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Abstract

The rapid development of generative artificial intelligence (GenAl) is reshaping educational
practice, yet little is known about how primary school teachers perceive and engage with
these technologies. This study examined primary school teachers” perceived risks, trust
in Al professional development (PD) needs, and patterns of Al use. Data were collected
through a survey of 295 primary school teachers. Hierarchical and k-means cluster analyses
were conducted to identify distinct profiles of Al engagement. The results indicate a state
of cautious openness characterized by moderate to high perceived risks, relatively low
trust, and substantial PD needs. Three profiles emerged: Skeptical Rejecters, Interested
but Uncertain, and Trusting Learners. The profiles differed significantly in their current
and intended use of Al Across all profiles, intended use exceeded actual implementation,
indicating an intention-usage gap. Notably, the highest PD needs were reported by the
Interested but Uncertain profile rather than by the most skeptical teachers. The findings
highlight the heterogeneity of primary school teachers’” engagement with GenAl and
suggest that professional development should support both Al-related competencies and
informed professional judgment when integrating Al into educational practice.

Keywords: generative artificial intelligence; primary education; teacher professional
development; trust in AL perceived risks; technology adoption; teacher profiles; cluster
analysis

1. Introduction

The rapid development of generative artificial intelligence (GenAl), particularly large
language models such as Claude, Gemini, and ChatGPT, has significantly reshaped the
discourse on digital technologies in education. While artificial intelligence has been part
of educational research for several years, particularly in the form of intelligent tutoring
systems and adaptive learning technologies, its evolution from early systems to widely
accessible, general-purpose tools marks a qualitative shift (Murphy, 2019; Roll & Wylie,
2016). Since 2022, GenAl has transitioned from a specialized technology to an increasingly
ubiquitous presence in educational contexts (Scheiter et al., 2025).

Generative artificial intelligence is considered to have far-reaching implications for
teachers and teaching (Heeg & Avraamidou, 2023), as it is already reshaping educational
practice and is expected to play an increasingly important role in the teaching profes-
sion (Hodges & Kirschner, 2024). This development poses new challenges for teachers,
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including those working in primary education (Harry & Sayudin, 2023). Unlike higher
educational levels, primary schooling is characterized by foundational learning processes
and heightened ethical responsibilities (Favero et al., 2026; Kantreiter et al., 2024). The use
of GenAl in this context raises concerns related to the development of basic skills, data
privacy, and the vulnerability of young learners (Burns et al., 2026; Nuryani et al., 2026). At
the same time, teachers are increasingly confronted with expectations to engage with Al as
part of their professional practice.

The present study was conducted in Bavaria, Germany, where the integration of gen-
erative Al into schools is shaped by specific institutional conditions. Teachers are legally
required to participate in continuing professional development as part of their profes-
sional duties. According to Bavarian regulations, this obligation is generally considered
fulfilled by completing the equivalent of twelve days of professional development within a
four-year period, with at least one third undertaken as school-based professional develop-
ment (Bavarian State Ministry of Education and Cultural Affairs, 2002, 2024). However,
participation in professional development specifically focused on artificial intelligence is
currently not mandatory for primary school teachers. Furthermore, the implementation of
GenAl in Bavarian schools is guided by strict data-protection requirements and state-level
regulations based on the General Data Protection Regulation (GDPR), contributing to a
cautious introduction of Al technologies into educational practice. Consequently, primary
school teachers are expected to engage with emerging Al technologies while navigating
a regulatory environment that emphasizes data security and responsible use. These con-
textual conditions may shape teachers’ perceptions of risk, trust in GenAl, and perceived
professional development needs and should therefore be considered when interpreting the
findings of the present study.

Despite the growing body of research on artificial intelligence in education, important
gaps remain regarding primary school teachers” engagement with GenAl Existing studies
have largely focused on pre-service teachers (e.g., Sanusi et al., 2024; Zhang et al., 2023) or
higher education contexts (e.g., Delcker et al., 2024; Hoya et al., 2024), while the specific
perspectives and professional demands of primary education have received considerably
less attention. In particular, there is limited empirical evidence on how primary school
teachers perceive the risks associated with GenAl, how much they trust these technologies,
and which professional development needs they identify. Moreover, little is known about
how these dimensions relate to one another and how they are linked to teachers’ current
and intended use of GenAl in educational practice.

Addressing these gaps is important for both research and practice. From a research
perspective, a more differentiated understanding of teachers’ perceptions may contribute to
explaining why Al adoption remains uneven across educational contexts. From a practical
perspective, insights into teachers’ perceptions and professional development needs can
inform the design of targeted support measures and professional learning opportunities.

Therefore, the present study investigates primary school teachers’ perceptions of
generative Al focusing on perceived risks, trust in Al, and professional development needs.
Furthermore, it examines how these dimensions are interrelated, whether distinct profiles
of Al engagement can be identified, and how these profiles differ regarding current and
intended use of GenAlL

To address these aims, the study is guided by the following research questions:

RQ1: How do primary school teachers perceive (risks, trust, professional development
needs) and use generative Al in educational contexts?

RQ2: How are perceived risks, trust in Al, and professional development needs related
to each other?
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RQ3: Can distinct teacher profiles be identified based on their perceptions of generative
Al and how can these profiles be characterized?

RQ4: How do teacher profiles differ regarding their current and intended use of
generative AI?

By identifying distinct teacher profiles, the study contributes to a more differentiated
understanding of primary school teachers’ engagement with generative Al

2. Theoretical and Empirical Background
2.1. Adoption of Al in Educational Contexts

To understand how teachers engage with generative artificial intelligence (GenAl), it is
useful to draw on established models of technology adoption and educational innovation.
While Al introduces new opportunities for teaching and learning, research consistently
shows that the availability of a technology alone does not guarantee its meaningful inte-
gration into educational practice. Instead, adoption depends on how teachers evaluate,
understand, and translate technological possibilities into pedagogically meaningful action.

One of the most influential frameworks for explaining technology adoption is the Tech-
nology Acceptance Model (TAM; Davis, 1989; Venkatesh & Davis, 2000). According to TAM,
individuals” intentions to use a technology are primarily shaped by their perceptions of its
usefulness and ease of use. These perceptions influence behavioral intentions, which in turn
predict actual use. In educational contexts, TAM has been widely applied to explain teach-
ers’ acceptance of digital technologies, including recent research on artificial intelligence
(Chocarro et al., 2023; Ma & Lei, 2024). However, studies consistently indicate that positive
attitudes and intentions do not necessarily translate into classroom implementation.

This discrepancy between intention and practice has been highlighted in research
on educational technology integration for several decades. Ertmer (1999) distinguishes
between first-order barriers, such as insufficient access to technology, time constraints, or
lack of resources, and second-order barriers, including teachers’ beliefs, professional iden-
tities, and pedagogical orientations. Even when technological infrastructure is available,
these internal factors may hinder implementation. Similarly, Hew and Brush (2007) empha-
size that technology integration is shaped by the interaction of individual, organizational,
and contextual conditions. Consequently, favorable attitudes toward a technology do not
automatically result in its classroom use.

A complementary perspective is provided by the Will-Skill-Tool (WST) model of
technology integration (Knezek et al., 2000). The model proposes that technology adoption
depends on three interrelated components: teachers” willingness to use a technology (will),
their competencies and knowledge required for effective use (skill), and their access to
technological resources and infrastructure (fool). From this perspective, behavioral inten-
tions alone are insufficient to explain actual technology use. Successful integration requires
that motivation and positive attitudes are supported by both adequate competencies and
enabling conditions.

The skill dimension appears particularly relevant in the context of artificial intelligence.
Although Al tools are becoming increasingly accessible, their pedagogically meaningful
use requires more than technical familiarity. Teachers must be able to evaluate Al-generated
outputs, understand the limitations of Al systems, and consider their pedagogical and
ethical implications. In this regard, the concept of Al literacy has emerged as a useful
framework for describing the competencies needed for responsible engagement with
Al Al literacy encompasses not only technical knowledge about Al systems but also
the ability to critically assess their functioning, limitations, societal consequences, and
educational implications (Long & Magerko, 2020; UNESCO, 2024). Recent reviews further
suggest that teacher education and professional development often focus on technological
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aspects of Al, while pedagogical, ethical, and reflective dimensions remain comparatively
underrepresented (Sperling et al., 2024; Tan et al., 2025).

Professional development therefore plays a crucial role in supporting teachers’ engage-
ment with AI (UNESCO, 2019, 2023). Recent studies indicate that many teachers perceive a
gap between the rapid development of Al technologies and their own preparedness to use
them effectively (Li et al., 2025; Tan et al., 2025). Importantly, professional development
needs should not be understood solely as indicators of lacking competence. Rather, they
may also reflect teachers” awareness of emerging demands and their willingness to further
develop their professional expertise in response to technological change.

Taken together, the Technology Acceptance Model and the Will-Skill-Tool framework
suggest that teachers’ engagement with Al depends not only on intentions to use technol-
ogy but also on the factors that shape teachers” willingness and preparedness to engage
with it. Within the Will-Skill-Tool framework, the dimensions of will and skill appear partic-
ularly relevant for understanding teachers’ orientations toward generative Al Teachers’
willingness to engage with Al is likely influenced by how they evaluate its opportunities
and risks and by the extent to which they trust Al-supported systems. At the same time,
meaningful integration requires competencies that many teachers may still perceive as
developing, which is reflected in their professional development needs. Accordingly, the
present study focuses on three dimensions that can be theoretically linked to the Will-Skill-
Tool framework: perceived risks, trust in Al, and professional development needs. These
dimensions are examined in greater detail in the following section.

2.2. Teachers’ Evaluations of Al: Risk, Trust and Professional Development Needs

Building on this perspective, the following section examines perceived risks, trust in
Al, and professional development needs as central dimensions of teachers’ engagement
with generative Al. Together, these dimensions capture how teachers evaluate the oppor-
tunities and challenges associated with Al and how prepared they feel to engage with it
professionally. In the context of generative artificial intelligence, teachers are required to
make professional judgments under conditions of uncertainty, balancing potential benefits
against possible risks while considering their own preparedness for implementation. Trust
is commonly understood as the willingness to accept vulnerability and act under conditions
of uncertainty (Deutsch, 1962; Hosmer, 1995; Luhmann, 1979; Mayer et al., 1995). Across
these perspectives, trust involves making decisions despite incomplete information and
the possibility of negative outcomes. In educational contexts, trust in Al refers to teachers’
willingness to rely on Al-supported systems despite uncertainty regarding how these sys-
tems operate and the consequences their use may have for teaching and learning. Similar
to research on trust in automation, trust can be understood as a mechanism that regulates
whether individuals rely on, reject, or appropriately calibrate their use of technological
systems (Lee & See, 2004). In educational contexts, this implies that trust may influence
not only whether teachers use Al but also how critically and responsibly they engage with
it. Recent research conceptualizes teachers’ trust in Al not as a general openness toward
technology, but as a context-dependent professional judgment influenced by perceptions
of usefulness, reliability, transparency, understanding of Al systems, and Al-related self-
efficacy (Lucas et al., 2024; Nazaretsky et al., 2022; Viberg et al., 2025). Accordingly, Viberg
et al. (2025) define trust in Al-supported educational technologies as teachers” willingness
to accept uncertainty when integrating Al into educational practice.

Closely related to trust is the concept of perceived risk. Perceived risks refer to
teachers’ subjective expectations that the use of Al may lead to negative consequences
for teaching, learning, or professional responsibility (Featherman & Pavlou, 2003). In
educational settings, these concerns include issues such as data privacy, algorithmic bias,
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inaccurate or misleading outputs, overreliance on Al-generated content, reduced student
agency, and the potential loss of pedagogical control (Holmes et al., 2019). Rather than
representing independent constructs, trust and perceived risks appear to form a closely
interconnected evaluative framework through which teachers weigh opportunities against
concerns and uncertainties (Viberg et al., 2025).

Research suggests that teachers’” evaluations of Al are often characterized by ambiva-
lence. On the one hand, many teachers recognize the potential of Al to support teaching
and learning and consider Al-related competencies increasingly relevant for the future of
education. On the other hand, they frequently express concerns regarding ethical implica-
tions, reliability, bias, and the consequences of Al for professional autonomy (Kohnke et al.,
2025; Martin et al., 2024; OECD, 2025; Polak et al., 2022). Systematic reviews focusing on
primary education describe this situation as one of cautious openness, in which perceived
opportunities coexist with uncertainty and limited practical experience (Arranz-Garcia
et al., 2025; Nuryani et al., 2026).

Existing evidence further indicates that teachers often feel insufficiently prepared to
engage with Al Studies show that teachers frequently report limited knowledge about
how Al systems operate and how Al should be addressed in educational contexts (Lindner
& Romeike, 2019; Polak et al., 2022). Similar findings have been reported specifically for
primary school teachers (Kim & Kwon, 2023). Research on pre-service and in-service
teachers additionally suggests that attitudes toward Al may vary according to individ-
ual characteristics such as gender, prior experience, and confidence in using technology
(Bolivar-Cruz & Verano-Tacoronte, 2025; Zhang et al., 2023). Given that primary school
teaching is a predominantly female profession in many countries, these findings may be
particularly relevant for understanding teachers’ engagement with Al in primary education.
These considerations are particularly important in primary education, where teachers sup-
port children’s foundational learning, mediate emerging technologies in age-appropriate
ways, and bear particular responsibility for protecting learners’ privacy, autonomy, and
well-being (Arranz-Garcia et al., 2025; Nuryani et al., 2026; UNESCO, 2024).

The relationship between trust and perceived risk has also been demonstrated em-
pirically. Zhang et al. (2025), for example, found that perceived risks negatively predict
teachers’ trust in Al and reduce their willingness to adopt Al-supported technologies.
Conversely, transparency and explainability appear to strengthen trust and mitigate con-
cerns. Teachers tend to place greater trust in Al when they understand how systems
generate recommendations and perceive Al as supporting rather than replacing their pro-
fessional expertise (Nazaretsky et al., 2022; Feldman-Maggor et al., 2025). Explainability
therefore appears to be a key condition for fostering appropriate trust in Al-supported
educational technologies.

A third important dimension concerns teachers’ professional development needs.
Professional development needs capture teachers’ perceived requirement for knowledge,
competencies, and support in order to use Al effectively, critically, and responsibly. In
line with the Will-Skill-Tool framework discussed above, PD needs can be understood
as reflecting teachers’ awareness of a gap between current competencies and emerging
professional demands. Importantly, PD needs do not necessarily indicate low competence.
Rather, they may represent an active orientation toward learning and professional growth.

Recent studies consistently report substantial professional development needs related
to Al Teachers frequently express a desire for further training, particularly regarding
pedagogical applications, ethical implications, and the critical evaluation of Al systems
(Nazaretsky et al., 2022; Robert Bosch Stiftung, 2025; Sperling et al., 2024). Research also
suggests that many teachers perceive existing professional development opportunities as
insufficient to address the complexity of Al integration (Kohnke et al., 2025). Furthermore,
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professional development appears closely linked to trust and confidence. By increasing
teachers’ understanding of Al systems, professional learning opportunities may reduce
uncertainty and support the development of informed trust (Celik et al., 2025; Lucas et al.,
2024; Nazaretsky et al., 2022).

Taken together, perceived risks, trust, and professional development needs represent
central dimensions that have been used to describe teachers’ engagement with AL. Whereas
perceived risks and trust reflect how teachers assess the opportunities and challenges asso-
ciated with Al, professional development needs indicate how prepared they feel to respond
to these challenges. Although these dimensions have often been examined separately,
relatively little is known about how they jointly structure teachers’ orientations toward
generative Al, particularly in primary education. Examining teachers’ overall evaluations
of these dimensions simultaneously may therefore provide a more differentiated under-
standing of teachers’ engagement with Al and reveal distinct patterns that remain hidden
in variable-centered approaches.

2.3. Heterogeneity of Teachers and Emerging Profiles

Given the complexity of Al integration, it is unlikely that teachers form a homogeneous
group in their perceptions and use of Al Research on innovation adoption suggests that
individuals differ systematically in their openness to new technologies, leading to distinct
patterns of adoption and engagement (Rogers, 1983). In educational contexts, teachers’
responses to technological innovations are shaped not only by perceptions of usefulness but
also by beliefs, professional values, prior experiences, and contextual conditions (Ertmer,
1999; Hew & Brush, 2007).

In the case of generative Al, this heterogeneity may be particularly pronounced. Al
systems do not merely introduce new tools but also raise questions about professional
autonomy, pedagogical responsibility, transparency, and ethical decision-making (Holmes
etal., 2019). Consequently, teachers may combine perceptions of risk, trust, and professional
development needs in different ways. For example, some teachers may express high levels
of trust and strong interest in further learning, whereas others may perceive substantial
risks and remain reluctant to engage with Al. Still others may simultaneously recognize
both opportunities and challenges, resulting in more ambivalent orientations toward
the technology.

Research has shown considerable variation in teachers’ perceptions of Al, suggesting
that teachers may differ not only in the degree but also in the combination of perceived
risks, trust, and professional development needs. However, little is known about whether
recurring patterns of these perceptions can be identified among primary school teachers.
Examining such patterns may contribute to a more nuanced understanding of teachers’
engagement with generative Al and inform the development of targeted professional
development opportunities.

2.4. Summary and Conceptual Framework

Taken together, the reviewed literature suggests that teachers’ engagement with gener-
ative Al can be described by a complex interplay of adoption-related factors, evaluations of
risks and trust, and perceived professional development needs. Although previous studies
have provided valuable insights into these dimensions, research in primary education
remains limited and has predominantly relied on variable-centered approaches. As a
result, little is known about whether distinct patterns of Al-related perceptions exist among
primary school teachers and how such patterns are associated with current and intended
Al use. Addressing this gap, the present study adopts a person-centered perspective to
identify distinct profiles of primary school teachers based on perceived risks, trust in Al,
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and professional development needs and to examine how these profiles differ in current
and intended Al use. In the present study, engagement with generative Al is understood
as teachers’ overall orientation toward Al, reflected in their evaluations of perceived risks,
trust in Al, professional development needs, as well as their reported current and intended
use of Al in educational practice.

3. Methods
3.1. Sample and Procedure

The study is based on a quantitative survey of primary school teachers in Bavaria
(Germany), conducted during the 2023/2024 school year. A total of N = 295 teachers
participated in the study. The sample consisted predominantly of female teachers (93%),
with an average teaching experience of 18.6 years (SD = 10.5).

Missing data accounted for 2.6% of the total dataset. To assess the robustness of the
subsequent analyses, missingness patterns were examined using a combination of visual
inspection (naniar package; Tierney & Cook, 2023) and Little’s MCAR test (Little, 1988).
The visual analysis revealed no systematic patterns, and Little’s test was non-significant
(p > 0.05), supporting the assumption that the data were missing completely at random
(MCAR). Given the low proportion of missing values and the assumption of MCAR, listwise
deletion was applied. This approach is considered appropriate under MCAR conditions
and minimizes the risk of biased estimates (Graham, 2009; Little & Rubin, 2019).

3.2. Measures

Participants responded to three items assessing perceived risks, trust in Al, and
professional development (PD) needs:

(1) “When using ChatGPT or similar Al tools in school, I see more risks than opportunities.”

(2) “I'trust tools such as ChatGPT or similar Al applications for use in school.”

(3) “I would like to receive professional development to learn more about the use of
ChatGPT or similar Al tools in school.”

All items were measured on a six-point Likert scale ranging from 1 (strongly disagree)
to 6 (strongly agree).

The present study did not aim to provide comprehensive psychometric assessments
of perceived risks, trust in Al, or professional development needs. Rather, these variables
were operationalized as global evaluative indicators reflecting teachers’ overall orientations
toward generative Al and served as the basis for the person-centered profile analysis. The
use of single-item indicators was intended to capture these overall evaluations rather than
the differentiated facets of the multidimensional constructs discussed in Section 2.2. Recent
methodological research suggests that the usefulness of single-item measures depends on
the nature of the construct, the wording of the item, and the intended interpretation of
the resulting scores (Allen et al., 2022; Matthews et al., 2022). Consequently, the present
indicators should be interpreted as global evaluations rather than comprehensive measures
of trust, perceived risk, or professional development needs. This operationalization is
consistent with the person-centered objective of the study, which aimed to identify broad
patterns of teachers’ overall orientations toward generative Al rather than to model latent
psychological constructs or examine relationships among multidimensional scales. In
addition, participants reported their current and intended use of generative Al across
different instructional and classroom-related activities. Instructional use was assessed
using seven items covering activities such as lesson planning, preparation of instructional
materials, and content-related support. Classroom integration was assessed using two
items referring to the use of Al in teaching and student-related activities.

Based on these items, four indices were computed as the mean of the respective items:
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(a) Current instructional use;

(b) Intended instructional use;

(c) Current classroom integration;
(d) Intended classroom integration.

Higher values indicate more frequent use or stronger intentions to use generative Al.

The instructional use indices showed good to excellent internal consistency (current
use: « = (0.87; intended use: o = 0.93). For classroom integration, the two-item indices
showed inter-item correlations of r = 0.55 for current use and r = 0.80 for intended use, with
corresponding Spearman-Brown coefficients of 0.71 and 0.89, respectively.

3.3. Data Analysis

Data analyses were conducted using R (Version 4.3.0; R Foundation for Statistical
Computing, Vienna, Austria; R Core Team, 2023).

First, descriptive statistics (means, standard deviations, and frequencies) were cal-
culated to examine teachers’ perceptions of risks, trust, professional development needs,
and Al use (RQ1). Pearson correlation coefficients were computed to investigate the
relationships between perceived risks, trust, and PD needs (RQ2).

Second, a person-centered approach was employed to identify distinct profiles of Al
engagement (RQ3). Person-centered approaches are particularly suitable when the objective
is to identify naturally occurring configurations of variables rather than to estimate relations
among latent constructs (Woo et al., 2024). A two-step clustering procedure was applied.
In the first step, hierarchical cluster analysis using Ward’s method and squared Euclidean
distances was conducted to examine the cluster structure based on the dendrogram and
elbow criterion. In the second step, competing k-means solutions with two to four clusters
were compared. Average silhouette widths were 0.353, 0.297, and 0.321 for the two-,
three-, and four-cluster solutions, respectively. Considering the initial cluster diagnostics
together with parsimony and substantive interpretability, the three-cluster solution was
retained. In particular, it distinguished a group characterized by comparatively high
perceived risks and professional development needs alongside moderate trust, whereas
this pattern was merged in the two-cluster solution and the four-cluster solution primarily
further differentiated the more skeptical and trusting configurations. Agreement between
the hierarchical and final k-means assignments for the three-cluster solution was limited
(adjusted Rand index = 0.260), indicating some sensitivity of individual assignments to the
clustering method. Prior to analysis, all clustering variables were standardized (z-scores).

Third, reliability analyses were conducted for the multi-item indices. Cronbach’s
alpha was calculated for instructional use. For the two-item classroom integration indices,
inter-item correlations and Spearman—Brown coefficients were reported.

Finally, one-way analyses of variance (ANOVA) were performed to examine differ-
ences between the identified teacher profiles regarding current and intended Al use (RQ4).
Tukey’s HSD post hoc tests were used to identify specific group differences. Effect sizes
were calculated using eta-squared (17?).

4. Results
4.1. Teachers’ Perceptions and Use of Generative Al (RQ1)

Teachers reported mixed perceptions of generative Al, characterized by moderate lev-
els of perceived risk, relatively low trust, and substantial professional development needs
(Table 1). Perceived risks were slightly above the scale midpoint, indicating a tendency
toward cautious skepticism rather than strong rejection. In contrast, trust in AI was compar-
atively low, suggesting a generally cautious evaluation of Al tools in educational contexts.
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At the same time, teachers expressed considerable interest in professional development
related to the educational use of AL

Table 1. Descriptive statistics for Perceived Risks, Trust in Al, Professional Development Needs, and
Al Use variables.

Variable N M SD Median Min Max
Perceived Risks 294 3.75 1.22 4 1 6
Trust in Al 292 2.73 1.08 3 1 6
Professional Development Needs 294 4.12 1.41 4 1 6
Current Instructional Use 290 1.37 0.63 1 1 4
Intended Instructional Use 291 2.57 1.14 3 1 6
Current Classroom Integration 290 1.22 0.55 1 1 5
Intended Classroom Integration 290 2.36 1.12 2 1 6

Descriptive analyses of teachers” use of generative Al further revealed a clear gap
between current practices and intended use (Table 1). Current use of Al for instructional
purposes was very low, with the majority of teachers indicating that they rarely or never
use Al in their teaching. Similarly, classroom integration of Al, such as discussing Al in
class or incorporating it into student tasks, was minimal.

In contrast, teachers reported substantially higher levels of intended use. Intended
use for instructional purposes reached a moderate level, and intentions to integrate Al
into classroom activities were also noticeably higher than current levels of implementation.
Taken together, these findings suggest that teachers are currently engaging with Al only to
a limited extent, despite expressing greater openness toward future use.

4.2. Relationships Between Perceived Risks, Trust, and Professional Development Needs (RQ2)

Correlation analyses revealed a structured pattern of teachers’ perceptions of Al
(Table 2). Perceived risks were strongly negatively associated with trust in Al, indicating
that teachers who perceived higher levels of risk tended to report lower levels of trust.
This finding suggests that both constructs represent closely related dimensions of teachers’
evaluations of Al. However, the magnitude of this association should be interpreted with
some caution, as the comparative wording of the risk item (“more risks than opportunities”)
may partly contribute to its conceptual overlap with the global evaluation captured by the
trust item.

Table 2. Correlations among perceived risks, trust in Al, and professional development needs.

Variable 1 2 3
1. Perceived Risks 1.00
2. Trust in Al —0.60 *** 1.00
3. Professional Development Needs —0.28 *** 0.33 *** 1.00

Note. Pearson correlations. *** p < 0.001.

Trust in Al was positively associated with professional development needs, suggest-
ing that teachers who expressed greater trust in Al were also more interested in further
learning opportunities. In contrast, perceived risks were negatively related to professional
development needs, indicating that teachers who were more skeptical toward Al tended
to express less interest in professional development. Overall, the findings suggest that
perceived risks, trust, and professional development needs form a coherent pattern of
attitudes toward Al
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4.3. Cluster Analysis (RQ3)

To identify distinct patterns of Al engagement, a cluster analysis based on perceived
risks, trust in Al, and professional development needs was conducted. A three-cluster
solution was selected as the most interpretable representation of teachers’ perceptions
(Table 3).

Table 3. Cluster means and sample sizes for the identified teacher profiles.

Professional
. o . . .
Profile n (%) Perceived Risks (M) Trust in AI (M) Development Needs (M)
Skeptical Rejecters 73 (25.0%) 4.96 1.62 2.58
Interested but Uncertain 131 (44.9%) 391 2.64 4.92
Trusting Learners 88 (30.1%) 2.53 3.80 4.20

Note. Cluster membership was determined using k-means clustering based on standardized scores
of perceived risks, trust in Al and professional development needs. Percentages are based on the
cluster-analytic sample (1 = 292).

The first cluster, labeled Skeptical Rejecters, was characterized by very high perceived
risks, very low trust in Al, and comparatively low interest in professional development.

The second cluster, labeled Interested but Uncertain, combined relatively high per-
ceived risks and low trust with the strongest interest in professional development. This
profile represented the largest group of teachers and was characterized by this specific
combination of scores across the three global indicators.

The third cluster, labeled Trusting Learners, showed comparatively low perceived
risks, higher levels of trust, and substantial interest in professional development.

Taken together, the findings indicate that primary school teachers do not form a
homogeneous group in their perceptions of Al but can be differentiated into distinct
profiles characterized by different combinations of risk perceptions, trust, and professional
development needs. The profile labels are descriptive shorthand for the specific patterns
identified across the three global evaluative indicators and should not be interpreted as
representing comprehensive psychological constructs or diagnostic categories.

An additional comparison among teachers with available data on teaching experience
(n = 269) revealed a small difference across profiles, F(2, 266) = 4.03, p = 0.019, 112 =0.03.
Tukey post hoc comparisons indicated that Skeptical Rejecters reported more teaching
experience (M = 21.35, SD = 9.82) than Trusting Learners (M = 16.41, SD = 11.25; p = 0.014),
whereas the other pairwise differences were not significant.

4.4. Group Differences in Al Use (RQ4)

To examine whether the identified profiles differed in their engagement with Al a
series of one-way analyses of variance (ANOVA) was conducted (Table 4).

Table 4. ANOVA results and descriptive statistics for differences between teacher profiles in current
and intended Al use.

Skeptical Interested but Trusting Learners
Variable Rejecters Uncertain Mg( sD) F df P 17
M (SD) M (SD)
Current Instructional Use 1.12 (0.30) 1.28 (0.55) 1.71 (0.79) 22.66 (2,285) <0.001 0.14
Intended Instructional Use 1.76 (0.89) 2.66 (1.02) 3.14 (1.13) 36.73 (2,286) <0.001 0.20
Current Classroom Integration 1.05 (0.19) 1.19 (0.50) 1.40 (0.75) 8.68 (2,285)  <0.001 0.06
Intended Classroom Integration 1.78 (0.91) 2.45 (1.07) 2.73(1.19) 16.13 (2,285) <0.001 0.10

Note. Values for the three profiles are means with standard deviations in parentheses. One-way
analyses of variance (ANOVA) were conducted with teacher profile as the independent variable.
Effect sizes are reported as eta-squared (172).
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Significant differences emerged for both current and intended use of generative Al For
current instructional use, profile membership had a significant effect. Post hoc comparisons
indicated that Trusting Learners reported significantly higher levels of current instructional
use than both Interested but Uncertain teachers and Skeptical Rejecters, whereas the latter
two groups did not differ significantly from one another.

Profile differences were even more pronounced for intended instructional use, suggest-
ing that teachers” perceptions of Al are particularly relevant for their readiness to engage
with the technology in the future. Similar patterns emerged for classroom integration.
Significant differences were observed for both current classroom integration and intended
future classroom integration, with Trusting Learners generally reporting higher levels of
engagement than the other groups.

Opverall, the findings demonstrate that the identified teacher profiles differ not only in
their perceptions of generative Al but also in their current practices and future intentions.
While actual use remains comparatively limited across all groups, more positive profiles are
associated with stronger intentions to integrate Al into educational practice in the future.

5. Discussion
5.1. Teachers’ Perceptions in Context: A State of Cautious Openness

The findings provide a snapshot of primary school teachers’ engagement with gen-
erative Al during an early phase of its adoption, characterized by a state of cautious
openness. Teachers reported moderate to high perceived risks, relatively low trust in Al,
and substantial professional development needs. At the same time, they did not reject
Al outright and expressed considerable interest in further learning opportunities related
to its educational use. This combination suggests that teachers are currently balancing
the perceived opportunities and risks associated with Al rather than adopting clearly
positive or negative positions. This may be particularly characteristic of primary education,
where teachers are responsible not only for subject learning but also for children’s cogni-
tive, social, and moral development (Kantreiter et al., 2024) and therefore face especially
demanding pedagogical decisions regarding the use of emerging technologies. The institu-
tional context in Bavaria may help explain this pattern. As outlined in the introduction,
primary school teachers operate within a regulatory environment characterized by strict
data-protection requirements and, at the same time, currently no mandatory professional
development specifically focused on artificial intelligence. These contextual conditions
may partly explain the combination of cautious attitudes, comparatively low trust, and
substantial professional development needs observed in the present study.

The findings align with recent research indicating that teachers often hold ambivalent
attitudes toward Al While many educators recognize the potential of Al to support teach-
ing and learning, they simultaneously express concerns regarding reliability, bias, data
protection, ethical implications, and the consequences of Al for professional autonomy
(Kohnke et al., 2025; Martin et al., 2024; OECD, 2025; Polak et al., 2022). Similar patterns
have been reported in reviews focusing on primary education, where teachers are described
as cautiously interested in Al while remaining uncertain about its educational implications
(Arranz-Garcia et al., 2025; Nuryani et al., 2026).

Particularly noteworthy is the comparatively low level of trust observed in the present
study. Trust has repeatedly been identified as a key prerequisite for the adoption of
Al-supported technologies in educational settings (Nazaretsky et al., 2022; Viberg et al.,
2025). The findings suggest that many primary school teachers remain hesitant to rely
on Al systems, which may reflect uncertainty regarding the reliability, transparency, and
pedagogical appropriateness of Al-generated outputs. Given that primary school teachers
are responsible for establishing foundational literacy, numeracy, and learning strategies,
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while simultaneously fostering children’s social, emotional, and moral development, such
caution appears understandable.

The observed relationship between the global indicator of perceived risks and trust
further supports previous research suggesting that these evaluations are closely related in
teachers’ overall orientations toward Al (Nazaretsky et al., 2022; Viberg et al., 2025). Teach-
ers who perceived higher levels of risk tended to report lower levels of trust, highlighting
the importance of addressing concerns related to transparency, reliability, and ethical use
when promoting Al adoption in schools.

A second notable finding concerns teachers’ substantial professional development
needs. Consistent with previous studies (Nazaretsky et al., 2022; Robert Bosch Stiftung,
2025; Sperling et al., 2024), participants expressed a strong desire for further learning
opportunities related to Al This finding is particularly relevant given the rapid pace of
technological development and the increasing expectation that teachers engage with Al in
professionally responsible ways. The reported global indicator of professional development
needs should not be interpreted solely as indicators of insufficient competence. Rather,
they may reflect teachers’” awareness of emerging professional demands and their willing-
ness to further develop their expertise. In this sense, the reported need for professional
development may be interpreted as a constructive response to educational change rather
than as evidence of a deficit.

Taken together, the findings portray primary school teachers as neither enthusiastic
adopters nor categorical opponents of Al Instead, their responses suggest a balanced and
reflective stance characterized by awareness of both opportunities and challenges. This
state of cautious openness provides an important context for understanding the distinct
teacher profiles identified in the present study.

5.2. Distinct Profiles of AI Engagement

The identification of three distinct teacher profiles—Skeptical Rejecters, Interested
but Uncertain, and Trusting Learners—provides empirical support for the assumption
that teachers do not form a homogeneous group in their engagement with Al (Rogers,
1983). By adopting a person-centered approach, the present study extends existing research
by identifying distinct profiles of teachers and linking these profiles to both current and
intended Al use. The findings demonstrate that teachers differ considerably in how they
combine perceptions of risk, trust, and professional development needs, highlighting
the value of moving beyond average scores when examining teachers’ engagement with
emerging technologies.

The Skeptical Rejecters profile is characterized by high perceived risks, low trust, and
low interest in professional development. This pattern may reflect a relatively stable skepti-
cal stance toward Al that may be rooted in fundamental concerns about its compatibility
with pedagogical values and the role of the teacher (Holmes et al., 2019). In contrast, the
Trusting Learners profile combines comparatively low perceived risks with higher levels of
trust and a strong interest in professional development, indicating a greater willingness to
engage with Al and explore its educational potential.

Particularly noteworthy is the profile of Interested but Uncertain teachers, which rep-
resented the largest group in the sample (44.9%). Interestingly, this combination highlights
the limitation of purely variable-centered approaches: while the global correlation analysis
indicated that higher perceived risk is linearly associated with lower professional devel-
opment needs, this substantial sub-population demonstrates a more nuanced, non-linear
pattern. This discrepancy underscores the methodological value of the person-centered
cluster analysis employed in this study, as it reveals critical configurations of attitudes
that remain hidden in aggregate correlations. Rather than reflecting resistance, the In-
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terested but Uncertain profile may be interpreted as a state of productive uncertainty, in
which teachers are open to engaging with Al but require further support and orientation
to translate this openness into practice. This finding suggests that uncertainty does not
necessarily function as a barrier to engagement. Instead, it may motivate teachers to seek
further knowledge and professional support in order to make informed decisions about
the educational use of AL

Across all three profiles, a noteworthy pattern emerges. Even teachers who express
comparatively positive attitudes toward Al report very limited actual classroom use. One
possible interpretation of this finding is what we propose as a pedagogical brake: a theoretical
concept describing the tendency for teachers to approach the implementation of generative
Al with particular caution in primary education. From this perspective, openness toward
Al does not necessarily translate directly into classroom implementation. Instead, teachers
may carefully weigh potential pedagogical benefits against concerns related to develop-
mental appropriateness, professional responsibility, and ethical implications. Especially in
primary education, where teachers are responsible for supporting foundational learning
processes and protecting particularly vulnerable learners, such caution may represent a
professionally reasoned response rather than resistance to innovation (Ertmer, 1999; Hew &
Brush, 2007; Nuryani et al., 2026). However, the present data do not allow us to determine
whether limited classroom use actually results from deliberate pedagogical considerations.
The proposed pedagogical brake should therefore be understood as a tentative theoretical
interpretation that requires further empirical investigation.

From this perspective, the identified profiles should not be interpreted as positions
on a simple continuum from rejection to acceptance. Instead, they reflect different ways
in which teachers balance the perceived opportunities and risks associated with Al The
profile of the Interested but Uncertain teachers is particularly illustrative of this tension,
combining substantial concerns with the strongest demand for professional development.

Taken together, the identified profiles suggest that teachers” engagement with Al is
shaped not only by perceptions of technological usefulness but also by broader consid-
erations of professional responsibility, uncertainty, and learning. The findings further
highlight that teachers respond differently to emerging technologies and may therefore re-
quire different forms of support. Consequently, one-size-fits-all approaches to professional
development are unlikely to meet the needs of all teachers equally.

The identified profiles are also consistent with a growing body of person-centered
research suggesting that engagement with generative Al is characterized by heterogeneous
user groups rather than homogeneous patterns. For example, Beckman et al. (2025)
identified distinct profiles of university students that differed in Al literacy, confidence, and
patterns of GenAl use. Although Al literacy was not assessed in the present study, these
findings suggest that differences in Al-related competencies may also contribute to the
teacher profiles identified here. This interpretation is further supported by the systematic
review of Bewersdorff et al. (2025), which found consistent positive associations between
Al literacy, Al self-efficacy, positive attitudes toward Al, and broader digital competencies.
Future research should therefore examine whether Al literacy contributes to the emergence
of different teacher engagement profiles among primary school teachers.

5.3. Patterns of Use and the Intention-Usage Gap

The identified teacher profiles differed not only in their perceptions of generative
Al but also in their current practices and intended use. Profile differences were more
pronounced for intended than for current Al use, indicating that intentions may differentiate
teacher profiles more strongly than current implementation practices. This pattern aligns
with the Technology Acceptance Model (TAM), which assumes that perceptions primarily
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influence behavioral intentions, while actual use is often moderated by contextual and
organizational factors (Davis, 1989; Venkatesh & Davis, 2000).

This finding is also consistent with the Will-Skill-Tool model (Knezek et al., 2000),
which argues that willingness alone does not necessarily lead to technology integration.
The high professional development needs identified in the present study suggest that
teachers perceive a need to further develop the competencies associated with the “skill”
component, while the limited classroom use across all profiles may also reflect constraints
related to contextual conditions and implementation opportunities represented by the
“tool” component.

The descriptive pattern of higher intended than current use across all profiles is
consistent with an intention—usage gap. Although teachers differed considerably in their
perceptions of Al actual classroom use remained low even among the more positive profiles,
while intentions for future use were substantially higher. This pattern resembles the well-
documented intention-usage gap reported in technology adoption research (Ertmer, 1999;
Hew & Brush, 2007). However, the present data do not allow us to determine whether this
gap is indeed driven by pedagogical considerations.

The present study extends this line of research by showing that this gap persists even
among teachers with relatively positive evaluations of Al In particular, the Trusting Learn-
ers profile demonstrates that more favorable overall evaluations of perceived risks, trust
in Al, and professional development needs do not automatically translate into classroom
implementation. More favorable overall evaluations therefore appear to be a necessary
but insufficient condition for the educational use of Al This finding closely aligns with
the Will-Skill-Tool model (Knezek et al., 2000), which argues that willingness alone does
not lead to technology integration. Instead, teachers also require sufficient competencies
and supportive contextual conditions. The high professional development needs identified
in the present study point to the continuing importance of the “skill” component, while
the limited classroom use across all profiles suggests that contextual factors and available
implementation opportunities (“tool”) may continue to constrain Al adoption.

Several factors may contribute to this discrepancy between intention and use. Previous
research highlights the importance of professional learning opportunities, institutional
support, technological infrastructure, and pedagogical guidance when integrating new
technologies into educational practice (Celik et al., 2025; Collie et al., 2024; Hew & Brush,
2007). In addition, teachers may remain uncertain about the pedagogical appropriateness
of Al use, particularly in primary education, where developmental considerations and
ethical responsibilities are especially salient.

Taken together, the findings suggest that primary education is currently experiencing
a transitional phase in Al adoption. Teachers’ overall evaluations and intentions appear to
be changing more rapidly than their classroom practices. Consequently, future research and
professional development efforts should not only focus on fostering positive perceptions
of Al but also on addressing the practical, pedagogical, and organizational conditions
necessary for its responsible implementation.

5.4. Implications for Professional Development

The findings have important implications for the design of teacher professional de-
velopment in the context of artificial intelligence. First, the overall high demand for
professional development confirms a persistent gap between the rapid development of Al
technologies and teachers’ perceived preparedness to use them effectively and responsibly.
This finding is consistent with previous research indicating that many teachers feel insuffi-
ciently equipped to address the pedagogical, ethical, and practical challenges associated
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with Al integration (Nazaretsky et al., 2022; Robert Bosch Stiftung, 2025; Sperling et al.,
2024; Tan et al., 2025).

Second, the identification of distinct teacher profiles suggests that one-size-fits-all
approaches to Al-related professional development are unlikely to be effective. Teachers
differ substantially in their perceptions of risks, trust, and professional learning needs,
indicating that different groups may require different forms of support.

For Trusting Learners, professional development may focus on advanced pedagogical
integration, including the critical evaluation of Al-generated content, the design of Al-
supported learning environments, and the development of subject-specific applications.
These teachers already appear willing to engage with Al and may therefore benefit most
from opportunities to deepen and refine their practice.

For Interested but Uncertain teachers, the priority lies in building confidence and re-
ducing uncertainty. Given that this group combines substantial concerns with the strongest
demand for professional development, it represents a particularly promising target group
for professional learning initiatives. Professional development for these teachers should
provide transparent explanations of Al systems, opportunities for guided experimenta-
tion, and structured reflection on ethical and pedagogical implications. Such approaches
may help transform uncertainty into informed professional judgment and responsible
educational action (Nazaretsky et al., 2022; Viberg et al., 2025).

For Skeptical Rejecters, professional development may need to begin with addressing
more fundamental concerns regarding the role of Al in education, child development,
and pedagogical responsibility. Rather than focusing primarily on technical skills, profes-
sional learning opportunities for this group should create spaces for critical dialogue and
discussion about both the opportunities and limitations of Al in educational contexts.

More broadly, the findings suggest that professional development should extend
beyond the acquisition of technical competencies. In line with recent Al literacy frame-
works (Long & Magerko, 2020; UNESCO, 2024), effective professional development should
support teachers in developing the knowledge, critical reflection skills, and professional
judgment required to evaluate whether and how Al can be used without compromising the
development of foundational competencies, children’s autonomy, or meaningful teacher—
student interaction. Particularly in primary education, where teachers are responsible
for supporting foundational learning processes and young learners’ development, such
reflective capacities may be as important as technological proficiency itself.

Taken together, the findings highlight that successful Al integration depends not only
on access to technology but also on teachers’ ability to make informed pedagogical decisions
about when, how, and for what purposes Al should be used. Professional development
therefore plays a central role in supporting teachers as they navigate the opportunities and
challenges associated with generative Al

5.5. Limitation and Future Research

Despite its contributions, the present study has several limitations that should be
considered when interpreting the findings.

First, the study was based on a survey of primary school teachers in Bavaria, Germany.
Consequently, the findings may not be fully generalizable to teachers in other educational
contexts, school systems, or countries. In particular, the institutional context of Bavarian
primary education—including its framework for continuing professional development
and the regulatory conditions governing the implementation of generative Al—should be
considered when interpreting and transferring the findings to other educational systems.
In addition, participation was voluntary, which may have introduced self-selection bias.
Teachers with a particular interest in Al or digital technologies may have been more likely
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to participate, potentially leading to a sample that is more engaged with Al-related topics
than the broader population of primary school teachers. Furthermore, the cross-sectional
design does not allow conclusions about causal relationships between perceived risks, trust
in Al, professional development needs, and Al use. Longitudinal studies are needed to
examine how teachers’ perceptions and engagement with Al evolve over time.

Second, the study relies on self-reported data. As with all survey-based research,
responses may be influenced by social desirability, self-perception biases, or respondents’
interpretations of the survey items. In particular, teachers’ reported intentions to use Al
in the future may not necessarily translate into actual classroom practices. Future studies
could complement self-report measures with observational data, usage logs, or qualitative
approaches to gain a more comprehensive understanding of Al-related practices.

Third, perceived risks, trust in Al, and professional development needs were opera-
tionalized using concise global indicators rather than multidimensional instruments. These
indicators were intended to capture teachers’ overall evaluations of these dimensions and
thereby support the exploratory, person-centered objective of identifying broad teacher
profiles. Consequently, the findings should be interpreted as reflecting teachers’ overall
evaluative orientations toward generative Al rather than comprehensive representations
of the multidimensional constructs discussed in Section 2.2. The present study does not
permit conclusions about the specific facets underlying these evaluations, such as useful-
ness, reliability, transparency, and self-efficacy in relation to trust, or privacy concerns,
algorithmic bias, overreliance, and loss of pedagogical control in relation to perceived
risks. Future research should therefore complement the present approach by employing
multidimensional instruments to examine which components of trust, perceived risk, and
professional development needs are most strongly associated with different teacher profiles
and whether more differentiated measures yield similar or distinct profile solutions. In ad-
dition, all three indicators explicitly referred to “ChatGPT or similar Al tools.” This framing
may have directed participants’ evaluations primarily toward chatbot-based generative Al
and may not capture their perceptions of other Al-supported educational technologies. The
findings should therefore be interpreted within this specific framing rather than generalized
to teachers’ evaluations of Al-supported educational technologies more broadly.

Fourth, the study focused on three central dimensions of teachers’ engagement with
Al but did not directly assess potentially influential contextual factors. Variables such
as Al-related knowledge, prior experience with Al institutional support, school culture,
technological infrastructure, or participation in professional development may play an
important role in shaping teachers’ perceptions and practices. Recent research suggests
that Al literacy is positively associated with Al self-efficacy, attitudes toward Al, and
broader digital competencies (Bewersdorff et al., 2025). Future research should therefore
integrate these factors to develop a more comprehensive understanding of Al adoption in
educational settings and to examine whether differences in Al literacy contribute to the
emergence of distinct teacher engagement profiles.

Finally, the cross-sectional design limits conclusions regarding causal relationships and
developmental processes. In addition, the data were collected during the 2023 /2024 school
year. Given the rapid development of generative Al, the findings should be interpreted as
reflecting teachers’ perceptions at that particular stage of Al adoption. Teachers’ perceptions
of Al are likely to evolve as technologies become more widespread, educational policies
develop, and opportunities for professional learning increase. Longitudinal studies would
therefore be particularly valuable for examining how teachers’ profiles, attitudes, and
practices change over time and whether movement between profiles occurs as experience
with Al increases.
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Despite these limitations, the present study contributes to the growing body of research
on Al in education by providing a differentiated, person-centered perspective on primary
school teachers’ engagement with generative Al By identifying distinct profiles and linking
them to patterns of use, the study offers insights that may inform both future research and
the design of targeted professional development initiatives.

6. Conclusions

The present study contributes to the growing body of research on artificial intelli-
gence in education by providing a differentiated perspective on primary school teachers’
engagement with generative Al. While discussions about Al in education often emphasize
either its transformative potential or its associated risks, the findings of this study suggest a
more nuanced picture. Primary school teachers’ perceptions of Al are characterized by cau-
tious openness, combining awareness of potential opportunities with concerns regarding
educational, ethical, and practical implications.

By adopting a person-centered approach, the study identified three distinct profiles
of Al engagement—Skeptical Rejecters, Interested but Uncertain, and Trusting Learners.
These profiles reveal distinct patterns of Al-related perceptions and professional learning
needs among primary school teachers. Particularly noteworthy is the finding that the
largest group of teachers was characterized not by rejection or uncritical acceptance, but by
uncertainty accompanied by a strong desire for further learning and professional support.

The study further identified a consistent descriptive pattern in which intended Al use
exceeded current classroom implementation across all profiles. This pattern is consistent
with an intention—usage gap. Although teachers expressed considerable interest in future
Al use, actual classroom implementation remained limited across all profiles. This finding
suggests that the integration of generative Al in primary education is not merely a question
of technological availability or positive attitudes. Rather, its implementation is likely to be
shaped by pedagogical, ethical, and professional considerations in addition to technological
availability and teachers’ overall evaluations. The findings suggest that many primary
school teachers are currently in a phase of professional orientation toward Al. Rather than
rejecting Al or embracing it uncritically, they appear to be weighing its potential educational
value against perceived risks and implications for professional practice. This interpretation
is reflected particularly in the large group of Interested but Uncertain teachers, whose
responses indicate openness to Al alongside a strong need for guidance and professional
learning opportunities.

Taken together, the findings suggest that the responsible integration of generative Al
in primary education may be supported not only by technological developments but also by
opportunities for teachers to develop relevant competencies, confidence, and professional
judgment. Professional development may therefore play an important role in supporting
teachers’ pedagogically meaningful and ethically informed engagement with Al in ways
that are responsive to the needs of young learners.
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