �M RISij þ β8 j �M LFUij þ rij
Level 2 : β0 j ¼ γ00 þ γ01 �M FKL j þ u0 j

β1 j ¼ γ10; β2 j ¼ γ20;β3 j ¼ γ30;β4 j ¼ γ40;β5 j ¼ γ50;β6 j ¼ γ60; β7 j ¼ γ70; β8 j ¼ γ80

Student i in classroom j.
Dependent variable on level 1: Y = affective-motivational adaptivity in mathematics or

action adaptivity in mathematics.
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Predictors on level 1 (individual level, group-mean centered): M_FKL = error climate in
mathematics. M_TOL = error tolerance by the teacher. M_BIR =irrelevance of errors for
assessment. M_ALR = absence of negative teacher reactions. M_LUN = teacher support
following errors. M_ANA = analysis oferrors. M_AMR = absence of negative classmate
reactions. M_RIS = taking the error risk. M_LFU = functionality of errors for learning.

Predictors on level 2 (classroom level, grand-mean centered): M_FKL = error climate in
mathematics.

All remaining analyses were carried out with SPSS 23 (IBM Corp. 2015). For all analyses,
two versions were computed: one with the data on the individual level and the other time on
the classroom level (data was aggregated on the basis of membership of the same classroom).

Results

Descriptive statistics

Descriptive statistics as well as all internal consistencies and intraclass-correlations (ICC) are
displayed in Table 1. ICCs for the superordinate factor of the error climate ranged between .16
and .26, which indicates that a substantial part of the variance is located on the classroom level.

Structure of the error climate in the three school subjects

First, confirmatory factor analyses were performed by using the 31 items of the scale to assess
the error climate in order to scrutinize the assumed eight-factor model and the model with eight
factors and one superordinate factor. The models yielded acceptable and similar model fits in
all three school subjects (see Table 2). Loadings of the eight-factor model were—with one
exception—satisfactory (mathematics λ = .51–.91; German λ = .47–.89; English λ = .47–.95).
Correlations between the eight latent factors ranged from ρ = .08 to ρ = .62 for mathematics, ρ
= .12 and ρ = .71 for German, and ρ = .10 and ρ = .65 for English.

By adding the superordinate factor, the models became slightly worse (see Table 2). Factor
loadings for the models with a superordinate factor lay between λ = .31 and λ = .81 for
mathematics, λ = .31 and λ = .80 for German, and λ = .30 and λ = .79 for English.

Table 2 Results of confirmatory factor analyses of the error climate in the school subjects mathematics, German,
and English

Model df χ2 RMSEA CFI TLI

Model fit
Model 1: eight-factor model
Model 1a: Mathematics 406 1221.1* .05 .94 .93
Model 1b: German 406 1167.3* .05 .95 .94
Model 1c: English 406 1295.5* .05 .94 .93
Model 2: 8+1-model
Model 2a: Mathematics 426 1497.9* .05 .92 .91
Model 2b: German 426 1530.6* .05 .93 .92
Model 2c: English 426 1639.5* .06 .91 .91

Notes: N = 937 students in 48 classrooms

*p < .05
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As the model fits for the model that incorporates a superordinate factor can also be
evaluated as acceptable, the following analyses considered both the eight subdimensions as
well as the model with the superordinate factor. This offers the chance to show a holistic more
global view of the effects (by using the superordinate factor) and also be able to look at the
details (by using the subdimensions).

Differences between school subjects in the error climate

In the next step, means were used to address differences in the characteristics of error climates
between mathematics, German, and English (see Table 1). In order to compare the means of
the error climate, we first performed an ANOVA with repeated measures for the superordinate
factor, which was computed with individual data as well as with aggregated data. On both
levels, on the individual level (F(2,1872) = 24.09, p < 0.001, ηp2 = .03) and on the classroom
level (F(2,94) = 4.26, p < 0.05, ηp2 = .08), a significant effect—though not very large—was
yielded. In mathematics, the superordinate factor was significantly higher than in German and
English. The superordinate factor in German did not differ significantly from the one in
English.

In a subsequent step, we conducted a 3 × 8 MANOVA, in order to consider the single
subdimensions and detect possible differences between them. On the level of individual data, a
significant main effect of the school subject (F(2,1872) = 24.09, p < 0.001, ηp2 = .03), a huge
significant main effect of the error climate (F(7,6552) = 394.16, p < 0.001, ηp2 = .30), and a
significant interaction effect (F(14, 13104) = 74.91, p < 0.001, ηp2 = .07) emerged. A similar
pattern was revealed on the classroom level (main effect subject: F(2,94) = 4.26, p < 0.05, ηp2

= .08; main effect error climate: F(7,329) = 154.16, p < 0.001, ηp2 = .77; interaction effect:
F(14, 658) = 32.74, p < 0.001, ηp2 = .41). Differences were larger for subdimensions that are
related to teacher behavior and smaller for dimensions related to student behavior (absence of
negative classmate reactions and taking the error risk). All means on the individual level are
displayed in Table 1.

Interrelations of the error climate between the three subjects

For a further inspection of the interrelations of the error climate in the three subjects, bivariate
correlations were computed. Here we first used the superordinate factor of the three school
subjects. On the individual level, a correlation of r = .57 was found between mathematics and
German. Between mathematics and English, the correlation was r = .53 and between both
lingual school subjects r = .51. On the basis of aggregated data, the picture was quite similar:
The interrelation between mathematics and German was r = .69, between mathematics and
English r = .47, and between German and English r = .45.

On the level of the single subdimensions, correlations between mathematics and German
ranged from r = .43 to r = .65, for mathematics and English from r = .36 to r = .61, and for
German and English from r = .36 to r =.63.

Patterns of interrelations of error climate and individual dealing with errors

A multilevel regression model was utilized to analyze whether the interrelations of the error
climate vary between different school subjects. Both kinds of individual reactions following
errors served as dependent variables. The superordinate factor was inserted as a predictor on
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both levels. In the results, it could be shown that for all three school subjects, the relation
between error climate and affective-motivational adaptivity was stronger (β = .48; β = .52; β =
.55) (cf. Table 4) compared to action adaptivity (β = .43; β = .42; β = .45) (cf. Table 3). This is
also true for the results on the classroom level. The explained variance ranged from r2 = .30 to
r2 = .70 for the different models and different levels. The range was identical for both types of
individual reactions following errors.

In additional models, we incorporated all eight subdimensions of the error climate in order
to make their respective contributions more explicit. Here we found that more subdimensions
contribute to the explanation of affective-motivational adaptivity (cf. Table 4) compared to
action adaptivity (cf. Table 3). Furthermore, differences between the subscales were yielded.
For instance, analysis of errors was significant for all three school subjects for action
adaptivity. For affective-motivational adaptivity, the absence of negative teacher reactions
was significant in all school subjects.

Table 3 Multilevel analyses for the prediction of action adaptivity in the school subjects Mathematics, German,
and English

Predictors Mathematics German English

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Intercept − 0.02 (0.04) − 0.02 (0.04) − 0.02 (0.05) − 0.02 (0.05) − 0.01 (0.04) − 0.02 (0.04)
Error climate on an individual level
Superordinate factor
of the error climate

0.43*** (0.04) 0.42*** (0.03) 0.45*** (0.05)

Error climate on a classroom level
Superordinate factor
of the error climate

0.45*** (0.09) 0.45* (0.09) 0.45*** (0.10) 0.45*** (0.10) 0.35*** (0.08) 0.45*** (0.08)

Error climate on an individual level
Error tolerance
by the teacher

− 0.06* (0.03) − 0.07 (0.04) − 0.01 (0.04)

Irrelevance of errors
for assessment

0.02 (0.04) 0.00 (0.05) − 0.06 (0.04)

Teacher support
following errors

0.13** (0.05) 0.17*** (0.05) 0.10* (0.05)

Absence of negative
teacher reactions

0.08 (0.05) 0.00 (0.05) 0.05 (0.04)

Analysis of errors 0.17*** (0.04) 0.19*** (0.05) 0.33*** (0.05)
Absence of negative
classmate reactions

0.02 (0.03) 0.02 (0.04) 0.03 (0.04)

Taking the error risk 0.07* (0.03) − 0.05 (0.03) − 0.02 (0.03)
Functionality of errors
for learning

0.26*** (0.04) 0.33*** (0.04) 0.25*** (0.05)

R2
Individual level .39 .70 .39 .39 .70 .70

R2
Classroom level .30 .34 .30 .30 .34 .34

Notes: N = 937 students (individual level) from 48 classrooms (classroom level). Displayed are regression
coefficients β and corresponding standard errors (in brackets). All variables were z-standardized beforehand so
that coefficients may be interpreted like conventional standardized regression coefficients

*p < .05

366 G. Steuer et al.



Discussion

The overarching aim of the present paper was to scrutinize the error climate in three different
school subjects. Therefore, we initially analyzed whether the theoretical model of the error
climate with eight subdimensions and the model with eight subdimensions and an additional
superordinate factor can be applied. After safeguarding the appropriateness of the two
models—the one with eight subdimensions and the one with eight and an additional superor-
dinate factor—for all three addressed school subjects, the main objective was to investigate
differences and interrelations of the error climate between the school subjects. Finally, the
pattern of interrelations of the error climate with individual reactions following errors was
analyzed in order to be able to compare relations of error climate and individual dealing with
errors in the different school subjects.

Concerning the groundwork of this paper, confirmatory factor analyses could empirically
confirm the theoretically assumed structure with eight subdimensions (plus one superordinate
factor) for mathematics, German, and English. This had only been proven for mathematics so
far (cf. Steuer 2014; Steuer et al. 2013). The findings suggest that the subdimensions are quite

Table 4 Multilevel analyses for the prediction of affective-motivational adaptivity in the school subjects
mathematics, German, and English

Predictors Mathematics German English

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Intercept − 0.02 (0.04) − 0.01 (0.03) − 0.01 (0.03) − 0.01 (0.03) − 0.01 (0.04) − 0.01 (0.04)
Error climate on an individual level
Superordinate factor
of the error climate

0.48*** (0.04) 0.52*** (0.04) 0.55*** (0.04)

Error climate on a classroom level
Superordinate factor
of the error climate

0.53*** (0.08) 0.53*** (0.08) 0.53*** (0.08) 0.53***(0.10) 0.56*** (0.11) 0.56*** (0.11)

Error climate on an individual level
Error tolerance
by the teacher

0.06* (0.03) − 0.01 (0.04) 0.14*** (0.04)

Irrelevance of errors
for assessment

0.13** (0.04) 0.14*** (0.04) 0.09* (0.04)

Teacher support
following errors

0.08** (0.03) 0.25*** (0.05) 0.11** (0.04)

Absence of negative
teacher reactions

0.15*** (0.05) 0.06 (0.05) 0.09* (0.04)

Analysis of errors 0.09** (0.03) 0.00 (0.04) 0.06 (0.04)
Absence of negative
classmate
reactions

0.00 (0.04) 0.04 (0.04) 0.07 (0.05)

Taking the error risk 0.15*** (0.03) 0.13*** (0.04) 0.18*** (0.03)
Functionality of
errors for learning

0.07* (0.04) 0.17*** (0.04) 0.13*** (0.04)

R2
Individual level .32 .70 .39 .39 .70 .70

R2
Classroom level .61 .34 .30 .30 .34 .34

Notes: N = 937 students (individual level) from 48 classrooms (classroom level). Displayed are regression
coefficients β and corresponding standard errors (in brackets). All variables were z-standardized beforehand so
that coefficients may be interpreted like conventional standardized regression coefficients

*p < .05
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similarly relevant to other subjects and that all subdimensions are essential to describe the error
climate.

The results of the present study complement existing empirical evidence that already
showed quite similar means between different school subjects (cf. Spychiger et al. 1998;
DESI-Konsortium 2008). The mean differences that we found between mathematics and the
two lingual school subjects can be regarded as indicators for differences in the perception of
the error climate between school subjects. Overall, the effect of differences between school
subjects can be classified as rather small. The highest means were found for mathematics and
thus, its error climate was perceived as the most positive between the three school subjects
considered in this study. This is in line with the findings from Spychiger et al. (1998) but is still
remarkable in several respects: First, mathematics is related to negative emotions like fear or
boredom (e.g., Ashcraft 2002; Götz 2004). Since a positive error climate is negatively
interrelated with the experience of fear (cf. Kreutzmann et al. 2014), one could have presumed
that the perception of the error climate in mathematics is less positive. Second, errors often are
directly “visible” in mathematics so that one can react more quickly to them and feedback may
be given more often. Otherwise, it may be this very aspect that fosters the more positive
appraisal, insofar that in mathematics errors may be recognized and retraced by students
themselves and related explanations and feedback may be given in a very precise and concrete
manner.

Correlative analyses yielded medium-sized interrelations between the three subjects. These
interrelations may be interpreted as indicating that students perceive similarities in the error
climate between single school subjects. At the same time, they could indicate differences between
teachers, which are relevant, too. Hence, a proportion of shared variance may be supplied by a
shared school climate, the general principles of the school, or, in part, by the student-specific
proportion within the error climate. Although in general it is assumed that the error climate is
shaped predominantly by the teacher (e.g., Oser and Spychiger 2005; Steuer 2014), student
behavior also plays an important role. And, this behavior is not only determined by the teacher but
also by experiences in dealing with errors in other school subjects. Interestingly, the highest
correlation was found between mathematics and German and not—like one may expect—along
the linguistic dimension (for similar results see Tulis et al. 2017).

Still, one has to consider that the study design may also have influenced the results. As a
result of the fact that we consecutively asked the same students about different school subjects
within a joint survey (same source bias), it might be the case that the results rather underes-
timate than overestimate differences between the considered school subjects as assessments
might have blended. Therefore, the correlations may have been lower if a different study
design would have been chosen. This should also be kept in mind while interpreting the results
of the regression models discussed below.

The findings showing that interrelations of the error climate and individual dealing with
errors vary according to the outcome variables indicate that differentiating perceptions of the
error climate promote different kinds of reactions following errors in the learning process. In
concrete terms, interrelations between affective-motivational reactions following errors were
stronger—a finding that is not new (cf. Steuer et al. 2013). It implies that a positive error
climate is primarily more strongly connected to motivational and emotional aspects than to
cognitive and behavioral aspects. A process-oriented model would be favorable here. It may be
presumed that favorable motivational and emotional reactions following errors are needed as a
basis to initiate learning activities on a behavioral level (cf. Tulis et al. 2017). It is barely
conceivable that a student, who experiences strong fear after an error during the lesson and is
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therefore busy with emotional regulation and protection of self-worth, may show adaptive and
sensible learning activities since the cognitive resources are taken up elsewhere. The different
patterns of interrelations of error climate with both types of individual reactions following
errors were quite similar between the school subjects. On closer inspection of the models that
consider the single subdimensions, it was consistently depicted for all three school subjects
that the dimensions teacher support following errors, analysis of errors, and functionality of
errors for learning were predictive for action adaptivity. Thus, functionally dealing with errors
on the cognitive-behavioral level requires that the teachers foster a climate that regards errors
as possible learning opportunities, which, in turn, triggers communication about errors and
their causes. In addition, students need to receive support from the teacher in order to
overcome their misconceptions. For affective-motivational adaptivity, a somewhat more
heterogeneous pattern of results was apparent. Here too, three subdimensions were consis-
tently predictive for all three school subjects, yet the height of the coefficients varied
considerably more compared to action adaptivity. Secondly, there were some subdimensions
that only reached a significant level for one or two school subjects.

For instance, error tolerance by the teacher was only predictive for affective-motivational
adaptivity in mathematics and English but not in the school subject German. This may be due
to the fact that errors in mathematics may be clearer and therefore easier to recognize for
students and thus more salient. Thereby errors can be perceived as significant and potentially
more threatening. A higher error tolerance by the teacher seems to make a functional
contribution here. For the school subject of German, the findings indicate that errors should
be uncovered and defined more clearly. This may be achieved by naming, analyzing, and
discussing errors explicitly to help students understand the initial cause as well as an adequate
reaction on a cognitive-behavioral level. This is especially true, as errors occurring in first
language instruction tend to be less obvious as to more complex task requirements. Thus,
German teachers need to help reflect on errors by structuring them and guide students into
working independently with them. Overall, a set of several subdimensions for both kinds of
individual reactions following errors were yielded in the three school subjects. This in turn can
be regarded as a hint for mostly similar patterns of interrelations to similar constructs, which
hence can be seen as another indicator for the validity of the error climate construct.

Like all research, the present study also has some limitations, which should be addressed in
future research. In our study, we considered three school subjects; nevertheless, the majority of
school subjects still remains neglected. For instance, school subjects like art, where errors are
much more unclear compared to the school subjects we incorporated, have been ignored. Also,
for sports, where errors may directly lead to accidents and injuries, the transferability of the
construct of the error climate must be examined separately. Due to limited testing time, we had
to fall back on a multimatrix design, which may have had an impact on the precision of the
results. On a methodological level, it would have been desirable to utilize two-level factor
analyses, which could not be realized due to the sample size. Another limitation is that the data
comprises only self-reports from students. An option here would be to incorporate data from
teachers or from objective observers. It has already been shown that the perception of the error
climate differs strongly between students, teachers, and observers (cf. Steuer 2014). One may
suggest that the structure does not differ here either, only the extent of the appraisal (cf. Steuer
2014). Due to the design of the study, one may not concretely quantify from where the
discovered differences stem. As different teachers taught the different school subjects, differ-
ences may be teacher specific. In addition, the parallel item formulations may have led to a
methodological bias.
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Despite the aforementioned limitations, the results provide insights into students’ percep-
tion of the error climate in three different school subjects. The findings suggest that the error
climate is perceived quite similar in these three school subjects. Furthermore, the interrelations
with an individual dealing with errors showed similar results. This implies that fostering a
positive error climate may simulate an adaptive way of dealing with errors on the side of
students—no matter which subject. In addition, the results indicate that the measurement
instrument for the assessment of an error climate is also usable for the school subjects of
German and English and therefore may also serve as a basis for future research beyond
mathematics. The results may be particularly beneficial for the conception of interventions,
e.g., trainings that aim to develop constructive error climates. Our results suggest that the
identical factors are relevant to all of the three considered school subjects. This implies that
future trainings could include mixed groups of teachers, who teach different school subjects,
which in turn may be handy especially for in-house trainings in single schools—a positive
error climate seems to be favorable for individual dealing with errors no matter which school
subject. Furthermore, for students to adaptively handle errors, it needs a teacher’s support,
communication, and imparting that errors are learning opportunities. Thus, establishing a
fruitful error climate in the classroom is worth the effort.
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