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The STEBI-B (Enoch and Riggs, 1990) has been widely used as a measure of undergraduate primary pre-service
teacher self-efficacy since its creation. However, the publication of its use within postgraduate teaching courses
has been limited. The postgraduate pre-service teachers (Graduate Diploma and Master of Education students) are
a very different population, presenting with more life experience and importantly, more experience in Science.

This brings the generalizability of the STEBI-B to this population into question. The validity of the STEBI-B for use
with a postgraduate, pre-service teacher population was investigated using a Rasch model analysis. Results
support the two-factor structure presented by the original authors, the rewording proposed by Bleicher (2004),
and additional modifications to the Likert scale and wording to improve targeting for this specific population.
With simple, justified modifications the STEBI-B can be used as a tool to positively influence course design in
postgraduate, pre-service teacher, science education courses.

1. Introduction

In line with research-informed practice, the authors sought an
appropriate tool to measure self-efficacy in the student population
(Kazempour and Sadler, 2015) to support the review of a postgraduate,
pre-service, primary science education course at their Australian uni-
versity. Various publications document the importance of self-efficacy for
future science teaching (Dembo and Gibson, 1985; Mansfield and
Woods-McConney, 2012; Palmer, 2006), which is lacking in many
pre-service primary teachers who are often generalist teachers working
across all subject areas (Gibson and Dembo, 1984; Gunning and Mensah,
2011; Knaggs and Sondergeld, 2015; McKinnon and Lamberts, 2013).
The scale, chosen for its clear factor structure and reported reliability,
was the Science Teaching Efficacy Belief Instrument (STEBI-B) which was
purposefully designed for undergraduate pre-service primary teachers
(Enoch and Riggs, 1990).

Postgraduate pre-service teachers enter education courses with
different characteristics from undergraduate teachers. They have existing
content knowledge in one or more subject areas due to their past study,
and a more diverse range of both professional and life experiences. This
includes their prior formal and informal science learning experiences,
which may shape their self-efficacy for primary science teaching (Norris
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et al., 2018). Consequently, when the STEBI-B was administered to the
cohort of postgraduate, pre-service primary teachers in the science ed-
ucation course, it was evident that the factor structure and reliability of
the STEBI-B would need to be established for this specific population.
Deehan (2017) summarised the methodologies and interventions of 140
papers reporting results using the STEBI-B, confirming that the post-
graduate pre-service cohort used for this study was a new sample.
Therefore, the revalidation of the instrument is imperative to ensure a
similar factor structure and reliability are present in a cohort that is
different from previously reported samples.

1.1. History of the STEBI

The Science Teaching Efficacy Belief Instrument (STEBI-A) was
developed by Enochs and Riggs (1990) to measure in-service primary
school generalist teachers' self-efficacy to teach science. This original
instrument used a five-point, 25-item Likert scale format from strongly
agree through strongly disagree with ‘uncertain’ at the center of the
scale. The STEBI-A consisted of two factors, a personal science teaching
efficacy belief scale (PSTE) and a science teaching outcome expectancy
scale (STOE) with reliability reported to be 0.92 and 0.77, respectively
(Enochs and Riggs, 1990).
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The STEBI-B is a modified version of the STEBI-A for use with pre-
service primary teachers. Questions were reworded to reflect future
tense and a sample of 212 pre-service students was used for the valida-
tion study. Two items were removed for cross loading on the otherwise
homogenous factors, resulting in a final instrument containing 23 items
with a five-point Likert scale response format. The STEBI-B contained 13
items reflecting the PSTE and 10 items reflecting the STOE (Enochs and
Riggs, 1990), with coefficient alpha reported as 0.90 and 0.76 respec-
tively. Bleicher (2004) confirmed the factor structure and reported
similar coefficients for the PSTE (o = 0.87) and STOE (o = 0.72). Bleicher
(2004) also suggested that refining the wording of two items, 10 and 13,
on the STOE scale to remove the term ‘some’ would improve the factor
structure and reliability as this was used to qualify ‘some students’ rather
than keeping consistent with other items that referred only to ‘students’.
The reported coefficient alpha for the STOE subscale is consistently lower
than that of the PSTE, with a minimum reported alpha of 0.56 (Velthuis
et al., 2014; Deehan, 2017). This may be due to there being 13 items in
the PSTE and only 10 in the STOE.

The five-point Likert scale used in the STEBI-B could be problematic.
Previous research on the use of a central category which does not
linguistically fit with the progressive language used in the other cate-
gories, such as ‘unsure’, ‘not sure’ and ‘not decided’, has negative effects
on the ordering of the category thresholds. Categories such as ‘unsure’,
while presented as a midpoint between agreement and disagreement, do
not function as a reflection of a level of agreement, but rather attract
respondents who do not have enough information or knowledge to make
a judgment (Andrich et al., 1997).

In previous studies, statistical methods such as Factor Analysis, which
are based on classical test theory, have been applied to assess the
construct validity of assessment instruments. Even though factor analysis
can provide an indication of the dimensionality of an instrument, it has
been shown to be affected by item difficulty. That is, it can result in
factors which are effectively difficulty factors rather than dimensionally
independent factors. In addition, in the assessment of the properties of
items, difficult items that may be critical for a given construct, are
excluded because they do not discriminate. A Rasch model analysis takes
item difficulty into account when the factor structure of a set of items is
investigated (Nunnaly and Bernstein, 1994).

1.2. Choice of a Rasch model analysis

Because of its properties, the Rasch model has increasingly been used
to determine the psychometric properties of instruments in the fields of
psychology, education and health (Cano et al., 2011; Hagquist et al.,
2009; Tennant and Connaghan, 2007). The simplest Rasch model is the
dichotomous Rasch model for analysing responses that are scored correct
or incorrect. The polytomous Rasch model is used in cases where there
are more than two response categories, for example in Likert scale format
questionnaires (e.g. Andrich, 1978; Masters, 1982). There are a number
of software packages available for performing Rasch model analyses, for
example Winsteps (Linacre, 2018) and RUMM2030 (Andrich et al.,
2014).

A Rasch model analysis places the magnitude of the property of the
students and the magnitude of the same property of the items on a scale
with interval level measurement and therefore expands the range of
statistical analysis techniques available for investigating the data (Bond
and Fox, 2015). The Rasch models are based on the property of invari-
ance of comparisons, that is, that the comparison between any pair of
students is invariant with respect to which items, from within the rele-
vant class of items, are used for the assessment, and likewise the com-
parison between any pair of items is invariant with respect to which
students are assessed, from within the relevant class of students. This
formulation is relevant for both dichotomous and polytomous items such
as those used for rating scales or partial credit (Andrich, 2011). It also
results in the successive categories of a polytomous item being scored
with successive integers beginning with 0 (Andrich, 1978). A benefit of
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the model in an educational context is that when a participant's integer
scores are summed across the items, as they are with the STEBI-B, then
the total score is the sufficient statistic for estimating the participant's
location on the scale. The total score is transformed non-linearly to
provide the interval level measurements, termed locations or logits, on
the scale.

Cronbach's alpha is commonly reported as a measure of scale reli-
ability. In the case of no missing responses, the software RUMM2030,
which is used for the analyses of data reported in this paper, calculates
Cronbach's alpha. In addition it calculates a similarly defined index, the
person separation index (PSI) based on the Rasch model estimates and its
standard errors. The PSI is an estimate of the proportion of the true
variance of the distribution of person estimates relative to the sum of this
variance and the error variance in the estimates (Rumm laboratory,
2018). When the distribution of responses does not have floor or ceiling
effects, Cronbach's alpha and the PSI have almost identical values. In
addition, the PSI is calculated readily when there are some missing re-
sponses in profiles.

For comparisons among defined groups, it is required that the items
function invariantly among the groups, that is, that their parameter es-
timates are statistically invariant. Lack of invariance is referred to as
Differential Item Functioning (DIF) and it is a problem for assessment
validity and fairness. A central assumption of the Rasch model is that
there is no DIF and therefore the model is powerful in identifying when
DIF is present in the data (Hagquist et al., 2009). DIF is identified using
RUMM2030 by comparing the means of observed responses of raw scores
for class intervals against the item characteristic curve (ICC) for each
item. If DIF is present for a subgroup (i.e. gender) on an item, then the
plotted means will deviate from the ICC. The software also calculates an
analysis of variance (ANOVA) of residuals from the ICC by group and
provides a statistical analysis of DIF which complements the graphical
analysis.

2. Aim

This paper presents a Rasch model analysis used to evaluate the
psychometric properties, including the factor structure (construct val-
idity) and reliability, of the STEBI-B for use with a postgraduate, pre-
service, primary teacher population. Only when the scale is validated
for use with this population can it be used to meaningfully guide course
design through accurate measurement of individuals and the targeting of
interventions reflective of their self-efficacy needs.

3. Methods
3.1. Research design

The broader research aimed to measure changes in the self-efficacy, in
terms of teaching primary science, of students enrolled in a primary
education, postgraduate, science unit. Prior to using the STEBI-B to
determine the effect of the science unit on the postgraduate student's self-
efficacy for teaching primary science, an analysis of its validity and
reliability was required. When administering an instrument to a sample
which differs from those previously reported, it is necessary to establish
that the factor structure and reliability are consistent with those reported
for the previous samples. Approval to conduct this analysis fit within the
broader study, with ethics approval granted by the University's Human
Research Ethics Committee (application 12776) and all participants
providing informed consent prior to completion of the questionnaires.

In investigating the factor structure of the STEBI-B for this sample,
first the existence of two separate factors, the STOE and PSTE, needed to
be established. The research design therefore involved an initial analysis
of all 23 items as a single scale, before separating the items into the re-
ported existing subscales, if evidenced. As the Rasch model assumes all
items represent the same construct (Sick, 2011, p.15), an analysis of all
23 items should show misfit to the model. In addition, the factor structure
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needed to remain consistent for both pre and post measurement points, in
order to accurately measure change at the two time points in the broader
research. It was expected that students would move up (or down) the
scale systematically, while the factor structure would remain the same.

3.2. The sample

The STEBI-B was administered to postgraduate pre-service teachers at
an Australian university as part of a broader research study (Norris,
2017). The postgraduate pre-service teachers were enrolled in a Graduate
Diploma of Education (Primary) and self-selected into the research while
enrolled in the Science Education unit within their course. The
pre-intervention STEBI-B was completed by 361 pre-service teachers,
with 275 of the participants also completing the post-intervention STE-
BI-B. Table 1 summarises the gender and science education backgrounds
of the 270 participants who completed the items in the questionnaire
relating to this combination of demographic information.

Of note in Table 1 are the 33% of students who have a bachelor's
degree or higher in an area of Science. This is very different from the type
of learner who presents in the undergraduate primary science units of
study, with implications for self-efficacy. Subsequently, the STEBI-B was
analysed to confirm its suitability for use as a pre/post analysis tool with
this cohort of students.

3.3. Data analysis

The psychometric properties of the STEBI-B were investigated using
the Rasch model (Rasch, 1961). The software RUMM2030 (Andrich
et al., 2014) was used to analyse responses to the instrument. Data were
entered with negatively worded items reverse coded as per the original
questionnaire (Enochs and Riggs, 1990). Both pre and post assessment
data were entered using Time One (T1, pre-intervention) and Time Two
(T2, post-intervention) as person variables. Therefore, the analysis rep-
resented 636 responses, which could be separated into comparison
groups for individual analysis based on Time (T1, pre-intervention N =
361; T2 post intervention N = 275). The purpose of the T1/T2 grouping
in this Rasch model analysis is to consider the validity and reliability of
the questionnaire for the sample at both time points.

3.3.1. Person/item alignment and reliability

Cronbach's coefficient alpha as well as the Person Separation Index
(PSI) (Andrich, 1982), were examined. In general and under ideal cir-
cumstances, the PSI and Cronbach's coefficient alpha have equivalent
values. However, in the case of floor or ceiling effects, Cronbach's coef-
ficient alpha is artificially inflated, and the PSI is a more accurate indi-
cation of reliability. Tennant and Conaghan (2007) specify a minimum
value of 0.7 for PSI is required when making decisions about groups use
and 0.85 for use with individuals. In this analysis, excellent PSI and
Cronbach alpha was deemed to be >.80, with .70 the accepted minimum.
In the STEBI-B questionnaire the Rasch model analysis provides an es-
timate of the pre-service teachers ‘difficulty to endorse’ estimate for each
item, that is, a sense of how hard the items were for participants to agree

Table 1. Science learning background and gender of participants (adapted from
Norris, 2017).

Highest Level of Science Female % (N = Male % (N = Total % (N =
Education 204) 66) 270)

Year 9 high school 2 0 1

Year 10 high school 15 12 14

Year 11 high school 7 8 7

Year 12 (final year) high 45 42 44

school

Undergraduate Degree 25 30 26
Postgraduate Degree 6 8 7
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with. As the item and person estimates are on the same scale, positive
values indicate items that were more difficult to endorse and persons
with higher efficacy. This analysis was also used to identify ‘gaps’ in the
distribution of items, where there are no items aligned to persons levels
of the latent construct (see Figure 2). This can guide item development to
fill particular ‘gaps’ in a scale.

3.3.2. Data fit to the model

The summed responses of more than one item are thought to be
more valid and reliable than a response to one item only, assuming
each item measures the same latent trait. Rasch model analysis iden-
tifies items that do not ‘fit” with other items, that is, they don't measure
the same construct. Fit was assessed statistically through two fit sta-
tistics, the fit residual and chi-square fit statistics, as well as visually
through the Item Characteristic Curves (ICC) when assessing STOE and
PSTE item fit. If the mean (M) and standard deviation (SD) of the fit
residual statistic is close to 0 and 1 respectively it indicates that the
data fit the model. If an individual item fits the model, the item fit
residuals have values between -2.5 and 2.5. These cut-offs are sup-
ported by Andrich and Marais (2012), with values outside of these
ranges indicating the items either over or under discriminate. The
chi-square fit statistic compares observed mean responses with what is
expected according to the Rasch model, indicating misfit when the
divergence is statistically significant. To avoid a type one error, the
Bonferroni adjustment (Bland and Altman, 1995) can be used to
determine significance levels, and was applied in this study due to the
multiple comparisons being tested.

3.3.3. Violations of local independence

Multidimensionality (more than one factor or construct) was diag-
nosed through three methods. First, through a principal component
analysis (PCA) of residuals where the absence of any meaningful pattern
supports the assumption of unidimensionality. Second, by forming two
subtests of items based on evidence from the PCA and determining the
statistical equivalence of person estimates based on these two subtests of
items through t-tests (Smith, 2002). If less than a chance level (5%) of
persons has different person estimates (logits) for the two subtests of
items, the assumption of unidimensionality is supported.

Finally, the ‘subtest’ option in RUMM2030 allows the reliability es-
timates of two sets of data to be compared. The first set of data uses the
original items and estimates and assumes they are independent. The
second set of data combines items which are hypothesised to be depen-
dent into a single polytomous item. If the second set of data is shown to
have lower reliability values, then the case for multidimensionality is
supported (Marais and Andrich, 2008).

3.3.4. Differential item functioning (DIF)

Comparisons between the summed scores on an instrument for
members of subgroups can be misleading if, for the same level of the trait
being measured, members of the different subgroups respond differently
to individual items (Looveer and Mulligan, 2009). A differential item
functioning (DIF) analysis identifies item bias, by determining items that
function differently for subgroups of the population. DIF was assessed
graphically through an inspection of the Item Characteristic Curve (ICC)
for each item and confirmed statistically through an ANOVA of the
residuals.

3.3.5. Response category functioning

This analysis determines if participants’ categoric responses to the
items (i.e., strongly disagree — strongly agree) are consistent with the
metric estimate of the construct (Tennant and Conaghan, 2007). The
criteria for evaluating the response categories of the Likert scale used in
the STEBI-B were: a minimum number of responses per category of 10
(Linacre, 1999), that the category thresholds progress monotonically
(category thresholds represent the point at which the difficulty of
endorsement of two adjacent categories has 50:50 probability), that the



E.V. Slater et al.

L e e e L L L P EE T EEEL e
4
P
r
o
b
a
LR
|
i
t
L
-~
.,
0.0 ; : ; T / : ; {
-6 5 -4 3 2 -1 1} 1 2 3 4 5 &
Person Location [logits)
LD g m oo e
B 1

«~———oooTo-TD

Person Location (logits)

Figure 1. Example category probability graphs A) disordered categories and B)
ordered categories.

category probability graphs indicate monotonic progression of categories
(Figure 1), and in the case of a five point scale, the distance between
category thresholds is at least 1.0 logits and no more than 5 logits. The
acceptable distributions for response categories are uniform, normal,
bi-modal or slightly skewed (Bond and Fox, 2015).

4. Results
4.1. Item/person alignment and reliability

Figure 2 shows histograms of the Rasch person estimates (top histo-
gram in red) and threshold distribution estimates (bottom histogram in
blue) for the STEBI-B on the same scale. The mean of the person estimates
was 1.09 relative to the mean of items which is constrained to be 0,
suggesting that many participants found the items easy to endorse.

There is an absence of item thresholds to separate the persons be-
tween 1 and 2 logits, suggesting further investigation of the targeting of
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the instrument is warranted as there may be a ‘gap’ where there are not
thresholds that will separate the persons. The person separation index
was 0.85 and coefficient alpha was 0.83, indicating good reliability, and
an excellent ability of item fit residual fit statistics and chi-square tests to
detect misfit when analysing data fit to the model.

4.2. Data fit to the model

Table 2 shows the summary fit statistics for all samples (pre, post and
stacked) for the 23 item STEBI-B, providing evidence of misfit to a uni-
dimensional model in all samples.

In the stacked sample, the mean of the item fit residual was 0.34 and
the SD was 1.58, indicating the data deviate from the unidimensional
model. The chi-square probability was also significant. These results
suggested multidimensionality needed to be investigated and was ex-
pected based on previously reported constructs.

4.2.1. Violations of local independence

In the PCA of the residuals, the principal component loadings showed
a relatively large difference between the first two components, with
Eigen values of 3.596 and 1.683 respectively. An analysis of the first
principle component (PC1) showed two distinct groupings of items. The
STEBI-B purports to measure two constructs and these groups were
represented in the PC1 loadings. A t-test was run using the two sets of
items identified by the PC1 loadings and labelled STOE:PSTE. The STOE
was represented by items 1, 4, 7, 9, 10, 11, 13, 14, 15 and 16 with the
remaining items comprising the PSTE. The percentage of students with
statistically significant differences in person estimates based on these two
groupings of items was 20.44%, supporting the proposition that the
STEBI-B is not unidimensional. In addition, a subtest analysis based on
the items which constituted the STOE and PSTE resulted in a difference in
the PSI from 0.85 to 0.66, while the alpha dropped to 0.49, supporting a
multidimensional structure (Marais and Andrich, 2008).

Since the reported multiple factor structure (Enochs &Riggs, 1990;
Bleicher, 2004) was supported by the Rasch model analysis of the
STEBI-B for the pre, post and stacked samples for this population, two
separate Rasch analyses, one of the STOE scale and one of the PSTE scale
were conducted.

4.2.2. Item/person alignment and reliability — STOE and PSTE

Figure 3 shows histograms of the Rasch person estimates (top histo-
gram in red) and item threshold estimates (bottom histogram in blue) for
the STOE on the same scale, for the stacked sample. The mean of the
person estimates was 1.19 relative to the mean of items which is con-
strained to be 0, supporting the hypothesis that many participants found
the STOE items easy to endorse. Figure 4 shows histograms of the Rasch
person estimates (top histogram in red) and item threshold estimates

Person-ltem Threshold Distribution

(Grouping Set to Interval Length of 0.20 making 70 Groups)
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Figure 2.

Person-item Threshold Distribution Graph for the STEBI-B.
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Table 2. Summary Statistics Output for 23 item STEBI-B.

Pre Post Stacked
ITEMS ITEMS ITEMS
Location Fit Residual Location Fit Residual Location Fit Residual
Mean 0.0000 0.3378 0.0000 0.2921 0.0000 0.3454
Std. Dev. 1.0156 1.7517 0.7577 1.5212 0.6852 1.5810
PERSONS PERSONS PERSONS
Location Fit Residual Location Fit Residual Location Fit Residual
Mean 1.2362 -0.2592 1.1754 -0.3894 1.0961 -0.3490
Std. Dev. 0.7334 1.4987 0.8402 1.6312 0.7914 1.5810
RELIABILITY RELIABILITY RELIABILITY
PSI 0.84 0.85 0.85
Cronbach's Alpha 0.81 0.83 0.83
FIT FIT FIT
Total Item Chi-Square 192.7759 147.6079 269.7112
Degrees of Freedom 69 69 69
Chi-Square Probability 0.000000 0.000000 0.000000

(bottom histogram in blue) for the PSTE on the same scale, for the
stacked sample. The mean of the person estimates was 1.28 relative to the
mean of items which is constrained to be 0, supporting the hypothesis
that many participants found the PSTE items easy to endorse.

There is an absence of item thresholds to separate the persons
between 1.0 and 2.0 logits for both the STOE and PSTE scales, sug-
gesting further investigation of the targeting of both scales is war-
ranted. For the STOE, the person separation index was 0.73 and

coefficient alpha was 0.69; while these were 0.85 and 0.84 respec-
tively for the PSTE.

4.2.3. Data fit to the model — STOE and PSTE

Table 3 shows the fit statistics for the STOE for all three samples. The
fit statistics for the pre-intervention sample showed the better fit of the
items to a unidimensional Rasch model, while post and stacked models
suggested multidimensionality.

Person-ltem Threshold Distribution

(Grouping Set to Interval Length of 0.20 making 75 Groups)
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Figure 3. Person-item threshold distribution for STOE.
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Figure 4. Person-item threshold distribution for PSTE.
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The mean of the item fit residual for the STOE stacked data was 0.18
and the SD was 2.00, indicating deviation of the items from the model.
The mean of the person fit residuals was -0.42 and the SD was 1.32,
indicating a better fit of the persons to the model. It is therefore more
likely that misfit to the Rasch model is being influenced by the items,
rather than by individual persons whose response patterns do not fit with
the predicted Rasch model. The STOE PSI and Cronbach alpha scores
indicated a good ability of these tests to detect misfit. The chi-square
probability suggested the pre-intervention sample for the STOE fit the
unidimensional model, while the post-intervention and stacked samples
did not.

Table 4 summarises model fit statistics for the PSTE for all three
samples. In the PSTE analysis, three persons were removed from the data
automatically by Rumm2030 for item calibrations due to extreme scores,
recording the highest level of agreement with every item. Curtis (2001)
advises the removal of these types of extreme persons due to significant
effects on item calibrations.

The mean of the item fit residuals for the stacked sample was 0.31 and
the SD was 2.83, indicating the data diverge from the unidimensional
model. The person statistics showed a better fit of the persons to the
model. The chi-square probability suggests that the post-intervention data
fit a unidimensional model at the 0.0007 (Bonferroni adjusted) level
while the pre-intervention and stacked data do not. The PSI and Cronbach
alpha >.80 indicated an excellent ability of these tests to detect misfit.

To further investigate the source of misfit, individual item fit was also
analysed using individual item fit residuals and chi-square probabilities.
Viewing the Item Characteristic Curve (ICC) graphs can direct the
researcher toward items that may show misfit. Figure 5 shows an
example of an ICC graph for item 13, where divergence from the predi-
cated curve is evident for the first and third class intervals.

For the STOE stacked sample, items 10 (2.83) and 13 (4.62) had high
fit residuals and item 13 also had a significant chi-square probability
(0.00). Item 10 also showed misfit in the pre-intervention data with a
high fit residual (4.03) while item 13 (4.77, 0.00) showed misfit against
both measures in the post-intervention data.

In the PSTE stacked sample, items 6 (4.233), 8 (4.884), 17 (-3.319),
18 (-3.29) and 21 (-3.103) had high fit residuals and significant chi-
square probabilities at the Bonferroni level of adjustment (0.000769),
indicating misfit to the model. Items 6, 8 and 18 also showed misfit in the
pre-intervention sample, while no items showed misfit in the post-
intervention sample.

4.2.4. Violations of local independence — STOE and PSTE
In the PCA of the residuals for the STOE stacked sample, the principal
component loadings showed no relatively large difference between the
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first two components, with Eigenvalues of 1.5 and 1.2 respectively. An
analysis by PC1 showed no distinct grouping of items. In a subtest
analysis of two groups, hypothetically formed based on positive and
negative loadings on PC1, the PSI dropped slightly to 0.68 and the error
adjusted correlation between the two tests was 0.93. This supports the
notion that the STOE is a unidimensional scale. Residual correlations
were inspected with no item correlating with any other item above 0.3.
Therefore, no violations of trait or response dependence were evident for
the STOE construct.

For the PSTE stacked sample, in the PCA of the residuals the principal
component loadings showed no relatively large difference between the
first two components, with Eigenvalues of 1.5 and 1.2 respectively. An
analysis by PC1 showed no distinct grouping of items. In a subtest
analysis of two groups, formed based on positive and negative loadings
on PC1, the PSI dropped slightly to 0.77 and the error adjusted correla-
tion between the two tests was 0.90. This further supports the PSTE as a
unidimensional scale. Items 6 and 8 had a residual correlation above 0.3
which indicates a possible violation of independence of response. These
two items are part of the cluster of items around 0 logits (see Figure 5).

4.2.5. Differential item functioning - STOE and PSTE

The demographic factor that could be tested for DIF was gender. In
analysing the ICC graphs for gender in the STOE stacked sample, no items
showed potential uniform DIF. The ANOVA results supported this
assumption, with an F ratio probability less than 0.002 being indicative
of a statistically significant difference in group means on an item. This
held true for the pre and post intervention samples on the STOE
construct.

In analysing the ICC graphs for gender in the PSTE stacked sample,
items 8, 18 and 19 showed potential uniform DIF; this is exemplified for
item 18 (F ratio probability 0.000484) in Figure 6. The ANOVA results
supported the graphical analysis, with an F ratio probability less than
0.001 being indicative of a statistically significant difference in group
means on an item. Items 18 (‘I will typically be able to answer students’
Science questions') and 19 (‘I wonder if I will have the necessary skills to
teach Science’) were uniformly endorsed more positively by males while
item 8 (‘I will generally teach Science ineffectively’) was more easily
positively endorsed by females. This held true for the pre-intervention
data, while the post intervention data indicated no gender difference.
Further differential analysis based on science education background was
not analysed due to unequal and small group sizes.

4.2.6. Response category functioning — STOE and PSTE
Despite the large STOE stacked sample, exceeding 20 persons per
item, the category ‘strongly agree’ was rarely used and did not meet the

Table 3. Summary statistics output for STOE.

Pre Post Stacked
ITEMS ITEMS ITEMS
Location Fit Residual Location Fit Residual Location Fit Residual
Mean 0.0000 0.2991 0.0000 0.1198 0.0000 0.1879
Std. Dev. 1.2058 1.4778 0.7381 1.8203 0.7124 2.0044
PERSONS PERSONS PERSONS
Location Fit Residual Location Fit Residual Location Fit Residual
Mean 1.4970 -0.3404 1.1896 -0.5012 1.1931 -0.4262
Std. Dev. 0.9123 1.2591 1.0056 1.3978 0.9522 1.3257
RELIABILITY RELIABILITY RELIABILITY
PSI 0.70 0.75 0.73
Cronbach's Alpha 0.67 0.71 0.69
FIT FIT FIT
Total Item Chi-Square 47.3372 85.9010 98.2754
Degrees of Freedom 40 40 40
Chi-Square Probability 0.198086 0.000034 0.000001
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Table 4. Summary statistics output for PSTE.

Pre Post Stacked
ITEMS ITEMS ITEMS
Location Fit Residual Location Fit Residual Location Fit Residual
Mean 0.0000 0.4600 0.0000 0.1085 0.0000 0.3104
Std. Dev. 1.0031 2.7713 0.8807 1.5007 0.8054 2.8312
PERSONS PERSONS PERSONS
Location Fit Residual Location Fit Residual Location Fit Residual
Mean 1.2424 -0.2801 1.4983 -0.4139 1.2787 -0.3740
Std. Dev. 1.0507 1.3658 1.3410 1.3268 1.1794 1.3746
RELIABILITY RELIABILITY RELIABILITY
PSI 0.85 0.85 0.85
Cronbach's Alpha 0.84 0.84 0.84
FIT FIT FIT
Total Item Chi-Square 223.6505 68.2929 214.7027
Degrees of Freedom 39 39 39
Chi-Square Probability 0.000000 0.00255 0.000000
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recommended minimum of 10 respondents for every item (Linacre,
1999). Table 5 summarises the category use, reflecting a usage pattern
which held true for both the pre-intervention and post-intervention STOE
samples.

Similarly, for the PSTE stacked sample, the category ‘strongly agree’
was rarely used and does not meet the recommended minimum of 10
respondents for 10 of the 13 items. None of the respondents used this
category for item 2, while the highest use of the category was 4.5% for
item 20. This pattern of response category use held true for both the pre-
intervention and post-intervention PSTE samples (Table 6).

The second criterion for assessing response category functioning is
category thresholds, which should increase monotonically (Bond and
Fox, 2015). For STOE items 4, 9 and 13 the thresholds were disordered in
the stacked sample as well as in the post-intervention sample. Inspection
of the category probability curves also indicated category disorder for
these items, where at least one category was never the most probable
category at any value along the x axis (Bond and Fox, 2015). The
pre-intervention sample had no disordered thresholds (see Figure 1).

Category thresholds for PSTE items 8 and 19 were disordered in the
stacked and pre-intervention samples. This is also reflected in the cate-
gory probability graphs for these items, where category ‘unsure’ was
never the most probable category at any value along the x axis. The post-
intervention sample had a large number of items with disordered
thresholds: 2, 3, 6, 8, 18, 19, 21, 22 and 23. When viewing the category
probability curves for this sample, item 6 was the most problematic.
Neither category ‘agree’ nor ‘unsure’ were ever the most probable cate-
gory along the x axis for item 6, as ‘disagree’ dominated the responses
along a large proportion of person abilities.

The recommended minimum distance of 1.0 logits (Bond and Fox,
2015) was not met consistently by the Likert scale for any item in the
stacked sample nor the post-intervention sample for both the STOE and
the PSTE constructs, with distances between thresholds two and three
consistently problematic across items. While the pre-intervention STOE
sample had more evident distances between thresholds, movement from
threshold two to threshold three for all items was still less than the
desirable 1.0 logits. The pre-intervention PSTE sample had three items, 3,
21 and 23 which progressed monotonically and met the minimum dis-
tance criteria.

5. Discussion
5.1. STOE scale

The STOE scale had sufficient reliability (PSI = .73), no trait or
response dependence and no item displayed DIF for gender. Items 10 and
13 could be reworded (Bleicher, 2004) or removed, as they show misfit to
the model. The response category ‘unsure’ is used by approximately 40%
of respondents to question 10 in the stacked sample, suggesting the
question is problematic in its current form. Item 13 also exhibits disor-
dered thresholds, which will influence its misfit to the model. If item 10

Table 5. Category frequencies stacked STOE.

ITEM SA A U D SD
1 2 46 142 372 74
4 2 5 60 424 145
7 0 50 188 363 35
9 2 14 66 438 116
10 5 171 254 202 4
11 0 38 150 404 44
13 12 89 123 353 59
14 2 52 126 415 41
15 2 63 143 383 45
16 1 46 154 366 69
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Table 6. Category frequencies stacked PSTE.

ITEM SA A 0] D SD
2 0 26 285 321
8 6 34 150 302 141
5 2 26 101 436 68
6 6 40 115 384 88
8 8 48 83 341 153
12 10 59 154 317 93
17 9 58 146 346 74
18 4 49 168 341 71
19 27 175 114 273 44
20 28 73 138 310 84
21 4 29 145 390 65
22 1 7 36 291 298
23 6 63 175 330 59

and 13 are removed from the STOE scale the PSI drops to .70 and the
alpha to .68, with all remaining items and persons fitting the model. This
does not resolve the disordered category thresholds for items 4 and 9.

Collapsing categories ‘unsure’ and ‘disagree’ resolves the category
threshold disorder, the PSI becomes .72 and the alpha increases to .73.
This also provides for a minimum distance between thresholds of 1.0
logits for all items. If only items 4, 9 and 13 have categories unsure and
disagree collapsed, the PSI is .73 and alpha is 0.71. This does not resolve
the distance between all item thresholds; however, the data do fit the
model. The problem with collapsing these two categories, under either
solution, is that they have qualitatively different meanings. Collapsing
agree and strongly agree, for example, is a matter of the intensity of your
agreement. However, being ‘unsure’ is not a level of disagreement.

Removing items 10 and 13 and collapsing the scale to 4 points
resulting in an eight item scale is one option for improving the STOE
scale; it fit the unidimensional Rasch model and has a scale which pro-
gresses monotonically with acceptable distances between category
thresholds for all items. The PSI becomes .70 and the alpha becomes
0.71.

Noting the aforementioned qualitative implications of collapsing the
scale, a second possible resolution would be to reword items 10 and 13
and remove the central category in the Likert scale. This forces a choice
between agreement and disagreement. Middle categories in Likert scales
that are not worded to clearly place the response on a continuum with
other response categories, such as ‘uncertain’, have been shown to be
problematic (Andich, De Jong & Sheridan, 1997). An analysis with the
current data set cannot model this option without losing substantial
amounts of data (for example, 40% of responses for item 10). Never-
theless, a revised version could be piloted with a postgraduate,
pre-service teacher population to determine if the desired effect is ach-
ieved in relation to category use, monotonic progression, distance be-
tween threshold categories and model fit.

5.2. PSTE scale

The PSTE scale had sufficient reliability (PSI = .85), and no trait
dependence; however, item 6 ‘I will not be very effective in moni-
toring science experiments’ and item 8 ‘I will generally teach science
ineffectively’ both displayed response dependence. Comparing the
wording of these items and their proximity on the scale adds weight to
this statistical outcome. Items 6 and 8 were identified as showing
misfit to the Rasch model analysis in both the stacked and pre-
intervention samples. In addition, item 8 showed gender DIF and
had disordered thresholds in all three samples. When item 8 is
removed the PSI remains at 0.85.

The use of negatively worded items, while historically common, has
been shown to be unnecessary in scale development. Negatively wording
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little extra effort.

science teaching.
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SD D A SA

When a student does better in science, it is offen because the teacher exerted a
When the science grades of students improve, it is often due to their teacher
having found a more effective teaching approach.

If students are underachseving in science, it is most likely due to neffective

The inadequacy of a student’s science background can be overcome by good

teaching.

1 When a low-achieving student in science progresses, it is usually due to extra
attention given by the teacher.

14 The teacher s generally respoasible for the achievement of students in science.

15 Students” achievement in science is directly related to their teacher's
effectiveness in teaching science.

16 If parents comment that their child is showing more interest in science, it is
probably due to the child's teacher.

2 I will continually find better ways to teach science.

3 10 Even if I try very hard, I will not teach science as well as I will most subjects.

12 1 I understand science concepts well enough to be effective in teaching primary
school science.

17 12 I wall find it difficult to explain to students why science experiments work.

19 13 I wonder if | will have the necessary skills to teach science.

20 14 Given a choice, I will not mvite the principal to evaluate my science teaching.

22 15 When teaching science | will usually welcome student questions.

23 16 I do not know what to do to tum students on 10 science.

Figure 7. Modified STEBI-B for postgraduate pre-service primary teachers.

items places more cognitive load on respondents and has a subsequent
effect on their responses due to attention and confusion, without the
desired impact on response bias (van Sonderen et al., 2013). Retaining
negatively worded items is therefore not a consideration when optimis-
ing the STEBI-B for use with this sample.

The further systematic removal of items which show misfit to the
model, in the order 18, 21, 6 and 5 results in an eight item scale with a PSI
of 0.8 and alpha of 0.8. Collapsing the categories ‘unsure’ and ‘disagree’,
as for the STOE and inclusive of the same qualitative interpretation
concern, removes all threshold disorder and results in the desirable dis-
tance between thresholds.

When comparing this study's results for gender DIF with other studies
reporting on the STEBI regarding gender bias, the following was noted. In
other reported studies gender analysis has been completed using the
cumulative score for each construct, with the number of female partici-
pants being far greater (>75%) than that of their male counterparts.
Research has shown there to be no statistically significant difference for
the STOE construct (Norris, 2017; Bleicher, 2004; Cantrell et al., 2003;
Enoch and Riggs, 1990). When analysing the PSTE construct, research
has shown a statistically significant difference in favour of males
(Bleicher, 2004; Cantrell et al., 2003; Enoch and Riggs, 1990). This
analysis identified similar results to the previously conducted ANOVAs
for these constructs, while further identifying items 18, 19 and 8 in the
PSTE as the problematic items that are likely resulting in males scoring
significantly higher on the PSTE scale than females.

5.3. Targeting the STEBI-B

It would be desirable to use cognitive interviewing (Willis, 2005)
with prospective respondents in order to determine the effect of
removing qualifiers for this sample; for example ‘often’ in item 1, ‘When a
student does better in science, it is often because the teacher exerted a
little extra effort.” Removing some or all of the ‘qualifiers’ would theo-
retically make these items more difficult to endorse by making them
more definitive. Shifting the targeting of these items is particularly
important where the goal is to measure growth through pre and post
intervention administration of the instrument. This change, as well as
removing the ‘unsure’ option of the Likert scale, forces participants to be
more decisive when responding to the items.

Previous studies have reported that pre-service teachers find the
items on the STOE scale difficult to positively endorse; attributed to less
experience in school settings (Norris, 2017; Cantrell et al., 2003; Knaggs
and Sondergeld, 2015; Menon and Sadler, 2016). This was not the case
for the post graduate sample. Therefore, past experience, rather than
future prediction, may be one factor affecting the scale, and this could
also be determined through cognitive interviewing.

In making the identified items more difficult to endorse, it is proposed
that the histogram of persons will move to the left along the logits scale,
bringing the mean of the persons closer to zero. Theoretically bumping
items such as items 7,11 and 22, which are some of the most easily
endorsed items, into the ‘gap’. Whether this completely resolves the gap
in item thresholds occurring along the scale or whether additional items
to replace those removed are required, remains to be tested.

5.4. A modified STEBI-B

The data fit analysis of the STOE and PSTE scales suggested that
multidimensionality could be addressed through fixing specific items. By
applying the preceding suggested modifications to the STEBI-B, a parsi-
monious model exists with eight items in each scale, measured on a four-
point Likert scale. The STOE scale retains items 1, 4, 7, 9, 11, 14, 15 and
16. The PSTE scale retains items 2, 3, 12, 17, 19, 20, 22 and 23. Both
scales fit the Rasch model and have ordered response category thresholds
with distances above 1.0 logits. The new numbering is represented in
Figure 7, where items 1 through 8 represent the STOE and items 9
through 16 represent the PSTE. Highlighted in Figure 7 are items where
qualifiers can be dropped if cognitive interviewing indicates that this
would help to better target the items to a postgraduate, pre-service
sample.

6. Conclusion

Due to the prevalence of the STEBI as a measure of teacher self-
efficacy, it is desirable that the instrument can be adapted for use
with a wide range of in-service and pre-service teachers. The Rasch
model analysis conducted for this study begins to explore how the
STEBI-B can be applied within a postgraduate pre-service teacher edu-
cation cohort. The analysis has implications for the use of the STEBI-B
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within this cohort, and echoes issues cited in other studies (Deehan,
2017).

Given the interest in reviewing pre-service teacher education to
address growing international concerns about students' performance in
science (Appleton, 2003; Hackling, 2014; Velthuis et al., 2014), it is
essential that instruments such as the STEBI-B are valid and reliable for
use to inform evidence-based decision making in initial teacher educa-
tion. The measurement of self-efficacy in the primary science context is
specifically important due to the high number of generalist teachers
working in both Australia (77% of Year 4 teachers) and internationally
(44% of Year 4 teachers of science) (Martin et al., 2016; Thomson,
Wernert, O'Grady and Rodrigues, 2017). While we acknowledge that
there are limitations to this research, such as small group sizes limiting
DIF analysis, and a single university providing the sample, the findings of
the Rasch analysis show the potential for the STEBI-B to be a reliable and
useful tool for examining pre-service teacher efficacy within a
post-graduate teacher education context; as it has been shown to be in
other populations.
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