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Abstract

Background
Beliefs in mathematics teaching efficacy among future primary school teachers have been the subject of
several studies. The Mathematics Teaching Efficacy Beliefs Instrument (MTEBI) is widely used in these
studies. This study evaluates the structural validity and cross-cultural psychometric performance of the
MTEBI within the Moroccan context.

Methods
The MTEBI was administered to 542 Moroccan elementary school student teachers. An exploratory
factor analysis (n = 105) was conducted before a confirmatory factor analysis (n = 542) to test the two-
dimensional structure of the instrument. An item response theory (IRT) model was then used to estimate
the discrimination and threshold parameters of the items, as well as the information and conditional
reliability curves.

Results
CFA corroborated the MTEBI’s two-factor structure with acceptable fit. IRT analysis revealed that PMTE
precision peaks for low-efficacy trainees (q < 0), whereas MTOE accuracy is localized near the mean
(αPMTE = .65; αMTOE = .80). Item-level diagnostics identified threshold disorder for SE17, indicating
response category misalignment.

Conclusion
The PMTE subscale identifies high-risk trainees, and MTOE reliability is localized near the mean. This
mandates a transition from global CTT metrics to IRT-based conditional precision to ensure
measurement equity in cross-cultural teacher education research.

1. Introduction
Teachers’ self-efficacy theory conceptualizes instructional behavior as shaped by the dynamic
interaction between teachers’ beliefs in their capability to teach effectively (efficacy expectations) and
their beliefs that such efforts will lead to desired learning outcomes (outcome expectations). Empirical
evidence consistently indicates that the early stages of teacher preparation are critical for the
development of strong self-efficacy beliefs (1, 2). Once these beliefs are established, teachers’ self-
efficacy during in-service practice appears to be comparatively stable and less amenable to change than
that of preservice teachers (3).
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Teacher efficacy is widely conceptualized as domain-specific, with educators’ confidence differing
across subject areas(4). This issue is particularly salient in the Moroccan educational context, where
primary school teachers function as generalists responsible for educating learners aged 4 to 13. These
teachers are required to deliver the full curriculum, often in the absence of specialized training or
substantive pedagogical expertise in mathematics and mathematics instruction.

Mathematics-focused pedagogical coursework and practice-based teaching experiences are key
determinants of preservice teachers’ instructional efficacy (5, 6). Teaching efficacy is inversely
associated with mathematics anxiety (7, 8), a relationship that has direct implications for instructional
quality. Preservice teachers with lower efficacy tend to emphasize procedural memorization and
repetitive exercises, often at the expense of problem-solving (9, 10). In contrast, those with stronger
efficacy beliefs are more likely to enact cognitively demanding tasks, promote mathematical discourse,
and foreground conceptual understanding (11)..

Mathematics teaching efficacy (MTE) crucially predicts primary teacher readiness and practice. While
rooted in prior experience (12), MTE involves distinct personal and outcome-oriented beliefs(13)
susceptible to training. Evidence shows MTE increases throughout university training (14), especially
when bolstered by concrete practice, collaboration, and reflection. Thus, preservice efficacy beliefs are
dynamic constructs that can be systematically improved through optimized learning environments.

Adapted from the Science Teaching Efficacy Beliefs Instrument (15), the MTEBI Instrument was
validated by Enochs et al (16) using a multi-site sample of 324 preservice teachers. After the removal of
two items with low item–total correlations (r < 0.30), confirmatory factor analysis (CFA) supported a
stable two-factor structure comprising PMTE and Mathematics Teaching Outcome Expectancy (MTOE).
Both subscales demonstrated strong internal consistency, with Cronbach’s alpha coefficients of α = 0.88
(PMTE) and α = 0.77 (MTOE). The empirical independence of these dimensions provides further
evidence of the instrument’s construct validity for assessing mathematics teaching efficacy.

Nevertheless, cross-cultural evidence indicates that teaching efficacy beliefs vary markedly across
national settings (17). This cultural sensitivity also extends to measurement validity. Although the MTEBI
instrument has been adapted across diverse cultural contexts, including Arabic (18), Korean (19), Greek
(20), Serbian (21), Spanish (22), and South African populations (23). These adaptations have not
consistently reproduced the original two-factor structure. Such inconsistencies may reflect sample
heterogeneity, particularly the aggregation of primary and secondary teacher cohorts, underscoring the
need for level-specific investigations. Moreover, recent gender-focused analyses reveal significantly
lower self-efficacy among male preservice-teachers (PSTs) (23), highlighting the need for targeted
interventions that integrate rigorous pedagogy, sustained clinical experiences, and structured
mentorship to address demographic disparities in teacher preparation.

Historically, validation of the MTEBI has been grounded in Classical Test Theory (CTT) (16). However,
CTT is constrained by fundamental limitations, including uniform measurement precision across the
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latent trait continuum and dependence of item parameters on the calibration sample. As a result, person
scores and item characteristics are confounded, necessitating repeated revalidation across populations.

Item Response Theory (IRT) provides a more robust framework by modeling the probabilistic relationship
between latent traits and item responses (24). By estimating item difficulty and discrimination on a
common latent scale (24, 25), IRT produces sample-invariant parameters and trait-level reliability
estimates, supporting more precise score interpretation and stronger construct validity. Moreover, IRT
enables advanced psychometric applications unavailable under CTT, such as differential item
functioning analyses, test equating, and computerized adaptive testing. Consequently, IRT has
increasingly supplanted CTT as the preferred approach for evaluating measurement structure and
validity in contemporary educational research (26, 27).

The evolution of IRT models reflects a shift from dichotomous performance metrics to complex
polytomous structures. For Likert-type scales, the Graded Response Model (GRM) remains the standard
for robust parameter estimation (28). GRM is uniquely suited for Likert-type data, as it accommodates
items with varying response categories without compromising parameter estimation or interpretability.
As a psychometric extension of the 2PL model (24), the Graded Response Model (GRM) (29) treats an
item with mi categories as a series of mi − 1 cumulative dichotomous contrasts. For a 5-point Likert item,
four progressive dichotomies are modeled (28).

Mathematics teacher training at the Regional Center for Education and Training Careers (CRMEF) is
grounded in a competency-based framework that integrates theoretical knowledge with classroom
practice. Central to the curriculum is mathematics didactics, drawing on Shulman’s Pedagogical Content
Knowledge (PCK) and the Mathematical Knowledge for Teaching (MKT) framework to support the
transformation of complex mathematical concepts into teachable content. This foundation is
complemented by coursework in educational sciences, including developmental psychology and
sociology, to promote learner-centered instruction.

A distinctive feature of the program is its integration of digital pedagogy through the TPACK framework,
preparing trainees to employ ICT tools such as GeoGebra and artificial intelligence in mathematics
teaching. A professional qualification also requires an action-research project, fostering reflective
practice on authentic pedagogical challenges. To support professional development, CRMEF monitors
trainees’ self-efficacy using standardized instruments such as the MTEBI.

This study examines the structural validity and psychometric properties of the MTEBI in Moroccan
primary education, combining Classical Test Theory (CTT) and Item Response Theory (IRT). Specifically,
it addresses the following research questions :

Q1: Does the MTEBI demonstrate structural validity and reliability among Moroccan preservice
primary teachers within the CTT framework?

RQ2: Does the GRM model exhibit adequate model-data fit for the MTEBI among Moroccan
preservice primary teachers?
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RQ3: To what extent do TIFs and item parameters establish the reliability and construct validity of
the MTEBI within the Moroccan context?

RQ4: How do IRT findings complement, qualify, or enrich CTT-based conclusions regarding the
instrument’s psychometric properties?

2. Methods

2.1 Research design
A cross-sectional design was conducted between March and June 2024 to investigate the structural
validity and psychometric properties of the MTEBI in Moroccan primary education, combining Classical
Test Theory (CTT) and Item Response Theory (IRT)v. The study was approved by the Committee the
CRMEF administration

2.2 Participants and Setting
Participants were preservice elementary teachers enrolled at CRMEF Fez and Oujda. Data were collected
at the end of a semester-long mathematics methodology course. The study employed a two-phase
design: (1) exploratory factor analysis (EFA) on a pilot sample (N = 105) to establish the preliminary
structure, and (2) confirmatory factor analysis (CFA) on an independent sample (N = 542) to validate
dimensionality. Item Response Theory (IRT), using the Graded Response Model (GRM), was
subsequently applied to examine item-level properties and model the latent dimensions of self-efficacy
and outcome expectancy.

2.3 Instrumentation and Adaptation
The MTEBI, comprising two dimensions - Self-Efficacy (SE; 13 items) and Outcome Expectancy (OE; 8
items) - was adapted to the Moroccan context following cross-cultural validation guidelines. The English
version was translated into Arabic by bilingual specialists, reviewed by an expert panel, and back-
translated to ensure semantic and conceptual equivalence. The final Arabic version was pilot-tested with
20 preservice teachers, who reported no comprehension issues; average completion time was 15
minutes. No further modifications were required.

2.4 Procedure and Data Collection
A hybrid strategy (paper and Google Forms) was employed, featuring demographic items and the 21-
item MTEBI core on a 5-point Likert scale. Ethical protocols were strictly followed: all participants
provided informed consent after being briefed on the study’s objectives, voluntary nature, and
guaranteed anonymity and confidentiality.

2.5 Sample size estimation
The pilot sample (N = 105) satisfied the 5:1 participant-to-item ratio required for preliminary EFA (30). For
the main phase, an independent sample (N = 542) was recruited; this exceeds the 500-participant

Page 5/31



threshold recommended for stable CFA and polytomous IRT (GRM) modeling. After cleaning, the final
analytic sample (N = 513) fully met international standards for stable factor solutions and reliable item
parameter estimation(30, 31).

2.6 Data analysis
Data were cleaned to ensure accurate latent estimation, with items coded so that higher scores reflect
greater teaching efficacy. To minimize bias, cases were excluded based on response inconsistency
(straight-lining), boxplot-identified outliers [Q1–1.5IQR, Q3 + 1.5IQR], and aberrant patterns across k ≥ 4
items. This process removed 29 cases (5.3%), yielding a final analytic sample of 513 preservice teachers
(94.7% retention) for robust factor and IRT analyses.

2.7 Statistics
Analyses were conducted in R (v.4.5.2) using psych, lavaan, and mirt, following a dual CTT-IRT approach.
EFA (N = 105) utilized Principal Axis Factoring (oblimin) and Parallel Analysis. CFA (N = 513) used Robust
DWLS, with fit assessed via c2, Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and Root Mean
Square Error of Approximation (RMSEA); Cronbach’s Alpha (α), Composite Reliability (CR), Average
Variance Extracted (AVE), and Heterotrait-Monotrait Ratio (HTMT) established validity and reliability(32,
33). The Graded Response Model (GRM) calibrated subscales independently after verifying
unidimensionality and local independence (Yen’s Q3). Precision was evaluated through Test Information
Functions (TIF) and Category Response Curves (CRCs) across the latent continuum.

2.8 Ethical consideration
This study This study was approved by the Research Ethics Committee of the “Centre Régional des
Métiers d’Éducation et de Formation, Fès Meknès” (approval code: CRMEF-30-02-2024, 02 /24). All
procedures performed in this study were in accordance with the ethical standards of the CRMEF’s
Research Ethics Committee and with the 1964 Helsinki declaration and its later amendments. Informed
consent was obtained, assuring participants of data confidentiality, of their right to withdraw anytime
and of the fact that this

3. Results
Sample characteristics

The study included two independent samples of trainee primary school teachers: an exploratory sample
(N = 105) used for EFA and a larger confirmatory sample (N = 542) used for CFA and IRT analyses. In
accordance with standard validation practice, only the sociodemographic characteristics of the
confirmatory sample were reported (Table 1). Most participants were recruited from CRMEF Fez–
Meknes (78%), with the remainder from CRMEF Oujda (22%). The majority were aged 20–25 years
(59.4%) and female (76%), with no significant interregional differences in age (p = .10) or sex distribution
(p = .25). Most respondents held a bachelor’s degree (89%), although regional differences were observed
for degree level (p = .047) and professional bachelor’s attainment (p = .007). Teaching experience was
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generally limited, with 58% reporting no prior experience and 79% no experience teaching mathematics;
no significant regional differences were found (p > .05). Overall, the absence of meaningful variation
across most variables supports the comparability of subsamples and reinforces the internal validity of
subsequent psychometric analyses.
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Table 1
Sociodemographic characteristics of the participants

Gender Total

N = 5421

Fez-Meknes

N = 4231

Oujda

N = 1191

p-value2

      0.25

Female 413 (76%) 327 (77%) 86 (72%)  

Male 129 (24%) 96 (23%) 33 (28%)  

Teachers’ age 0.10

20–25 322.0 (59.4%) 259.0 (61.2%) 63.0 (52.9%)  

26–30 220.0 (40.6%) 164.0 (38.8%) 56.0 (47.1%)  

Marital status 0.64

Single 454 (84%) 356 (84%) 98 (82%)  

Married 88 (16%) 67 (16%) 21 (18%)  

Highest degree 0.047

Bachelor 483 (89%) 371 (88%) 112 (94%)  

Master 59 (11%) 52 (12%) 7 (5.9%)  

Professional Bachelor’s degree 0.007

No 520 (96%) 401 (95%) 119 (100%)  

Yes 22 (4.1%) 22 (5.2%) 0 (0%)  

Professional experience 0.13

1–4 year 90 (17%) 77 (18%) 13 (11%)  

< 1 year 123 (23%) 93 (22%) 30 (25%)  

> 4 year 14 (2.6%) 13 (3.1%) 1 (0.8%)  

Without 315 (58%) 240 (57%) 75 (63%)  

Type of experience setting 0.50

Private 212 (39%) 171 (40%) 41 (34%)  

Public 22 (4.1%) 17 (4.0%) 5 (4.2%)  

None 308 (57%) 235 (56%) 73 (61%)  

2Pearson's Chi-squared test; Fisher's exact test
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Gender Total

N = 5421

Fez-Meknes

N = 4231

Oujda

N = 1191

p-value2

      0.25

Experience in teaching mathematics   0.15

No 430 (79%) 330 (78%) 100 (84%)  

Yes 112 (21%) 93 (22%) 19 (16%)  

1n (%)

2Pearson's Chi-squared test; Fisher's exact test

Exploratory factor analysis

The initial factor structure of the MTEBI was examined using a convenience sample of 105 trainees. The
correlation matrix was adequate (KMO = 0.75; Bartlett’s χ² = 375, df = 91, p < .001) (30). Mardia’s test
indicated non-normality, so parallel analysis based on polychoric correlations was conducted, confirming
a two-factor solution. Exploratory factor analysis (PAF, oblimin rotation) with iterative item purification
yielded a stable structure (34,35): nine items loading on Self-Efficacy (eigenvalue = 3.2) and five on
Outcome Expectancy (eigenvalue = 1.2), explaining 45% of variance. Reliability was modest for Self-
Efficacy (α = .65) and good for Outcome Expectancy (α = .80), with total scale α = .67, acceptable for
exploratory research (Table 2).
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Table 2
Factor loadings for Exploratory Factor Analysis with oblique

rotation.
Items Factors Alpha

PMTE MTOE Inter-items Total

SE3 0.66 0.06 0.65 0.67

SE5 -0.72 -0.15

SE6 0.43 -0.31

SE8 0.5 -0.39

SE11 -0.76 -0.08

SE15 0.34 0.1

SE16 -0.56 0.17

SE17 0.69 -0.13

SE20 -0.44 -0.02

OE1 0.15 0.33 0.80

OE4 0.04 0.37

OE9 0.04 0.37

OE12 -0.01 0.48

OE13 0.02 0.5

Valeur propre 3.2 1.2  

Variance totale (%) 45

Confirmatory factor analysis

Convergent validity

The results of the first-order CFA show that the majority of standardized factor loadings exceeded 0.50
and were statistically significant (p < .001), thus providing initial empirical evidence of convergent validity
(30).

The hypothetical bifactorial structure of the 14-item MTEBI (PMTE and MTOE) was broadly confirmed.
However, examination of CR and AVE indices suggests moderate convergent validity. Although CR is
considered a more robust and less biased estimate than Cronbach's alpha, the observed values (0.50 for
PMTE and 0.60 for MTOE) remain below the recommended threshold of 0.70, indicating limited internal
consistency. In contrast, the MEV values (0.52 for PMTE and 0.54 for MTOE) exceed the minimum
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threshold of 0.50, suggesting that, despite moderate composite reliability, the constructs explain more
than 50% of the average variance of their respective indicators. These results suggest acceptable but
improvable convergent validity (Table 3).

Table 3
Composite reliability (CR), average extracted variance (AVE), and Heterotrait-Monotrait ratio of

correlations (HTMT).
Latent Constructs CR AVE Correlations HTMT

1 2 1 2

1.PMTE 0.5 0.52 0.71 0.71   1  

2.MTOE 0.6 0.54 0.73 0.3** 0.73 0.32 1

PMTE: Personal Mathematics Teaching Efficacy, MTOE: Mathematics Teaching Outcome Expectancy.

Discriminant validity

Discriminant validity was examined using two complementary approaches: the criterion developed by
Fornell and Larcker (36) and the HTMT (ratio. The diagonal values in the table correspond to the square
root of the AVE for each construct (0.71 for PMTE and 0.73 for MTOE). These values are higher than the
observed interfactor correlation (r = 0.30), which satisfies Fornell and Larcker's criterion and indicates
that each construct shares more variance with its own indicators than with the other construct.
Furthermore, the HTMT value obtained (0.32) was below the recommended threshold of 0.85 (31),
confirming the existence of adequate discriminant validity between the two dimensions of the model
(Table 3). Taken together, these results indicate that the dimensions of the MTEBI measure related but
distinct concepts.

Fitness of the measurement model

The evaluation of the first-order measurement model was based on several categories of fit indices:
absolute indices (RMSEA), incremental indices (CFI, TLI), and parsimony indices (χ²/df). The statistics
obtained are as follows: χ²(76) = 176, p = 0.06; χ²/df = 2.3; RMSEA = 0.05; TLI = 0.90; CFI = 0.89 (Table 4).
The χ²/df ratio of less than 3 indicates an acceptable fit. The RMSEA of 0.05 suggests a good absolute
fit of the model. The incremental indices (CFI = 0.89; TLI = 0.90) are slightly below the optimal threshold
of 0.95 (37), but remain close to the minimum threshold of 0.90 generally accepted in the literature.
Overall, the indices fall within acceptable ranges, suggesting that the model fits the data moderately well.
The measurement model, therefore, presents a coherent structure that is generally well-adjusted for the
MTEBI scale (Table 4).

√\varvecA\varvecV \varvecE
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Table 4
Confirmatory Factor Analysis Model Fit Indices

Fit Indices Obtained Value Recommended Threshold

Chi-square (df) 176 (76) < 5

p-value of the Chi-square test 0.06 > 0.05

Root Mean Square Error of Approximation (RMSEA) 0.05 < 0.08

Tucker-Lewis Index (TLI) 0.90 > 0.9

Comparative Fit Index (CFI) 0.89 > 0.9

Checking the IRT assumptions

The psychometric properties of the MTEBI scale were examined using the GRM model within the
framework of IRT. The structural validity of the instrument was rigorously assessed using a sequential
factorial approach. The IRT assumptions regarding the dimensionality of the constructs were confirmed
through EFA and CFA, while local independence was assessed using Yen’s (1984) Q3 statistic. For the
nine-item Self-Efficacy (SE) subscale, the expected Q3 value for independent item pairs was − 0.125.
Although most pairs adhered to the 0.30 threshold, significant deviations were observed for pairs SE5–
SE8 (Q3 = -0.22) and SE11–SE15 (Q3 = -0.23), suggesting potential local item dependence. Conversely,
the Outcome Expectancy (OE) subscale displayed evidence of negative local dependence in a single item
pair (Tables 5 and 6).

Table 5
Q3 statistics for the personal efficacy subscale based on GRM parameter estimates

SE3 SE3 SE5 SE6 SE8 SE11 SE15 SE16 SE17 SE20

1.000 -0.137 0.035 0.078 -0.178 -0.008 -0.246 0.013 -0.126

SE5   1.000 -0.164 -0.220 0.151 -0.137 -0.062 -0.131 -0.100

SE6     1.000 -0.002 -0.211 -0.006 -0.152 -0.083 -0.069

SE8       1.000 -0.152 -0.065 -0.206 -0.097 -0.094

SE11         1.000 -0.226 -0.013 -0.180 -0.113

SE15           1.000 -0.045 0.021 0.017

SE16             1.000 -0.113 0.031

SE17               1.000 -0.071

SE20                 1.000

Note: The expected value for the Q3 statistics is -0.125. GRM = Graded Response Model.
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Table 6
Q3 statistics for the outcome expectations subscale based on MGR parameter estimates
OE1 OE1 OE4 OE9 OE12 OE13

1.000 0.059 -0.049 -0.098 -0.165

OE4   1.000 -0.047 -0.217 -0.118

OE9     1.000 -0.072 -0.165

OE12       1.000 -0.412a

OE13         1.000

Note: The expected value for the Q3 statistics is -0.25. GRM = Graded Response Model.

a. Statistics greater than or equal to 0.30 in absolute value suggest local dependence.

Consistent with Ferrando et al. (38), local dependence in psychometric instruments often arises from
semantic redundancy among items. In the MTEBI, item wording and spatial proximity appear to be key
contributors to this effect. Within the Outcome Expectancy subscale, items OE12 and OE13 exhibit
substantial conceptual overlap, both addressing student achievement in relation to instructional
influence, and are positioned adjacently. OE12 emphasizes general teacher responsibility for student
success, whereas OE13 focuses on the causal impact of instructional effectiveness. Their proximity may
hinder respondents’ differentiation of these nuances, resulting in correlated residuals.

A similar pattern was observed between Personal Efficacy items SE5 and SE8, likely driven by shared
lexical content (“effective”) and adjacency, despite opposite valences (positive vs. reverse-coded). As
these dependencies were limited to a small number of item pairs, the assumption of local independence
was not substantively violated. Nonetheless, the findings highlight the need for improved item
differentiation to strengthen the instrument’s structural validity.

Parameter estimation

An analysis of response option usage before parameter estimation revealed that, across the 14 retained
items on the two subscales, “Strongly Disagree” (Response Option 1) was selected in no more than 3%
of cases for twelve items on the MTEBI scale (Table 7). This pattern suggested a ceiling effect:
participants appeared to perceive these items as very easy, favoring Category 2 or higher. Because
sparse category frequencies can distort item parameter estimates (24), Categories 1 and 2 were
collapsed for items SE3, OE4, SE5, SE6, SE11, OE12, OE13, SE15, and SE16, yielding four response
options. Similarly, for items SE8 and SE20, the underutilization of Categories 1 and 2 extended to
Category 3, prompting the consolidation of Categories 1–3 into a single option (39).
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Table 7
Percentage of responses by category for each item

OE1 Categ :1 Categ :2 Categ :3 Categ :4 Categ :5

4.68 25.15 20.86 37.04 12.28

SE3 1.95 7.60 10.33 42.11 38.01

OE4 0.78 5.07 5.85 53.41 34.89

SE5 0.39 9.36 20.27 50.88 19.10

SE6 0.39 4.68 14.81 56.73 23.39

SE8 0.58 0.78 5.07 38.40 55.17

OE9 6.04 7.41 9.16 45.03 32.36

SE11 1.36 7.21 8.97 42.88 39.57

OE12 1.95 12.48 18.52 48.54 18.52

OE13 1.17 20.08 19.30 47.17 12.28

SE15 1.56 14.04 17.93 50.68 15.79

SE16 0.97 4.29 15.40 59.65 19.69

SE17 4.09 13.65 10.33 37.82 34.11

SE20 0.97 0.97 2.34 32.55 63.16

The item parameters and associated standard errors for both subscales, derived via the Graded
Response Model (GRM), are detailed in Tables 8 and 9. Following recent psychometric literature
recommendations where slope parameters (a) exceeding 1.0 are categorized as acceptable (40), 64% of
the instrument's items demonstrated sufficient utility in discriminating between varying levels of
mathematics teaching efficacy. Discrimination parameters within the PE subscale ranged from 0.68 to
1.41. Applying De Ayala’s classification (24), items SE11 and SE16 exhibited "high" discriminative power,
while items SE3, SE5, SE6, SE8, and SE17 maintained moderate to high slopes (1.03 ≤ a ≤ 1.29).
Conversely, items SE15 (0.68) and SE20 (0.93) displayed attenuated discrimination. This diminished
performance is likely attributable to the necessary collapsing of response categories following low
frequency counts, a process known to induce information loss and subsequent reduction in slope
parameters (39). Despite these outliers, the PE subscale generally maintains a robust capacity to
differentiate respondent efficacy levels.

The OE subscale exhibited a broader range of discrimination (0.59 ≤ a ≤ 1.95). Notably, items OE12
(1.85) and OE13 (1.95) demonstrated "very high" discrimination, serving as pivotal indicators for
identifying subtle variances in the latent trait among high-performing respondents. These items
represent the subscale's highest informational yield. In contrast, OE4 (0.79) provided only moderate
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differentiation, while items OE1 (0.59) and OE9 (0.55) showed limited psychometric utility. In summary,
while the OE subscale features high-performing "anchor" items, the presence of low-discrimination
parameters suggests a degree of heterogeneity in how effectively individual items capture the underlying
construct.

Analysis of the Personal Efficacy subscale revealed a robust distribution of item difficulty. The threshold
parameters (bi) spanned a broad range of the latent continuum, effectively capturing diverse levels of the
underlying trait. Specifically, items SE5 and SE15 demonstrated significant variation in difficulty across
ability levels. Conversely, item SE3 exhibited relatively low difficulty thresholds, indicating a high
probability of endorsing higher response categories even among individuals with low latent efficacy.

Regarding the Outcome Expectancy subscale, difficulty thresholds ranged from − 5.39 to 3.54, with item
OE1 encompassing both the minimum and maximum values. While discrimination parameters (a)
dictate the peak information an item provides, the observed breadth of difficulty values is critical for
maintaining measurement precision across all levels of θ. Given that IRT estimates are theoretically
sample-independent, this distribution suggests a structurally sound instrument rather than a reflection of
weak efficacy beliefs within the specific study cohort (Table 9).

Prototypical response patterns were modeled for a teacher exhibiting mean efficacy beliefs (θ = 0). Such
a teacher is likely to select the “agree” or “strongly agree” response categories for most items. The
threshold parameters indicate that several items have relatively low difficulty levels, meaning that even
respondents with an average level of self-efficacy are inclined to choose the positive response options
(Tables 8 & 9).

Table 8
Item parameter estimates for the personal efficacy subscale

Item a SE b1 SE b2 SE b3 SE b4 SE

SE3 1.04 0.16 -2.54 0.15 -1.62 0.13 0.58 0.11    

SE5 1.09 0.16 -2.43 0.22 -0.96 0.13 1.61 0.16    

SE6 1.12 0.15 -3.08 0.22 -1.54 0.16 1.30 0.13    

SE8 1.29 0.26 -2.58 0.34 -0.23 0.14        

SE11 1.34 0.21 -2.25 0.27 -1.51 0.18 0.43 0.13    

SE15 0.68 0.11 -2.73 0.14 -1.15 0.10 2.67 0.13    

SE16 1.41 0.19 -2.60 0.27 -1.29 0.17 1.33 0.18    

SE17 1.03 0.14 -3.52 0.28 -1.87 0.15 -1.22 0.14 0.71 0.11

SE20 0.93 0.14 -3.72 0.25 -0.69 0.11        
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Table 9
Estimates of item parameters for the outcome expectations subscale

Item a SE b1 SE b2 SE b3 SE b4 SE

OE1 0.59 0.11 -5.39 0.22 -1.60 0.11 0.01 0.09 3.54 0.14

OE4 0.79 0.13 -3.87 0.20 -2.85 0.16 0.90 0.11    

OE9 0.55 0.11 -5.22 0.19 -3.57 0.14 -2.39 0.11 1.42 0.11

OE12 1.85 0.28 -1.44 0.27 -0.60 0.17 1.22 0.24    

OE13 1.95 0.30 -1.07 0.23 -0.35 0.15 1.55 0.32    

Following parameter estimation, CRCs were analyzed for each item to characterize the relationship
between the probability of selecting a specific response category and the latent self-efficacy continuum
(41). As illustrated in Fig. 1 (Item SE16, about confidence in addressing students' mathematical
inquiries), the curves depict distinct shifts in response probability relative to the latent trait (theta).

For instance, respondents with low personal efficacy (q= -2.6) exhibited an approximately 40% probability
of selecting category 1 ('Strongly Disagree'), with a comparable likelihood for category 2 ('Uncertain'). In
contrast, those at the higher end of the continuum (q = + 2.0) showed a dominant probability
(approximately 80%) of endorsing category 4 ('Strongly Agree'), with a near-zero probability of selecting
the lowest categories.

The intersections of these CRCs signify the location of threshold parameters relative to personal efficacy
levels. Furthermore, the spatial distribution of CRCs along the q continuum provides a diagnostic
indicator of item difficulty. Specifically, items where CRCs cluster below the mean (q < 0) are
characterized as relatively 'easy,' as they elicit high-category endorsements even from individuals with
low latent efficacy.

Model Fit

We evaluated the fit of the Graded Response Model (GRM) at both the item and subscale levels. Item-
level fit was quantified using Orlando and Thissen’s S-X² statistic, where non-significant values indicate
adequate model-data congruence (42, 43). As detailed in Table 10, all items exhibited non-significant S-
X² statistics (p > .05), confirming that the GRM effectively characterized the item response patterns.
While the global fit was robust, marginal performance in items SE15 and SE17 suggests localized areas
for potential refinement. These findings validate the instrument’s structural integrity and ensure that the
latent variable estimates are derived from items with high psychometric fidelity.

The overall fit of the Graded Response Model to each subscale was evaluated. The results suggest that
the model demonstrates an acceptable fit to the Personal Efficacy subscale and an excellent fit to the
Outcome Expectancy subscale ( χ²(27, n = 513) = 116.59, p < .01; RMSEA = 0.08, 90% CI [0.066, 0.096];
SRMR = 0.058; CFI = 0.831; TLI = 0.775; GFI = 0.946; AGFI = 0.91) and ( χ²(5, n = 513) = 8.053, p = 0.153;
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RMSEA = 0.035, 90% CI [0.000, 0.076]; SRMR = 0.026; CFI = 0.984; TLI = 0.968; GFI = 0.994; AGFI = 0.982),
respectively.

Table 10
Item Fit Statistics (S-X²)

Item S_X2 df_S_X
2 p_S_X

2

SE3 39.417 32 0.172

SE5 18.173 31 0.967

SE6 37.330 29 0.138

SE8 10.740 20 0.953

SE11 20.785 28 0.834

SE15 56.010 34 0.010

SE16 21.358 26 0.723

SE17 77.904 38 0.000

SE20 11.034 20 0.945

OE1 31.965 28 0.276

OE4 19.564 23 0.668

OE9 40.231 30 0.100

OE12 23.595 21 0.313

OE13 21.298 19 0.321

Evidence of reliability and validity based on IRT

Measurement precision was evaluated through Item Information Functions (IIFs) and the Test
Information Function (TIF), which provide a local assessment of reliability across the latent trait
continuum (q) (24). Under polytomous IRT frameworks, item-level information is the aggregate of
category-specific information functions (44); consequently, items with higher discrimination parameters
(a) yielded greater peak information and reduced standard errors of measurement (28).

Visual inspection of the IIFs (Figs. 2 and 3) facilitated the identification of the specific trait intervals
where the scale achieves maximum psychometric sensitivity. While the personal efficacy dimension
exhibited consistently moderate-to-high information density, indicating robust precision across the mid-
range of q, the outcome expectancy subscale demonstrated more heterogeneous information
distributions. This variance in the latter subscale suggests that while certain items contribute
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significantly to high-trait differentiation, others provide marginal utility, potentially narrowing the range of
optimal measurement for this dimension.

A primary advantage of the IRT framework is the estimation of conditional reliability across the latent
trait continuum. Figure 4 shows that the reliability curves for the MTEBI subscales reflect their respective
information functions, thereby providing a localized assessment of measurement precision. The PE
subscale demonstrates greater stability and measurement range than the OE subscale, maintaining
robust reliability across a broader range of the latent trait (from θ = -3 to θ = +2). In contrast, the OE
subscale achieves its maximum precision only near the mean, with its reliability gradually decreasing at
the extremes (θ = -1 à +1). These differences in reliability profiles constitute evidence of internal
structural validity: they indicate that the two subscales do not function identically, which is consistent
with their theoretical distinction. Furthermore, the convergence between scores estimated by the TRI and
those derived from the TCT, regarding the relationship between the two subscales, provides additional
support for the validity of the scores regardless of the scoring method used.

4. Discussion
Beliefs about teaching efficacy are central to effective mathematics instruction, yet their measurement
remains contested due to concerns of validity and reliability. This study examined the psychometric
properties of the MTEBI scale among Moroccan pre-service elementary teachers, applying both CTT and
IRT to assess reliability, validity, and item performance across two samples in a distinct sociocultural
context.

Exploratory Factor Analysis (EFA) necessitated the removal of seven items due to poor factor loadings,
negative phrasing bias, and linguistic or cultural misalignments. Specifically, translation issues and
differing cultural perceptions of teacher roles compromised the validity of these items. Their exclusion
yielded a robust Arabic version that retains the original MTEBI’s two-factor structure, personal efficacy,
and performance expectancy, consistent with the framework established by Enochs et al. [55]. This
structure has been repeatedly validated in previous studies (19–21, 45).

CFA of the refined instrument demonstrated satisfactory structural validity. While the CFI (0.89) was
marginally below the conventional 0.90 threshold, the non-significant c2 test supported robust absolute
fit. This profile aligns with established MTEBI validations(16, 21, 45) and reflects current psychometric
shifts toward the contextualized interpretation of fit indices over rigid cutoffs (46). Consequently, these
results confirm the structural integrity and cultural validity of the adapted Arabic version.

Construct reliability and validity assessments (CR and AVE) confirm the psychometric robustness of the
Arabic MTEBI. Discriminant validity establishes that personal efficacy (PMTE) and outcome expectancy
(MTOE) are empirically distinct, preserving the instrument’s original conceptual structure. This
dissociation underscores a critical nuance: trainees may perceive high personal competence
independent of their beliefs regarding the impact of teaching on student outcomes. This documented

Page 18/31



separation reinforces the necessity of treating these dimensions as complementary yet distinct
constructs within teacher education frameworks (47, 48).

Following CTT confirmation, unidimensional Graded Response Models (GRMs) were applied to the PMTE
and MTOE subscales. This bifurcation aligns with the Moroccan teacher training framework, which
explicitly distinguishes between pedagogical self-efficacy and beliefs regarding teaching impact.
Although local independence was generally satisfied, residual dependency between items OE12 and
OE13 necessitates item rephrasing or increased spatial separation in future iterations to optimize item
discrimination and reduce redundant variance.

Several items required collapsing response categories. Nine items necessitated grouping categories 1
and 2 (or 1–2–3 for SE8 and SE20), indicating that Moroccan trainees underutilized the lower extremes
of the MTEBI. This pattern reflects both social desirability bias (49), with respondents reluctant to report
low efficacy, and a cultural tendency to avoid negative self-judgments (50). Grouping categories is a
recognized solution (24, 51) and recent studies show it improves model fit for sparse data without
substantially reducing item information [49]. Nonetheless, it decreases scale granularity and highlights
the need for a more thorough adaptation of verbal anchors to the Moroccan context, as recommended in
other non-Western adaptations of the MTEBI (52, 53).

The graded response model (GRM) demonstrated superior fit for MTOE compared to PMTE. While MTOE
showed excellent indices, PMTE exhibited only marginal fit, with notable misfit in items SE15 and SE17.
This divergence likely stems from MTOE’s conceptual homogeneity versus the inherent
multidimensionality of self-efficacy (e.g., classroom management and student motivation). Within the
Moroccan context, the emphasis on teaching impact over personal efficacy, coupled with the trainees'
diverse backgrounds, further accounts for the increased variance in PMTE. These results corroborate
that novice teachers’ efficacy beliefs are highly context-sensitive (48), suggesting that while the GRM is
effective for MTOE, the PMTE subscale requires further structural refinement.

The analysis of item parameters provides further evidence of the graded response model’s performance.
For MTOE, OE12, and OE13 displayed high discrimination (a = 1.85 and 1.95), effectively differentiating
trainees with varying levels of outcome expectations. Their semantic proximity, however, explains the
observed violation of local independence (Q3 = − 0.412) (54). In contrast, discriminations for PMTE were
moderate (a = 0.68–1.41). This indicates that trainees did not clearly distinguish between categories 2
and 3. The anomaly likely stems from translation choices, where direct and categorical wording reduced
sensitivity to moderate responses. A more interrogative phrasing would better capture nuanced
perceptions in the Moroccan context.

the category response curves for item SE16 (Fig. 1) illustrate one of the most discriminant items on the
self-efficacy subscale (a = 1.41), further demonstrating the effective functioning of the graded response
model. The curves activate sequentially, thresholds are correctly ordered (b1 = − 2.60; b2 = − 1.29; b3 = 
1.33), and the highest category (P4) peaks at high levels of the latent trait (θ ≈ 3). This profile contrasts
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with SE17, whose thresholds overlapped, and confirms that several MTEBI items function appropriately
among Moroccan trainees.

IRT analyses confirm the MTEBI’s psychometric robustness and conceptual validity within the Moroccan
context. Test Information Functions (TIFs) and conditional reliability curves indicate that while both
subscales are satisfactory, their precision profiles differ: the PMTE subscale offers broad measurement
sensitivity—particularly for trainees with lower efficacy—whereas the MTOE subscale peaks near the
mean and loses reliability at the extremes. These findings support the MTEBI’s dual-factor structure
while suggesting caution when interpreting extreme outcome expectancy scores. Specifically, the
PMTE’s high precision at lower latent trait levels is highly relevant for the Moroccan context, enabling the
early identification of trainees requiring pedagogical support. Overall, IRT evidence validates the MTEBI
as a reliable diagnostic tool, provided subscale-specific precision limits are acknowledged.

Comparative analysis of CTT and IRT frameworks reveals significant psychometric synergy. While both
models confirm the MTEBI’s two-dimensional structure and general item validity, a critical divergence in
reliability emerged. CTT indicates superior reliability for the Outcome Expectancy (OE) subscale (α = 
0.80); however, IRT demonstrates that this precision is localized near the mean, whereas Personal
Efficacy (PE) maintains higher accuracy across a broader latent trait range (q). Furthermore, IRT provides
essential diagnostic granularity by identifying specific item anomalies (SE17, OE1, OE9) and cross-
cultural misalignments obscured by CTT’s global indices. Ultimately, CTT offers a robust normative
overview, while IRT facilitates the nuanced refinement required for adapting the MTEBI to the Moroccan
context.

The use of the IRT to examine the psychometric properties of MTEBI is a key strength of this study. This
approach has rarely been used in the past (54), Most researchers have preferred the CTT to test the
psychometric properties of MTEBI. The combination of CTT and IRT adopted in this study is therefore
innovative in the context of developing instruments to measure beliefs in the effectiveness of
mathematics teaching. In line with expert recommendations (55, 56). This combination is particularly
beneficial for producing high-quality instruments. By jointly applying CTT and IRT, we aim to propose best
practices for the development of standardized instruments for measuring beliefs in the effectiveness of
mathematics instruction, which may inspire the development of other psychological instruments.

Implications

These results validate the MTEBI’s cross-cultural utility within the Moroccan teacher education
framework and underscore the diagnostic advantages of IRT over traditional CTT metrics. This study
demonstrates that researchers must supplement global reliability indices with conditional precision
estimates (q) to ensure instrument sensitivity across all latent trait levels. Practically, the MTEBI—
specifically the PMTE subscale—functions as an effective diagnostic tool for identifying trainees with
lower self-efficacy, facilitating targeted pedagogical interventions early in initial training. Conversely,
extreme Outcome Expectancy (OE) scores should be interpreted with caution due to localized precision
loss. Future refinements should prioritize rephrasing misaligned items (e.g., SE17) and adjusting
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linguistic anchors to ensure semantic and structural equivalence across Arabic- and French-speaking
contexts.

Limitations

Despite its methodological rigor, this study’s generalizability is constrained by its regional scope. While
the sample included trainees from Fez-Meknes and Oujda, it may not fully reflect the institutional
diversity of all 12 Moroccan CRMEFs (57). Future research should employ multigroup confirmatory
factor analysis (MGCFA) to test the factor invariance of the MTEBI across other regions, ensuring the
stability of its structure within the broader national teacher training context (58).

Furthermore, the absence of external validation and Differential Item Functioning (DIF) analyses
constrains the assessment of construct validity and measurement equity. Future research should
incorporate established instruments, such as the Teachers’ Sense of Efficacy Scale (TSES), and social
desirability measures to strengthen convergent validity and mitigate self-report bias (48, 59–61).
Additionally, verifying measurement invariance across gender, region, and educational background via
robust DIF detection is essential (62, 63). Subsequent studies must investigate the underlying sources of
potential item bias—including cultural nuances in verbal anchors or internship-related variance—to
ensure the comparability of MTEBI scores across the diverse Moroccan educational landscape.

Furthermore, the absence of external validation and Differential Item Functioning (DIF) analyses
constrains the assessment of construct validity and measurement equity. Future research should
incorporate established instruments, such as the Teachers’ Sense of Efficacy Scale (TSES), and social
desirability measures to strengthen convergent validity and mitigate self-report bias (63). Additionally,
verifying measurement invariance across gender, region, and educational background via robust DIF
detection is essential (62). Subsequent studies must investigate the underlying sources of potential item
bias—including cultural nuances in verbal anchors or internship-related variance, to ensure the
comparability of MTEBI scores across the diverse Moroccan educational landscape.

While the Graded Response Model (GRM) was employed based on item ordinality, future research should
incorporate comparative model fitting against other polytomous IRT models (e.g., Partial Credit or Rating
Scale models) using information criteria (AIC/BIC) to ensure the most parsimonious fit (24).
Furthermore, this study’s cross-sectional design precludes the analysis of developmental dynamics in
efficacy beliefs. Longitudinal research utilizing latent growth modeling is necessary to track individual
trajectories and identify factors—such as gender, region, or discipline—that influence the evolution of
MTEBI scores throughout the multi-year teacher training process (64, 65). Addressing these limitations
will refine the MTEBI’s psychometric robustness and enhance the evidence base for teacher education
practices globally.

5. Conclusion
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This study validates the Arabic MTEBI for Moroccan pre-service teachers using a synergistic CTT-IRT
approach. CFA corroborated the original two-factor structure—personal efficacy and outcome
expectancy—with robust fit indices and clear discriminant validity. While the Graded Response Model
(GRM) proved optimal for outcome expectancy, the self-efficacy subscale exhibited localized precision
limits requiring further structural refinement. Critically, IRT analysis transcended CTT by identifying
conditional reliability across the latent continuum, providing diagnostic granularity for extreme scores
that global indices overlook. These findings establish the MTEBI’s cross-cultural robustness and provide
empirical benchmarks for assessing teacher efficacy beliefs in diverse linguistic and educational
contexts.
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Category Response Curves for an item (SE16) with four response options

Figure 2

 Item Information Curves for SE11 and OE13
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Figure 3

IRT Information Functions and Standard Errors (Comparison of Measurement Precision Across
Subscales)
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Figure 4

Reliability Curves Across Subscales
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