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Abstract

While technology advancement and scientific innovation have created new topics and
fields of inquiry in STEM education, external content experts such as university scientists/
researchers have been increasingly involved to enhance K-12 teachers’ disciplinary under-
standings and professional development (PD). However, few studies have scrutinized scien-
tist-facilitated PD programs regarding teacher epistemology, about how and in what ways
the programs impact teachers’ epistemological understandings of disciplinary knowledge.
To address the gap, this paper investigates the process by which teachers construct episte-
mological understandings and teaching practices in interacting with scientists. Informed
by theories of epistemic cognition and social cognition, we conducted an interactional eth-
nography in a school-university partnered PD program with six primary teachers. Based on
participant observation, teacher interviews, and classroom videos and artifacts, we iden-
tified three patterns of teacher-scientist negotiation: reciprocal negotiation of knowledge
presentation, observation and interpretation of scientist practices, and inconsistency in
knowledge translation. The teachers’ professional responsibility and knowledge served as a
critical filter in their decisions of selecting, interpreting, and rejecting scientist inputs, lead-
ing to respective epistemological stances and pedagogical actions. The research uncovers
the situated and multifaceted negotiation of teacher epistemology and offers implications
for researching and supporting their epistemological development.

Keywords Primary teachers - Professional development - Artificial Intelligence - School-
university partnership - Teacher epistemology - Classroom teaching

Introduction
External content experts from universities (scientists or researchers) have been

increasingly involved to support the professional development (PD) of STEM teach-
ers in K-12 schools (Nelson, 2005; Ralls et al., 2018). This trend is largely driven
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by the rapid technological advancement and scientific discoveries, where new knowl-
edge and blurred discipline boundaries urge teachers to continuously enhance their
disciplinary understandings (Kelly et al., 2008). Teacher PD programs facilitated by
university scientists are proven effective in improving teachers’ content knowledge,
teaching practice, and confidence (Clifford et al., 2008). Evidence also suggests that
interactions with scientists can expose teachers to practices of scientific inquiry and
domain-specific knowing and trigger their transformation towards constructivist,
inquiry-based learning (Mansour, 2015; Tanner et al., 2003).

Teacher-scientist interactions may provide an important but often overlooked con-
text in which teachers access and make sense of the nature of knowledge and knowing
— the epistemological aspect of disciplinary knowledge. However, such a sense-mak-
ing process and its impacts on teacher epistemology have been rarely examined in the
past. Existing research has focused on the design and evaluation of explicit training/
intervention, such as explicit reflection and knowledge calibration (Abd-El-Khalick &
Lederman, 2000; Brownlee et al., 2012). Limited attention has been paid to the itera-
tive and ongoing process, by which, teachers negotiate and construct epistemologi-
cal understandings with external content experts like scientists. A major pitfall might
lie in the methodology: as teachers and scientists bring differentiated expertise, their
interactions might be highly complex and dynamic, hence difficult to be examined
empirically (Nelson, 2005).

To address the gaps, we propose a present study to examine the process and pattern
of teacher-scientist negotiation regarding personal epistemology and teaching practice.
Drawn upon the theories of epistemic cognition and social cognition, we develop a the-
oretical framework for examining the negotiation process by tracing teachers’ mean-
ing-making and practice construction across the contexts of PD program and class-
room teaching. Guided by the framework, we conduct an interactional ethnography
based on a school-university partnered PD program that involves six primary teachers
of Computer Science. The inquiry is guided by two research questions as follows:

1. How and in what ways do the teachers construct their epistemological understandings
in interacting with scientists?
2. How do the teachers’ epistemological understandings impact their teaching practices?

Theoretical Framework
Teacher Epistemology in School-University Partnership

Personal epistemology is an individual’s theory about the nature of knowledge and know-
ing (Hofer, 2001). Personal epistemology has become significant in STEM education,
as students are increasingly expected to develop higher-order cognition as opposed to
reproducing knowledge, to reason evidence and evaluate knowledge claims, and to make
evidence-based arguments (Skamp, 2020). To meet such expectations, teachers should
be equipped with appropriate personal epistemology (Brownlee et al., 2012). Literature
shows that sophisticated, mature epistemologies are often aligned with constructivist
teaching encouraging student inquiries and knowledge creation, while naive, premature
epistemologies are aligned with teacher-centered, surface-atomistic teaching (Brownlee
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et al., 2012). Meanwhile, personal epistemology is highly complex and sometimes envi-
ronments may not allow teachers to act in alignment with their epistemologies (Many
et al., 2002).

An unexplored space of teacher epistemology is teacher PD programs facilitated
by university scientists/researchers. Previous studies have identified significant dif-
ferences between K-12 teachers and scientists in views about the nature of discipli-
nary knowledge, knowing, and teaching (Clifford et al., 2008; Olitsky, 2017). While
the difference may hinder collaboration, it might also contribute to “a social nego-
tiation of ideas” (Johnston & Thomas, 1997). Nelson (2005) identifies three kinds of
teacher-scientist interactions — knowledge negotiation, consultation, and rejection,
while negotiation has the most potential for education transformation. Their negotia-
tion may go beyond content knowledge to epistemology: as scientists’ core mission is
to create and disseminate knowledge, they can bring unique resources about domain-
specific inquiry and knowing to teachers (Tanner et al., 2003; Vesterinen & Aksela,
2009). However, empirical research is too few yet to clarify their negotiation patterns
regarding teacher epistemology and teaching practices, calling for more process-ori-
ented research and detailed investigation.

A Socio-cognitive Approach to Epistemological Understanding

The studies on personal epistemology started from Perry’s domain-general, stage-like
developmental approach, now shifting towards a more fine-grained lens that acknowl-
edges domain specificity and context-dependence (Hofer, 2001; Sandoval, 2009).
As scholars call for approaching the cognitive and situated nature of epistemolog-
ical development over the life span, the concept of epistemic cognition has gained
momentum which reflects “how people acquire, understand, justify, change, and use
knowledge in formal and informal contexts” (Greene et al., 2016). This conceptual-
ization, rather than viewing personal epistemology as a system of beliefs, positions
personal epistemology as “cognitions about a network of interrelated epistemic top-
ics including knowledge, its sources and justification, belief, evidence, truth, under-
standing, and explanation” (Chinn et al., 2011). Epistemic cognition can occur at a
topic-specific level and be changed in the short term (Braten et al., 2008; Kienhues
et al., 2016). Teachers’ epistemic cognition can continue to grow through their teach-
ing experiences and professional PD engagement (Buehl & Fives, 2016).

The social-cognitive perspective may offer a theoretical lens to approach teach-
ers’ epistemic cognition in scientist-facilitated PD programs. The social-cognitive
perspective ascribes human development to a dynamic and reciprocal interaction of
a person, environment, and behavior (Bandura, 2001). Such reciprocal interactions
are largely represented, maintained, and mediated through discourse. For in-service
teachers, their epistemic cognition and teaching practice are initially influenced by
their professional environments, and then are opened to new social influences through
their interactions with scientists. The cross-contextual examination of teacher engage-
ment in PD programs and classrooms can be informed by the notion of intertextual-
ity — the interrelationship among texts in constructing meanings across space and
moments (Bakhtin, 2010; Bloome et al., 2004). By examining how meanings are
negotiated and constructed via discourse, we can anchor teacher epistemology in an
intertextual chain of activities across time and contexts and further investigate the
interplay among scientist inputs, teacher epistemology, and teaching practice.
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Artificial Intelligence as an Integrated STEM Education Topic

Artificial Intelligence (AI) along with Computer Science (CS) is emerging topics in
STEM education in K-12 schools (Gibney, 2016; Touretzky et al., 2019). Al, as a wide-
ranging branch of CS, refers to using machines to perform intelligent tasks (Rusell &
Norvig, 2003). In recent years, many Al education initiatives and curriculum frame-
works have been developed globally (including the USA, Europe, China, Australia, Sin-
gapore, and others), which are intended to introduce AI knowledge to K-12 students
(Wong et al., 2020). As an inter-disciplinary subject, Al lies in the intersection of sci-
ence, engineering, and society, while imposing far-reaching impacts on ethics and soci-
ety (Morley et al., 2020). Given its impacts and topicality, the discussion on Al has
involved a wide range of stakeholders and has been bombarded with conflicting claims
(Rusell & Norvig, 2003). This condition echoes with research on personal epistemol-
ogy that highlights the cognition to reason, weigh, and evaluate knowledge claims for
informed decision-making in social contexts.

While the research on K-12 Al education remains limited, existing evidence suggests
that teacher capability constitutes a major issue, regarding the qualification of teach-
ers to teach Al competently and effectively (Vazhayil et al., 2019; Wong et al., 2020).
Meanwhile, naive epistemologies and misconceptions about the subject matter are
found common among engineering and technology teachers. For example, they have
erroneously viewed computer science as digital literacy or “to think like a computer”
(Fessakis & Prantsoudi, 2019; Sands, et al., 2018) and failed to differentiate engineering
from science (Antink-Meyer & Meyer, 2016). To address such issues, a widely adopted
strategy is to engage external content experts from universities or industries for prepar-
ing the teachers’ content knowledge (Chiu & Chai, 2020). In this regard, Al education
may provide a heuristic context to address our research interest in the teacher-scientist
negotiation regarding personal epistemology and teaching practices.

Methodology

Guided by the theoretical framework, we adopt Interactional Ethnography (IE) to
address the research questions. IE is a discourse-based ethnography that examines the
social construction of insider’s perspective of a group (Castanheira et al., 2000). By
analyzing discourse and associated actions and artifacts, IE has been widely used in
science education to uncover the meaning, understanding, and practice that are socially
constructed in classrooms and PD programs (Kelly, 2021; Kelly & Green, 2019). In

Table1 A summary of mathematical thoughts and activities included in Al lessons

Topic of Al Mathematical thoughts and activities

Information representation and binary Calculating the number of possible states of binary digits
Feature recognition and extraction Representing features in a vector table

Decision tree Construction of decision tree to solve problems math-

ematically (e.g., to calculate leap years);
Recommender engine Measuring the fittingness using cosine similarity
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particular, the rich data and thick description generated from IE allow us to address the
research questions concerning hows and negotiation process in this study (Geertz, 2008)
(Table 1).

Research Context and Participants

The study was situated in a larger research project that examined a bottom-up curricu-
lum project in an urban school district in Metropolitan Beijing, China (also discussed
in Dai et al., 2020; Lin et al., 2021). The project was initiated by primary CS teachers
from two schools, a CS professor from a local R2 research university, and a curricu-
lum specialist from the school district, with a shared interest in introducing basic Al
knowledge to primary students. To fulfill the goal, a school-university partnered PD
program was developed to support teachers’ content knowledge preparation. The CS
educator, as one of the project initiators and coordinators, had leveraged his collegiate
resource and professional network to invite a group of university scientists (faculty
members and postdoc researchers) as instructors/advisors for the PD program, whose
expertise ranged from robotics and autonomous systems to deep learning and neural
network. Six primary CS teachers from the two schools participated in the PD program
and the research (Appendix Table 2). Four were male and two were female; five had 3
to 8 years of teaching experience and one with 16 years.

Three kinds of activities were organized in the PD program. The program started
with a 2-week summer workshop, which provided introductory-level training. Follow-
ing a curriculum integration approach, the workshop included sixteen lectures, cover-
ing the Five Big Ideas of Al — machine perception, knowledge representation and rea-
soning, learning, natural interaction, and social impact (Touretzky et al., 2019). Upon
completion of the workshop, a survey was conducted to elicit the teachers’ feedback,
especially about their learning difficulties and needs. Based on the feedback, the sec-
ond PD activity — ten seminars, was arranged through the fall semester to help them
manage the reported difficult topics. Thirdly, after the seminars, the teachers started
their ‘teaching experiment’ by developing one/two lessons for classroom teaching in
the following spring semester. Each teacher was paired with one scientist by topic
matching, where the scientist ensured appropriate presentations of content knowledge.
Through the three kinds of PD activities, the university scientists played a consistent
role as content experts to support the teachers’ disciplinary knowledge.

Data Collection

The data collection process is illustrated in Fig. 1, including three sources, the PD
program, classrooms, and teacher interviews. We conducted participant observa-
tion in the PD program by attending the workshops, seminars, and meetings among
teachers and scientists (Spradley, 2016). The observation allowed us to gain first-
hand perspectives about the dynamics of teacher-scientist interactions, collect arti-
facts, and construct field notes, while building rapports with research subjects. We
also observed and video-recorded the AI lessons developed by the teachers and col-
lected their teaching materials. Lastly, we conducted semi-structured interviews with
each teacher to elicit their epistemological understandings, PD experiences, and les-
son design. We interviewed the teachers in a stimulus-recall manner, where collected
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Teacher interview

® Participant observation
and video-record the
lessons (9 lessons in
total);

¢ Teaching artifacts created
by teachers;

Classroom
teaching

 Participant observation of
workshops, seminars, and
teacher-scientist
meetings;

® One-year observation;

¢ Stimulus-recall review on
views on the nature of Al
knowledge, knowing, &
teaching, and their PD
experiences;

® 23-hour audio-records;

PD program

Fig. 1 Three major sources of data

artifacts were presented to aid their reflection and recounts about relevant epistemo-
logical understandings. Interview records and classroom video records were tran-
scribed verbatim.

Data Analysis

Our analyses followed an operational cycle of ethnography: to iteratively ask a ques-
tion, collect and analyze data, draw conclusions, and generate a new question from
the conclusions (Spradley, 2016). During the iterative process, the oral and written
discourse collected from interviews, classroom videos, artifacts, and field notes was
the major data used to analyze the insider’s perspective and meaning construction.
Figure 2 represents the ethnographic process with three iterative cycles, along with
involved discourse analysis methods.

As shown in Fig. 2, the analysis starts with and is centered on thematic analysis of field
notes and teacher interview transcripts in Iteration 1, to identify teachers’ ways of inter-
acting with scientists that led to epistemological understandings. Nelson’s (2005) gen-
eral framework of teacher-scientist interactions was referenced initially, upon which the
researcher constructed new and more specific themes. The analysis inevitably led to Iter-
ation 2 about “whar” epistemological understandings the teachers had constructed. The
teacher interview transcripts were coded by referring to code lists of the nature of science/
engineering knowledge and knowing (Pleasants & Olson, 2019; Purzer et al., 2022). Itera-
tion 3 was simultaneously conducted to map the teacher epistemology with their teaching
practices with video analysis and triangulation. Three researchers participated in the cod-
ing and thematic analysis, and their inter-coder agreement was above 82%; inconsistency
in their analytical results was discussed to resolve. Based on the data analysis, a telling
case approach was adopted to select the most heuristic data to illustrate the themes for
data/finding presentation (Mitchell, 1984). The data analysis and findings were communi-
cated with the research subjects for feedback and confirmation to enhance the reliability.
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Teachers’ epistemic understandings

Iteration ° Data: teacher interview transcripts
* Method: coding

2 * Finding: themes of teacher understandings
W about the nature of Al knowledge and knowing
4
‘ Negotiation between teachers & scientists i
» Data: field notes, transcripts, artifacts Iteration
*  Method: thematic analysis
* Finding: ways of teacher-scientist interactions 1
J leading to teachers’ epistemological understanding s—
a
—_ Teacher epistemology & teaching practice
Iteration - Dpata: transcripts, field notes, videos, artifacts
3 * Method: video analysis, triangulation

* Finding: relationship between teacher
epistemology and teaching practices

Fig.2 The overall analytical process

Results

The research findings are presented in three themes, each with a pattern of social negoti-
ation regarding teacher epistemology and teaching practices. The patterns are presented
with thick description, where multiple sources of data are combined to manifest the
negotiation process across stakeholders and contexts.

Reciprocal Negotiation of Knowledge Presentation

While all the six teachers held higher education degrees in engineering/technology-related
majors, they saw themselves as novices or outsider to the world of Al. Once joining the
PD program, they soon realized it as “almost a mission impossible” due to two reasons.
Firstly, the way the university scientists delivered the Al lectures, followed a bottom-up
approach that started with programming, algorithms, and computational techniques. As
for the teachers, though this approach can help build up detailed understandings progres-
sively, it was too time-consuming. Secondly, the teachers found it difficult to translate such
technique-oriented contents into classroom teaching. They saw the content as highly speci-
fied and more suitable for gifted students, whereas their goal was to develop Al literacy for
ordinary students.
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The teachers’ responses and thoughts were communicated with the program coordina-
tor and university scientists. In balancing the teachers’ needs and scientists’ expertise, they
agreed to shift the bottom-up, technique-oriented approach to a top-down, problem-ori-
ented approach. That was, the scientists would leave aside the detailed techniques but start
from the problem formulation — to explain how a phenomenon or a task was formulated
into a technological/engineering problem that can be tackled by Al. Departing from the
question, they continued to explain relevant methods, principles, and strategies for prob-
lem-solving. In this way, they hoped to make the workshop more attainable for the teach-
ers, while helping them take up the essence of Al knowledge for classroom teaching.

Informed by the scientist inputs, the participating teachers demonstrated a problem-
oriented view of the nature of Al knowledge and knowing. When interviewed about what
counted as Al or learning Al, a salient theme was an engineering way of thinking about
problems. For example, they described Al as “ways of thinking and performing tasks”,
“logic of design”, “problem-solving strategies”, “thoughts behind the technical solution”,
and so forth. Their descriptions suggest that: Al was regarded as a subject of thinking and
problem-solving instead of a subject of facts or techniques; design and logic reasoning lie
in the essence of Al-related problem-solving; Al can be understood by rediscovering its
underlying thinking and design as well as the problem-solving strategy.

Consistent with their epistemological understanding, the teachers often emphasized
problem-solving in their teaching practice. This practice can be illustrated in the follow-
ing excerpt of classroom interaction, where a teacher introduced the concept of Al with a
picture comparison activity. In this activity, students were shown two parallel pictures with
similar problem-solving scenarios, and students were tasked to identify the problems that
machines can solve.

Teacher: (pointing to the PowerPoint slide in Figure 3) so what is the problem?
Students: asking for directions.
Teacher: good try, but my question is — what problem can the robot solve?

Fig.3 PowerPoint slide used in classroom teaching
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Student A: it solves the problem that we no longer need to ask passersby for direc-
tions; sometimes they can give you directions, but not accurate.

Teacher: awesome! Solve the problem of accuracy in giving directions, right? Yes
tell me the problem directly — this is the rule. Now look at the pictures again, is it
possible that this is a foreigner asking for directions?

Students: they might speak English.

Teacher: so the problem it solves is ----

Students: (simultaneously) don’t understand a foreign language. To understand the
foreign language and respond. Difficulty in communication.

Teacher: yes! It solves a problem about communication difficulty or language trans-
lation; people may speak different languages, but we need to understand each other
before giving a helping hand.

As shown in the above interaction, the teacher had constantly and deliberately empha-
sized the problem-solving nature of the Al-empowered robot. Though the students were
initially inclined to describe actions/activities, the teacher used multiple strategies (e.g.,
rephrasing the question, restating the rule, and using sentence starters) to orient student
attentions to the problem in question. This kind of problem-oriented teaching was common
among the six teachers. For example, they often situated Al concepts and technology in
daily contexts of problem-solving, and their explanations about the attributes and charac-
teristics of Al were contextualized by specific tasks or problems.

The above analysis shows the reciprocal negotiation between scientists and teachers in
terms of the form and content of the PD program. For the teachers, the social influence
from the scientists was neither prescribed nor inherent, but activated and reinforced by
their active engagement in co-deciding the PD program design, which in turn shaped their
epistemological understandings and teaching practices.

Observation and Interpretation of Scientists’ Practices

The PD program enabled the teachers to observe the scientists’ practices at first hand. By
observing and making sense of their scientific practices, the teachers attempted to interpret
and identify the nature of Al-specific knowledge and knowing. Especially, since the PD
program involved multiple scientists, the teachers could compare their practices for simi-
larities and differences, based on which, the teachers made inferences about the epistemo-
logical nature of Al inquiry.

A common practice identified by the teachers was “always include(ing) some ingredi-
ents from mathematics,” such as statistical models and principles of probability. They fur-
ther observed how the computer scientists organized mathematical knowledge in relation to
technology:

Math is a tool to reduce or abstract complex scenarios, for example, to model an
object as a vector of weights. Then the (reduced) problem must be put back into a
technical framework, to follow the operational principle of technologies and engi-
neering design protocol; (it) can be computational or robotic technology, depending
on if you’re making software or a robot.

The above quote shows the teacher’s epistemological understanding regarding the
knowledge base of Al inquiry — knowledge about technology and engineering, while
viewing mathematics and science as a ladder. Influenced by this understanding, the teach-
ers structured their Al lessons with a focus on technologies, but also a small proportion on
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mathematics. Table 1 summarizes a list of mathematical thoughts/activities identified from
the classroom teaching. Of note, given the understanding level of primary students, the
objective was not to introduce the mathematical terminologies or theories, but to stimulate
student awareness; in a teacher’s words, “to start gaining a sense that math can help solve
Al problems — fair enough!”.

Besides the knowledge, the scope of teachers’ observation was extended to the scien-
tists’ behavioral patterns, such as how they interacted with others. For example, they found
that “you will never get a yes or no answer from the professors,” as the professors tended
to explain a problem in detail. The teachers were observant enough to notice that, even on
the same topic, the opinions of professors/scientists tended to diverge and “be biased by
their research expertise.” The teachers were also introduced to the latest development of
Al, from which they were exposed to those unresolved but critical research issues.

From the observation, the teachers captured the evolving nature of AI where knowledge
was subjected to changes. They also related the relative nature with the scientists’ differ-
ences: there were multiple pathways to a solution, and the inquirer’s responsibility was not
merely to search for any solution but to optimize towards the best solution in consideration
of accuracy, effectiveness, and feasibility. In this way, they distinguished Al from those
disciplines that were characterized by deterministic answers. They saw Al as a subject “for
creative work™ as opposed to being “cut and dry”.

The teachers’ epistemological understandings set a positive tone to present Al in
classrooms. In introducing Al concepts or problem-solving strategies, they often added a
few words to conditionalize their explanations, such as “one of the solutions/strategies,”
“maybe new and better methods are coming,” and “you will learn some more in higher
studies.” This framing was also evident in error moments of Al applications during the
demonstration, into which they attempted to instill an encouraging and positive attitude.
For example, in using the speech-to-text translation application to manifest the topic of
speech recognition, errors were common in the translated result. Still, the teacher attempted
to instill a positive and encouraging attitude in viewing the errors. Therefore, he concluded
the lesson by purposefully calling back the errors:

The machine is becoming smarter and more capable. But we can also see quite some
“imperfection’, right? So the machines still need more help, help from scientists and
engineers — Teacher Wang (the speaker) believes that some students in our class will
become one day. We can help solve the errors creatively in the future, so the machine
can perform tasks in a higher quality to benefit us.

As shown in the excerpt, the evolving state of Al was interpreted strategically by the
teachers as a space for creativity and future exploratory opportunity, through which, they
hoped to nurture and sustain student interests in Al.

Inconsistency in knowledge Translation

Ethnographic analyses further revealed a series of inconsistency when the teachers trans-
lated scientist inputs into their epistemological understandings and teaching practices.
The inconsistency was not due to the teachers’ failure in comprehending scientist inputs.
Instead, they purposefully rejected or reframed scientists’ perspectives based on their pro-
fessional knowledge and sensitivity about students and school/curriculum environments.
One telling case was the teachers’ reaction to the conceptualization of acting humanly
versus acting intelligently. The notion of acting humanly defines Al in relation to humans
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and insists that Al is to simulate human intelligence; the notion of acting intelligently treats
intelligence as a general and independent attribute, and the goal of Al is to develop intel-
ligent, autonomous agents. When the two notions were introduced to the teachers, the sci-
entists explicitly showed their preference for the notion of acting intelligently due to its
scientific significance. However, the teachers had their own judgment:

Indeed the idea of using Al to mimic humans may not be the dominating idea. Yes,
we get it. But it works better for our teaching. Firstly, it is not wrong. The major rea-
son is students. Relating AI with human intelligence is more approachable and tan-
gible for students. Some conceptual ideas and problem-solving strategies (of Al) are
too abstract or distant for students, I need something tangible to anchor my teaching.

The quote shows that, while being aware of the difference between the two notions, the
teachers allowed a certain extent of ambiguity in epistemological stances and chose the one
they saw as more appropriate and accessible for students. Informed by the notion of acting
humanly, they often related the Al process, logic, and strategy to human cognition, through
which, they created an analogy to facilitate student learning. Figure 4 is a screenshot taken
from the in-class game titled Guess Who, which was designed to explain the mechanism of
feature extraction and machine perception.

The Hearer, while back facing the class, tried to guess who the Speaker was, only
through the Speaker’s voice. In the process, the teacher guided the students to reflect on
the cognitive actions they performed in identifying the source of a new voice: (1) analyz-
ing and extracting key features of the voice; (2) mapping the extracted features with those
stored in the brain; (3) retrieving the source/speaker of the features stored in the brain.
Using students’ cognitive actions as an analog, the teachers naturally slid to the corre-
sponding Al concepts, i.e., feature extraction and database query. By juxtaposing human
intelligence and Al, the teachers hoped to transform the students’ self-understandings into
Al understandings through guided reflection and analogical reasoning.

- w—
-

Fig.4 Screenshot of classroom interaction

@ Springer



588 Research in Science Education (2023) 53:577-591

Another kind of inconsistency existed between teacher epistemology and teaching prac-
tice, especially concerning the assessment method. As the teaching of Al contents was still
“a teaching experiment” (often part of the school-based curriculum), the teachers chose not
to adopt any paper-and-pencil test; instead, they relied on formative, qualitative observa-
tions of students’ class participation. However, analyses revealed that they held conflicting
views regarding the current assessment practice — whether they should move from the
existing qualitative system to a more quantitative system that would foreground numerical
scores as a summative measurement of achievement. Their struggle was deeply rooted in
the local school culture and curriculum environment.

For the pro-quantitative teachers, quality control was their primary justification,
that was, to arrive at a definitive mark as the indicator of student performance and the
driver of systematic quality assurance. This position was coupled with some complaints
about the current practice — “too casual and subjective, lacking an objective standard to
track student progress comparably, and it sends the wrong message to the students and
school.” Such complaints reflected the teachers’ tendency for more strictly enforced out-
come-based education that was characterized by specific standards of common, objec-
tive performance indicators. Their stance was largely driven by the examination-oriented
culture that is prevalent at local schools, where standardized tests and high-stake evalu-
ations were common. Under this culture, a quantitative assessment system was believed
to urge schools and students to treat Al subjects seriously and secure school resources.

In contrast, the pro-qualitative teachers questioned the feasibility of quantitative
and standardized assessment by revisiting the epistemological nature of Al — the
conditional and relativist nature of knowledge and therefore the provisional and plural
nature of judgments in teaching AI. When the knowledge in question remained neither
unquantifiable nor exact, a quantitative assessment system seemed to be “a mismatch”
or “a long shot”. They further argued that, though the constructed-response ques-
tion or design projects might be more suitable to assess Al knowledge, the associated
workload would be “too much for both parties (students and teacher)”. After all, most
primary students were still too premature to verbally articulate Al concepts and han-
dle such complex tasks. As for the teachers with an average workload of 15-18 les-
sons per week (30—40 students per lesson), grading additional work with open-ended
answers would constitute a too heavy burden to carry.

The two kinds of inconsistency make visible the significance of teachers’ profes-
sional knowledge in (re)shaping their epistemological stances and pedagogical deci-
sions. Their sense-making of scientists’ inputs was mediated and filtered by their
professional knowledge about students, curriculum environment, and school culture,
through which they translated their PD gains into teachable contents and practices in
the local contexts.

Discussion and Conclusion

The research findings show the process and patterns of how in-service teachers negoti-
ated their epistemological understandings and teaching practices in a scientist-facilitated
PD program. Rather than simply following the program design, the teachers had actively
engaged themselves with the scientists, the presented knowledge and practice, and their
teaching profession. The teachers’ professional responsibility and knowledge served as
a critical filter in their decisions of selecting, interpreting, and rejecting the scientists’
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inputs for epistemological understandings and teaching practices. While the thick descrip-
tion uncovers the complexity and dynamics of teacher-scientist interactions, it also pre-
sents detailed and multifaceted accounts about the situated construction of epistemological
understandings and teaching practices, as the teachers switched between the contexts of the
PD program and classrooms.

The research provides insights into the epistemology development of in-service teach-
ers. Rather than being a tabula rasa, the in-service teachers approached the intellectual
resources provided by external experts with a pragmatic and practical mentality (Broad &
Evans, 2006; Burke et al., 2021). Such a pragmatic stance, on the one hand, enabled the
teachers to effectively relate the external resources with their professional engagement;
on the other hand, it might have hindered their epistemology change if they fail to capture
immediate relevance. In this regard, the scientist-facilitated PD program might be inte-
grated with professional learning communities or collaborative inquiry, in which teachers
and external experts can extend their epistemic negotiation to teaching and learning.

This research has certain limitations. Firstly, due to the self-initiated nature of the
PD/curriculum program, the teachers had demonstrated a high level of autonomy,
motivation, and willingness to collaborate with the scientists. Their proactive engage-
ment might not be common in ordinary PD programs. Secondly, the analysis of teach-
ers’ epistemological understandings relied on their accounts and interviews. Given
the research context of an introductory-level Al curriculum for primary students, the
major contents in the PD program and classroom teaching were basic or “shallow”.
The lack of inquiry-related contents made it challenging to examine the Al-specific
practical epistemology of teachers/students.

More empirical research will be conducted to enhance understanding of teacher
epistemology. Building upon the present research, we have extended the inquiry to
teachers’ professional identity, about how their collaboration with scientists shapes
their epistemic stance, positioning, and self-concept in schools. Additionally, we will
expand the research scope to the epistemic climate in classrooms. While the present
research shows teachers’ epistemological development in the PD program, we will
further explore how it might transform the teaching—learning dynamics as well as stu-
dents’ epistemic cognition and practice.

Appendix

Table2 A summary of research

. . Name  Gender Education background Years of teaching
subjects of primary teachers experiences
Andrew M B.S. in Electronic Engineering 3 yrs
Bob M B.S. in Mechanical Engineering 5 yrs
Chloe F M.A. in Information Management 6 yrs
David M B.S. in Computer Science 6 yrs
Emily F B.S. in Computer Science 8 yrs
Frank M B.A. in Information Management 16 yrs
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