Teacher agency for integrating history into teaching mathematics in a performance-
driven context: A case study of a beginning teacher in China

Abstract

The importance of integrating history into mathematics education is widely recognised in the
literature and advocated in curricula worldwide, including in China. However, under the
influence of the long-standing centrally designed curricula, teachers in China are accustomed
to content- and teacher-centred examination-driven teaching practices. Adopting a life story
approach, this paper reports the case of a mathematics teacher who integrated history into her
mathematics teaching during the initial two years of her teaching in a Shanghai high school.
The agentic perspective adopted in the study allows us to focus on how the teacher’s agency
was enacted and achieved when engaging in teaching practices. Our findings reveal the roles
played by personal qualities, prior experiences, and the structure and culture of schooling in
the teacher’s agency in integrating history into teaching under a dominant examination-driven
context. Implications of the results for integrating history into teaching in restricted contexts are
then discussed.
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1. Introduction

Inspiring prospective teachers (Nolan, 2012) and in-service teachers to adopt student-focused
pedagogies is challenging and complex for mathematics teacher educators, particularly in China
where tensions in teacher-centred, content-focused, and examination-oriented practices of

mathematics teaching are predominant (Leung, 2001).

Mathematics teaching and learning in China has attracted researchers’ attention worldwide
owing to Chinese students’ outstanding performances in international assessments (e.g., the
latest PISA 2018, OECD, 2019) compared with their Western counterparts. Some studies have
attributed this to the long-standing emphasis in China’s mathematics curriculum on acquiring
basic mathematical knowledge and grasping basic mathematical skills (the “two basics”)
(Zhang, Li, & Tang, 2004) and the achievement/goal-oriented approach to mathematics learning
(Guo & Leung, 2020). However, comparative studies have also indicated that this superiority is
not maintained when solving non-routine mathematical problems (e.g., Cai & Lester, 2005),
probably owing to the overemphasis on mathematical content. Moreover, the Programme for
International Student Assessment (PISA) 2012 results claimed that students in Shanghai, China,
showed lower perseverance and openness to problem solving than the Organisation for
Economic Co-operation and Development (OECD) average, despite outperforming all other
students worldwide (OECD, 2013).

Corresponding to the curriculum’s emphasis on the “two basics” and achievement/goal-

1



oriented learning, Chinese mathematics teachers are usually trained to deliver the centralised
curriculum, focusing on the designated content (Zhang & Wong, 2014), and they pay far more
attention to students’ performances in public examinations rather than students’ individual needs
(Ma, Lam, & Wong, 2006). Many experienced teachers are used to conducting “exam-oriented
teaching with the emphasis on mathematical contents required by the national curriculum” (p.
13), and they exert a strong influence on beginning teachers’ professional development by virtue
of the compulsory mentorship system in China (Lu, Leung, & Kaiser, 2020).

However, China’s current curricular reform focuses on the promotion of quality citizenship
to meet the demands of an increasingly globalised world (Lu & Wang, 2018). Accordingly, the
curricular standards (MOE, 2018) highlight the necessity of promoting students’ sustainable and
lifelong development, including not only their cognitive development but also their interest in
learning, self-perception, and confidence. The curriculum serves as a basis for developing
textbooks and mathematics teaching practice guidelines (Borromeo Ferri, 2018). Teachers’
efforts are needed for the implementation of curricular standards (Howson & Wilson, 1987),
and teacher agency is required to conduct curricular reforms (Tao & Gao, 2017). Teachers must
confront the tension between teaching for the promotion of global citizenship and the

predominant exam-oriented teaching.

Agentic teachers not only complete teaching tasks but also have the ability and willingness
to improve their own capabilities for lifelong learning and sustained professional growth
(Lipponen & Kumpulainen, 2011). Competent implementation of innovative teaching
approaches in mathematics requires a certain kind of agency for preservice and practising
teachers (Klein, 1999). Agency is “the capability of individual human beings to make choices
and to act on these choices in ways that make a difference in their lives” (Martin, 2004, p.135).
Because of agency, people can “play a part in self-development, adaption, and self-renewal with
changing times”, since it “embodies the endowments, belief systems, self-regulatory capabilities
and distributed structures and functions through which personal influence exercised rather than
residing as a discrete entity in a particular place” (Bandura, 2001, p. 2). Agency is “not easily
won” (Klein, 1999, p. 91). However, once a teacher is consciously practising agency, they will
consider teaching a meaningful vocation rather than a job (Priestley, Biesta, & Robinson,
2015a). With agency, teachers become “active agents” rather than “pawns in the reform process”
(Lasky, 2005, p. 900-901).

Unlike exam-oriented teaching, integrating history into mathematics teaching (IHT) aims to
assist students in gaining motivation, strengthening their mathematical cognition, and to support
their conceptual development in mathematics (Jankvist, 2009; Gulikers & Blom, 2001). The
educational value of mathematical history has long been acknowledged in China’s mathematics
curriculum (Wang, Qi, & Wang, 2017). The curricular standards consider it important to
incorporate the history of mathematics, including “mathematical thoughts, spirit, language,
methods, views and the process of how mathematics is being developed”, to reflect “the
contribution and significance of mathematics in the development of people’s life, scientific



technology, and society; as well as human activities” (MOE, 2018, p. 10). Notwithstanding this
emphasis, IHT often becomes a luxury in teachers’ daily teaching life, highly valued but
minimally applied (Wang, Wang, & Rugh, 2018).

This paper presents the case of a beginning mathematics teacher who enacted agency in
integrating history into her mathematics teaching in China, where tensions are particularly
prevalent owing to the predominant exam-oriented teaching practice. The teacher, Doris, was a
mathematics teacher who taught Grade 10 and Grade 11 students consecutively during the initial
two years of her teaching career in a Shanghai high school. She enacted agency in situating
herself in a school community dominated by exam-oriented teaching practice and in pursuing
her intention to promote students’ interest and motivation in the learning of mathematics through
IHT. The case narratives not only offer meaningful scenes of Doris’ experiences but also offer
a forward glance, helping readers to envisage how she anticipated situations in advance and
envisioned alternative features (Flyvbjerg 2006, p. 240). We captured the complexity of Doris’
teaching life with particular focus on her agentic choices and actions, organised around the
priority sets of with/without IHT, and the timeline sets of before, at the beginning, in the midst

of, and at the end of the two years.

2. Theoretical framing and literature survey

2.1 Teacher agency and teacher beliefs

There is an emerging tendency to emphasise the importance of teacher agency in view of its
active role in directing teacher practice (Donnell & Gettinger, 2015) and modern curricular
reform (Priestley, 2011), particularly where tension exists between professionalism and the
promotion of standardisation which reduces teachers’ autonomy (Wills & Sandholtz, 2009). As
an agent, the teacher may be a planner, forethinker, motivator, self-regulator, and self-examiner,
stemming from the four characteristics of agency: intentionality, forethought, self-reactiveness
and self-reflectiveness (Bandura, 2001).

The concept of teacher agency is usually understood as individual characteristics, such as
capacity and action (Hadar & Benish-Weisman, 2019), or an emergent ecological phenomenon
(Priestley, Biesta, & Robinson, 2015b). As capacity, agency allows teachers to direct their own
working within structurally constraints (Hilferty, 2008). As action, agency includes taking a
stance and impacting teaching practice (Eteldpelto, Védhdsantanen, & Hokka, 2015). More
comprehensively, researchers have usually recognised teacher agency as comprising both
capacity and action — “a combination of a teacher’s capacity to initiate and the enactment of
this capacity to actively direct his/her professional life” (Hadar & Benish-Weisman, 2019, p.
138). The ecological view of teacher agency considers it an emergent phenomenon of the
ecological conditions by which the agency is enacted and something that teachers achieve within
their social and material environments (Priestley et al., 2015b).

The perception of teacher agency as comprising both capacity and action emphasises the
connection of teacher agency and beliefs with teaching practice. Agency embodies personal



values, beliefs, and self-regulatory capabilities that impact teachers’ development at the
individual level (Hadar & Benish-Weisman, 2019); it also derives and constructs the direction
and course of action (Wilson & Deaney, 2010). By defining agency as “an intentional belief and
an action taken to achieve a specific outcome” (p. 151), Hadar and Benish-Weisman (2019)
examined the relations between teachers’ values (e.g., self-enhancement and openness to
change), their agentic capacity (including self-efficacy, proactive personality, and self-
promotion focus), and their agentic behaviours (e.g., agency behaviour, creative behaviour, and
agentic behaviour). The results show that teacher values are related to agentic capacity —
capacity enacted as a mediation between values and agentic behaviours — and teachers’ agency
reflects what they bring into their schools (Hadar & Benish-Weisman, 2019). These findings
echo earlier studies emphasising the importance of teacher beliefs and values in the
manifestation of agentic capacities and actions. However, we still have no clear idea of how
agentic capacities mediate teacher values and agentic actions towards specific teaching practices

in specific contexts.

The ecological view focuses on the process by which agency is achieved through different
interactions between individual experiences and contextual factors within different situations
(Biesta, Priestley, & Robinson, 2015). From this perspective, Priestley, Biesta, and Robinson
(2013) proposed a three-dimension model of agency: iterational, practical-evaluative, and
projective dimensions. Teacher beliefs play an important role across the entire agency
achievement process: beliefs from teachers’ past experiences contribute to the iterational
dimension of agency; beliefs impact teachers’ engagement with the present, which concerns the
practical-evaluative dimension, and beliefs oriented towards the future influence the project
dimension (Biesta et al., 2015, p. 637). Furthermore, research also suggests that teacher beliefs
may change as they achieve agency within curricular reforms (Wallance & Priestley, 2017). In
the context of promoting a student-centred STEM programme, Bonner, Diehl, and Trachtman
(2020) interviewed 13 teachers in three schools to explore the role of teacher belief change and
agency development while enacting the practice. The results suggest that teacher agency can be
developed when teachers reflect on the prior related experiences for planning and when they
further conceptualise their authority that distributed to their students; teacher agency seemed to
be easier exerted at the level of classroom than at school level; and teacher beliefs could be
changed during communicating and interacting with students.

To summarise, the capacity and action view of teacher agency places the individual teacher
in the centre, considering her/his motivations, goals, beliefs and agentic actions, which is
congruent with our focus on beginning mathematics teacher’s agentic practice of IHT. The
ecological view leads us to recognise how agency is enacted in concrete settings under the
particular conditions and circumstances of China’s mathematics education. We focus on teacher
agency among beginning mathematics teachers and the specific practice of integrating
mathematical history in the following literature survey on teacher agency in teaching

mathematics.



2.2 Teacher agency in mathematics teaching

Acceptable notions of good mathematics teachers are produced and reproduced by the school’s
discursive practices; during this process, teacher agency is shaped and developed (Nolan, 2016).
Compared to the teacher-centred approach, student-centred approaches create greater space for
both the teacher and the students to play an active role in mathematics teaching and learning
(Felton & Koestler, 2015). However, student-centred teaching approaches in mathematics
education are usually considered to be “extra” or “time-filler”, since they are not connected
closely enough to curriculum outcomes and the learning of key mathematical contents (Nolan,
2014, p. 269). This makes it difficult for mathematics teachers to enact agency to promote
innovative mathematical teaching practices, particularly novice mathematics teachers (Nolan,
2016). Although they have been introduced to innovative pedagogies prior to entering schools,
they are likely to find that what they observe in authentic classrooms differs from how they have
been taught in the teacher education programme.

These are common problematic issues affecting the implementation of innovative
mathematical pedagogies worldwide, but particularly in China, which is known to implement
traditional and old-fashioned mathematical teaching characterised by teacher-centred, content-
oriented and examination-driven teaching (Leung, 2001). By enacting agency, Chinese teachers
are able to continue their traditional teaching practice while considering and trying out
innovative pedagogical ideas from the West, such as building good relationships with their
students and promoting learning through fun (Lai, Li, & Gong, 2016). However, little research
has examined how mathematics teachers enact their agency with respect to innovative teaching
practices within a context such as China, where extreme tension exists, as mentioned above,
between the long-standing predominantly examination-oriented approach to mathematical
teaching and the movement towards student-centred teaching. Departing from this, our study
provides a case study of a specific mathematical teaching practice incorporating mathematical
history.

2.3 Integrating history into mathematical teaching

In the teaching of mathematics, mathematics should not only be considered polished products
that form part of mathematical knowledge but should also be regarded as processes of
knowledge production to make mathematics interesting, meaningful, and relevant, in harmony
with other intellectual and cultural pursuits. In the wider context, it allows young people to be
educated in the sciences (Clark et al., 2016). IHT can be seen as a student-centred pedagogy,
since it exposes students to how mathematicians work, which would increase students’ interest
in mathematics (Artique & Blomhgj, 2013). The complementary and supplementary roles of
mathematical history in mathematics education have been recognised in the teaching and
learning of mathematics (e.g., Jahnke, 2000), highlighting the values of mathematical history in

the learning of mathematics and the development of an inquiry-view of mathematics and



mathematical activities. This perspective on the nature of mathematics will lead to a learner-

focused practice of teaching (Ernest, 1989).

Although THT may be characterised as a teaching practice aimed at promoting students’
autonomy in the learning of mathematics, there are various approaches to IHT that incorporate
different aims and conditions and can provide different spaces in which teachers can enact and
develop agency in their teaching practices. Tzanakis et al. (2000) proposed three broad
approaches: (1) directly providing historical information to facilitate history learning, (2)
implementing a teaching approach that is explicitly or implicitly inspired by history, and (3)
focusing on mathematics per se and the social context for the development of deep awareness
of the discipline’s nature as well its relationship to other disciplines. The first approach — direct
provision of historical information — appears to have limited impact on the development of
agency by only providing one type of alternative material. Teachers appear to have few
opportunities to enact agency by directly providing historical information in mathematics
classrooms. Moreover, this approach usually attracts objections of a practical and didactical
nature, since students regard the learning process as history learning, and usually they dislike

history class (Clark et al. 2016).

We cannot simply draw conclusions about teacher agency from one single application of IHT.
Teacher agency is achieved from continual interactions between the individual teacher’s
experiences and contextual factors. In this paper, we employ the life story approach to
investigate how a mathematics teacher enacts and develops teacher agency by carrying out IHT
in her early teaching career in an exam-driven context of mathematical teaching. We used
Jankvist’s (2009) categorisation of IHT approaches, considering the specific type of history in
use, the amount of history being used, and the ways in which students work with the history,
and so on (p. 249). The three approaches are i/lumination approaches, module approaches, and
history-based approaches. In the illumination approaches, mathematics teaching and learning
is supplemented by historical information, and it happens either in the actual classroom teaching
or the textbooks used. With the modules approaches, instructional units are devoted to history
and usually based on specific topics. The history-based approaches allow history to structure
the sequence and the mathematical content presentation method rather than explicitly discussing

the history itself.

2.4 Research questions
In China, research groups, including mathematicians, historians of mathematics, mathematics

educators, and school mathematics teachers, have invested significant effort in promoting IHT;
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however, the phenomenon whereby teachers consider IHT highly valuable but seldom apply it
in their practice persists (Wang et al., 2018). Given the active role of teacher agency in shaping
new mathematics teachers’ pedagogic preferences and practices (Noyes, 2004), it is interesting
to investigate how Doris, a beginning mathematics teacher, practised IHT in the exam-driven
context of China from the perspective of agency. The research questions addressed in this paper

are as follows:
(1) How did Doris enact agency in practising IHT in the exam-oriented teaching context?

(2) How did Doris achieve her teacher agency when confronting the tension between the

implementation of IHT and the dominant teaching practice?

3 Research design

3.1 Research context and the participant

Our inquiry is part of a multi-case study of beginning mathematics teachers’ professional
learning in high schools in Shanghai. Doris (pseudonym) is distinguished from others because
she is the only one who conducted and insisted on IHT in the two-year teaching under
investigation. Moreover, although IHT has been advocated by the mathematics curriculum and
an increasing emphasis on IHT has emerged among China’s teaching community (Wang et al.,
2018), none of her colleagues had implemented such teaching practices before she entered the
school. However, Doris’ colleagues warmly welcomed her IHT practice, demonstrating that the
school encourages diversity of teaching practices, particularly alternative approaches to more

traditional practices.

Doris earned a bachelor’s degree in Mathematics and Applied Mathematics from a normal
university in Shanghai. Normal universities in China are traditionally teacher-preparation
institutions wherein undergraduate mathematics programmes offer courses related to both
mathematics and pedagogy. Doris was subsequently recruited into the Master’s Programme in
Mathematics Education in the same university, through a project that employed outstanding
normal university students to serve as volunteer teachers in China’s less-developed regions for
a one-year period after completing their undergraduate studies and before commencing
postgraduate study. During the master’s programme, she had opportunities to learn pedagogy in

mathematics in general and history and pedagogy of mathematics (HPM) in particular.

3.2 The life story approach

As mentioned earlier, we employ the life story approach in this study. It is an “ideographic,



subjective approach to expressing the parts of one’s life as a whole and conveying the meaning
taken from them” (Atkinson 2007, p. 233). The life story approach and narrative inquiry have
recently been used in research on mathematics education, particularly with regard to teacher
identity (Lutovac & Kaasila, 2018) and teacher emotional factors, such as mathematics anxiety
(Gonzalex & Sierra, 2020), to capture rich information on teachers’ lives to help them develop
professionally. This approach is in line with our focus on agency to understand in detail how
Doris participated in the community. The story began when Doris commenced her mathematical
teaching career in a high school in Shanghai and ended when she completed the initial two-year

teaching period.

Data collection and analyses

The life story interviews utilising open-ended, reflective questions were conducted with Doris
before and after her classroom teaching, so that she could elicit more subjective meanings from
her daily teaching practices. Data were collected over her two-year teaching period, from
September 2013 to May 2015, followed by supplementary interviews to confirm the authors’
interpretation of the data. The data set includes interviews, video-taped classroom observations
of twelve lessons, field-notes, and related documents. The interviews were conducted in each of
the four semesters over the two years, from the beginning of Doris’ teaching career, and included
questions to elicit her previous experiences, her teaching preparation methods, and her

reflections on her teaching, etc.

To address the research question about how Doris enacted agency, we paid particular attention
to teaching practice. We observed Doris’ classroom teaching to identify how she conducted her
mathematics teaching at the beginning, in the midst of, and at the end of the two years. Two
trajectories were identified in Doris’ teaching practice: the basic teaching task (completing the
teaching of mathematical topics required by the curriculum in time and having students perform
well in traditional tests), which conforms with her views regarding a set of core values and
discourses that exist in the environment, and the task incorporating IHT. For the practice of IHT,
illumination and module approaches were identified. The interviews conducted before and after
Doris’ classroom teaching were analysed to understand her agentic choices and actions when
practising teaching, including preparing for, implementing, and reflecting on the teaching.
Excerpts expressing her views about the kind of teaching practice she was conducting, what she
should conduct and preferred to conduct, and the purposes for which she conducted specific
teaching practices, etc., were used to identify the agentic choices made to enact practical actions.
Moreover, an interview with Doris’ mentor, whose mentoring provided support to Doris,
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demonstrated his views about how Doris might improve her teaching.

Guided by Biesta et al. (2015), we investigated how Doris achieved agency by focusing on
the role of teacher beliefs in the iterational, practical-evaluative, and projective dimensions,
which reflected the past, the present, and the future of Doris’ story. The interview data
concerning Doris’ beliefs with respect to mathematics content and the teaching and learning of
mathematics (Beswick, 2007), were collected at the beginning, in the midst of, and at the end of
the two investigation years and analysed with open coding to facilitate a more nuanced account

of Doris’ views and beliefs and thus allow us to determine how her agency was achieved.

As summarised in Figure 1, we use the life story approach to present a timeline centred on
the initial two years of Doris’ teaching career as a mathematics teacher at a Shanghai high school
to explore how she enacted agency in conducting two teaching trajectories and how she achieved

agency of IHT in the exam-oriented context.

T e P ﬁ _____
: The two-year teaching period

: e e :
‘ The past h Beginning — Midst — End q The future
Two trajectories identified:

I |
: * Completing basic teaching task :
: * Practising IHT :
I |
| |

g To enact agency (RQ1) |

Figure 1 The life story research design to investigate Doris’ agency
4 Data reporting and interpretations

4.1 Enacting teacher agency

Doris exhibited strong agency in realising her own preference for IHT implementation in an
environment that strongly emphasised students’ performances in examinations. Before
describing how she exercised the agency, we first introduce how she conformed to the doxa —
the system of core values and discourses established by social practice (Bourdieu, 1977; Nolan,

2016) — for a better understanding of how she enacted agency later.



4.1.1 Doris’ trajectory of teaching mathematics as completing the basic teaching task

According to Doris, she obeyed the rules to teach the required content clearly within the required
time schedule (i.e., delivering the centralised mathematics curriculum) to her students, so that
they could perform as well as their counterparts in regular traditional tests. She considered this
the basic teaching task, the completion of which would allow her to be seen as doing similar
things to her colleagues and thus survive in the teacher community in which she was situated.
To complete the basic teaching task, she typically (1) maintained the same teaching pace as her
colleagues in teaching the same mathematical content, as required by the curriculum; (2)
emphasised students’ performances in completing supplemented exercises on the content
taught; and (3) accelerated the teaching progress for the content that she considered to be easy,
leaving time for students to complete more exercises on the more challenging items to reinforce
their understanding of the content. She frequently reflected actively on her teaching, paying
attention to students’ responses to her instructions and students’ performances in the exercises
as well as the tests for all students in the grade. When she found that the students completed the
exercises carelessly, she felt angry and believed that this would lead to their achieving lower
test scores than their peers. She also carefully reviewed students’ performances in weekly unit

tests to monitor their learning progress.

This basic teaching dominated Doris’ mathematics teaching approach throughout the two
years, and the practice gained support from the experienced teachers around her, particularly her
mentor. For example, when she felt confused about the appropriate sequence in introducing a
mathematical topic (e.g., whether directly telling the students or introducing the topic through
an elicitation approach), she would seek her mentor’s advice, which was based on his rich
experience in conducting examination-driven teaching. Moreover, Doris was also encouraged
by her mentor to exhibit normative teaching manners (such as clear and well-structured
blackboard writing), so that she could perform as an outstanding mathematics teacher “in the

eye of the world”. From the mentor’s perspective,
MREE, REMARRREN, MRE LIRAFNEE. Bailt, tiEEF
519, MEREEEAN—Eml, BBANET R, GEIIFE,
EBRAESRIE, XEIPHNERINRIEREZESH, ELUIRS..... B8R
minell, A—RIEID, BFAN—FHANREMTFERIREAER,
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Her advantage is that she reacts fast and is good at communicating and interacting

with students in class, an active teacher, but (is not good at) the details. As in China,

traditionally, there are high demands on the teachers’ basic skills (in teaching), such

as blackboard writing.... To be a high-level teacher, it is necessary to develop

(basic teaching skills) from the very beginning.

Following two years of teaching students from Grade 10 to 11, Doris thought she had no
difficulties in completing the basic tasks required to teach the curricular contents of high school
mathematics, with particular focus on students’ performances and by implementing teacher-

centred teaching.

However, Doris considered this kind of teaching to be that required by the environment but
not an approach that supported what she believed to be most important for mathematics
teaching. She said that her ideal teaching would be learner-centred and would require proper
assessment, which is different from Gaokao'. However, she had little ability to change the
situation meaningfully. Therefore, she tried IHT as a means of motivating students’ active

learning.

4.1.2 Doris’ trajectory of teaching mathematics with IHT

The agency that Doris enacted in implementing IHT was manifested in her agentic choices and
actions in implementing various approaches to IHT, conducting self-learning, reflecting on the
practice, and disseminating the practice. During the process, she experienced both constraints

and supports in the environment.

Implementing various approaches of IHT

Doris reported that she continuously bore in mind that she should integrate mathematical

history and culture into her teaching from the earliest stages of her teaching:

—FHAREEXESE. BERENEAMIIDE, BRES—EHREES,

ERABETHE T, ... JEEARH—LZESTET, REsH—E%

FHRIEM..... MR ERCXMFERY, PRI RHRMBRNIX
MREST, AR, FEFRNIHMEHRERY. EE2XTEERN, #HE

1 Gaokao refers to China’s national examination for university admission.
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SNRISEMGE, N—THEMERME—T, HNINEZER, BEHRFF
InSTREIERELR. BEE, XTXTMEM, WIE, BEAST, £8&
ERXNTABHAEEEOEA—R., WIN=/A—R, [EFEHKRR

BHRE, LA LUSIRS SIS,

I started doing this (IHT) from the very beginning. I usually think about how to do

it when preparing new lessons. In the summer (before teaching in the school), I had

prepared the first chapter (according to the textbook) ... At that moment, I made
some preparations, finding materials on mathematical history... that is, integrating

this (mathematical history) into our daily teaching, which requires exploration

when planning the lessons. I tried several approaches: at the beginning, I just

mentioned it (mathematical history)—Ilike telling a story—and tried various
approaches. It depends on the materials, right, the (mathematical) contents, and to

what extent [ am familiar with the contents. For instance, trigonometry is one part

I am familiar with, so I can do lots of things.

From our investigation of Doris’ two-year teaching period, we observed that different
approaches to IHT could be used — for example, illumination and modules approaches
(Jankvist, 2009). There are two examples of the illumination approach: in the second semester,
Doris provided a mathematical problem on proof without words related to the topic of
trigonometric identities that she was teaching, for students to complete after class, and in the
first semester of the second academic year, she introduced the origins of analytic geometry when
starting the new topic in class. In the former case, Doris said she was happy with the students’
strong interest and involvement in doing the mathematical problem; however, she was unable
to give them too much feedback because she needed to save time to keep the same teaching pace
as her colleagues and complete the basic teaching task. In the latter case, she thought the
mathematical content was not hard to teach, and more importantly, she was eager for students

to understand the development of mathematics, although
ROXERE (BFRT) BZAHEY, B, [FAOERFIXHI0, TR LE
B EARIRMLH 1K T X IR,

It may be not helpful to understand (the mathematical contents). But, as you know,
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I have learned (IHT in the master’s programme), so I always have the

consciousness to let them know this (history) in my class.

The modules case took place when Doris was teaching formulae for the volume of solids in
the second semester of the second teaching year. Rather than the drill and practice of the
formulae that her colleagues usually implemented, Doris demonstrated the derivation of the
formulae using Zu Geng’s principle (Cavalieri’s principle). The design involved the teaching of
three lessons (see Figure 2) in the form of “historical packages”, referring to a collection of
“materials narrowly focused on a small topic, with strong ties to the curriculum, suitable for two

or three class periods, ready for use by teachers in their classroom” (Tzanakis et al., 2000).

[~ . . ™
‘ Directly posing the question — Do you know Reviewing students’ homework —illustrating
The how the formula of the volume of a rectangle how to solve the exercises, where most of the
beginni ~ ‘ ) students made errors
ng ( Demonstrating the rule through a pile of A \ d
books — The volume of the pile of books 1
would not change if they were leant towards s Y
\ any sides Demonstrating the formula of the volume of
‘ / a triangular pyramid is 1/3 of corresponding
/- — | prism through applying Zu Geng’s principle
Introducing the Zu Geng’s principle — “# & N
BN A, HEBRLE, WARE R the 1
[J’TST}"L{C volumes of two solids of the same hefghrt are —
‘. equal if their plane sections at equal heights [ Demonstrating the derivation of the formula
tion N always have equal areas of a sphere through using Zu Geng’s principle —
Proced ¥ \ Given a hemisphere with radius r and a
ure ( Demonstrating the derivation of the formula cylinder with radius and heightr, if there is an
of the volume of a prism or a cylinder inverted right circular cone in the cylinder; then
through Zu Geng’s principle it was to prove that the area of the cross

section of the hemisphere equals to the area of
: A~ ) the cross section of the cylinder minus the area
Students’ exercise on the application of the f the cy 3
of the cross section of the inverted cone, on

I i d cylind | ; " . .
formulae afpns:s and cylinders \ any horizontal slice of the configuration.

‘ ( Summarising the lesson and illustrating the A 1

\

Leaving one after-class exercise
The end for students — Figuring out the
intersection of a pair of cylinders

inscribing a cube with length r (
\ N

after-class exercise — showing the interaction
is a shape called mou-he-fang-gai (¥ & 7 4)
which is used by Zu Geng to figure out the
volume of a sphere J

homework for students

-
L Summarising the lesson and assigning

\

Lesson One Lesson Two Lesson Three

Figure 2 The modulus approach to demonstrate the derivation of the formulae of the volume of

solids: the lesson design

Self-learning and reflections on the implementation of IHT

Doris stated that she had received training of IHT during her study in the master’s programme.
However, to practise IHT in the real classroom setting, she needed to determine the appropriate
time to do it — for example, when the mathematical contents were not too challenging to teach
and conducive to integration with the historical facts. Moreover, she said she also needed to
prepare well, such as reading the historical facts carefully to gain a comprehensive
understanding, combining her knowledge of the curriculum and her students, and sometimes

seeking her mentor’s comments on the design.
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Doris felt extremely satisfied and encouraged when she saw the students show interest when
she introduced the historical facts and then engaged themselves in solving and discussing the
problems she provided. In the case of the abovementioned modulus approach, the students

discussed the after-class exercise spontancously.
IR TERFA R HIRARHR, RHITERF/ L METICRREBEINX N
B (IEFSRFREREARTIEIRER) , HBIRERN. MUK TEREAS EEHEE
BRI REE,

I heard a number of students discussing the problem I left to them (the shape of the
interception of a pair of cylinders inscribing a cube) just now when they were

queuing up to do the morning exercise. | am surprised. So, the interest in the

problem per se is important as well.

However, she was disheartened when she found that the students did not perform well in the
homework, and so she spent more time reviewing students’ work (at the beginning of Lesson
Three in Figure 2). She attributed such a result to her emphasis on Zu Geng’s principle instead
of intensive practice on the related exercises. Doris then doubted whether her insistence on I[HT
was right. She said the students needed to perform well in the traditional examinations, for which

only drill and practice worked.
HAVBHRER, B2 ARASE—REBEL. AR, TEREERR
. EH, HEHBEMXERA, BRERTRIE S FIE.

My energy is limited, and people are usually lazy. Does the environment really

allow (to practise IHT)? I have to guarantee (students’) achievements first before

spending time on doing it (IHT).
Despite this pressure, Doris said she would still continue practising IHT as she believed “it was
just right to insist”, especially when she considered students’ active responses to this practice.
Performing the practice of IHT

Although Doris’ practice of IHT did not corroborate the dominant practice of the
environment, she was appreciated by her colleagues, who were experienced teachers. For

instance, when she practised IHT in a public lesson which demonstrated the application of
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mathematical induction, she expressed her sincere gratitude to her mentor for their support in
preparing the lesson. She intended to emphasise the application of the recursive principle and to
use typical mathematical problems from historical materials to organise the instruction but was

confronted with difficulties in searching for appropriate problems.
—FHAR, BMATET, SFRFIRE, AEREMATET 71
WERAERRAWE, &, 61N EE— N RUTREMRIR
IR, 87, MEEL—PRERE, BHASN, WRIREE. R
Bk, MEERK, BIUEED, REXERR, HERABFSRFIMEIHR
HERMSER, MEEEREM, XMUESEE,

At the beginning stage (of preparing the lesson), I felt I could not continue (the
original lesson plan), since I could not find good (mathematical) problems. I
selected several mathematical problems to teach mathematical induction. There
was no theme, which made the lesson messy. It was kind of an exploring lesson.
Then I said to my mentor that I would change to teach a regular lesson. He
disagreed and pushed me to find (more problems). I think the mentor’s

encouragement and high requirements at some key points in time are also

important.

She also appreciated the mentor’s further discussions with her regarding selection of the
problem and the detailed instructional plan. ‘Since he (the mentor) has rich (teaching)
experience and enough knowledge foundation, he often provides valuable suggestions on how

to deal with the instructional procedure smoothly’, Doris reported.

Doris was highly praised for her performance in the public lesson, and she also received

positive feedback from the students?:
NIFFRES, FIVFLNTEF, B—DRTEK......, MRFE.

When first (reading the problem), I hardly knew where to start, but at the end of
the lesson, I did a lot.

2 The excerpts of students’ voice provided by Doris from her diary.
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HAFEAIE—L, ..., FEEAIARTERNTHE, 57 REFNEEE.

We should be bolder (to explore), ..., then we may find something subconsciously,

having inspiration and train of thought.

4.2 Doris’ beliefs

As we can see from the above story about Doris, she enacted agency in practising IHT while
insisting on completing the basic teaching task in accordance with the doxa. To understand how
Doris’ agency was achieved, we placed greater emphasis on her beliefs, looking back to the past

two years and focusing on her beliefs as reflected in the two years’ teaching.

According to Doris, she had genuine enthusiasm for teaching, and considered it her “talent™:

Mg, BC, RECE, MENKEFIN. ARHME, BEIRIZIT,

e ECAE—ERIFE. ..., BRI TJ/INFRIEIN, S EEnE
BEER. ARHUEEEERRAMIE, RIEWNEIXHERTEMEIT, b
BT HEIR. B, FEEXDBE? 3, HEE—TARSTH4, B

IZ2IEER,

First, from childhood, comparatively, I liked learning. And then, the teachers I

encountered probably influenced my (choice)...... I met several good teachers,

who made me feel that it is meaningful to be a teacher. Then, probably [I have] a

bit of talent. Whatever it is, [I] have not considered other jobs except for being a

teacher from my childhood. Em, do you believe in talent? Yeah, I think what career

one chooses is sometimes destined.

She also appreciated her mathematics learning experiences in her bachelor’s and master’s
programmes. As such, she was determined to become a mathematics teacher for a long time,
bringing relevant experiences into her teaching career that shaped the professional beliefs and

agency.

4.2.1 The beliefs Doris brought into the teaching career

In the interviews with Doris, she reported that she considered mathematics to be “the base and

99 ¢¢

instrument of all sciences”, “everywhere in our lives”, and as “fostering one’s logical thinking”.
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She appreciated the function of mathematics in fostering logical thinking and believed that one’s

life could benefit from this:

MEIFEREE, MARREL, (FEERGEEETR—HEEE,

You will be well organised when doing something, without mess. You will be

organised, with reasoning.

She emphasised both students’ and teachers’ efforts in mathematics learning and teaching.
She hoped the students could preview the lesson before class, determine their own learning
approaches, try to understand the mathematical content, and do their homework independently;
and they should also have positive attitudes towards learning mathematics. As a teacher, she

considered the ability to arouse students’ interests in learning to be the most crucial ability:

MER—NEIMEEELLFENTE CRFERITEXKE. FEREIEER, Rk
T, #AIT. EAFEFI—IER, ERHNZEINHMEE

If a teacher can help the students become interested in the subject she/he teaches,

she/he is successful, since the greatest ‘teacher’ for students to learn the subject is

interest.

Doris mentioned that her learning experience in the master’s programme, during which she
majored in HPM, led her to think that [HT is an effective means of promoting students’ interest

and motivation in learning mathematics.

However, at the beginning of her teaching career, she claimed that her priority in teaching

was to complete the basic task of teaching school mathematics well rather than IHT, to help
herself and her students “stand firmly (LEF2PIER)” (survive) among the mathematics teacher

group and the student group in the same grade in the school at that moment, which can only be
achieved by her students’ good achievements in examinations in relation to their peers. To do

so, she emphasised teacher authority in class:
R ERELINS FE, REEZFMMBERITHIIEL, BN BREL
WIREEA, 1RULAR. Bfea, EAME, RRAENFE, (RHEs
MAE.
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(The students) should follow the teacher’s steps in class. I even required them to

have their textbooks, exercises books, and paper on the desk, so that they can do

exercises at any time once I say ‘please do (the exercises)’.

It appears that Doris had two objectives when she started teaching: promoting students’
interest and motivation in learning mathematics through IHT and completing the exam-oriented
basic task of teaching that was considered the priority. There appeared to be some space,

however, since she did not seem to be overemphasising students’ achievements:

BERERISE T (FEMSEALL), AEEEMRALA.

(We have already) stood firmly (since the students performed fine among their

counterparts in the examination). Not the worst, then it is fine.

4.2.2 Doris’ beliefs during the two-year teaching period

Through interviews with Doris in the midst and at the end of the two-year teaching period, we
studied her views in relation to the two teaching trajectories, including her views on the teaching

and learning of mathematics and the environment, etc.

In an interview after one year of teaching, Doris reported that the first criterion for teaching

mathematics well is to complete the basic teaching task:

SERRE LR, BMESESY, EEMESHATIIHEHTA......,

BLEPLIRER, BEZE(M, XTEREFRANEIT, RABLERA
HFHARIE.

Following the textbooks, textbooks are the basis. We should teach what is tested in

examinations.... Something (tested) that is not in the textbooks should be

supplemented. This depends on the teachers from the lesson preparation group,

since I have no idea about it.

It was exam-oriented teaching, closely following the textbooks and the collective lesson plans.

Based on completing the basic tasks, Doris said she would “do something related to

mathematical history and culture (Ef—m X HE S A ENERA)”.

She then emphasised teachers’ professional skills, including a sound mathematical knowledge
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base (MABREIFZEEYF, that is your [the teacher’s] mathematics should be good), and good
pedagogical skills. With these, ‘your working skills can be recognised by the students ({RAIL

{EBEIBENS 1B EIFAERIBTE), reported Doris; and she considered it the most important.

On the other hand, Doris claimed that “education should be a little bit idealistic” whereby “it
could have a more positive impact on society” and “its own development could be easier”. This
“idealisation” did not concern the number of exercises that students complete but rather their
efforts and values of the subject, and it cannot be evaluated by the current high-stake
examinations. She believed that she could insist on a degree of “idealisation” through practising

IHT with the aim of encouraging students’ own exploration of mathematics.

However, when students did not do their homework well, Doris felt disappointed and

complained:

AR, MREAREATHEEA R SR NEXMSREL. B
T T IXR—, ELHAAR—NEENSTE, BELIrRIPRHEX3EM,
TIRREREFERDURHNEA BEEH M —<RISE. BRF

This is not what the environment allows you to spend much energy in doing (IHT).

This becomes a contradiction, as it was the thing I thought was important, but the

reality forced you to do it only during spare time with extra effort.

At that moment, she usually backed out: “I would finally become exhausted one day”.

However, in the last interview to summarise the ‘harvest’ of her teaching, she appreciated her

insistence on IHT and expressed her willingness to continue:

RARGRRAEB CEMA, B2, B4, HFFRER. JpERATXH

EoxiE. RE, BULFETHESXIMEFENRIEAA, ... BRI
SAFHE.... WEEEEREEREN—REER, EFRS...... . BEi
ERTSEHFR. HEXUL.

r,'

E

The biggest harvest is knowing what you yourself should do. That is, how to say,

abandoning the overemphasis on achievements, and then letting the students know
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better about the essence of mathematics, .... Teach them how to learn

mathematics.... [ have even considered teaching calculus in the round of selective
courses...to integrate more mathematical history and culture into high school

teaching.

Doris first attributed the “harvest” to students’ needs and particularly their positive responses,
for instance, when the students showed active engagement in completing the mathematical
problems Doris provided and when “they continually asked me follow-up questions about the
problem after the class”. She then emphasised the support from the mentor and the collective

lesson preparation group involving all mathematics teachers teaching in the same grade with

her:

NSRBI A, MEAIIAEIRERXFRE, It EEX—KAT

[ERREMR, BRIRITIE.

They encourage you to do so (IHT). And when they know you like to do it (IHT),

they will ask you related questions, and discuss with you.

Moreover, she said that she was satisfied with the students’ achievements in the two-
year’s teaching, during which she insisted the pattern of practising IHT based on

completing the basic teaching task.
GRIEEBEAG, FIEREEREEREE Y. WIERIRSIRIATEL
ERIEEN, EE R BINERIE T AT LUA R — M oA N TR S AIES

R MRIETHE. SREHEN. PATEAILREXEE FE. MR
HETE, FENNSAERBE, HAENRNFE 7.

I do not expect better achievements. I am satisfied with the current situation.

(Students’) current achievements show that my current ability, or my current

teaching pattern has achieved a result I think I am satisfied with. This verifies that

I am right. Then I can continue. But I will give up if students’ achievements are

not satisfactory when I continue.

It appears that Doris’ teaching was not completely exam-oriented, but it was still constrained by

examinations.
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5. Summary, discussion and conclusion

The above analysis presents the life story of Doris who enacted agency in the initial stage of her
teaching career, when she practised IHT as the opportunities arose in the spare time, on condition
that the basic tasks of teaching could be completed and students’ performances in examinations
would not be negatively influenced. Regarding practising IHT, the above analysis raises issues
about the ways in which teacher agency may be achieved in an exam-oriented and performance-
driven context. First, “teacher agency is highly dependent upon the personal qualities that
teachers bring to their work” (p. 636. Biesta et al., 2015). The professional knowledge, skills,
and—especially—beliefs that stemmed from Doris’ learning experiences in the bachelor’s and
master’s programmes construed the major part of the iterational dimension of her agency. On
the other hand, these experiences also nurtured the capacities related to her work, such as
delivering the centralised curriculum (Zhang & Wang, 2014), which contributed to her

successful completion of the basic teaching tasks.

Concerning the practical-evaluative dimension of teacher agency, our results echo Bonner et
al.’s (2020) study that teachers’ lived experiences with students significantly impact and shape
teacher agency and even the change of beliefs, including Doris’ beliefs, within the restrictive
condition of not influencing the students’ performances in traditional examinations. Our data
also suggest that the school environment leaves space for Doris to practice IHT but that this
space is limited. Doris’ colleagues, particularly her mentor, provided supports for her to practice
IHT mentally and practically and showed interest in the practice by autonomously
communicating with Doris about it. This phenomenon may be deemed consistent with the
current mathematics curricular standards in China (MOE, 2011, 2018) as well as educational
research in the country (Wang et al., 2018), which advocate the educational values of
mathematical culture and history. These then make it proper for Doris to perform IHT in a public
lesson, during which her mentor was involved much, and Doris was highly praised. It was not
only Doris’ achievement but also her mentor’s. It appears that this kind of activities for teachers
to perform their teaching to their peers would probably become the catalyst for teachers to
implement IHT and to recognise the values of implementing IHT through deeper involvement
of both experienced and beginning teachers. One might also argue that teaching competition
raises other uncomfortable issues, such as the implementation of one approach in ordinary
classrooms but performing in public or open lessons with another. This is not the agency

required for practising IHT but for elaborate teaching performance.

Our data do not point towards a clear direction in which Doris should shape her agency in the
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long term, that is, whether she should insist on practising IHT or follow her colleagues in
delivering exam-oriented mathematics teaching, conforming to the context. We can only clearly
see from the data that her choices usually depended on students’ performances. This, once again,
strengthens the dominant position of the exam-oriented and performance-driven teaching
practice and demonstrates that, in the context of China, teachers are accustomed to
implementing alternative teaching methods whilst maintaining traditional teaching practices, as
earlier studies have suggested (e.g., Lai et al., 2016). Therefore, we suggest that teachers
promoting student-centred pedagogies, such as IHT in our study, should accept the existing
doxa, particularly restrictive educational contexts, and recognise that no education changes are
likely to occur immediately. As mentioned above, several measures have been taken to create
space for the promotion of IHT in China, advocating the incorporation of IHT into curricular

standards and educational research.

From Doris’ case of enacting agency, we propose the possibility of promoting student-centred
pedagogies, such as IHT, on larger scales, based on our findings regarding the experienced
teachers’ involvement in Doris’ deployment of IHT and their interest in that practice. A
collaborative mentorship has been recognised between Doris and her mentor, in which Doris
performed more actively, suggesting that both the mentee and the mentor can learn from one

another (Lu, Leung, & Kaiser, 2020). The structured intra- and inter-school teaching and

research (jiaoyan, #Hf) systems in China may have a positive impact on the promotion of

student-centred pedagogies, particularly in well-developed regions (Shi, Gu, Bao, Yang, Huang,
Wu, & Gu, 2016). More optimistically, changes in doxa may occur, and a new balance between
the sociological and professional subjects may be achieved with the mediation of agency
(Eteldpelto, Védhasantanen, Hokkd, & Paloniemi, 2013). However, this necessitates further
inquiry about the various possibilities with particular attention to the characteristics of specific

contexts.

In conclusion, we presented Doris’ case to provide some implications for the possibility that
early-career teachers may implement student-centred pedagogies in contexts dominated by
traditional teaching practices. The life story approach shows vividly and in an in-depth manner
how a beginning teacher enacted and shaped agency in IHT within an exam-oriented and
performance-driven context, and provides insights into the theory and practice of teacher
professional development. We acknowledge, however, that the limited case study cannot capture
the whole picture and that further research is needed, especially from an agentic perspective.
Notwithstanding this limitation, the case gives assurance that student-centred teaching against
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a dominant unfavourable teaching environment is still possible. It implies the importance of
teachers’ personal qualities and the experiences that form their professional beliefs, knowledge,
and skills in their teaching careers and the structure and culture of schooling that provides space
for teachers to enact and shape agency in practising student-centred teaching. Moreover, it
reminds us that educational changes cannot happen immediately, and from another perspective,
the dominant teaching style may have some saving graces. For instance, the traditional dominant
teaching style may focus on teachers’ comprehensive understanding of the curricular content
and their skills in clearly conveying the content to their students, which provide the bases for
conducting student-centred and even innovative teaching. Thus, the specific context of this study
not only provides an interesting case study of student-centred teaching against examination-
driven teaching, but also provides pointers for supporting inquiry-based teaching, which may

offer insights applicable to other contexts.
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