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Abstract

Emotions play an essential role in educational processes. Previous research has
mainly dealt with achievement emotions which are experienced in specific situations
such as exams or learning situations in mathematics (e.g. enjoyment or anxiety).
Some achievement emotions are rather experienced in social contexts in mathemat-
ics and are closely related to the self. These emotions such as shame are assumed to
be also relevant for mathematics achievement. However, a reliable and valid instru-
ment is missing to measure shame in mathematics. Validity evidence for the newly
developed Shame in Mathematics Questionnaire (SHAME-Q) was collected in three
studies with pre-service primary teachers. Study 1 investigated the content valid-
ity by conducting a systematic expert panel study. Study 2 and study 3 examined
with two different samples the factorial structure and relations to other constructs
in terms of discriminant (enjoyment) and convergent (anxiety) validity as well as
to pre-service teachers’ grade in school mathematics, their intention to teach math-
ematics at school, and gender. The data supported strongly the validity assumptions
as well as reliability and parsimony of the instrument. Psychometric limitations of
SHAME-Q and applicability of the questionnaire are discussed.
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Introduction

Emotions play an essential role in educational settings (e.g. Laine et al., 2020; Mar-
tinez-Sierra et al., 2019). This applies particularly to so-called achievement emo-
tions, such as shame, which develop in the context of learning processes and affect
one’s achievement in general and in specific domains, for instance in mathematics
(Pekrun & Perry, 2014). In educational research, emotions are conceptualized as a
dimension of affect besides others, such as beliefs or attitudes (e.g. Hannula, 2019).
They are understood as also consisting of cognitive, physiological, and motivational
components (Pekrun et al., 2011). These components are revealed in emotional
expressions (e.g. observable behavior, facial expressions) (see Scherer (2009) for
details).

In addition, emotions can be described along different categories: According to
Steyer et al. (1999) and Hannula (2012), each emotion can be conceptualized either
as a stable disposition, which means independent of a specific situation (trait), or
as an immediate reaction within a specific situation (state). Furthermore, emotions
can be experienced as pleasant (positive valence; e.g. enjoyment) or as unpleasant
(negative valence; e.g. anxiety or shame) and as activating or deactivating' (Feld-
man Barrett & Russell, 1998). The taxonomy of achievement emotions of Pekrun
et al. (2018) also differentiates between emotions that are experienced prospectively
(e.g. anxiety), during (e.g. enjoyment), or retrospectively (e.g. shame) to an achieve-
ment situation.

Furthermore, Lewis (2003) conceptualized so-called self-conscious emotions
(e.g. pride or shame). In contrast to basic emotions such as enjoyment or anxiety,
these are by definition closely related to representations of oneself and are linked to
higher degrees of self-awareness. Also, they provide emotional information for an
individual about the perceived overlap of their real self and ideal self. Self-conscious
emotions are also referred to as social emotions, since the self develops in social
contexts, for example, through social comparisons or social feedback (Lewis et al.,
1989). In this respect, Tangney (1999, p. 543) states: “The self-conscious emotions
are not only intimately connected to the self. They are also intimately connected to
our relationships with others.” Thus, self-conscious emotions can be understood as
psychosocial constructs.

Studies revealed that prospective teachers’ emotions affect the decision about
their career choice (Scott, 2005), their learning trajectory during teacher education
(Cooke, 2015; JenBen et al., 2021), and the emotions they experience when they
are teaching later at school (Eren, 2014; Marban et al., 2020; Peker & Ertekin,
2011). However, it must be noted that research on pre-service teachers’ emotions
so far almost exclusively has included emotions such as enjoyment or anxiety. Self-
conscious emotions, especially shame, are only rarely considered which means that
previous research has not sufficiently covered the self-reference and social context of

! The term activating means that the experience of this emotion leads immediately to a specific behavior
(e.g. avoidance, aggression) and is accompanied by activating physiological processes such as tense mus-
culature.

@ Springer



Measuring Pre-service Primary Teachers’ Shame in Mathematics—...

pre-service teachers’ emotional experiences. Pre-service teachers tend to compare
themselves with fellow students, particularly when presenting their achievements in
front of a large plenum, for example, during presentations or lectures in seminars.
These situations highly trigger social or self-conscious emotions. Only examining
emotions such as enjoyment and anxiety would neglect the aforementioned dynam-
ics to a large extent. In addition, emotions are assumed to form pre-service teachers’
identity (Hodgen & Askew, 2007; Lutovac & Kaasila, 2018; Zembylas, 2003). That
is, self-conscious emotions influence the development of an individual’s identity
enormously as they provide emotional information about one’s behavior and experi-
ences in social contexts (Lewis, 2003).

An explanation for the limited body of research regarding pre-service teachers’
self-conscious emotions might be the lack of valid and reliable assessments needed
for quantitative studies. The Teacher Emotions Scales assess only enjoyment, anger,
and anxiety but not shame, and are limited to in-service teachers and not transfer-
rable to pre-service teachers (Frenzel et al., 2016). Another option to assess emo-
tions in achievement situations in general is the Achievement Emotion Question-
naire (AEQ) (Pekrun et al., 2011) that includes a shame subscale. However, studies
revealed that achievement emotions are domain-specific with regard to frequency
and intensity (Goetz et al., 2006). An adapted version of the AEQ to mathematics
(AEQ-M; Pekrun et al., 2005) exists, but is restricted to students’ achievement emo-
tions at school. Thus, the AEQ-M items specifically address the significance of the
classroom teacher or other school-specific situations for experiencing shame, which
limits the application of the AEQ-M beyond school, for example, to pre-service
teachers.

To sum up, shame seems to be an important emotion when investigating pre-ser-
vice primary teachers’ competence and identity development, but assessments cov-
ering pre-service primary teachers’ shame in mathematics are not available. Conse-
quently, a valid and reliable questionnaire assessing pre-service teachers’ shame in
mathematics would fill this gap.

Conceptual Framework of Shame in Achievement Situations

According to the taxonomy of achievement emotions, shame is classified as an
unpleasant and activating achievement emotion that appears retrospectively to an
achievement situation (Pekrun et al., 2018). Frequency and intensity of shame might
differ across cultures, but shame experiences have been reported across all cultures
(Bierbrauer, 1992; Sznycer et al., 2016).

The affective component of shame can be described by feelings of embar-
rassment, insufficiency, and humiliation (Oades-Sese et al., 2014). The feeling
of shame typically includes global self-judgments (Lewis, 2003) such as “I'm a
total loser in mathematics” (cognitive component). Such self-referential cogni-
tions are mostly concerned with the discrepancy between one’s real self and the
ideal self in a domain (Lewis, 2003). The physiological component of shame is
experienced as tense and can trigger blushing (Velotti et al., 2017). The motiva-
tional component of shame appears as avoiding situations that may cause shame
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(Schmader & Lickel, 2006) or as overcompensating subjectively perceived
shortcomings (e.g. perfectionism, aggression) (Tangney et al., 1992).

In contrast to basic emotions such as enjoyment and anxiety, shame can—
similar to pride—be understood as a social emotion (Oades-Sese et al., 2014).
This means that shame can only be experienced in a social context (the social
context can also be imaginary) and occurs especially at high social exposure
(Smith et al., 2002). Social comparisons can therefore be regarded as the motor
of shame. The ability to experience shame is not innate but shaped by psychoso-
cial processes and develops over the life span (Orth et al., 2010).

Shame can also be contrasted to other emotions such as anxiety and enjoy-
ment, as shame is experienced only retrospectively to achievement situations,
while anxiety is experienced prospectively and enjoyment prospectively, dur-
ing, and retrospectively to such situations. The self in the context of others (e.g.
avoiding others or the tendency to become invisible, social upward comparisons)
is neither a characteristic of anxiety or enjoyment but of shame (Lewis, 2003).
Nevertheless, as anxiety and shame are defined as unpleasant and activating
emotions, there is a conceptual overlap which should be visible in strong posi-
tive correlations. In contrast, enjoyment is a pleasant activating emotion which
should be visible in a strong negative correlation to shame. Anxiety and enjoy-
ment can therefore be used to validate shame measurements.

According to the control-value theory of emotions in achievement situations
(Pekrun & Perry, 2014), shame is experienced when controllability of the learn-
ing process is subjectively perceived as low (de Hooge et al., 2018), for exam-
ple, because of a lack of knowledge. The value of a situation is perceived as
negative because the person failed at a specific task while the specific domain,
for example, mathematics, is highly valued.

Extending the perspective of control-value theory by integrating attribution
theory (Weiner & Kukla, 1970), it becomes clear that the individual’s failure
is closely linked to their lack of ability (Russell & McAuley, 1986; Tracy &
Robins, 2006). Studies revealed that shame is especially experienced when an
individual has failed at easy tasks, because the individual attributes this to their
subjective shortcomings (Lewis et al., 1992). Regarding attributing failure, gen-
der-specific effects were found already during childhood (Dickhéduser & Meyer,
2006). Girls attribute failure related to an easy task more often to themselves
than boys and thus experience shame more often (Lewis et al., 1992). Overall,
research findings underline that females report shame more often than males
(Benetti-Mcquoid & Bursik, 2005).

Both theories, control-value theory and attribution theory, provide evidence
for that shame is closely related to the knowledge and achievement of a person
(Bibby, 1999; Tangney, 1992; Thompson et al., 2004). On average, low achiev-
ers report more shame. Pekrun et al. (2011), for example, revealed a negative
moderate correlation between undergraduate students’ shame and their general
grade point average at university.
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Shame in Mathematics

Although shame can be experienced in all subjects (e.g. physical education:
Ryall, 2019), mathematics shows domain-specific features that are associated
with the experience of shame (Amidon et al., 2020; Bibby, 2002). First, com-
monly shared beliefs such as “Mathematics represents my general intelligence”
may lead to experiences of shame. According to Goldin (2014, p. 295), “such
beliefs, reflected in educational practice in many countries, may affect self-expec-
tations and the expectations of others, influencing in turn success or failure emo-
tions.” Second, misunderstanding central concepts has long-term consequences
for one’s experience of competence due to the hierarchical nature of the math-
ematics curriculum (Goldin, 2014). Third, in the “traditional” mathematics class-
room, teachers frequently evaluate student solutions in a right-or-wrong manner
(Goldin, 2014), which implies that there is only success or failure for the stu-
dents. This practice leads automatically to frequent shame experiences. After fail-
ure in a mathematics test, the individual might tend to attribute this to a lack of
their own global ability in mathematics, which could be the starting point for a
vicious cycle in the experience of shame (Heyd-Metzuyanim, 2015).

Instructional settings such as competitive games or social exposure in front of
the class at the blackboard might also occur more frequently in the mathematics
classroom than in other subjects, and might be associated with shameful experi-
ences (Bibby, 2002). At the same time, mathematics is given high relevance for
success on the labor market and in society as it is regarded as a decisive cultural
asset (Goldin, 2014). The knowledgeable use of mathematics is sometimes even
called a twenty-first century skill (ibid.). Such a positive overall evaluation of
the relevance of mathematics in addition to a negative situation such as failing
with mathematical tasks reinforces shame experiences. In line with the general
state of research mentioned above, shame is experienced more often when indi-
viduals rate their own mathematics achievement as lower compared to other stu-
dents (Holm et al., 2020b), or by students who receive special education support
in mathematics being in classes with students who do not need such special help
(Holm et al., 2020a).

Shame of Pre-service Primary Teachers

Primary teacher education focuses in many countries on training generalists who
are supposed to teach a broad range of subjects later at primary school, includ-
ing mathematics. The training as generalists means that only rarely extended
opportunities to learn mathematics are offered (Cooke et al., 2019). Conse-
quently, pre-service primary teachers’ knowledge of mathematics is often low and
the potential for shame might be therefore high (Bibby, 2002). Studies revealed
in addition that pedagogical motives are more crucial for choosing a career as
a primary school teacher than subject-specific interests (Blomeke et al., 2012).
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Mathematical knowledge gained at school is therefore probably not very pro-
nounced, either (ibid.).

Pre-service primary teachers experienced shame already throughout their edu-
cational history at school, especially in mathematics (JenBen et al., 2022). They
report to a large extent shame-inducing school situations (ibid.). In this sense,
shame can potentially be regarded as a constituent component of a primary school
mathematics teacher’s identity when they enter teacher education (Lutovac, 2020;
Panagi, 2013). JenBen (2021) revealed that pre-service primary teachers’ shame
in mathematics develops through upward comparisons and is associated with low
mathematics achievement and a low ability self-concept in mathematics and is
more often reported by females than males.

Development of the Shame in Mathematics Questionnaire

Although studies and theoretical assumptions support the relevance of shame in
mathematics for pre-service primary teachers, there is no reliable and valid instru-
ment for a standardized assessment of this population. Existing instruments are
restricted to measure students’ achievement emotions including shame at school and
specifically address the role of their teachers or other school-specific situations for
experiencing shame, which limits the application to other populations (Pekrun et al.,
2011).

Our aim was therefore to develop a time-efficient, parsimonious, and functional
self-report questionnaire, measuring pre-service primary teachers’ shame in math-
ematics according to the trait concept (Hannula, 2012; Steyer et al., 1999) across
different situations (Bieg et al., 2013) and based on the control-value theory of
achievement emotions (Pekrun & Perry, 2014). The Shame in Mathematics Ques-
tionnaire (SHAME-Q) was intended to capture the construct with a reasonable num-
ber of items to limit the response burden and reduce response bias due to fatigue or
boredom in the context of empirical studies where such a scale typically would be
included as one measure among many (DeVellis, 2012).

In line with the conceptual framework documented above, the items were sup-
posed to reflect shame in mathematics as a unidimensional construct but never-
theless in its full breadth by covering the affective, cognitive, physiological, and
motivational components as well as the importance of the self and others for experi-
encing shame. These components were therefore used as a heuristic for the develop-
ment of the questionnaire without aiming at measuring them as distinct sub-dimen-
sions at this moment. The latter would require several items for each sub-dimension
resulting in a very long questionnaire.

The development of the questionnaire contained two phases: the item construction
phase and the pilot study. An item pool including 24 items was constructed (in Ger-
man), which covered characteristics of the construct description. We ensured face
validity of the items during the construction phase as the term shame (or ashamed)
was directly addressed in the wording of each item. According to Holden and Jack-
son (1979), this is an established strategy to enhance item validity. This strategy
is also used in assessments which measure shame in other domains, for example,
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clinical settings (Garcia et al., 2017). It relies on the fact that a shared understanding
of this term exists and enhances item clarity (Garcia et al., 2017). Furthermore, this
ensures that the source of an unpleasant emotion is correctly addressed to shame but
not to other emotions such as anxiety, for example (see McCord, 2021, for a similar
approach).

Pre-service primary teachers were asked to provide feedback and comments on
the different items using think-aloud techniques (Padilla & Leighton, 2017). In addi-
tion, they worked on the questionnaire (pre-testing), so that data on the practicability
concerning comprehension and implementation of the items could be collected. On
the basis of this information, confusing items have been eliminated from the item
pool if the covered characteristic was assessed by another item. Otherwise, confus-
ing items were revised with regard to wording or structure of the sentence.

After having revised the questionnaire, 15 items were piloted with n = 135 pre-
service primary school teachers. Based on statistical parameters from classical test
theory (e.g. item-inter-correlations, mean values of items, reliability) and theoretical
considerations (in particular coverage of the different shame components), a system-
atic item reduction process was carried out. Finally, six items were identified that
met common psychometric criteria (DeVellis, 2012) and ensured sufficient construct
coverage.

Validating the Shame in Mathematics Questionnaire

The purpose of the present study is to provide evidence for the validity of the infer-
ences that would be derived from the SHAME-Q score. The understanding of valid-
ity has changed over time and is now known as “an integrated evaluative judgement
of the degree to which empirical evidence and theoretical rationales support the
adequacy and appropriateness of interpretations and actions based on test scores”
(Messick, 1992, p. 1487). Following the approach by Kane (2013), a conclusive
statement regarding the validity of an assessment is based on different validity argu-
ments related to several categories of evidence: content, response processes, facto-
rial structure, relations to other variables, and consequences (AERA et al., 2014).
The category relations to other variables includes strong positive relations with sim-
ilar constructs (convergent validity), negative or no relations with constructs which
strongly differ (discriminant validity), and relations to constructs in a nomological
net. The latter one is often referred to by the term criterion validity (McCoach et al.,
2013). Synthesizing the different validation approaches provides information on the
quality of an assessment (Kane, 2013).

In this paper, we provide validity arguments with respect to content, factorial
structure, and relations to other variables. Validity argument 1 stresses the content
representation of SHAME-Q regarding the construct shame in mathematics (study
1). Validity argument 2 refers to the factorial structure of SHAME-Q representing a
unidimensional understanding of shame in mathematics (study 2). Validity argument
3 refers to convergent and discriminant validity by providing evidence that shame
in mathematics is positively related to another unpleasant achievement emotion but
still can be differentiated from this one, namely mathematics anxiety, and that it
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is negatively related to enjoyment in mathematics as a pleasant achievement emo-
tion (study 2). Validity argument 4 follows the assumption of shame in mathemat-
ics being related negatively to achievement in mathematics and being an activating
emotion as it leads to an avoidance tendency concerning mathematics; furthermore,
we expect that female pre-service teachers report more shame in mathematics than
male teachers (study 3). With respect to the objective of the questionnaire, the
validation procedure was performed with different samples of pre-service primary
teachers.

Study 1: Validation with Regard to Content of SHAME-Q

Content validity refers to the fit of items and construct, and is usually ensured by
expert panels. According to validity theory (Kane, 2013), test content can be under-
or overrepresented which would harm the construct validity of an assessment. In
contrast to other facets of validity, content validity cannot be directly estimated but
evaluated through systematic expert panels (Popham, 1993). With our first study,
we examine the following research question: Do the items adequately represent the
construct shame in mathematics?

Participants

Five experts from both academia and the practice field were invited to evaluate the
content representation of the items. The academic experts were all engaged in ped-
agogical-psychological research on emotions. Psychotherapists who also worked as
supervisors of pre-service psychotherapists were chosen as practitioners because
they deal extensively with the phenomenon of shame in their daily work. The exper-
tise of the latter respondents is indicated by their professional experience: On aver-
age, the psychotherapists had been working in the profession for M = 13 years (SD
= 6.2). The expertise of the academics is indicated by the number of publications
related to emotions (M = 21.2, SD = 20.2) and shame in particular (M = 9.3, SD =
8.3). Both practitioners and academics stated that they had conducted seminars or
workshops on the topic of shame.

Assessment and Analysis

Content validity of SHAME-Q was evaluated by an expert panel in a standardized
way (JenBen et al., 2015). A construct definition was given to the experts, which
included all relevant information given in the description above (e.g. the four com-
ponents of shame in the “Conceptual Framework of Shame in Achievement Situa-
tions” section). The experts rated the six items regarding the prompt “Does the con-
tent of the item represent the construct shame in mathematics?” on a 4-point scale
(1=totally no, 2=rather no, 3=rather yes, 4=totally yes). The experts were encour-
aged to rate each item as a whole.
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We analyzed the data by calculating the content validity index (CVI) on item
level (I-CVI) as well as on scale level (S-CVI). According to Polit and Beck (2006),
ratings of 3 or 4 on our 4-point scale indicate construct-relevant items and are coded
as 1 while ratings of 1 or 2 indicate non-relevant items and are coded as 0. The
I-CVTI is calculated by the number of experts who rated the items as relevant divided
by the number of all experts who took part in the rating (Polit & Beck, 2006; Yusoff,
2019). The calculation of the S-CVI is based on the I-CVI and represents the aver-
age of I-CVI scores across all items of the scale (Yusoff, 2019). Values lower than
CVI = 1.00—meaning that one of the experts coded one of the items as not relevant
for measuring the construct—are not regarded as acceptable according to Yusoff
(2019). Additionally, the experts judged whether the six items together were an ade-
quate construct representation on a continuous scale from 0 to 100%.

Results

The results of the expert panel are presented in Table 1. No expert provided an esti-
mate lower than 3 (= rather yes), so [-CVI = 1.00 in all cases was indicating rel-
evance of each item. Consequently, the CVI on scale level was S-CVI = 1.00 and
indicated a good representation of the construct shame in mathematics as captured
by each of the six items. The experts stated that the six items together represented
the construct to 90% (Min = 80%, Max = 100%). According to the experts’ com-
ments, an aspect that was not sufficiently represented (i.e. construct under-represen-
tation) was the physiological symptom of blushing.

Study 2: Factorial, Discriminant, and Convergent Validity of SHAME-Q

In study 2, we analyzed further validity criteria of SHAME-Q. First, we examined
the factorial structure. The research question was: Does the questionnaire provide
scores that represent shame as a one-dimensional construct? Despite consider-
ing different components of shame, it was conceptualized as one latent trait which
should be reflected empirically in a one-factorial structure.

Second, regarding discriminant and convergent relations, the research question
was: Does the SHAME-Q score show theoretically assumed relations to other vari-
ables, derived from a nomological network? Relations to enjoyment in mathematics
(discriminant) and mathematics anxiety (convergent) as two other achievement emo-
tions were examined. Enjoyment is perceived as pleasant in contrast to shame (Feld-
man Barrett & Russell, 1998). Thus, we hypothesized a negative relation between
enjoyment and shame.

In contrast, anxiety and shame are experienced both as unpleasant and activating.
However, anxiety is directed prospectively towards the outcome, but shame tends to
appear retrospectively after an achievement outcome (Pekrun et al., 2018). Never-
theless, shame of failure can grow into anxiety of failure (McGregor & Elliot, 2005),
and one can also be ashamed of the perceived anxiety during achievement activi-
ties. Consequently, shame in mathematics should be strongly positively related to

@ Springer



L.JenBen et al.

(LT0T ‘uoISSIuIwo) 597, [EUOTJEUIAU]) UOTISSTUWIWO)) 1S3,

Jeuoneuraiuy ayj Jo mvﬂﬁvﬁﬂﬁw ) 0) wﬁ:ﬁhooom mu@vﬂﬁvgm SATJEU HEQUCDQOGEM om) %D Ew:mﬂm Ojul UBWIdL) WOIJ pAje[sueI) 9IoM SWIL Y], "Xapul %ﬁﬁ:m\/ Juajuod WAl rN\wyU.N

00T =IAD1¥ = XeN ‘€ = Ul

(85°0=3S) 0SS =W “[yews ut yse) ASed ue SUIOp IIYM OeISTUW B YW | USYM PIWEYSE WE | 9s
00'T =IADT ¥ =XeIN ¥ = WIN
000=as) 00t =m "Jew Ul SANI[Iqe AW JO PAWEYSE WE | 9SNeIq ‘SIAYI0 JO JUOIJ UT SYSB) [JBW SUTOpP PIOAE | Gs
00T =1AD1¥ = XeN ‘€ = UIN
©0s0=as)sLs=m *9q 03 SYI P[NOM [ SB YJBW UI POOT SE J0U We | JBy) PIWRYSE We | s
00’1 =1AD1¥ = XeN ‘v = UIN
©00=as) 00y =wW ‘pIWRYSE WE | SN J[QISTAUI AWOI3q 0} ISOW AYI[ P[NOM | ‘Yyeur ur duewriofrad Awr 938 SISYI0 UIYA I
00'T =1AD1¥ = XeN ‘€ = UIN
€CS0=qas) 09c =W ‘dweys 9ouarIadxa 1 sysel yrew Sutop oIy s
00'T =IAD 1Y = XeN ‘€ = UIN ‘senIqe
(SP'0=qs) 08'C =/ [ednewayiew AW JO PAWEYSE WE | 9SNLBI2q 9SUI) WE | ‘SIAYIO JO JUOIJ UT Suryjowos aje[nofes o) pasoddns we | uaypy Is
Suney wayf ‘ON

wo)l yoeo Jo s3uper syedxg | ajqel

pringer

As



Measuring Pre-service Primary Teachers’ Shame in Mathematics—...

mathematics anxiety, but both should nevertheless differ sufficiently from each other.
To examine whether SHAME-Q delivers test scores that can be distinguished from
mathematics anxiety test scores, we tested a “one-emotion-factor model” against a
model separating both emotions (see Ganley et al., 2019; Pekrun et al., 2011).

Participants

This validation study involved n = 397 pre-service primary school teachers from
Germany. The average age of the participants was M = 27.6 years (SD = 8.30, Min
= 17, Max = 53). The gender ratio was as expected (75% female, 25% male). The
majority of students (69%) was in the first half of their bachelor’s degree which is
the first step in a teacher education program in Germany. About 14% were in the
second half of the bachelor’s program, and 17% were in the master’s program which
is the second step of teacher education. Mathematics was only to a limited extent
part of the program as the pre-service teachers were trained as generalists which
means that they studied mathematics besides several other subjects (e.g. German,
social sciences, and general pedagogy). The participants received no incentives for
participating in the study. At any time, they were given the chance to terminate their
participation.

Assessments

The six items of SHAME-Q had to be rated on a 5-point Likert scale from 0 (= does
not apply at all) to 4 (= fully applies). Psychometric properties of this scale and the
following scales are presented in the results section.

In order to measure mathematics anxiety in an economic and valid way, a scale
included in the Programme for International Student Assessment Lee (2009) was
used (Lee, 2009). The scale measures the anxiety of learners in mathematics on a
4-point scale and has been also applied to mathematics pre-service teachers (Jenfen
et al., 2021). The four items (e.g. “I get very nervous doing mathematics problems”)
are to be rated from 0 (= totally disagree) to 3 (= totally agree).

Enjoyment of mathematics was measured by a scale used in large-scale assess-
ments of pre-service primary school teachers’ knowledge (Tatto et al., 2012). The
scale has been validated in terms of its factorial structure and relationships to other
variables and consists of three items (e.g. “I enjoy working on mathematical tasks.”).
The items had also to be evaluated on a 4-point scale ranging from 0 (= totally disa-
gree) to 3 (= totally agree).

Data Analyses

To investigate the factorial structure of SHAME-Q, dimensional analyses were
carried out. First, an exploratory factor analysis was applied to check the dimen-
sionality of the scale based on the data (e.g. Yang et al., 2021). A principal axis
factor analysis was conducted on the six items with orthogonal rotation (varimax).
The Kaiser-Meyer-Olkin measure was used to verify the sampling adequacy for the
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Table 2 Standardized factor

) Item no. Standardized
loadings factor loading
sl .81
s2 77
s3 .84
s4 a7
s5 .87
s6 .60

si, ith indicator of the SHAME-Q scale

Table 3 Raw scores of study 2

Shame Anxiety Enjoyment
Number of items (response 6 (from 0 to 4) 4 (from O to 3) 4 (from 0 to 3)
range per item)
M (SD) 6.66 (4.96) 5.07 (2.63) 7.28 (2.67)
Min; Max 0; 24 0; 12 0; 12

analysis and Kaiser’s criterion was used with respect to the eigenvalue. The variance
explained and factor loadings were inspected as well.

In a second step, our hypothesis of a one-factorial structure was further validated
by means of a confirmatory factor analysis (CFA) where all factor loadings were
estimated freely. The combination of exploratory and confirmatory factor analyses
reflects a common procedure to cross-validate the findings regarding dimensionality
(e.g. Hemi & Maor, 2020; Yin, 2012).

Common criteria were used to evaluate the model fit. We decided to accept
RMSEA values <.08 (Schermelleh-Engel et al., 2003) due to small degrees of
freedom (Kenny et al., 2015). Reliability of the scale was estimated by calculat-
ing McDonald’s omega (). The hypothesized relationships to other variables were
tested using structural equation modeling (SEM). We applied a robust maximum
likelihood estimator (MLR) to ensure an adequate estimation of the standard errors
due to non-normal distributions of the indicators (Rhemtulla et al., 2012). Explora-
tory factor analysis (EFA) was performed by using SPSS 25.0 IBM Corp., 2017),
and CFA and SEM were performed by using the software Mplus 8 (Muthén &
Muthén, 2017).

Results with Regard to Factorial Structure

The Kaiser-Meyer-Olkin measure supported the sampling adequacy for an EFA,
KMO = 0.90. Only one factor could be extracted. The factor had an eigenvalue
above Kaiser’s criterion of 1 (4.02) and explained 67.07% of the variance. All factor
loadings were substantial (> .60). In a second step, a CFA confirmed the factorial
structure. Standardized factor loadings of each indicator are given in Table 2. All

@ Springer



Measuring Pre-service Primary Teachers’ Shame in Mathematics—...

loadings were above acceptable thresholds. The model fitted the data well (}*(9) =
27.076, p = .0014, RMSEA = .07 [.04;.10], CFI = .99, SRMR = .02). Reliability of
the scale was very good (McDonald’s @ = .90) and did not increase if any item was
deleted.

Results with Regard to Discriminant and Convergent Relations

The descriptive results of the variables used are given in Table 3. In the sample,
shame has been experienced at a low level on average. The distribution parameters
indicate a left-sided distribution (Mo = 6.00, Md = 6.00, M = 6.67, SD = 4.96).
About 17% of the participants revealed shame in mathematics above the theoreti-
cally expected scale mean of M = 12, indicating a neutral shame experience.

The model for enjoyment had a very good fit to the data (y*(2) = 5.719, p = .057,
RMSEA = .06 [.00; .14], CFI = .99, SRMR = .01). The reliability in the sample was
also very good (McDonald’s @ = .91). The model for anxiety showed a good model
fit (*(2) = 9.26, p = .01, RMSEA = .08 [.04; .16], CFI = .99, SRMR = .02). The
reliability was good (McDonald’s w= .83). The full model with integrating shame
also showed an acceptable model fit ( )(2(74) = 153.61, p < .001, RMSEA = .05
[.04; .06], CFI = .97, SRMR=.04).

Enjoyment revealed negative correlations with both shame (r = —.55) and anxiety
(r = —.54), in line with theory. Shame and anxiety correlated with r = .79, which
indicated a strong positive correlation. This relationship was also in line with theo-
retically based assumptions.

In light of the strength of the correlation between shame and anxiety, we vali-
dated our assumption that both constructs are empirically distinguishable. First,
we modeled anxiety items and shame items as indicators of one latent dimension
(unpleasant emotion, “one-emotion-factor model”; see Pekrun et al., 2011). Second,
we modeled shame items and anxiety items as indicators representing two distinct
factors that are related to each other. The fit of the second model ( )(2(34) = 87.932,
p < .001, RMSEA = .06 [.04; .08], CFI = .97, SRMR = .03) was better than the fit
of the first model (¥*(35) = 195.655, p < .001, RMSEA = .10 [.09; .12], CFI = .90,
SRMR = .06). The lower AIC and BIC of the second model (AIC: 8450.80, BIC:
8574.23) compared to the first model (AIC: 8588.42, BIC: 8707.86) also indicated
the better fit of the model with distinct factors of anxiety and shame.

Study 3: Criterion Validity of SHAME-Q

In study 3, empirical relations of SHAME-Q to three variables derived from a nomo-
logical net were examined, namely to pre-service primary teachers’ self-reported
achievement (last grade in mathematics at school), their intention to teach mathe-
matics later at school, and their gender. Based on expectancy-value theory (Eccles,
2005) and control-value theory (Pekrun & Perry, 2014), a complex mediation model
was developed that included the intention to teach mathematics as the criterion,
predicted by achievement and shame, again predicted by gender. With regard to
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expectancy-value theory (Eccles, 2005), emotions, achievement, and gender are rel-
evant factors influencing career choices. Shame is an activating unpleasant achieve-
ment emotion, leading to a high avoidance tendency in other contexts (Schmader
& Lickel, 2006). Therefore, we hypothesized that pre-service teachers with higher
levels of shame are more likely to decide against teaching mathematics at school.

Besides emotions, achievement is also assumed to affect career choices by the
expectancy-value theory (Eccles, 2005). According to control-value theory (Pekrun
& Perry, 2014), the correlation between achievement (grades) and shame should be
positive (as higher grades represent lower achievement in Germany) and of mod-
erate size. This assumption is in line with findings from studies on shame with
students at school where low achievers reported higher levels of shame than high
achievers (Pekrun et al., 2011).

Finally, based on the expectancy-value theory (Eccles, 2005), gender is assumed
to affect career choices, mediated by achievement and emotions (Eccles, 2005). As
many studies revealed that females report higher levels of shame than males (e.g.
Benetti-Mcquoid & Bursik, 2005), we included gender as a predictor of shame and
hypothesized that the regressive relation between shame and gender indicates that
female pre-service primary teachers report higher levels of shame in mathematics
than male ones. Since evidence in addition points to lower mathematics achievement
of females, we included gender as a predictor of self-reported school grades as well
(Guo et al., 2015). Moreover, in accordance with expectancy-value theory (Eccles,
2005), we also tested whether gender had a direct effect on the intention to teach
beyond a potential mediation effect (Guo et al., 2015; Watt et al., 2012).

Participants

The third validation study was conducted with a new sample comprising n = 198
pre-service primary school teachers from Germany. All participants were at the
beginning of the first bachelor semester of their studies as prospective primary
school teachers at university. The majority of the participants were female (77%).
The average age of the participants was M = 25.86 years (SD = 8.31) with a mini-
mum of 17 years and a maximum of 53 years. The participants received no incen-
tives for participating in the study. At any time, they were given the opportunity to
terminate their participation.

Assessments

To assess participants’ shame in mathematics, the SHAME-Q was used. Participants
reported their last grade in mathematics at high school, ranging from 1 (= best) to
6 (= worst). The intention to later teach mathematics as a primary teacher in school
was assessed with a single item to be rated on a 4-point scale ranging from 0 (= not
at all) to 3 (= in any case) by the participants. Gender was assessed as dichotomous
variable via self-report (male/female).
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Table 4 Raw scores of study 3

Shame Last grade in Intention to teach
mathematics at mathematics later at
school school

M (SD) 6.74 (4.94) 2.47(1.03) 2.12 (0.91)
Min; Max 0; 23 1;5 0;3

Data Analysis

We applied SEM to test the hypothesized relationships. Shame in mathematics was
included as a latent variable while gender, the last grade in mathematics, and the
intention to teach mathematics at school were included as manifest variables. Com-
mon fit indices as mentioned earlier were used to evaluate the model fit. We also
applied MLR due to the non-normal distributions of the indicators and the small
sample size. All analyses were done with Mplus 8 (Muthén & Muthén, 2017).

Results

The model for shame in mathematics revealed a very good fit to the data (}*(9) =
12.630, p = .18, RMSEA = .04 [.00; .10], CFI = .99, SRMR = .02). Reliability was
also very good ( @ = .89). Descriptive results are given in Table 4.

The model fit of the full model including all variables was very good (¥*(25) =
26.617, p = .32, RMSEA = .02 [.00; .06], CFI = 1.00, SRMR = .03). The results are
shown in Fig. 1. Shame and the last grade in mathematics at school were positively
related (p < .001), meaning that higher levels of shame were associated with worse
grades in mathematics. The strength of the relationship was of medium size. Addi-
tionally, shame in mathematics showed a significant effect on the intention to teach
mathematics at school (p < .001). The effect was large.

Gender showed a negative effect on shame, indicating that female participants
reported higher levels on the SHAME-Q (p < .05). The effect was small. However,
there was no effect from gender on the last grade in mathematics at school (f =
.10, p = .20). Gender showed no direct effect on the intention to teach mathematics,
but a small positive indirect effect via shame (f;,4 = .10, p < .05), indicating that
male participants reported higher willingness to teach mathematics later at primary
school and that this willingness was mediated by shame. The last grade in math-
ematics at school showed no significant effect on the intention to teach mathematics
as a teacher (f = —.10, p = .17).
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Discussion

In the present paper, we report the results of a comprehensive validation proce-
dure of a newly developed questionnaire assessing pre-service primary teachers’
shame in mathematics. The development of a new scale was necessary as existing
instruments were limited to the assessment of students’ shame in mathematics at
school (e.g. AEQ-M; Pekrun et al., 2005). We validated the SHAME-Q regard-
ing different categories of evidence in three studies. First, we examined validity
related to the content of the questionnaire. Second, we paid attention to facto-
rial, discriminant, and convergent relations, and third, we explored the relations
to other variables, following other validation studies on achievement emotions in
mathematics (Lichtenfeld et al., 2012; Primi et al., 2014).

Regarding content validity, the construct representation can be considered
high. SHAME-Q measures affective, cognitive, physiological, and motivational
characteristics of shame. In line with Holden and Jackson (1979) and assessments
covering shame in other domains (Garcia et al., 2017), we directly included the
term shame (or ashamed) to enhance face validity of the items. According to
Kane (2004), the representation of the items in relation to the target domain (in
this application, shame in mathematics of pre-service primary teachers) is the
essential basis for making valid inferences. One expert stated that blushing as one
possible physiological symptom is not present as an indicator but that this symp-
tom might be relevant for the expression of shame. Even though we agree with
this observation, we argue that the physiological component is still represented
sufficiently by the item covering tension in relation to the experience of shame.
Scherer (2009) suggested a need to represent an expression component such as
blushing when describing emotions but also pointed out that the experience of
the expressive component might be unconscious (and thus, difficult to measure
by self-reports). Consequently, we assume that by including tension we meet the
requirement of construct representation with SHAME-Q.

The validation study with regard to the factorial structure supported our objec-
tive of creating a one-dimensional scale. This means that our questionnaire con-
sisting of six items can be seen as a parsimonious instrument to measure shame
without overburdening respondents. We assume that by increasing the number of
items, differentiating shame into its sub-dimensions according to affective, cog-
nitive, physiological, and motivational components might be possible. However,
this would require a large number of items. Since our focus was on developing a
scale that can be included as one measure among others in empirical studies, we
were note interested in gathering more information about sub-dimensions of the
construct.

With regard to discriminant and convergent relations to other variables, all find-
ings are consistent with a priori developed theoretical assumptions regarding shame
in mathematics. SHAME-Q shows a discriminant relation to enjoyment and can
be sufficiently distinguished from mathematics anxiety. In studies with secondary
school students in mathematics (grade 9), shame and anxiety were correlated to each
other with » = .92 on a latent level and shame and enjoyment with r = —.36, as
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assessed by the AEQ-M (Pekrun et al., 2017). The latent correlation between anxi-
ety and shame could in this case be evaluated as very high so that it was almost
impossible to empirically distinguish both emotions, although they differ from a the-
oretical point of view. SHAME-Q revealed a lower latent correlation to anxiety with
r = .79 but a stronger negative relation to enjoyment with r = —.55.

These results can be regarded as favorable from an empirical point of view. A
latent correlation of » = .79 might appear as large, but it is in fact possible to distin-
guish between both constructs not only conceptually but also empirically (Pohl &
Carstensen, 2013). Nevertheless, the correlation might reflect the closeness of both
emotions as anxiety and shame are both understood as unpleasant and activating
ones. With regard to theory, we provided evidence for that we did not conceptual-
ize shame as an inherent part of mathematics anxiety (Wilson, 2017). Whether the
deviating findings presented by Pekrun et al. (2017) for ninth graders are caused by
measurement properties or differences in the developmental stage of the target popu-
lations is an important follow-up research question.

In the third study, we examined relations to other variables derived from a nomo-
logical net and especially the effect of SHAME-Q on the avoidance of mathematics
as criterion. A small effect of gender on SHAME-Q was found. This effect is in line
with theory that females often report higher levels of shame (e.g. Benetti-Mcquoid
& Bursik, 2005). Study 3 also revealed that SHAME-Q and pre-service primary
teachers’ school grades in mathematics were related to each other as it had been
hypothesized based on the theoretical assumption of control-value theory (Pekrun
& Perry, 2014). The strength of the association was comparable to those between
achievement and other unpleasant emotions (e.g. mathematics anxiety: Ma, 1999).
As hypothesized, shame in mathematics had predictive power on the intention to
teach mathematics in school later, while the last grade in mathematics and gender
did not affect this intention directly. Thus, SHAME-Q predicted an avoidance ten-
dency of mathematics, comparable to other unpleasant emotions (Chipman et al.,
1992; Huang et al., 2019).

According to Kane (2013), a statement regarding the validity of a measurement
has to integrate the validity arguments based on empirical data. The first argument
(content validity) is supported by the experts’ high ratings implying content validity
for each item and the whole scale regarding the construct of shame in mathematics.
The second argument of a one-dimensional structure, which was the focus of the
development, can be empirically supported. The third argument (unpleasant emo-
tion, different from mathematics anxiety, strong negative relations to enjoyment)
can also be underlined by our dimensional analyses in study 2. The third argument
(negative relation to achievement, prediction of avoidance of mathematics) is backed
up by our findings in study 3. When integrating the empirical evidence, we are able
to summarize that our instrument covers a construct that is a negative, activating
emotion, negatively related to achievement in mathematics and referred to as shame
in mathematics by persons who are experts in the field of emotions in educational
contexts.
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Limitations

The results of our study should be evaluated in light of several limitations, which
we discuss in the following. Shame can be considered a fleeting emotion, which
might be difficult to measure (Frenzel, 2014). In our study, measuring pre-service
primary teachers’ shame in mathematics indeed proved to be difficult. The left-
sided distribution of the sum score of SHAME-Q indicates that for most partici-
pants, there seemed to be no significant shame experience in mathematics. The
low mean values of SHAME-Q in study 2 and study 3 reveal that for the majority
of the participants the statements do not apply.

Another explanatory factor might be social desirability as individuals tend to
avoid to inform others about their own experiences of shame (de Hooge et al.,
2018). However, about 17% of the students reported shame to be present in math-
ematics. This group is particularly interesting for future research.

In addition, there is a limited representativeness of our samples as we were
only able to examine pre-service teachers from one university (thus, we could
only draw on convenience samples from one university). Additionally, our sam-
ples may represent a positively selected subsample of the population. Moreo-
ver, the sample size of study 3 might appear as small. However, as we were only
interested in relations between variables but did not search for mean level differ-
ences, and as only shame was modeled as a latent variable, the sample size can be
regarded as adequate for the purpose of this validation study (Wolf et al., 2013).

Another limiting point might be that we have treated categorical variables (last
grade in mathematics, intention to teach mathematics at school) as continuous varia-
bles in our model. Although this is quite common in empirical research as the appli-
cation of more complex techniques and models might be less feasible due to small
sample sizes, this may lead to biased estimations of parameters. With respect to the
last grade in mathematics, our analysis might be not problematic as this variable
has five categories and a simulation study by Johnson and Creech (1983) showed
that estimates will not be affected in such a case. In contrast, estimations with the
variable concerning the intention to teach mathematics might be biased as this vari-
able has only four categories. However, Li (2016) argues that the use of an MLR
estimator in a study with a sample size of around 200 (which is nearly the case in
this validation study) provides less biased estimations. Nevertheless, results need to
be interpreted with caution when it comes to the specific estimates. While our study
revealed that shame in mathematics affected negatively pre-service primary teach-
ers’ intention to teach mathematics later at school, replication studies are needed to
investigate the true size of this effect.
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Conclusions

Our studies have shown that it is possible to measure pre-service teachers’ shame
in mathematics reliably and validly with respect to content, structure, and rela-
tions to other constructs. Thus, SHAME-Q offers an assessment tool for future
studies to fill an important research gap in the field of achievement emotions
in mathematics for pre-service primary school teachers. Previous studies about
pre-service primary school teachers’ shame were mainly based on qualitative
approaches. SHAME-Q allows to validly investigate pre-service teachers’ shame
in mathematics based on quantitative approaches.

To further strengthen validity evidence of SHAME-Q, an investigation regard-
ing convergent relations with the AEQ-M might be of interest for researchers
(Pekrun et al., 2017). Such a validation study should address learners in mathe-
matics at school as the AEQ-M was developed specifically for students at school.
Furthermore, applications of SHAME-Q for other populations could be investi-
gated in such a study. In contrast to other instruments that measure achievement
emotions in mathematics, SHAME-Q does not name specific institutional con-
texts such as schools or university. However, whether SHAME-Q can be applied
to other mathematics learning contexts than pre-service primary teachers was
not part of the present validation study. This would be an important follow-up
research question.

According to Frenzel (2014), shame might also be a relevant emotion for
in-service teachers in mathematics. Since shame in mathematics can affect the
development of pre-service teachers’ professional identity (Panagi, 2013), it can
be assumed that shame when learning mathematics (SHAME-Q) and shame when
teaching mathematics are also related. Thus, the prognostic validity of SHAME-
Q in relation to a scale assessing shame when teaching mathematics might be of
interest as future research. Studies that relate in-service teachers’ shame in math-
ematic to their shame experiences when they were pre-service teachers at univer-
sity would increase our understanding of the development of teachers’ shame in
mathematics.

The following aspects present ideas for follow-up questions besides psycho-
metric properties of SHAME-Q: The level and development of shame in the edu-
cational context at university should be studied. The aim here may be to identify
potential interventions concerned with, for instance, designing opportunities to
learn or interventions to affect pre-service primary teachers’ shame in mathemat-
ics directly (e.g. Liljedahl et al., 2007, for beliefs), the social support through
university teachers (e.g. Liu et al., 2018, for enjoyment), or the promotion of
positive emotional learning opportunities at university (e.g. Finlayson, 2014, and
Gresham & Burleigh, 2019, for anxiety).
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