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Abstract

Field practice is seen as vital for building student teachers' skills and confidence in their abilities
to engage in teaching practices. Previous research evaluates student teachers’ self-efficacy with
instruments for fully trained teachers in real school contexts, risking responses that inaccurately
reflect or even misrepresent their true self-efficacy for teaching practices. The present study intro-
duces the Practice Self-Efficacy Questionnaire (PSEQ), a targeted instrument to measure student
teachers' self-efficacy in field practice and examines its validity. The study utilizes qualitative data
from various stakeholders to develop a 40-item multidimensional instrument measuring seven
practice self-efficacy dimensions. Item analyses by Rasch models were conducted with a sample
of 303 year-one student teachers, a third of which had prior field practice experience. Two sub-
scales fitted the pure Rasch model, two subscales each had three locally dependent items, two
subscales had two locally dependent items, and the last subscale had one item that functioned
differentially in relation to prior teaching experience. Criterion validity related to prior teaching
experience confirmed expectations, showing that more experienced students scored higher across
all sub-constructs. Targeting of the subscales to the study population was good to excellent, while
reliability was less than satisfactory for two of the subscales.
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1 | Introduction

In teacher education, field practice constitutes a pivotal component, serving as a bridge between
theoretical knowledge and practical application (Caires & Almeida 2005). It also serving as a real-
life arena, where skills are practiced and learned in their own right (Youngs et al., 2022). Across a
wide array of European teacher education programs, field practice forms a significant portion of the
time in the program, although cross-country differences exist (Oberhuemer, 2014; Weisdorf, 2020).
Typically, professional education programs consist of multiple field practice placements in schools,
where students practice core skills and engage in profession-specific reasoning that becomes more
complex as they progress through their studies. Field practice placements offer student teachers
unique opportunities to engage themselves in the real-life complexities of the classroom while
learning to master teacher and teaching-related practices through observation, own practice and
receiving feedback (Nielsen, 2021). It is in these authentic settings that the theoretical concepts
learned through on-campus teaching are brought to life, allowing student teachers to not only apply
and refine the core skills of their profession, but also to situate and deepen their understanding.

Research indicates that positive field practice experiences are essential in setting teachers on
a successful professional trajectory. Rots et al. (2007) demonstrated that a teacher’s decision to
remain in the profession hinges on initial commitment and the quality of early teaching experiences.
They highlight the role of hands-on training in teacher education, emphasizing its significant impact
on teachers quitting. Other work emphasizes the crucial role of field practice in mitigating the
'practice shock' often experienced by new teachers (Haugen & Hestbek, 2015). According to this
account, field practice — although not always sufficiently realistic — provides vital insights into the
challenging realities faced in school environments, such as a lack of time for preparation, parent
collaboration, conflict management, and so on (Béwadt & Vaaben, 2021), as well as the need to be
adaptable to the teaching context (Danmarks Evalueringsinstitut, 2022).

1.1. Academic self-efficacy

A key concept in education is academic self-efficacy (Bandura, 1997; Khine & Nielsen, 2022). Self-
efficacy can be generally defined as "a belief in one's ability to plan and execute the necessary actions
to achieve specific goals" (Bandura, 1997, p. 3). Academic self-efficacy has been defined in different
ways and with different degrees of specificity. For example, part of the field (what we might refer to
as the Schwartzer school of self-efficacy) has argued that the various and numerous cases of failure
or success over time in different academic domains may lead to a more general sense of self-efficacy,
referring to a global ability to master challenges which also cover education (e.g. Scholz et al., 2002;
Schwarzer & Jerusalem, 1995). From this follows that academic self-efficacy does not need to be
measured in itself. Another part of the field (i.e., the Bandura school of self-efficacy) has advocated
that academic self-efficacy is task-specific and should be assessed against specific tasks in a specific
context or against tasks in a somewhat broader domain to be termed specific self-efficacy (e.g.
Bandura, 1997; Scherbaum et al., 2006). However, both schools of thought on self-efficacy agree that
differing demands through education imply that one’s sense of academic self-efficacy might vary
depending on the specific educational context and the point in time during the course of education
(Nielsen, et al., 2017).

Academic self-efficacy in higher education has mainly been studied in relation to the
academic content of education, and has, in meta-analyses, been found to be the strongest non-ability
predictor of grades, above other non-ability constructs such as personality traits, motivation, and
various learning strategies (Bartimote-Aufflick et al., 2015; Richardson et al., 2012). In addition,
students who feel efficacious when learning or performing a task, participate more readily, work
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harder, persist longer when they encounter difficulties, and achieve at a higher level of academic
performance (Schunk & Pajares, 2002). Research on academic self-efficacy in relation to field
practice is less prominent, particularly research taking into account the special position of the student
teachers as learners having to engage in teaching practices that they do not yet master, in order to
learn and move towards becoming full-fledged teachers. In this situation, where students are learning
professional skills while practicing them, their identity will invariably be split between being a student
and a teacher (e.g., Anspal et al., 2018; Alsup, 2005). This highlights the need to attend to self-efficacy
in relation to field practice taking into account this unique learner’s position in the relatively unsafe,
psychologically, high-risk learning environment compared to the on-campus learning environment.
During field practice the consequences of “failure” can extend to other people, i.e., the children and
their parents, as well as “teacher colleagues”. The personal psychological risk is also higher in the
field practice learning environment, compared to the on-campus environment, since student teachers
face increased communicative, emotional, and psychological demands while learning (Anspal et al.,
2018; Caries & Almeida, 2005). These circumstances of the field practice learning environment
factors may contribute to student teachers doubting whether they have what it takes to engage in the
profession’s core practices, i.e. affecting their self-efficacy for practice negatively (Nielsen et al.,
2024).

1.2. Research on self-efficacy and field practice in teacher education

Previous research on student teachers’ self-efficacy in field practice has mainly been focused on
examining the potential of field practice to foster teacher self-efficacy. Studies show that authentic
classroom experiences, through school-based field practice, significantly enhance student teachers’
teacher self-efficacy (e.g. Klassen & Durksen 2014; Flores, 2015; Pfitzer-Eden 2016; Rupp & Becker
2020; Brown et al., 2021; Symes et al. 2023). For example, Klassen and Durksen (2014) tracked the
self-efficacy of Canadian student teachers during an 8-week school-based field practicum. This period
included weekly mentoring sessions and daily informal support from mentor teachers to help with
planning and managing their teaching. Using only three items from the Teachers' Sense of Efficacy
Scale (TSES; Tschannon-Moran & Woolfolk Hoy, 2001), they reported that student teachers’ teacher
self-efficacy increased during their field practice, coupled with declining levels of stress.

However, it 1s difficult to assess how effective field practice is in fostering student teachers’
teacher self-efficacy or their instructional self-efficacy. While some studies report no or even negative
effects (e.g., Savasci & Tuna 2018; Elstad & Christophersen 2017; Atay, 2007; Lin & Gorrell 2001;
Pendergast et al., 2011), variations in study designs - such as setting (school-based vs. lab-based),
support activities (feedback on lesson plans, lessons or modeling), target group (beginners or
advanced students), length of field practice and educational programs across different countries -
complicate comparisons. To address these differences, Mok et al. (2023) conducted a meta-analysis
of 28 studies focusing on pre-service and beginning teachers. They reported a medium overall effect
size on teacher self-efficacy, indicating a generally positive impact.

Previous studies have also suggested that receiving feedback on lesson planning (e.g. Mok et
al. 2023) may amplify the positive impact of field experiences on teacher self-efficacy. In addition,
the duration of the field experience contributes positively to its impact (Charles et al. 2023), whereas
field practice seems to produce similar positive effects among beginner and advanced student teachers
(Pfitzner-Eden 2016). Other research has linked shifts in self-efficacy during field practice to direct
engagement with teaching activities (e.g. Martins et al. 2015; Flores 2015; Pfitzer-Eden 2016; Weber
& Greiner 2019; Brown et al. 2021), observation of experienced teachers (e.g. Flores 2015; Pfitzer-
Eden 2016), the opportunity to link theoretical knowledge to practice (e.g. McDonnough & Matkins
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2010), and feedback from mentors, peers and students (e.g. Klassen & Durksen 2014; Flores 2015;
Karakas & Erten 2021).

1.3. What is missing?

Several studies have explored the constructs of teacher self-efficacy and instructional self-efficacy in
the context of field practice. However, a significant limitation arises from their dependence on generic
teacher self-efficacy measures, such as Teachers' Sense of Efficacy Scale (TSES) (Tschannen-Moran
& Woolfolk Hoy, 2001), derivations thereof, or the Student Teachers’ Instructional Self-Efficacy in
Technology-Rich Classrooms questionnaire (Elstad & Christophersen, 2017). The first is concerned
with self-efficacy for teaching practices, but it was developed purely by experienced teachers and for
use within this target group. Thus, while it contains three self-efficacy subscales: self-efficacy for
instructional strategies, self-efficacy for classroom management, and self-efficacy for student
engagement, these subscales were not intended for use with student teachers. The latter was indeed
developed for student teachers. It only contains two 3-item scales concerned with self-efficacy: self-
efficacy for maintaining discipline and self-efficacy for influencing students’ use of ICT in the service
of learning, but both are concerned only with teaching practices related to the use of ICT. Thus, such
measures fall short in capturing the unique beliefs and challenges experienced by student teachers
during their field practice training. Typically, such studies frame questions within a general teaching
context (e.g., “for teachers in their school context’), neglecting the unique and constrained context of
student teachers’ experiences. Unlike professional teachers, who teach in an independent
environment, student teachers’ experiences are likely confined to a controlled, learning-focused, and
supervised setting (Cohen & Berlin, 2020). While the Instructional Self-Efficacy questionnaire does
not suffer from this framing issue, it fails to tap into teaching practices not connected to the use of
ICT.

This lack in specificity is critical. According to Bandura (1997), self-efficacy only has
predictive power when it is evaluated against specific tasks in a specific context or domain. Pajares
(1996) further emphasized that self-efficacy judgments need to be domain- and task-specific to be
predictively relevant. When questions are specifically tailored to the context of field practice, they
are more likely to draw out responses that genuinely reflect student teachers' perceptions of their
abilities in that particular environment. In contrast, using a general teaching context may result in
responses that, at best, inaccurately represent student teachers' self-efficacy, either overestimating or
underestimating their perceived capabilities, or at worst, rather than relevant context-specific self-
efficacy beliefs tap into a generalized personality trait (Pajares, 1996).

Despite the risk of misinterpretation inherent in using general measures among student
teachers, there are currently no instruments specifically designed to measure student teachers' self-
efficacy in field practice. This gap underscores the need for specialized, context-specific
measurement tools that can accurately assess student teachers' self-efficacy, taking into account the
unique challenges and tasks they encounter. A recent study by Nielsen and colleagues (2024) used
focus groups and individual interviews with student teachers and their field practice teachers/mentors
to identify 33 teacher and teaching-related practices that student teachers might doubt they have
sufficient abilities and skills to engage in during field practice, i.e. that they might not feel efficacious
towards.
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1.3.1. The current study

The overall aim of the study was to fill this gap in the research on field practice-related self-efficacy
in teacher education by developing a first and multi-dimensional instrument for the measurement of
the various aspects of field practice self-efficacy for student teachers. This aim was fulfilled by:

e (ollecting qualitative information on the teacher and teaching-related practices that student
teachers might doubt they have the necessary abilities to engage in during field practice from
a broad selection of teacher education stakeholders and formal curriculum sources, analyzing
these data, and designing items based on the results.

e Collecting survey data with the developed instrument and conducting a first investigation of
its psychometric properties using Rasch family Item Response Theory models, specifically
considering local independence of items and differential item functioning relative to
background variables that would plausibly be used in group comparison studies.

With regards to initial criterion validity, it was expected that teaching experience prior to
commencing the teacher education program would be positively correlated to all sub-constructs.

2 | Method
2.1. Initial instrument development (stage 1)

2.1.1. Data collection and sources of information

To uncover a sufficiently broad and detailed basis of information for the development of the field
practice self-efficacy instrument, we collected qualitative data on the teacher and teaching-related
practices student teachers could have difficulty believing they have sufficient abilities and
competencies to enact/engage in, while in field practice, from a multitude of stakeholders and sources
of information. Thus, we conducted two focus-group interviews with a total of 12 first year student
teachers prior to their first field practice placement in schools (six students in each focus group).
Students were recruited by on-campus teachers from classes, which includes preparing and following
students through field practice. The focus groups were gender balanced, as one group had 50% female
students and the other had 67% female students. Students’ ages were not recorded. The students had
a varied educational background: from entering teacher education directly from high school to having
a previously completed bachelor’s degree. In the focus groups, students were prompted to talk about
teaching and teaching-related tasks that they thought they would find difficult or not difficult to
believe they could engage in, while in field practice. Interviewers had a simple semi-structured
interview guide as a backup if needed but were instructed to try to refrain from giving examples, and
if they did so, to only mention an obvious activity as the actual teaching Each focus group interview
was approximately 45 minutes long. We also conducted four single-person interviews with field-
practice teachers from schools where students would be placed in field practice at all levels of the
teacher education program. Three of the field practice teachers were female, and their experience as
teachers ranged from one to 38 years. The field practice teachers were prompted to talk about teaching
and teaching-related tasks that they thought the student teachers found difficult or not difficult to
believe they could engage in during field practice. Again, the interviewers were instructed to interfere
with the respondents’ responses as little as possible, only prompting further with a simple example
of an obvious teaching task. Each of these interviews was approximately 15 minutes long.

In addition to the interviews (above), we collected written information from four on-campus
teachers in the first year of the teacher education program. The on-campus teachers were three female
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and one male teacher. Their ages ranged from 31 to 54 years. Three had an educational master’s
degree on top of either the four-year teacher training program or a bachelor’s degree in educational
science. The fourth campus teacher had a full bachelor and master’s degree in English language and
history and a teaching degree on top. They had between two to 24 years of experience teaching in
primary or secondary school and had six months to three years of experience teaching in the teacher
education program. The on-campus teachers were asked to briefly list the teacher and teaching-related
practices student teachers could have difficulty believing they have sufficient abilities and
competencies to enact/engage in during field practice. A written account of the same was also elicited
from a field practice coordinator, who was responsible for maintaining the pool of field practice
schools, evaluating field practice with both students and field-practice teachers, and who thus had
detailed knowledge of issues and insecurities. The field practice coordinator in question had ten years
of experience in this role.

As the last source of information, we collected the national skills objectives for the field
practice in the Danish teacher education programme (Act on the Education of Teachers of 2015). The
objectives are included as Supplemental file 1 in an English translation.

2.1.2. Information extraction and content analyses

All interviews were recorded and transcribed. The interview data, the written accounts, and the skills
objective document were analysed for the purpose of extracting all statements on teacher and
teaching-related practices. The extracted statements were marked by source. The extracted statements
were then subjected to content analysis, and statements with the same meaning were combined to
form statements on unique practices.

To obtain systematic and easily interpretable knowledge on the overlap and discrepancies of
teacher and teaching-related practices across the twelve sources of information, the unique practices
were recorded in a data matrix linking practices to information source (coded 1, if practice was
mentioned by a source and 0 if not). This matrix was then used to generate an innovative co-mention
circle using an adapted-for-purpose version of the R code provided by Fried (2016; 2020). The data
matrix for generating the co-mention circle 1is publicly available at Zenodo.org
(https://doi.org/10.5281/zenodo.12788471).

The method for constructing the co-mention circle followed the approach outlined in Fried
(2016; 2020), however, with two key adaptations in order to enhance functionality of the code. Firstly,
Fried’s code, which utilized the data.table package (Dowle & Srinivasan 2023), was transitioned to
the tidyverse package (v2.0.0; Wickham et al. 2019) to enhance clarity and readability of the code
and make it more accessible to other users, as the tidyverse eco-system is well-documented and
supported by a large, active community. Secondly, we introduced a new approach to determine the
order of practices within the circle and across sources of information. Thus, practices were arranged
anti-clockwise based on their frequency, starting with those most prevalent across sources and
concluding with those mentioned by the fewest sources. In cases where practices shared equal
frequency of co-occurrence, we applied a sorting criterion based on their presence in the outermost
circle and moving inwards. In this way, we would first plot the practice with the highest frequency of
co-occurrence, then the practice(s) with the second-highest co-occurrence, starting with the practice
occurring most towards the outer rim of the co-mention circle, and so forth. In this manner, we
achieved a co-mention circle with an inward-moving plotting of practices. The R code for the co-
mention circle is publicly available at Zenodo.org
(https://zenodo.org/doi/10.5281/zenodo.12788451).
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2.1.3. Development of items and subscales

The statements on unique teacher and teaching practices were developed into items for the PSEQ
questionnaire using a straightforward approach following the guidelines of Irwing and Hughes
(2018). Thus, statements were condensed into items so that they could follow naturally and
grammatically from the item stem, and so they could all be rated using a common response scale. The
last step was to thematically divide the items into subscales and consolidate these with three context
and subject experts, prior to collecting data for the initial validation analyses.

2.2. Psychometric analyses of the initial Field Practice Self-Efficacy Questionnaire (stage 2)
2.2.1. Context and participants

The target population was Danish students in the newly reformed teacher education program (Act on
the Education of Teachers of 2023), who had not yet completed field practice placement as part of
their four-year long teacher education program. In the Danish teacher education, which is a four-year
long programme leading to a Professional Bachelor’s degree, field practice amounts to 40 ECTS
points (European Credit Transfer System), which is equivalent to two-thirds of a full-time study year.
Field practice placements should take place in each of the four years of the program. In the first year
of study, and possibly the second, field practice should consist of a prolonged period of time, for
example with a period of time with one-day visits combined with a full-time block of field practice
(Act on the Education of Teachers, 2023).

All participants in the validation part of the study were from one Danish university college.
Data were collected using targeted online surveys distributed to first-year students, either immediately
prior to school visits (start of field practice) or after a period of time with a school visit day every
week and just prior to the first full-time placement. The sample for the current validation study
consists of 303 students, who had only completed the PSEQ (c.f. section 2.2.2 on the instrument)
once; two-thirds just prior to school visits (no field practice experience) and one-third after school
visits and just prior to starting the first full time placement of three weeks (Table 1).

Students were divided equally on the two admission tracks to higher education in Denmark:
grade-based and other qualifications (Table 1). The majority of the students (92.7%) were enrolled in
the regular teaching education program, and the majority had chosen Danish as their major teaching
subject (59.1%) (Table 1).

Half of the students had teaching experience prior to starting the teacher education program,
with an average of 19 months of experience (Table 1). The most common context for the teaching
experience was in the public schools (40.9% of the sample, 80.0% of those with experience).
Approximately two-thirds of the sample identified as female, while the mean age was 23.4 years.

2.2.2. Item analysis by Rasch and graphical loglinear Rasch models

The Rasch model (RM, Rasch, 1960) generalized to ordinal items (i.e. the Partial Credit Model;
Masters, 1982), also known as the one-parameter logistic model, was chosen for the current study, as
it is the simplest possible IRT model (Fischer & Molenaar, 1995) and due to its measurement
properties (c.f. the below). The Rasch model for ordinal data adheres to the same requirements for
measurement as the original dichotomous Rasch model (Kreiner, 2013; Mesbah & Kreiner, 2013),
and thus we simply use the term RM for Rasch model in this article. The basic requirements for
measurement by the RM are: unidimensionality, in the sense that the items of a scale measure a single
underlying latent construct, e.g. class management PSE. Monotonicity, which means that the expected
item scores increase with increasing values on the latent variable. Thus, when class management PSE
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Table 1
Characteristics of the Initial Validation Sample (N = 303)

Frequency (%)

Time of completion of the PSEQ

Prior to school visits (no FP) 202 (66.7)

After school visit, prior to full time FP 101 (33.3)
Admission track

Grade-based 145 (47.9)

Other qualifications 158 (52.1)
Teacher education program

Regular 281 (92.7)

Other® 22 (7.3)
Major teaching subject

Danish language 179 (59.1)

Mathematics 88 (29.0)

English 33(10.9)

Other® 3 (1.0)
Prior teaching experience

No 148 (48.8)

Yes 155 (51.2)

Mean teaching experience in months (SD), range
Context of teaching experience*

19.1 (17.5), 1-100

Public school 124 (40.9)
High school 3(1.7)
Academy Professions Degree Programs (APDs) 3(1.7)
University 1(0.3)
Single (public) lectures 15 (5.0)
Gender
Female 198 (65.3)
Male 105 (34.7)

Mean age (SD), range

23.4(5.3), 17-68

Notes. FP = Field practice.

2includes STEM program, trainee program and distance (online) program.
b specific major not provided

¢ additional context not reported was peoples’ university.

increases, so should the expected scores on each of the items belonging to this scale. Local
independence (or no local dependence; no LD), meaning that the item responses are conditionally
independent given the latent variable. In other words, only the level of e.g. class management affects
the responses to the questions, not the questions mutually. Absence of differential item functioning
(no DIF), meaning that item responses and included exogenous variables are conditionally
independent given the latent variable. That is, only the level of e.g. class management affects the
responses to the questions and not variables outside the measurement model, such as gender or
whether students have previous teaching experience, and so on. Homogeneity, meaning that the rank
order of item parameters (item ‘difficulties’) is the same for all persons regardless of their level on
the latent variable. Thus, the relative difficulty of the items would be the same for all persons, i.e. the
item requiring the least self-efficacy to be endorsed would be the same for all, the hardest item to
endorse would be the same for all, and so on.
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Fulfilment of the first four of the above requirements ensures criterion-related construct
validity as defined by Rosenbaum (1989). The additional fulfilment of the fifth requirement of
homogeneity, which is only possible by fit to the RM (Kreiner, 2013; Rasch, 1960, 1961), means that
the sum score is a sufficient statistic for the person parameter estimates. Thus, the response profile
of a person provides no additional information on the latent variable’s score than does the total score.

With a newly developed instrument with many subscales, however, it is probable that they
will not all fit pure RMs. Thus, we chose to also include graphical log-linear Rasch models
(GLLRMs; Kreiner & Christensen, 2002, 2004, 2007), which are extended RMs. In GLLRMs it is
possible to include DIF and LD by including interaction terms — between items in the case of LD and
items and exogenous variables in the case of DIF — in the model, as long as the DIF and/or LD is
uniform!.

For models with evidence of uniform LD, we know that this entails somewhat lowered
reliability of a scale than if the scale consisted only of conditionally independent items (Marais, 2013).
This follows from the reduced variance in the item responses caused by items being more strongly
correlated than what can be explained by the latent variable. Thus, if reliability calculations are not
done in a manner taking into account any LD between items (e.g. Hamon & Mesbah, 2002), reliability
will be spuriously inflated. LD, however, does not affect the sufficiency of the sum score (Kreiner &
Christensen, 2007).

For models with evidence of uniform DIF, the results indicate that item responses fit a RM
for each of the subgroups for which one or more items function differentially. It is thus possible to
“split for DIF” (Hagquist et al., 2009), which effectively means that person parameter estimates are
estimated for each of these subgroups separately. Since these estimates are on the same logit scale
(theta), they are still comparable and can be used in subsequent statistical analyses and for individual
assessment, and essential validity is maintained (Kreiner & Christensen, 2007). Many practitioners
prefer to work with the sum scores and not the person parameter estimates resulting from the RMs.
As one of the properties of the RM, and only the RM, is that the sum scores are sufficient for the
person parameter estimates, and there is a one-to-one relationship between these (Rasch, 1960), we
utilize this property to equate the sum scores for DIF (Kreiner, 2007a) to bring also the sum scores
back on the same scale for unbiased subsequent statistical comparisons (Kreiner & Nielsen, 2023).

Furthermore, GLLRMs can be illustrated using chain graph models, where nodes represent
variables and edges represent associations between variables. Thus, missing edges or arrows between
nodes means that the variables in question are conditionally independent, given the remaining
variables in the model. An arrow connecting two variables refers to a possible causal (at least in the
sense of time) relationship as the association between them is directed, while undirected edges
illustrate that the variables are conditionally dependent without assuming causality (Lauritzen, 1996,
provides details of such models). The same rules apply to the items in a GLLRM (i.e. the measurement
part of the GLLRM; Kreiner & Christensen, 2002; Nielsen & Santiago, 2020). Thus, items which are
not connected by an edge are conditionally independent given the latent variable (i.e., items are locally
independent). In the same manner, items which are not connected to an exogenous variable means
that items and exogenous variables are conditionally independent given the latent variable and the
other variables in the model (i.e., there is no DIF). The causal relationship between the latent variable
and items is illustrated by arrows from the first to the latter, as are associations between exogenous
variables and the latent variable. The GLLRM can also be used for assessing criterion validity, as it
also contains a graphical model which allows for analysis of association between the exogenous

Y Uniform DIF exists when the statistical relationship between the item response and group is constant for all levels of a
matching variable” (Hanson, 1998, pp. 244.). Similarly, uniform LD exists when the statistical relationship between
responses to two items is constant for all levels of a matching variable.
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variables (as independent variables) and the latent score (the dependent variable) (Kreiner &
Christensen, 2002; Nielsen & Santiago, 2020).

2.2.3. Strategy of analyses and statistics used

The same strategy of analyses was used for each of the seven subscales. First, we tested fit of the set
of item responses for a scale to the RM. If this was rejected, we catalogued departures from the RM
in the form of LD and DIF in order to define a GLLRM with log-linear interactions for uniform LD
and/or DIF and tested the fit to this GLLRM. If this was not successful, the items deemed most
problematic were eliminated, and the iterative process started again. Each “test of fit” included several
steps in order to test the fit as rigorously as possible:

*  Fit of the individual items to the specified model by conditional infit and outfit statistics
(Christensen, 2013; Kreiner & Nielsen, 2013) and by comparing the observed item-restscore
correlations with the expected item-restscore correlations under the model (Kreiner, 2011).

»  Tests of local independence for all item pairs using the same tests as for DIF (see below).

*  Opverall test of homogeneity of the item parameters across low- and high-scoring groups
using Andersen’s (1973) conditional likelihood ratio (CLR) test.

*  Opverall tests of invariance relative to exogenous variables considered relevant for group
comparisons in further studies using Andersen’s (1973) conditional likelihood ratio (CLR)
test.

*  Tests of no DIF for all items relative to the same exogenous variables using Kelderman’s
(1984) CLR test of local independence as well as tests of conditional independence given
scores using partial Goodman-Kruskal gamma coefficients (Kreiner & Christensen, 2004).

For tests of overall subscale invariance and DIF, the largest subgroup was used as the reference group
in each exogenous variable. The exogenous variables were Time of completion of the PSEQ (prior to
all field practice, after school visits but before full time field practice), Admission track (grade-based,
other qualifications), Prior teaching experience (no, yes), Gender (female, male), and Age (-22, 23+).

When the final iteration was completed and fit was achieved for a subscale, analyses were
concluded with the evaluation of targeting and reliability relative to the validation sample, as well as
estimation of person parameters from the final model using weighted maximum likelihood estimation
(Warm, 1989), as these are known to provide less biased estimates for the RM than other methods
(Kreiner & Christensen, 2013). Hamon and Mesbah’s (2002) Monte Carlo method for reliability of
Rasch scales was used, as this method takes into account any LD between items. Targeting of theta
was assessed by two indices, which should both have a value close to one: the test information target
index as the mean test information divided by the maximum test information for theta, and the root
mean squared error (RMSE) target index, as the minimum standard error of measurement (SEM)
divided by the mean SEM for theta (Kreiner & Christensen, 2013). In addition, the target and SEM
of the observed score was calculated.

The Benjamini-Hochberg procedure was used to adjust for false discovery rate (FDR) due to
multiple testing (Benjamini & Hochberg, 1995). In line with Poulsen et al. (2018), we followed Cox
et al.’s (1977) recommendation to abstain from the deterministic decision criterion of 5% critical limit
for p-values, and a distinction between weak to moderate evidence against the model (p > .01) and
stronger evidence (p < 0.1) was used instead.
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2.2.4. Criterion validity

Two modes of analyses were conducted to assess in a simple manner the criterion validity of the
subscales in the PSEQ. First, the criterion variable (i.e. whether the student teachers had teaching
experience prior to commencing the teacher education program or not) was included in the analyses
by graphical loglinear Rasch models both as an exogenous variable for DIF-analyses in the
measurement part of the model and as an endogenous variable in the inference part of the model
(Nielsen & Santiago, 2020). Partial gamma correlation coefficients (Goodman & Kruskal, 1954) were
used to inform any association between the criterion variable and the seven subscale scores, while
taking into account associations with the other background variables in the model (Kreiner &
Christensen, 2002, 2004, 2007). Second, mean subscale scores, adjusted for any discovered DIF, were
compared for with and without prior teaching experience using Student’s t-tests for independent
groups with 1000 bootstrap samples.

2.3. Software

Co-occurrence circles and item maps were created using R. Item analyses were conducted using the
DIGRAM software package (Kreiner, 2003; Kreiner & Nielsen, 2013; 2023), and descriptives and
Student’s t-test and effect sizes were done using SPSS.

3 | Results
3.1. Instrument development (stage 1)
3.1.1. Extracted information from qualitative sources and content analyses

The extraction of information from the interviews, written statements and the document with skills
objectives resulted in a total of 70 raw statements on teacher and teaching-related practice that student
teachers might have difficulty believing that they could enact or engage in during field practice. These
statements were subsequently subjected to a content analysis. Statements with the same meaning (i.e.,
redundant statements) were combined, or one was chosen to represent them in the instrument, to form
a total of 42 statements on unique practices. For example, the statements “know what it takes to help
the weaker pupils” and “scaffold the weaker pupils” were reduced to the former statement, as this
conveyed the meaning of both. As the meaning of the raw statements was very clear, this step was
done by a single researcher with both content and test development expertise. An overview of how
the 42 statements were mentioned by the various sources of information is shown in Figure 1.

3.1.2. Initial item pool and thematic subscales

The items were designed from the 42 unique statements on teacher and teaching-related activities that
students might doubt they could engage in during field practice, so that they followed naturally from
the item stem “In your upcoming field practice, how confident are you that you have sufficient
abilities to ...”, and could be rated using the response scale; very confident (3), confident (2), not
particularly confident (1), not confident at all (0). Examples are the statements “cope with boundary-
pushing children”, which resulted in the item “... deal with pupils who test boundaries”, and the
statement “be prepared enough”, which resulted in the item “... be adequately prepared”. The items
were developed in Danish and are shown in supplemental file 2, along with an English translation as
well as both the numbering in which we refer to them in the article and the order in which they were
presented in the questionnaire.
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The items were thematically divided into subscales and subsequently consolidated by three
context and subject experts. This resulted in seven initial subscales belonging to three domains of
practice: Teaching-related PSE with the subscales Planning and preparation (7 items), Teaching in
itself (7), Class management (7), and Differentiation (6), Relational PSE with the subscales Pupils
(5) and Adult collaborators (parents and co-teachers) (4); and Evaluative and developmental PSE
with the single subscale Evaluation and development (6). Figure 1 presents an overview of how the

42 statements and items were mentioned by the various informants and also illustrates the division
into subscales.
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Figure 1

Overlap of Statements/Items on Teacher and Teaching-Related Practices across the 12 Sources of
Information Divided into Subscales

Notes. S-groups = student focus groups, FPT = field-practice teachers, CT = Campus teachers, FPC = Field practice
coordinator, Obj = official skills objectives for field practice.

A result that stands out in Figure 1 is the variation in the types of sources that have contributed
information on teacher and teaching-related practices that student teachers might have difficulty
believing they could engage in during field practice. The Planning and preparation, the
Differentiation, and the Pupil subscales have been contributed to by all types of informational
sources. At the other end of the spectrum, we see the Adult collaborators, to which neither students
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nor campus teacher contributed, as well as the Evaluation and Development subscale, where neither
students, field-practice teachers, nor campus teachers have contributed information.

At this stage, we chose to eliminate statement 5 (... practice class management) from the Class
management subscale, as it generally does not make sense to include a single item referring directly
to the latent construct of the scale it belongs to. Thus, the Class management subscale was reduced
to six items, and we moved forward with a total of 41 items.

The distribution of subscale scores shows that in the Adult collaborators subscale the full
score range is used by students. In the remaining subscales, almost the full score range is being used,
with only the lowest two to four not being utilized. While there is a slight skewness towards the higher
end of the scales, they approximate a normal distribution well (Figure 2). The most right-skewed
scores are in the feaching in itself and the pupils subscales, and the least skewed is the Adult
collaborators subscale.

3.2. Item analyses (stage 2)
3.2.1. The final PSE subscale from psychometric analyses

Initial analyses rejected fit to the pure RM for all but one scale: the Differentiation subscale from the
teaching-related PSE domain. Further analyses to discover specific departures from the Rasch model
revealed that most departures consisted of items that were locally dependent. This was the case for
the Planning and preparation and Teaching in itself subscale from the teaching-related PSE domain,
the Adult collaborators subscale from the relational PSE domain, and the Evaluation and
development subscale making up its own domain. For a single scale, the Class management subscale
from the teaching-related PSE domain, the departure from the pure RM consisted of DIF. In addition,
item 13 (... get the pupils to like me) was eliminated from the Pupils subscale from the relational PSE
domain, as it was involved in two instances of local dependence and there was weak evidence against
fit of this item, none of which could be resolved. Looking at the item content, it was concerned with
relations to the pupils, but in a very general manner, which is likely the cause of the mentioned issues.

Following the elimination of item 13, and previously item 5, further analyses showed that two
subscales fitted pure RMs: the 6-item Differentiation subscale and the 4-item scale Pupils subscale.
There was no evidence against global homogeneity and no evidence against global invariance relative
to time of completion of the PSEQ, admission track, prior teaching experience, age, or gender, except
for weak evidence against gender invariance of the Pupils subscale (Table 2 and Table 3). However,
as this evidence was weak, and there was no evidence of gender DIF, we leave this matter to be
investigated further in future studies. There was no evidence against the fit of individual items
(Appendices 6 and 8). The remaining five subscales all fitted simple GLLRMs.

The Planning and preparation subscale GLLRM only included strong local dependence
between items 40 (... make plans for single lessons) and 41(... plan short teaching modules), and
between items 41 and 42 (... plan long teaching modules) (Figure 3). There was no evidence against
global homogeneity or against global invariance relative to the five exogenous variables (Table 2).
There was no evidence of DIF or additional local dependence among items, nor was there evidence
against the fit of individual items or the component item resulting from the local dependence between
items 40, 41 and 42 (Appendix 3).
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500 1000 1500 X 500 1000

Planning and preparation (range 0-21) Teaching in itself (range 0-21)

500 1000 500 1000
Class management (range 0-18) Differentiation (range 0-18)

500 500 10.00

Adult collaborators (range 0-12) Pupils (range 0-15)

Evaluation and development (range 0-18)

Figure 2
Distribution of Raw Sum Scores on each of the Seven PSEQ Subscales Prior to Item Analysis

Notes. Item 5 from the Class management subscale has been eliminated at this point. X-axis covers the score range of
each subscale, while the Y-axis frequency range was set to 0-60.

The Teaching in itself subscale fitted a very simple GLLRM, which only included strong local
dependence between item 25 (... "manage on my own" without the field-practice teacher) and item
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30 (... stand in front of the pupils and teach) (Figure 3, Appendix 4). There was no evidence against
global homogeneity and no strong evidence against global invariance relative to the five included
exogenous variables (Table 2). There was no evidence against the fit of individual items or the
component item representing the two locally dependent items, and no evidence of DIF or further local
dependence between items (Appendix 4).

The Evaluation and development subscale fitted an equally simple GLLRM as the Teaching
in itself subscale did (c.f. the above), as the only departure from the RM consisted of strong local
dependence between items 33 (... evaluate my own teaching) and 35 (... contribute to the development
of my fellow students' teaching practice on the basis of our common experiences) (Figure 5). There
were no issues with evidence against global homogeneity or global invariance (Table 3), nor evidence
against item fit, evidence of DIF or additional local dependence between items (Appendix 9).

The Adult collaborators subscale fitted the most complex GLLRM of all the subscales, as
three of the four items were locally dependent and strongly so: items 10 (... write to/with parents)
and 11 (... speak to/with parents), and items 11 and 12 (... contribute to parents' evening/parents-
teacher meetings) (Figure 4). There was no evidence against global homogeneity and no evidence
against global invariance relative to the five exogenous variables included (Table 3). There was no
evidence against the fit of individual items or the component item representing the three locally
dependent items, no evidence of DIF or further local dependence between items (Appendix 7).

The Class management subscale was the only subscale with evidence of DIF; item 4 (... be
able to get the class to be quiet) functioned differentially relative to prior teaching experience, so that
students with prior teaching experience systematically indicated greater confidence in being able to
get the class to be quiet than students without prior teaching experience independent of their level of
Class management self-efficacy. When including this DIF as an interaction in the subscale, there was
no further evidence against fit to the GLLRM (Figure 3) of any kind, (Table 2 and Appendix 5).

In addition to documenting item fit and the necessity of any LD or DIF interactions,
Appendices 3 through 9contain conversion tables with the necessary information for converting sum
scores to weighted maximum likelihood estimates of the person parameters for each subscale. Also,
the Appendices show that the bias of these estimates is very small except for at the extremes, where
bias is always high (Table A3d though A9d). Thus, the person parameter estimates or the summed
raw scores can be used as fitting for purpose. For the Class management subscale, an additional
conversion Table (A5e) was added for the 5-item DIF-free scale, so that all subscales may be used
without having to equate sum scores or split the person parameter estimates to overcome DIF.
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Table 2
Global Tests of Homogeneity and Invariance for the Four Teaching-Related PSE Subscales of the PSEQ under the Final RMs or GLLRMs
Tests of fit Plan-7 (RM)? Teach-7 (RM)® Cman-6 (GLLRM)® Diff-6 (RM)¢
CLR df )4 CLR df p CLR df p CLR df p
Global homogeneity 36.3 30 0.198 17.3 26 0.900 17.9 19 0.531 13.8 16 0.612
Global Invariance relative to:
Time of PSEQ 48.9 30 0.016" 22.2 26 0.677 10.0 19 0.394 41.0 16 0.001*
Admission track 44.8 30 0.040" 45.4 26 0.0117 21.7 19 0.299 25.0 16 0.071
Prior teaching experience 29.8 30 0.478 48.5 26 0.005" 26.8 19 0.021* 10.4 16 0844
Gender 39.6 30 0.114 47.2 26 0.007* 32.8 19 0.025* 13.4 16 0.646
Age groups 41.6 30 0.077 26.4 26 0.444 28.0 19 0.083 16.1 16 0.446

Notes. RM: Rasch model; GLLRM: Graphical loglinear Rasch model; CLR: Conditional likelihood ratio; df: degrees of freedom; p: p-value. Global homogeneity test
compares items parameters in approximately equal-sized groups of high and low scoring students. The critical limits for the p-values after adjusting for false discov-

ery rate were: * 5% limit p = .0083, 1% limit p=0.0017.

2There is local dependence between items 40 and 41, and between items 41 and 42.

® There is local dependence between items 25 and 30.
¢ Item 4 functions differentially relative to prior teaching experience.

4 Ttem 5 was excluded from the final subscale.
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The Final Rasch and Graphical Loglinear Rasch Models for the Four Teaching-Related PSE Subscales;
Planning and Preparation (Top Left), Teaching in Itself (Top Right), Class Management (Bottom Left),

Differentiation (Bottom Right)

Notes. y-correlations are partial Goodman and Kruskal’s rank correlations for ordinal data. Adm = Admission track
(grade-based vs. other qualifications), Exp = Prior teaching experience (no vs. yes), Time = time of completion of
PSEQ (Prior to school visits (no FP) vs. after school visit, prior to full time FP), Sex (female vs. male), Age (22 years

and younger vs. 23 years and older).



18 Educational Methods & Psychometrics 2 (2024)

Table 3
Global Tests of Homogeneity and Invariance for the Two Relational PSE Subscales and the Evaluative and
Developmental PSE Subscale of the PSEQ under the Final RM or GLLRMs

Tests of fit Adults-4 (GLLRM)? Pupils-4 (RM)® Eval-6 (GLLRM)®
CLR df p CLR df p CLR df p
Global homogeneity 1.5 25 0990 7.1 9 0.625 239 19 0.200
Global Invariance relative to:
Time of PSEQ 372 25 0.055 153 9 0.082 248 19 0.168
Admission track 310 25 0.190 11.2 9 0.265 259 19 0.133
Prior teaching experience 433 25 0.013"* 44 9 0.880 13.8 19 0.794
Gender 30.8 25 0.197 238 9 0.005" 22,6 19 0.257
Age groups 36.0 25 0071 163 9 0.061 193 19 0.440

Notes. RM: Rasch model; GLLRM: Graphical loglinear Rasch model; CLR: Conditional likelihood ratio; df: degrees
of freedom; p: p-value. Global homogeneity test compares items parameters in approximately equal-sized groups of
high and low scoring students. The critical limits for the p-values after adjusting for false discovery rate were: * 5%
limit p =.0083, 1% limit p=0.0017

2There is local dependence between items 10 and 11, and between items 11 and 12.

b Item 13 was excluded from the final subscale.

¢ There is local dependence between item 33 and 35.

{no) — — an N
N { _I:.-\/)

Figure 4
The Final Rasch and Graphical Loglinear Rasch Models for the Two Relational PSE Subscales; Adult
Collaborators (Left), Pupils (Right).

Notes. y-correlations are partial Goodman and Kruskal’s rank correlations for ordinal data. Adm = Admission track
(grade-based vs. other qualifications), Exp = Prior teaching experience (no vs. yes), Time = time of completion of
PSEQ (Prior to school visits (no FP) vs. after school visit, prior to full time FP), Sex (female vs. male), Age (22 years
and younger vs. 23 years and older).
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The Final Rasch and Graphical Loglinear Rasch Models for the Evaluation and Development Subscale
Making Up the Evaluative and Developmental PSE Domain.

Notes. y-correlations are partial Goodman and Kruskal’s rank correlations for ordinal data. Adm = Admission track
(grade-based vs. other qualifications), Exp = Prior teaching experience (no vs. yes), Time = time of completion of
PSEQ (Prior to school visits (no FP) vs. after school visit, prior to full time FP), Sex (female vs. male), Age (22 years

and younger vs. 23 years and older).

3.2.2. Effect of DIF in the Class management subscale

To evaluate the effect of the DIF on item 4 in the Class management subscale, the summed scores
were adjusted by DIF-equating via the person parameter estimates, thus making the DIF-adjusted

scores comparable across prior teaching experience subgroups and facilitate true group comparisons

(Appendix 5).

Equating he sum score for the teaching experience DIF in the Class management subscale did
not change the conclusion of a significant difference in mean scores dependent on prior teaching
experience, only the magnitude of the difference was slightly reduced (Mean differenceobserved = 1.30,
Mean differenceadjustea = 1.11) (Table 4).

Table 4

Comparison of Observed and DIF-Adjusted Mean Class Management Scores for Student with and without

Prior Teaching Experience

Item-restscore correlations

DIF groups (n) Observed scores Adjusted scores
Mean SE Mean SE Bias
No prior teaching experience (148) 11.53 21 11.53 21 .00
Prior teaching experience (155) 12.83 .20 12.64 21 .19
p <.001 <.001

Notes. SE, Standard error.

At the individual level, DIF-equating of the Class management scores meant that scores were reduced

by up to half a point for students with prior teaching experience to obtain scores that were on the



20 Educational Methods & Psychometrics 2 (2024)

same scale as those for students without prior teaching experience. With normal rounding rules to
achieve integer scores, the lower half of the score range would be reduced with a whole point for
students with teaching experience prior to commencing teacher education. Thus, DIF-equating or
splitting for DIF is necessary before using the sum scores and the person parameter estimates,
respectively, in statistical analyses (Appendix 5).

3.2.3 Targeting and reliability

Six subscales were well-targeted to the study sample, with test information target indices indicating
that 74% to 92% of the maximally obtainable information was obtained. The exception was the
Planning and preparation subscale, which only had acceptable targeting with approximately 65%
information obtained (Table 5). RMSE target indices were close to one for all subscales, indicating
that standard error of measurement for theta was close to the lowest possible for the scales. For most
of the subscales, the item thresholds covered the same range on the scales as did the person parameter
estimates of the students (c.f. the item maps in Figures A3 through A9 in Appendices 3 through 9).
The item maps also showed that, for all but the Evaluation and development subscale, the test target
value (i.e. where most information is provided) was located at the lower end of the scales and thus
lower than the student mean scores on the latent variables. Lastly, the item maps illustrate that the
information level is relatively high across the part of the scales where the majority of the students are
located.

Person separation indices for theta ranged from 0.72 to 0.81, while reliability (taking into
account any locally dependent items) of the scores ranged from 0.66 to 0.80. Only the two Relational
PSE subscales, Pupils and Adult collaborators, had reliabilities lower than 0.70 (Table 5).
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Table 5
Targeting and Reliability of the Seven Subscales of the PSEQ (N = 303)
Theta (0) Score
TI RMSE RMSE RMSE
TI TI Target mean min target Target Mean
Subscale* Target Mean mean max index index  PSI Target Mean SEM SEM re
Plan -1.37 0.82 2758 4212  0.655 0.609 0.489 0.800 0.75 6.41 13.41 2.05 1.66  0.76
Teach -1.00 1.70 2.093 2819 0743 0.706 0.596 0.844 0.78 8.21 14.65 1.68 144  0.80
Cman®
No exp -1.41 1.07 1.671 2.058 0.812 0.774 0.697 0900 0.78 7.09 11.53 1.43 1.29  0.74
Exp -1.30 1.72 1.508 1975 0.764 0.810 0.712 0.878 0.79 7.81 12.64 1.41 122 0.75
Diff -0.73 1.30 1,770 1989 0.890 0.751 0.709 0944 0.75 8.13 11.88 1.41 1.33 0.72
Adult -0.76 0.14 2.519 2.804 0.898 0.601 0.597 0993 0.76 4.46 6.95 1.67 1.58 0.66
Pupils 0.64 1.20 1.125 1222 0920 0926 0904 0977 0.72 7.80 8.41 1.11 1.06  0.69
Eval 2.21 1.52 1.658 1818 0912 0.776 0.742 0.956 0.81 13.38 12.18 1.35 1.28 0.80

Note. 0, theta; Targeting and reliability is provided for groups defined by differential item functioning (DIF) variables and subgroups in variables associated with the
latent PTSD variable; Tl, test information; RMSE, root mean squared error of the estimated theta score; SEM, standard error of measurement of the observed score; 7,
reliability; Plan, Planning and preparation; Teach, Teaching in itself; Cman, Class management; Exp, teaching experience; Diff, Differentiation; Adult, Adult collabo-
rators; Eval, Evaluation and development.

?In case of differential item function, results are shown for subgroups.

® Weighted mean PSI across subgroups = 0.77, weighted mean reliability = 0.75.
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3.3. Criterion validity

Both avenues of testing the criterion validity of the seven sub-constructs of the PSEQ confirmed our
a priori expectation that student teachers with teaching experience prior to commencing the teacher
education program would have higher PSE than students without such experience. In the final models
shown in Figures 3, 4, and 5, it is evident that of the included criterion variables, only prior teaching
experience was associated with PSE, and this was the case for all seven PSE sub-constructs. The
gamma correlations between prior teaching experience and the seven PSE sub-construct scores
ranged from 0.15 (moderate) for Differentiation PSE to 0.36 (strong) for Teaching in itself PSE
(Kreiner, 2007b).

Turning to the tests of differences in the mean subscale scores for students with and without
prior teaching experience, these also confirm our expectations. For all seven subscales, the mean
scores of students with prior teaching experience were higher and significantly so, when compared to
the students without prior teaching experience (Table 6). For all constructs except Differentiation
PSE, the evidence of such differences is very strong. The effect sizes, Cohen's d, ranged from a small
effect (i.e. -.203 for Differentiation PSE) to a moderate effect (i.e. -.617 for Teaching in itself PSE).
Thus, criterion validity in relation to prior teaching experience was confirmed for all PSE sub-
constructs.

Table 6
Comparison of Subscale Scores for Student Teacher with and without Teaching Experience Prior to Com-
mencing Teacher Education

Subscales and experience 95 % Independent samples
groups Confidence test
Interval
Mean SD  Lower Upper t df )2 Cohen’s

d

Planning and preparation
No prior teaching experience  12.74  3.34  12.18 13.26
Prior teaching experience 1406 326 13.55 14.57
Teaching in itself
No prior teaching experience  13.68  3.22  13.14  14.20
Prior teaching experience 1559 298 15.11 16.05
Class management
No prior teaching experience  11.53  2.60 11.12  11.93

-3.487 301 <.001 -401

-5.358 301 <.001 -.617

-3.702 301 <.001 -425

Prior teaching experience 12.64 260 1220 13.02
Differentiation
No prior teaching experience  11.62  2.68 11.19  12.05
Prior teaching experience 12.14 238 11.77  12.53 -1.767 301039 -203

Adult collaborators
No prior teaching experience  6.44  2.81 5.98 6.93
Prior teaching experience 7.43 2.67 697 7.87
Pupils (relational)
No prior teaching experience ~ 7.96 1.91 7.66 8.28
Prior teaching experience 8.83 1.80  8.55 9.14
Evaluation and development
No prior teaching experience  11.68  2.96  11.21 12.13
Prior teaching experience 1266 272 1222 13.11
Notes. There was no evidence against homogeneity of variance across subgroups for any of the scales, and thus the
standard t-test was used.
2 p is one-sided.

-3.154 301 <.001 -.363

-4.095 301 <.001 -471

-3.007 301 <.001 -.346
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4 | Discussion and implications

The purpose of the study was to develop and conduct a first validity study of a multidimensional
instrument for the measurement of practice self-efficacy for student teachers specifically targeting
the context of field practice within the teacher education. We used a qualitative approach to obtain
detailed information on the teacher and teaching-related activities that the student teacher could doubt
they had sufficient abilities and skills to engage in during field practice. We collected this information
from a broad group of field practice stakeholders including student teachers, field practice teachers,
university college on-campus teachers, a field practice coordinator and the official skills objectives
for field practice in the teacher education program in Denmark.

The results proved very positive, as 40 of 42 developed items were retained in seven subscales
within three domains of teacher and teaching-related practices. The individual subscales all fitted
either pure Rasch models or very simple graphical loglinear Rasch models. Only a single item
suffered from differential item functioning. The targeting of the scales ranged from good to excellent,
and five subscales had reliabilities making them suitable for statistical analysis, while two had lightly
lower reliabilities. In addition, a simple test of criterion validity against having had teaching
experience prior to commencing teacher education showed the expected pattern: that student teachers
with previous teaching experience scored significantly higher on all subconstructs than students
without previous teaching experience.

As the results largely speak for themselves and we have included very detailed documentation,
as well as conversion tables to allow use of raw summed scores (in one case equated for differential
item functioning) or person parameter estimates, we only discuss selected results and focus on
implications for teacher education as well as future directions for research.

4.1. Psychometric properties

As no previous scales have been developed and validated for the specific purpose of targeting the
practice self-efficacy for student teachers in relation to field practice, there is no real basis for
discussing psychometric properties in relation to previous research. Thus, we settle for picking up on
a few points. Both the Teachers' Sense of Efficacy Scale (TSES) (Tschannen-Moran & Woolfolk
Hoy, 2001) and the Student Teachers’ Instructional Self-Efficacy in Technology-Rich Classrooms
questionnaire (Elstad & Christophersen, 2017) include subscales which are in item content similar to
the Class management subscale in the current study. The Maintaining discipline subscale in Elstad
and Christophersen (2017) consisted of three items asking student teachers how certain they are that
they can “persuade even the most gaming-interested students to concentrate on school-related
tasks?”, “persuade students who often switch among different social media to follow classroom
rules”, and “persuade all students to concentrate on educational tasks without being disturbed by
other Internet-based material?” (p. 6). The items were rated using a seven-point response scale from
low to high, and reliability was reported to be 0.89. Tschannen-Moran and Woolfolk Hoy (2001)
included an eight-item Classroom management subscale where teachers are asked to rate how much

P ITs

they can do to... or how well they can ... “...control disruptive behavior in the classroom?”, “...get

P INT]

children to follow classroom rules?”, “... calm a student who is disruptive or noisy?”, “...establish

o«

a classroom management system with each group of students?”’, “... you keep a few problem students
from ruining an entire lesson?”, “... respond to defiant students?”, “... make your expectation clear
about student behavior?”, and “... establish routines to keep activities running smoothly?” (p. 800).
The items were rated using a nine-point response scale where only the odd number categories had
labels conveying the meaning of the category, and reliability was reported to be 0.90. The Practice

Self-Efficacy questionnaire developed in the current study included the Class management subscale
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and it consisted of five items; “... be able to get the class to be quiet”, “... find the right balance
between being an authority and a friend”, “ ... have sufficient knowledge to appear as an authority”,
“... find the right balance between pedagogical work and the fact that learning shall also take place”,
“ ... combine subject-specific knowledge and personal skills in the teacher role”, and *“... organise
group work among pupils”. Student teachers were prompted to rate the items by asking: In your
upcoming field practice, how confident are you that you have sufficient abilities to ..., using a four-
point response scale where categories can be readily distinguished from each other: very confident
(3), confident (2), not particularly confident (1), not confident at all (0). Reliability of this scale was
0.74 and 0.75 for students without and with teaching experience prior to commencing teacher
education, respectively.

Evidently, the reliability of the Class management subscale in the current study is the lowest
compared to the previously developed similar scales. This is more than likely due to the differences
in the number of response categories, as the current study utilizes only four categories and the other
studies have seven and nine, respectively. This may be construed to be a weakness in the current
study and the developed questionnaire. However, it may also be seen as a strength, as the current
study has labels defining the meaning of all response categories, and thus students know what their
reply means and we know how to interpret the responses. At the more general level, the subscales in
the current PSEQ reached a reliability level making them suitable for statistical purposes, but not for
assessment at the individual. Level. The two subscales in the relational dimension of the PSEQ, did
however, also fall below the conventional limit for reliability of 0.7 for statistical purpose. Thus,
larger samples are necessary in order to follow changes in relational practice self-efficacy.

4.1.1. The broad spectrum of stakeholders and targeting of subscales

The choice to include a broad spectrum of teacher education field practice stakeholders to contribute
information on which teacher and teaching-related practices that student teachers might doubt they
could engage in during field practice appears to have been worthwhile, as shown by the distribution
of practices across stakeholders in Figure 1. Had we only included the most central stakeholder, i.e.,
the students, we would have missed a lot of practices. Even if we had included both students and field
practice teachers, we would still have missed a substantial number of practices. Teacher and teaching-
related practices, which contributed to the creation of subscales, would have been missed entirely
with fewer stakeholders The many different stakeholders allowed us to include items covering a wide
range of challenges, from those universally recognized to those perceived by only a few. This is not
only important in terms of measurement precision, but also crucial for purposes of assessing student
practice self-efficacy in relation to field practice as the teacher education progresses. If students do
not see the relevance in the questions, response rates will be low. This will, in turn, lead to inaccurate
assessment of where it might be productive to support students with the purpose of enhancing their
practice self-efficacy prior to field practice. Thus, targeting is crucial, and we suggest that we have
achieved a good targeting due to the inclusion of the broad spectrum of stakeholders. Furthermore,
the visual analysis in identifying common and unique challenges for the student teachers proved
valuable, as that might be overlooked in a more homogeneous or less structured approach to item
development.

4.2. Criterion validity
Criterion validity in relation to prior teaching experience was confirmed for all PSE sub-constructs.

The comparisons between student teachers with and without teaching experience prior to
commencing teacher education (Table 6) showed significant differences of varying magnitude
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between the two groups with student teachers who had teaching experience before commencing
teacher education having higher practice self-efficacy scores. The fact that it was possible to see
moderate effect sizes between groups of students with and without teaching experience prior to the
teacher education program this early in the teacher education program indicates that we are indeed
tapping into self-efficacy, as experience and mastery are expected to boost self-efficacy (Bandura,
1997).

4.3. Implications for teacher education and future directions in research

The results of the study point to both practical implications and possibilities of utilizing knowledge
on practice self-efficacy within the teacher education as well as to directions for future research into
practice self-efficacy. The two are interrelated and thus we discuss them together.

The small and even moderate effect sizes between groups of students with and without
teaching experience prior to the teacher education program for all seven dimensions of practice self-
efficacy this early in the teacher education program (Table 6) opens several avenues for utilization
within the teacher education as well as directions for future research. One area of both practical
utilization and future research would be to study changes in practice self-efficacy over time, e.g.,
before, during, and after field practice and across all years of teacher education. Previous research
has documented changes in self-efficacy across field practice for student teachers, (c.f. the
introduction), but none have studied changes in practice self-efficacy with a multidimensional
instrument designated to student teachers field practice. Neither have previous studies been conducted
for the entire length of teacher education programs. Change studies are, however, only possible at the
group level, as reliabilities do not allow assessment at the individual level. Furthermore, the two
relational practice self-efficacy scales are not content valid in the sense that teaching practices within
these are missing. This is due to the development method, where we only developed items based on
the information provided by stakeholders without prompting for more detailed information. Thus, a
future avenue of research could thus be to develop additional items for the two relational subscales.
This could be done by conducting more structured interviews focused specifically on teacher -and
teaching-related practices concerned with either the relations with pupils or with adult collaborators.
Longer subscales would also improve reliability.

By augmenting the function of field practice as a bridge between theoretical and practical
knowledge and skills, a focus on self-efficacy development offers new approaches to educative efforts
in relation to field practice. Bandura’s (1997) four proposed sources of self-efficacy suggest that the
efforts of various stakeholders should encompass verbal persuasion, supportive discourse, and
affective states (such as stress reduction), beyond personal experience and vicarious learning, in order
to scaffold practice self-efficacy. Knowledge of the initial levels of practice self-efficacy of student
teachers can, given its multidimensional nature, help educators identify areas of teacher and teaching-
related practices where students feel less confident and tailor the preparatory teaching to enhance
student PSE in the particular areas accordingly. Another avenue of both practical utilization and future
research into the practice self-efficacy of student teachers would be to study the multidimensional
self-efficacy profiles of students and their possible role as predictors of outcomes such as drop-out
and academic results within teacher education. Such a strand of research and/or practical utilization
could also benefit from including information on the actual experiences with teaching practices,
during field practice. This could, for example, be achieved by including instruments such as the field
practice experience scale, measuring opportunities to learn through observation, own practice, and
receiving feedback on these practices (Nielsen, 2021; 2024). The joining of such two strands of
research might provide entirely new insights into the development of field practice self-efficacy for
student teachers, as self-efficacy interacts with opportunities to learn over time.
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The current study sample included only first year student teachers, and this may have reduced
the variation in the data. Thus, future research should include students from all years in teacher
education to evaluate reliability in broader samples.

5 | Conclusion

The Practice Self-Efficacy Questionnaire for student teachers is a promising tool for both research
and practical educational purposes. However, the two relational subscales are in need of further
expansion to capture sufficiently content valid and precise measures of practice self-efficacy
relational PSE in the context of adult collaborators and the context of the pupils.

Appendices

*  Appendix 1. Description of skills objectives

*  Appendix 2. Original Danish items and English translation

*  Appendices 3 through 9. Additional results from the item analyses for each of the seven
subscales of the PSEQ; 3. Planning and preparation, 4. Teaching in itself, 5. Class
management, 6. Differentiation, 7. Pupils, 8. Adult collaborators, 9. Evaluation and
development.
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Appendix 1. Description of competence objectives for field practice in teacher education’

Are concerned with 1) The practical and pedagogical dimension which is directed towards the teacher’s work
with the pupils in school 2) The analytical dimension, which is concerned with the investigation of one’s own
and other teachers’ practice. The subject of practice connects all the subjects at college with the students’
work at the practice schools.

Competence areas:

Competence area 1: Didactics

Competence area 2: Classroom management
Competence area 3: Relational work

Competence area 1: Didactics is about planning, implementing, evaluating and developing teaching
Competence objectives: By giving professional reasons and together with colleagues, the student can plan,

implement, evaluate and develop teaching:

Skills Objectives: the student can

Knowledge objectives: the student has

knowledge about

field practice level 1

plan, set targets, implement and evaluate
teaching sequences in cooperation with
fellow students,

the aims and objectives of the Danish public
school, principles for planning, teaching methods
and the organization of pupils’ activities, taking
their skills and learning abilities into
consideration,

account for the effect of the teaching on the
pupils’ learning,

types of evaluation and assessment of pupils’
learning at the practice school,

analyze teaching sequences with the
purpose of developing teaching,

methods of observation, collection of data and
documentation,

cooperation with fellow students, making
use of a variety of methods, including
application-oriented forms of teaching and
the inclusion of physical exercise in the
lessons,

field practice level 2
plan, implement and evaluate a teaching methods, principles for differentiation,
differentiated  teaching  course in teaching resources and IT,

evaluate the teaching course and the pupils’
learning outcome,

formative and summative evaluation methods
and tests,

observe own practice and the individual
pupil’s learning in order to develop
teaching,

methods of observation, collection of data and
documentation,

field practice level 3

Plan, implement and evaluate a
differentiated and long-term lesson plans in
cooperation with fellow students and other
resources while taking into consideration
the overall curriculum for the year,

organisation methods, teaching methods and
collaboration methods,

evaluate pupils’ learning outcomes and the
overall effect of teaching during the unit.

formative and summative evaluation methods,

2 The description of the competence areas, skills and knowledge objectives for the student field practice/internship are

translation of the official text provided by the Danish Ministry of Education at: https://www.retsinfor-

mation.dk/eli/lta/2015/1068#Bil3. The translation to English was provided by the head of field practice at University

College South from their international teacher education track.
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Develop and improve your own and others’
professional practice

methods of observation, collection of data and
documentation.

Competence area 2: Classroom Management is about the organization and development of the pupils’
academic and social learning environment

Competence objectives: The student can manage the classroom and establish and develop a clear and
positive framework for the pupils’ learning and the social community of the class.

Skills Objectives: the student can Knowledge objectives: the student has
knowledge about

field practice level 1

lead and manage pupils’ participation in the classroom management,

classroom teaching,

field practice level 2

develop a clear framework for learning and
for the social life in the class in cooperation
with the pupils and

field practice level 3

lead inclusion processes in collaboration
with students.

classroom management, learning environment
and the social relations in the class and

learning  environment, inclusion, conflict

management and bullying.

Competence area 3: Relational work is about contact with and relations to pupils, colleagues, parents and
the resource persons at the school

Competence objectives: The student can manage the positive cooperation with pupils, parents, colleagues
and other resource persons and reflect upon the significance of relational work in concord with teaching and

the pupils’ learning and well-being.

Skills Objectives: the student can

Knowledge objectives: the student has

knowledge about

field practice level 1

communicate with pupils to promote
learning and well-being,

communication, pupils’ well-being, motivation,
learning and relations with and amongst pupils,

communicate with parents about the
teaching and the aims and objectives of
school,

school-home cooperation,

field practice level 2

through a dialogic approach cooperate with
students and colleagues about adjusting the
teaching and the pupils’ active
participation,

communication, engaging learning
environments, motivation and well-being,

communicate in writing and orally with
parents about aims and contents of planned
teaching courses,

professional communication — oral and digital,

field practice level 3

support every pupil’s active participation in
teaching and the social life of the class,
collaboration with various parties at the
school, and

communication that recognizes pupils, equal
collaboration, and inclusion processes,

communicate with parents about their
children’s participation and wellbeing at
school.

processes that promote constructive collaboration
between school and the pupils’ homes and forms
of cooperation at parent meetings and contact
groups
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Appendix 2. Items in Danish and English

Please note that the English version has not been validated, as the translation was done for the purpose of communicating results on the Danish

Questionnaire that was developed and analysed to an international audience.

** eliminated from the final version of the Practice Self-Efficacy Questionnaire.

Dansk indledning til spergsmal: I din neste praktik, hvor sikker er du pé at du kan det der skal til for at ...
Giv venligst et svar i hver linie

English item stem: In your upcoming field practice, how confident are you that you have sufficient abilities to ...
Please provide a response in each line

original item |item order in

number questionnaire

(c.f. Figure 1) Danish items English translation subscale

1 8 .. kunne hjlpe de svage elever ... help struggling pupils Differentiation

2 17 .. kunne undervise bern med sarlige behov | ... teach pupils with special needs Differentiation

3 35 .. héndtere graensespgende born .. deal with pupils who test boundaries Pupils (relational)

4 1 .. kunne f4 ro i klassen ... be able to get the class to be quiet Class management

SHx 26 .. udove klasseledelse ... practise class management Class management

6 9 ... finde den rette balance mellem at vare | ... find the right balance between being an | Class management
autoritet og ven authority and a friend

7 18 ... vaere fagfagligt dygtig nok have  sufficient  subject-specific | Planning and preparation

knowledge

8 2 ... vere tilstrekkeligt forberedt ... be adequately prepared Planning and preparation

9 3 ... have viden nok til at fremstd som en | ... have sufficient knowledge to appear as an | Class management
autoritet authority

10 4 ... skrive til/med foraldre ... write to/with parents Adult collborators

11 5 ... samtale med foraldre ... speak to/with parents Adult collborators

12 6 ... bidrage under foraldremede . contribute to parents' evening/parents- | Adult collborators

teacher meetings

13%%* 7 ... fd eleverne til at kunne lide mig ... get the pupils to like me Pupils (relational)

14 16 ... danne positive relationer til eleverne ... form positive relationships with my pupils | Pupils (relational)

15 19 ... skabe gensidig respekt (lerer-elev) ... develop mutual respect (teacher/pupil) Pupils (relational)
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16 36 undgéd at handle forudindfattet pa|... avoid acting in a preconceived way on the | Differentiation
baggrund af information jeg har fiet om |basis of information I have received about
elever pupils

17 37 lave god og vedkommende |... provide good, relevant teaching that | Differentiation
undervisning, hvor alle elever aktiveres |activates all the pupils regardless of their
uanset deres niveau level

18 20 . fa eleverne til at deltage fagligt i|... get the pupils to take part academically in | Differentiation
undervisning class

19 39 . differentiere undervisningen og ikke | ... differentiate the teaching and not merely | Differentiation
bare undervise som jeg selv er blevet det | teach in the way that I was taught

20 42 . finde den rette balance mellem det |... find the right balance between pedagogical | Class management
pedagogiske arbejde og det at der ogsé skal | work and the fact that learning shall also take
vare lering place

21 21 ... Vise engagement i undervisningen ... show enthusiasm while teaching Teaching in itself

22 10 sporge ind og hjelpe eleverne 1i|... ask the pupils questions and help them | Teaching in itself
undervisningen during teaching

23 11 ... fa gode ideer til undervisning ... get good ideas for teaching Planning and preparation

24 12 kunne héndtere konflikter mellem |... deal with conflicts between the children | Pupils (relational)
eleverne

25 33 ... "kunne selv" uden praktiklerer .. "manage on my own" without the field- | Teaching in itself

practice teacher

26 25 kombinere faglighed og personlige |... combine subject-specific knowledge and | Class management
kompetencer ind i leerer-rollen personal skills in the teacher role

27 40 . kunne omstille mig i situationen og |...adapt in the situation and adjust what I had | Teaching in itself
tilpasse det jeg har planlagt planned

28 32 give tid og rum til fordybelse 1i|... provide time and space for concentrated | Teaching in itself
undervisningen study during teaching

29 13 kunne nd det jeg har planlagt i|... do what I had planned during teaching Teaching in itself
undervisningen

30 14 ... kunne sta foran eleverne og undervise | ... stand in front of the pupils and teach Teaching in itself

31 15 ... deltage i lerersamarbejde ... take part in teamwork among teachers Adult collborators

32 24 organisere  gruppearbejde  blandt | ... organise group work among pupils Class management

eleverne
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33 38 ... gennemfore evaluering af undervisning | ... evaluate my own teaching Evaluation and
development
34 22 .. udvikle min egen undervisningspraksis | ... develop my own teaching practice on the | Evaluation and
pa baggrund af de erfaringer jeg fér basis of the experiences I gain development
35 23 bidrage til at wudvikle mine ... contribute to the development of my fellow | Evaluation and
medstuderendes undervisningspraksis pa | students' teaching practice on the basis of our | development
baggrund af vores fzlles erfaringer common experiences
36 31 ... analysere undervisningssekvenser ... analyse teaching sequences Evaluation and
development
37 30 ... observere min egen praksis ... observe my own practice Evaluation and
development
38 41 ... evaluere elevers leringsudbytte ... evaluate the pupils' learning outcomes Evaluation and
development
39 34 ... kunne undervise i fag, som ikke er et af | ... be able to teach subjects, I have not |Planning and preparation
min valgte undervisningsfag specialized in
40 27 ... udfeerdige planer for enkelte lektioner | ... make plans for single lessons Planning and preparation
41 28 ... planleegge korte undervisningsforlab ... plan short teaching modules Planning and preparation
42 29 planlegge leengerevarende | ... plan long teaching modules Planning and preparation
undervisningsforlgb

Svar-skala: helt sikker (3), nogenlunde
sikker (2), ikke serligt sikker (1), meget
usikker (0)

Response scale: very confident (3),
confident (2), not particularly confident (1),
not confident at all (0)
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Appendix 3 - Additional documentation for Planning and preparation subscale

Table A3a
Item Fit Statistics for the Planning and Preparation Subscale under the Final 7-Item GLLRM"
Conditional outfit and infit Item-restscore correlations

items Outfit p Infit p Observedy Expectedy p
17 0.880 0.141 0.903 0.235 0.57 0.51 0.190
I8 0.902 0.256 0.944 0.511 0.52 0.49 0.483
123 1.004 0.964 0.984 0.844 0.51 0.49 0.790
139 1.1.68 0.033 1.167 0.036+ 0.45 0.51 0.203
140 0.900 0.090 0.898 0.213 0.71 0.66 0.191
141 1.164 0.138 1.151 0.070 0.66 0.71 0.146
142 0.976 0.086 0.980 0.811 0.65 0.62 0.651
140*141*142 0.55 0.56 0.730

Notes. y = Goodman & Kruskal’s gamma coefficients. GLLRM: Graphical loglinear Rasch model. + signifies that the 5% critical limit was not reached after adjusting
for false discovery rate due to multiple testing (this was 0.0023). ?There is local dependence between items 40 and 41, and items 41 and 42, and therefore the fit of a
composite item made up of the three items is also tested.

Table A3b
Conditional Likelihood Ratio Tests of Local Dependence under the Final GLLRM for the Planning and Preparation Subscale
Locally dependent items CLR df p y
140 & 141 40.09 9 <0.001 0.60
141 & 142 54.85 9 <0.001 0.48

Notes. y-correlations are Goodman and Kruskal’s rank correlation for ordinal data. Testing for the presence of further local dependence and differential item functioning
rejected this; 5% critical level was 0.00093 due to multiple testing.

37
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Table A3c
Thresholds, Locations, Difficulty and Targets for Conditionally Independent Items and Component Items Made Up of Locally Dependent Items in the
Planning and Preparation Subscale

Item thresholds Location, difficulty and targets
Item Item Item Information
items 1 2 3 4 5 6 7 8 9 location® difficult® target® at target
17 -1.83 -044 2.39 0.04 -0.19 -0.97 0.53
18 255 -1.74 1.63 -0.89 -1.28 -2.07 0.60
123 -3.15 -0.88 1.95 -0.70 -0.81 -1.53 0.41
139 -147 039 297 0.63 0.51 -0.21 0.47
140*141*142 086 -126 -236 -037 -035 047 205 202 265 022 -0.10 -1.37 2.38

Notes. *Mean of the item thresholds. ®the person parameter where the expected score = max score/2. °the person parameter where item information is maximized.



Nielsen et al. 39

all students

2.4 -1.4 0.4 06 1.6
Planning and preparation - theta

Figure A3

Planning and Preparation Subscale Item Map with Distributions of Person Parameter Estimates and Infor-
mation Curve above Item Threshold

Notes. Person parameter estimates are weighted maximum likelihood estimates (theta) and illustrate the distribution of
these for the study sample (black bars above the line) and for the population under the assumption of normality (grey bars
above the line), as well as the information curve, relative to the distribution of the item difficulties (black bars below the
line).

Table A3d
Conversion of Planning and Preparation Sum Scores to Weighted Maximum Likelihood Estimates of Person

Parameters (Theta) Resulting from the Final Subscale GLLRM
Score Theta estimate Theta estimate bias  Theta RMSE Score SEM

0 -4.652 0.520 0.882 0.63
1 -3.344 0.069 0.846 1.06
2 -2.650 0.006 0.742 1.37
3 -2.196 -0.011 0.635 1.65
4 -1.891 -0.013 0.570 1.86
5 -1.657 -0.007 0.534 1.99
6 -1.451 0.001 0.514 2.05
7 -1.247 0.007 0.505 2.04
8 -1.022 0.010 0.507 1.98
9 -0.757 0.007 0.523 1.90
10 -0.454 0.002 0.549 1.81
11 -0.132 0.001 0.576 1.75
12 0.208 0.002 0.597 1.68
13 0.585 0.001 0.610 1.63
14 0.999 -0.005 0.615 1.60
15 1.407 -0.012 0.617 1.61
16 1.775 -0.010 0.625 1.63
17 2.118 -0.003 0.645 1.61
18 2.475 0.004 0.685 1.52
19 2.904 0.001 0.747 1.36
20 3.527 -0.056 0.812 1.09
21 4.784 -0.508 0.853 0.65

Notes. For theta estimates: range of persons with bias < 0.01: [-0.988 - 3.122], range of persons with bias < 0.05: [-3.202
- 3.492].
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Appendix 4 - Additional documentation for Teaching in itself subscale

Table Ada
Item Fit Statistics for the Teaching in Itself Subscale under the Final 7-Item GLLRM"
Conditional outfit and infit Item-restscore correlations

Items Outfit p Infit p Observed y Expected y p
121 0.951 0.673  0.961 0.631  0.59 0.57 0.681
122 1.084 0.427 1.142 0.082  0.51 0.57 0.201
125 1.113 0278 1.104 0.238  0.65 0.68 0.356
127 0.911 0.304 0917 0.312  0.63 0.57 0.338
129 1.048 0.623  1.017 0.848  0.55 0.58 0.613
128 0.853 0.148  0.884 0.203  0.68 0.60 0.103
130 1.166 0.234 0979 0.808  0.70 0.68 0.651
125*130 0.60 0.62 0.511

Notes. y = Goodman & Kruskal’s gamma coefficients. RM: GLLRM: Graphical loglinear Rasch model. ® There is local dependence between items 25 and 30, and
therefore the fit of a composite items made up of the two items is also tested.

Table A4b
Conditional Likelihood Ratio Tests of Local Dependence under the Final GLLRM for the Teaching in Itself Subscale
Locally dependent items CLR df p y
125 & 130 31.96 9 0.002 0.42

Notes. y-correlations are Goodman and Kruskal’s rank correlation for ordinal data. Testing for the presence of further local dependence and differential item functioning
rejected this; 5% critical level was 0.00091 due to multiple testing.

Table Adc

Thresholds, Locations, Difficulty and Targets for Conditionally Independent Items and Component Items Made Up of Locally Dependent Items in the
Teaching in Itself Subscale

Item thresholds Location, difficulty and targets
Item Item Item Information
items 1 2 3 4 5 6 location®*  difficult® target® at target
121 -3.64 -1.53 1.71 -1.15 -1.39 -2.39 0.42
122 -3.70 -1.45 2.03 -1.04 -1.31 -2.39 0.40
127 2.77 -0.09 3.16 0.10 -0.03 -0.57 0.36
129 -1.93 0.63 5.09 1.26 0.78 -0.49 0.36
128 -3.28 -0.81 3.44 -0.22 -0.66 -1.91 0.37
125*130 -1.41 -1.31 0.09 0.52 2.23 3.00 0.52 0.36 -0.47 1.10

Notes. - signifies no data, as adjacent response categories were not used. ® Mean of the item thresholds. ® the person parameter where the expected score = max score/2
“the person parameter where item information is maximized.
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Figure A4
Teaching in Itself Subscale Item Map with Distributions of Person Parameter Estimates and Information Curve
above Item Threshold
Notes. Person parameter estimates are weighted maximum likelihood estimates (theta) and illustrate the distribution of
these for the study sample (black bars above the line) and for the population under the assumption of normality (grey bars
above the line), as well as the information curve, relative to the distribution of the item difficulties (black bars below the

line).

Table A4d
Conversion of Teaching in Itself Sum Scores to Weighted Maximum Likelihood Estimates of Person Parame-
ters (Theta) Resulting from the Final Subscale GLLRM

05 15

2 25
Teaching in itself - theta

Score Theta estimate Theta estimate bias  Theta RMSE Score SEM
0 -5.658 0.511 0.874 0.63
1 -4.362 0.063 0.876 1.01
2 -3.636 0.011 0.821 1.22
3 -3.070 0.004 0.744 1.36
4 -2.583 0.002 0.685 1.47
5 -2.152 -0.001 0.646 1.55
6 -1.767 -0.001 0.621 1.62
7 -1.411 -0.000 0.606 1.66
8 -1.069 0.001 0.599 1.68
9 -0.726 0.002 0.598 1.67
10 -0.371 0.002 0.605 1.65
11 -0.002 0.001 0.617 1.62
12 0.381 0.002 0.633 1.58
13 0.788 0.002 0.650 1.54
14 1.230 -0.001 0.667 1.49
15 1.701 -0.004 0.685 1.45
16 2.180 -0.006 0.707 1.42
17 2.670 -0.003 0.742 1.37
18 3.201 0.001 0.799 1.28
19 3.847 -0.003 0.891 1.13
20 4.763 -0.061 0.995 0.92
21 6.358 -0.561 0.994 0.56

Notes. For theta estimates: range of persons with bias < 0.01: [-3.583 - 4.073], range of persons with bias < 0.05: [-4.259

- 4.661].

41



42 Educational Methods & Psychometrics 2 (2024)

Appendix 5 - Additional documentation for Class management subscale

Table ASa
Item Fit Statistics for the Class Management Subscale under the Final 6-Item GLLRM
Conditional outfit and infit Item-restscore correlations

items Outfit p Infit p Observedy Expectedy p
14 0.971 0.774 1.024 0.784 0.64 0.60 0.501
16 1.106 0.229 1.120 0.143 0.52 0.59 0.125
19 1.013 0.882 1.017 0.828 0.58 0.59 0.743
120 1.070 0.463 1.052 0.545 0.57 0.60 0.564
126 0.775 0.019+ 0.807 0.025+ 0.71 0.60 0.024+
132 0.968 0.730 0.988 0.882 0.61 0.59 0.678

Notes. y = Goodman & Kruskal’s gamma coefficients. GLLRM: Graphical loglinear Rasch model. + signifies that the 5% critical limit was not reached after adjusting
for false discovery rate due to multiple testing (the limit was 0.0029).

Table ASb
Conditional Likelihood Ratio Tests of DIF under the Final GLLRM for the Class Management Subscale
Items and background variable CLR df P y
14 & Exp 16.80 3 <0.001 0.48

Notes. y-correlations are Goodman and Kruskal’s rank correlation for ordinal data. Testing for the presence of further local dependence and differential item functioning
rejected this; 5% critical level was 0.00114 due to multiple testing.

Table ASc
Thresholds, Locations, Difficulty and Targets for Conditionally Independent Items and Items with DIF in the Class Management Subscale
Item thresholds Location, difficulty and targets
Item Item Item Information
Items 1 2 3 location®*  difficulty® target® at target
14 - No Prior teaching experience  -2.56  0.22 3.99 0.00 0.31 -0.39 0.34
14 - Prior teaching experience - -1.10 3.84 0.00 -1.12 -1.04 0.26
16 -3.29 -0.57  2.79 -0.36 -0.50 -1.06 0.35
19 -3.47 -0.13 3.08 -0.17 -0.14 -0.05 0.32
120 -2.76 -0.53 3.36 0.03 -0.36 -1.53 0.40
126 -3.03 -1.13 2.71 -0.48 -0.90 -2.00 0.44
132 - -1.30 2.61 0.65 -1.36 2.40 0.27

Notes. - signifies no data, as adjacent response categories were not used. ® Mean of the item thresholds. ® the person parameter where the expected score = max score/2

¢the person parameter where item information is maximized.
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Figure A5

Class Management Subscale Item Map with Distributions of Person Parameter Estimates and Information
Curve above Item Threshold for Students with Prior Teaching Experience (Bottom) and without Prior Teach-
ing Experience (Top)

Notes. Person parameter estimates are weighted maximum likelihood estimates (theta) and illustrate the distribution of
these for the study sample (black bars above the line) and for the population under the assumption of normality (grey bars

above the line), as well as the information curve, relative to the distribution of the item difficulties (black bars below the
line).
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Table A5d
Conversion of Class Management Sum Scores to Weighted Maximum Likelihood Estimates of Person Parameters (Theta) and DIF-Equated Sum Scores
Resulting from the Final Subscale GLLRM

No prior teaching experience (reference group) Prior teaching experience
Score Theta Theta Theta Score DIF-equated Theta Theta Theta Score
estimate estimate bias RMSE SEM Score estimate estimate bias RMSE SEM
0 R R R - - R - R R
1 -5.493 0.508 0.868 0.63 - - - - -
2 -4.208 0.061 0.871 1.01 1.27 -5.407 0.513 0.881 0.62
3 -3.491 0.008 0.825 1.21 2.10 -4.097 0.062 0.891 0.99
4 -2.923 0.004 0.762 1.33 3.21 -3.348 0.010 0.844 1.18
5 -2.413 0.004 0.721 1.39 432 -2.745 0.004 0.778 1.29
6 -1.928 0.002 0.701 1.42 5.40 -2.204 0.002 0.735 1.36
7 -1.453 0.001 0.696 1.43 6.47 -1.697 0.000 0.716 1.40
8 -0.980 0.001 0.704 1.43 7.51 -1.211 0.001 0.716 1.40
9 -0.495 0.004 0.722 1.40 8.55 -0.722 0.004 0.732 1.38
10 0.021 0.007 0.749 1.35 9.61 -0.202 0.009 0.763 1.33
11 0.605 0.006 0.776 1.28 10.69 0.400 0.010 0.799 1.25
12 1.275 -0.003 0.791 1.24 11.79 1.136 -0.003 0.821 1.19
13 1.951 -0.012 0.791 1.26 12.86 1.881 -0.016 0.817 1.22
14 2.554 -0.012 0.789 1.28 13.91 2.511 -0.014 0.805 1.26
15 3.125 -0.007 0.806 1.26 14.93 3.089 -0.007 0.813 1.25
16 3.729 -0.008 0.853 1.17 15.95 3.693 -0.008 0.853 1.17
17 4.474 -0.059 0.892 0.99 16.96 4431 -0.060 0.886 0.99
18 5.791 -0.513 0.881 0.62 18.00 5.732 -0.511 0.876 0.62

Notes. - signifies no data, as score level not reached by anyone. For theta estimates: range of persons with no prior teaching experience with bias <0.01: [-3.334 - 3.788],
range of person with prior teaching experience with bias < 0.01: [-3.334 - 3.788]. Range of persons with no prior teaching experience with bias < 0.05: [-4.000 - 4.360],
range of person with prior teaching experience with bias < 0.05: [-4.000 - 4.360].
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Table ASe
Conversion of Class Management Sum Scores to Weighted Maximum Likelihood Estimates of Person Param-
eters (Theta) Resulting from the DIF-Free 5-Item Subscale GLLRM

Score Theta estimate Theta estimate bias  Theta RMSE Score SEM

0 - - - -

1 -5.370 0.515 0.888 0.61
2 -4.045 0.063 0.911 0.97
3 -3.261 0.013 0.876 1.14
4 -2.599 0.007 0.821 1.22
5 -1.971 0.003 0.789 1.26
6 -1.366 -0.001 0.780 1.28
7 -0.779 0.001 0.789 1.28
8 -0.182 0.008 0.812 1.25
9 0.484 0.010 0.840 1.19
10 1.279 0.004 0.855 1.14
11 2.075 -0.018 0.854 1.17
12 2.751 -0.015 0.856 1.19
13 3.402 -0.012 0.883 1.13
14 4.164 -0.059 0.902 1.98
15 5470 -0.510 0.878 0.62

Notes. For theta estimates: range of persons with bias < 0.01: [-3.072 — 1.540], range of persons with bias < 0.05: [-3.936
- 4.089].
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Appendix 6 - Additional documentation for Differentiation subscale

Table A6a
Item Fit Statistics for the Differentiation Subscale under the Final 6-Item Rasch Model

items

Conditional outfit and infit

Outfit

Infit

Item-restscore correlations

)4 )4 Observedy Expectedy p
I1 0.970 0.755 0.933 0.446 0.55 0.52 0.623
2 1.210 0.007+ 1.214 0.007+ 0.43 0.52 0.072
116 0.994 0.943 1.023 0.777 0.51 0.52 0.834
117 0.933 0.447 0.946 0.516 0.59 0.53 0.284
18 0.929 0.515 0.959 0.666 0.61 0.54 0.306
119 0.917 0.330 0.911 0.271 0.59 0.52 0.197

Notes. y = Goodman & Kruskal’s gamma coefficients. + signifies that the 5% critical limit was not reached after adjusting for false discovery rate due to multiple testing

(this was 0.0028).

Testing for the presence of further local dependence and differential item functioning rejected this; 5% critical level was 0.00111 due to multiple testing.

Table A6b
Thresholds, Locations, Difficulty and Targets for Conditionally Independent Items and Component Items Made Up of Locally Dependent Items in the

Differentiation Subscale

Item thresholds Location, difficulty and targets
Item Item Item Information
items 1 2 3 location® difficult® target® at target
11 -2.95 -1.32 2.55 -0.58 -1.04 -2.08 0.48
12 -1.24 0.97 3.05 0.93 0.95 1.13 0.46
116 - -0.79 2.53 0.87 -0.89 2.11 0.29
117 -4.32 -0.16 3.30 -0.39 -0.20 0.03 0.30
118 -3.46 -0.50 4.00 0.01 -0.41 -1.08 0.32
119 -3.38 -0.59 2.31 -0.55 -0.58 -0.71 0.36

Notes. - signifies no data, as adjacent response categories were not used. ® Mean of the item thresholds. ® the person parameter where the expected score = max score/2. ©
the person parameter where item information is maximized.
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Figure A6
Differentiation Subscale Item Map with Distributions of Person Parameter Estimates and Information Curve
above Item Threshold

Notes. Person parameter estimates are weighted maximum likelihood estimates (theta) and illustrate the distribution of
these for the study sample (black bars above the line) and for the population under the assumption of normality (grey bars
above the line), as well as the information curve, relative to the distribution of the item difficulties (black bars below the
line).

Table A6c
Conversion of Differentiation Sum Scores to Weighted Maximum Likelihood Estimates of Person Parameters
(Theta) Resulting from the Final Subscale RM

Score Theta Theta Theta Score
estimate estimate bias RMSE SEM

0 - R - -

1 -5.885 0.527 0.918 0.60
2 -4.483 0.063 0.943 0.95
3 -3.650 0.013 0.890 1.12
4 -2.966 0.006 0.819 1.23
5 -2.352 0.002 0.769 1.30
6 -1.792 -0.001 0.738 1.35
7 -1.278 -0.001 0.720 1.39
8 -0.789 0.001 0.714 1.41
9 -0.302 0.004 0.718 1.40
10 0.209 0.005 0.728 1.37
11 0.760 0.002 0.740 1.34
12 1.341 -0.004 0.748 1.33
13 1.914 -0.008 0.752 1.33
14 2.465 -0.007 0.762 1.32
15 3.017 -0.005 0.793 1.28
16 3.622 -0.008 0.851 1.18
17 4.380 -0.061 0.898 0.99
18 5.714 -0.517 0.890 0.62

Notes. - signifies no data, as score level not reached by anyone. For theta estimates: range of persons with bias < 0.01: [-
3.470 - 3.698], range of persons with bias < 0.05: [-4.366 - 4.297].
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Appendix 7 - Additional documentation for Adult collaborators subscale

Table A7a
Item Fit Statistics for the Adult Collaborators Subscale under the Final 4-Item GLLRM"
Conditional outfit and infit Item-restscore correlations

Items Outfit p Infit p Observedy Expectedy p
110 0.909 0.456 0.943 0.544 0.75 0.74 0.683
111 1.267 0.072 1.036 0.720 0.83 0.84 0.795
112 0.993 0.872 1.034 0.685 0.73 0.72 0.940
131 0.951 0.692 0.979 0.779 0.45 0.43 0.787

Notes. y = Goodman & Kruskal’s gamma coefficients. GLLRM: Graphical loglinear Rasch model. ® There is local dependence between items 10 and 11, and items 11
and 12, and therefore the fit of a composite item made up of the three items should also be tested. However, as the restscore to this composite item is a single item, the
test is not possible.

Table A7b
Conditional Likelihood Ratio Tests of Local Dependence under the Final GLLRM for the Adult Collaborators Subscale
Locally dependent items CLR df p y
110 & 111 71.30 9 <0.001 0.67
111 & 112 71.55 9 <0.001 0.65

Notes. y-correlations are Goodman and Kruskal’s rank correlation for ordinal data. Testing for the presence of further local dependence and differential item functioning
rejected this; 5% critical level was 0.00208 due to multiple testing.

Table A7c

Thresholds, Locations, Difficulty and Targets for Conditionally Independent Items and Component Items Made Up of Locally Dependent Items in the
Adult Collaborators Subscale

Item thresholds Location, difficulty and targets
Item Item Item Information
Items 1 2 3 4 5 6 7 8 9 location® difficult® target® at target
131 - -1.36  0.60 -0.38 -1.635 -0.38 0.43
I10*111*112 -0.71 -1.06 -143 -007 0.02 038 130 096 139 0.08 0.06 0.67 2.40

Notes. - signifies no data, as adjacent response categories were not used. *Mean of the item thresholds. ® the person parameter where the expected score = max score/2
¢ the person parameter where item information is maximized.
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Figure A7
Adult Collaborators subscale Item Map with Distributions of Person Parameter Estimates and Information
Curve above Item Threshold

Notes. Person parameter estimates are weighted maximum likelihood estimates (theta) and illustrate the distribution of
these for the study sample (black bars above the line) and for the population under the assumption of normality (grey bars
above the line), as well as the information curve, relative to the distribution of the item difficulties (black bars below the
line).

Table A7d

Conversion of Adult Collaborators Sum Scores to Weighted Maximum Likelihood Estimates of Person Param-
eters (Theta) Resulting from the Final Subscale GLLRM

Score Theta Theta Theta Score SEM
estimate estimate bias RMSE

0 - - - -

1 -2.274 0.403 0.615 0.85
2 -1.529 0.072 0.584 1.36
3 -1.182 0.024 0.609 1.58
4 -0.892 0.018 0.608 1.67
5 -0.579 0.017 0.594 1.67
6 -0.200 0.005 0.587 1.64
7 0.193 -0.009 0.592 1.65
8 0.549 -0.015 0.602 1.66
9 0.869 -0.014 0.617 1.64
10 1.185 -0.020 0.624 1.54
11 1.565 -0.072 0.606 1.32
12 2.340 -0.406 0.633 0.83

Notes. For theta estimates: range of persons with bias < 0.01: [-0.320 - 0.217], range of persons with bias < 0.05: [-1.419
- 1.454].
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Appendix 8 - Additional documentation for Pupils (relational) subscale

Table A8a
Item Fit Statistics for the Pupils (Relational) Subscale under the Final 4-Item Rasch Model
Conditional outfit and infit Item-restscore correlations

Items Outfit p Infit p Observed y Expectedy p
I3 0.979 0.803 0.986 0.862 0.581 0.563 0.730
114 1.014 0.901 1.040 0.605 0.505 0.536 0.607
115 1.046 0.639 1.038 0.649 0.536 0.564 0.622
124 0.958 0.620 0.959 0.613 0.603 0.567 0.494

Notes. y = Goodman & Kruskal’s gamma coefficients.

Testing for the presence of further local dependence and differential item functioning rejected this; 5% critical level was 0.00192 due to multiple testing.

Table A6b

Thresholds, Locations, Difficulty and Targets for Conditionally Independent Items and Component Items Made Up of Locally Dependent Items in the
Pupils (Relational) Subscale

Item thresholds  Location, difficulty and targets

Item Item Item Information
Items 1 2 3 location®  difficulty® target® at target
I3 -1.98 0.42 3.23 0.55 0.47 -0.10 0.40
114 - -2.84 1.05 -0.90 -2.90 0.84 0.27
115 - -2.11 2.06 -0.03 -2.16 1.90 0.27
124 -2.69  -0.00 2.88 0.06 0.02 -0.19 0.37

Notes. - signifies no data, as adjacent response categories were not used. * Mean of the item thresholds. ® the person parameter where the expected score = max score/2.
¢the person parameter where item information is maximized.
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Figure A8
Pupils (Relational) Subscale Item Map with Distributions of Person Parameter Estimates and Information
Curve above Item Threshold

Notes. Person parameter estimates are weighted maximum likelihood estimates (theta) and illustrate the distribution of
these for the study sample (black bars above the line) and for the population under the assumption of normality (grey bars
above the line), as well as the information curve, relative to the distribution of the item difficulties (black bars below the
line).

Table A8d
Conversion of Pupil (Relational) Sum Scores to Weighted Maximum Likelihood Estimates of Person Parame-
ters (Theta) Resulting from the Final Subscale RM

Score Theta estimate Theta estimate bias  Theta RMSE Score SEM

0 - - - -

1 - - - -

2 -4.665 0.519 0.905 0.60
3 -3.295 0.062 0.952 0.94
4 -2.453 0.017 0.937 1.07
5 -1.682 0.015 0.907 1.10
6 -0.855 0.005 0.901 1.09
7 -0.005 -0.005 0.905 1.10
8 0.799 -0.006 0.905 1.11
9 1.602 -0.008 0.916 1.09
10 2.438 -0.016 0.960 1.03
11 3.367 -0.066 0.992 0.90
12 4.807 -0.530 0.936 0.58

Notes. - signifies no data, as score level not reached by anyone. For theta estimates: range of persons with bias < 0.01: [-
1.157 - 1.886], range of persons with bias < 0.05: [-3.187 - 3.213].
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Appendix 9 - Additional documentation for Evaluation and development subscale

Table A9a
Item Fit Statistics for the Evaluation and Development Subscale under the Final 6-Item GLLRM"
Conditional outfit and infit Item-restscore correlations

items Outfit p Infit p Observedy Expectedy p
133 1.508 <0.001++ 1.254 0.002++  0.59 0.70 0.009+
134 0.826 0.058 0.830 0.043+ 0.70 0.61 0.062
135 1.060 0.582 1.081 0.339 0.70 0.71 0.739
136 0.992 0.931 1.017 0.848 0.64 0.62 0.760
137 0.969 0.714 0.944 0.493 0.65 0.61 0.410
138 0.957 0.632 0.960 0.634 0.64 0.61 0.548
133*135 0.54 0.62 0.037+

Notes. y = Goodman & Kruskal’s gamma coefficients. GLLRM: Graphical loglinear Rasch model. + signifies that the 5% critical limit was not reached after adjusting
for false discovery rate due to multiple testing (this was 0.00526), ++ signifies that the 1% critical limit was not reached after adjusting for false discovery rate due to
multiple testing (this was 0.00053).  There is local dependence between items 33 and 35, and therefore the fit of a composite item is also tested.

Table A9b
Conditional Likelihood Ratio Tests of Local Dependence under the Final GLLRM for the Evaluation and Development Subscale
Locally dependent items CLR df p y
133 & 135 25.96 6 0.000 0.62

Notes. y-correlations are Goodman and Kruskal’s rank correlation for ordinal data. Testing for the presence of further local dependence and differential item functioning
rejected this; 5% critical level set to 0.00114 due to multiple testing.

Table A9c

Thresholds, Locations, Difficulty and Targets for Conditionally Independent Items and Component Items Made Up of Locally Dependent Items in the
Evaluation and Development Subscale

Item thresholds Location, difficulty and targets
Item Item Item Information
items 1 2 3 4 5 6 location® difficult® target® at target
134 -3.72 -0.89 2.86 -0.58 -0.81 -1.42 0.34
136 -4.01 0.11 394 0.01 0.10 0.17 0.29
137 -2.75 0.21 3.15 0.20 0.21 0.23 0.35
138 -4.09 0.50 3.93 0.11 0.44 0.76 0.29
133*135 - -3.86 -1.54 -0.26 221 242  -0.20 -0.89 2.14 0.73

Notes. - signifies no data, as adjacent response categories were not used. * Mean of the item thresholds. ° the person parameter where the expected score = max score/2.
¢the person parameter where item information is maximized.
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Figure A9
Evaluation and Development Subscale Item Map with Distributions of Person Parameter Estimates and In-
formation Curve above Item Threshold
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Notes. Person parameter estimates are weighted maximum likelihood estimates (theta) and illustrate the distribution of
these for the study sample (black bars above the line) and for the population under the assumption of normality (grey
bars above the line), as well as the information curve, relative to the distribution of the item difficulties (black bars
below the line).

Table A9d
Conversion of Evaluation and Development Sum Scores to Weighted Maximum Likelihood Estimates of Per-
son Parameters (Theta) Resulting from the Final Subscale GLLRM

Score Theta Theta Theta Score
estimate estimate bias RMSE SEM

0 R R R R

1 -6.184 0.511 0.882 0.62
2 -4.866 0.060 0.908 0.98
3 -4.096 0.013 0.880 1.14
4 -3.438 0.012 0.836 1.20
5 -2.786 0.010 0.812 1.22
6 -2.110 0.002 0.798 1.24
7 -1.461 -0.004 0.784 1.27
8 -0.871 -0.003 0.771 1.31
9 -0.310 0.002 0.764 1.32
10 0.252 0.005 0.762 1.31
11 0.847 0.001 0.758 1.30
12 1.455 -0.007 0.751 1.32
13 2.011 -0.009 0.749 1.35
14 2.524 -0.004 0.757 1.34
15 3.061 -0.001 0.790 1.28
16 3.684 -0.008 0.856 1.16
17 4.475 -0.063 0.912 0.97
18 5.826 -0.520 0.899 0.61

Notes. For theta estimates: range of persons with bias < 0.01: [-2.788 - 3.759], range of persons with bias < 0.05: [-
4.784 - 4.367].



