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Theory of Professional Competence in Teaching of Mathematics:
Development and Explication through Cross-cultural Examination
of Teaching Practices in India and the United States

Renu Ahuja
Morgan State University

ABSTRACT This paper describes the theory of professional competence in teaching of mathematics
developed through a cross-cultural examination of teaching practices of mathematics teachers
recommended as competent by their principals in two selected high-achieving high schools of India
and the United States. A detailed study of teacher cases from both of the research settings yielded
a rich conceptualization of the relationship between teachers” professional knowledge base and
professional competence in the teaching of mathematics. The substantive theory explains the
processes of both the development and the display of professional competence and enables
predictions of the ways teachers would most likely utilize to meet the performance expectations of
their work environments. The study makes a unique contribution to the field of teacher education
and views professional competence as a dynamic interplay of various components of teachers’
professional knowledge base activated in actual teaching situations in the context of the classroom,
school, and wider social culture.

KEYWORDS grounded theory, cross-cultural, professional competence, mathematics teaching, high school

Background

The widespread concern about mathematics achieve-
ment in the United States has drawn considerable re-
search attention to the quality of mathematics instruction
and cross-cultural research in mathematics education.
Related to this, mathematics teachers’ professional
knowledge and competencies for effective instruction
are also under scrutiny. Schools’ performance and stu-
dent outcomes are increasingly quantified, measured,
and compared on a global scale. Cross-cultural research
has the potential to inform policy, practice, and to assist
in the development of theory at a level appropriate to re-
gional, national or global priorities (Clarke, Emanuels-
son, Jablonka, & Mok, 2006). This paper deals with only
a part of the findings of the cross-cultural study of math-
ematics teachers recommended as competent in selected
high-achieving high schools of India and the United

States (US). The overall purpose of the study was to de-
velop a theory of professional competence that charac-
terizes effective mathematics teaching in the two research
sites. The paper describes the emergent theory of profes-
sional competence in the teaching of mathematics.

The notion of professional competence as a theoreti-
cal perspective has been developed in the field of man-
agement, industry, and clinical practice, and it is
currently being emphasized in higher education. Math-
ematics teaching and learning is increasingly influenced
by globalization, internationalization, and the demands
of the corporate world. Fueled by the demands of the
changing economy and technical demands of many pro-
fessions, proficiency in the teaching of mathematics is
being emphasized due to the increasing understanding
of the influence of teacher competence on students’
achievement (Darling-Hammond, 2000; Wenglinsky,
2002). This warrants the development of a sound theo-
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retical basis for the notion of professional competence in
the teaching of mathematics. The differences and simi-
larities that characterized effective mathematics teaching
and learning in the two settings assisted in developing
the models of professional competence for each teacher
and led to an understanding of how the quality of math-
ematics teaching and learning is influenced by the con-
text in which this learning occurs. The educational
significance of the study lies in the generation of a theory
that has potential to enhance the understanding of effec-
tive mathematics teaching and learning and has impli-
cations for teacher education. To achieve the purpose,
this study explored instructional processes, experiences
of teachers, their conceptions about mathematics and its
teaching, teachers’ behaviors during instruction, and
contextual factors that characterize effective mathemat-
ics teaching in two schools through classroom observa-
tions and in-depth semi-structured interviews before
and after the observation period.

Methodology and Research Procedures

This study’s methodology combined elements of the
naturalistic case study with the grounded theory ap-
proach to gain an in-depth understanding of each of the
teacher participants in the two schools, which led to the
characterization of each teacher’s practice. Grounded
theory method (GT) calls for early data collection, analy-
sis, further theoretical sampling, and category satura-
tion. This process of data collection is “controlled” by
the emerging theory (Glaser, 1978, p. 36). A particular
strength of grounded theory is that it seeks to explain
the process and interactions among the various parts of
the model. The complexity of classroom life and the
multi-dimensional nature of the transactional processes
going on in the classrooms meant that far more was tak-
ing place than could be recorded or analyzed. Thus, the
theoretical sensitivity of the researcher played an impor-
tant role in data collection and analysis. As the data
analysis progressed, the relevant literature was exam-
ined and was used as an additional lens through which
to examine the data. The literature, data collection, and
data analysis were systematically linked “to generate”
theory (Glaser, 1992, p. 16). This study employed the
Glaserian version of GT primarily to represent the emer-
gent model, but ideas from other grounded theorists
such as Gibson (2007), and Strauss and Corbin (1998)
were also incorporated to understand the procedures.
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Data Sources and Analysis

Two schools were selected from each of the research set-
tings (criteria and teacher profiles explained elsewhere).
“Purposeful sampling,” which seeks information-rich
cases that can be studied in depth (Bogdan & Biklen,
1992, p. 71), and criterion-based selection (LeCompte &
Preissle, 1993) were used in the selection of the teacher
participants. In addition to student achievement, this
study used recommendations of the principal along with
the selection criteria recommended by Palmer, Stough,
Burdenski, and Gonzales (2005). The authors recom-
mend that researchers should use the following indica-
tors while selecting the sample of expert teachers:

(a) Teachers should have three to five years of
experience in a specific teaching content area
and with a particular population of students,

(b) teacher knowledge reflected in relevant
certification and degrees that correspond to the
field in which these teachers are currently
teaching,

(c) recognition as an exemplary teacher by fellow
teachers, administrator...based on recent...
indicators of teaching effectiveness to include
teacher knowledge and skills, and

(d) should be confirmed with documented evidence
of teacher impact on student performance (p. 23).

Many scholars agree that the complexity of a teacher’s
professional knowledge cannot be captured by a single
instrument. Kagan (1990) recommends the use of multi-
method approaches which not only provide triangula-
tion but also capture the complex and multifaceted
aspects of teaching and learning. To achieve the pur-
pose, this study used a concept map activity (Raymond,
1997) in combination with teacher interviews, class ob-
servations, and intra-site spreading to capture the com-
plexity and complete picture of mathematics teaching.
The classroom observations focused on the teachers’
presentation of the topic, questioning skills, answers to
students’ questions, management of class time, quality
and rigor of the mathematics taught, and approaches to
dealing with students’ difficulties. The analysis of les-
sons focused on the quality of mathematical content, or-
ganization and planning of lessons, patterns of
classroom interaction, and the interplay among the fol-
lowing teacher attributes: teachers” content knowledge,
conceptions, and instructional practices. It also looked
at contextual factors such as school culture and the na-



ture of mathematics as the subject matter context. Data
corpus consisted of transcripts from pre and post-obser-
vation interviews, video recordings, field notes, and
classroom artifacts (algebra, geometry, and calculus). A
total of 43 lessons were observed in the classrooms of the
nine teacher participants, and a sequence of at least three
lessons was videotaped in the classrooms of the five
teacher participants who agreed for video recording.
The researcher acknowledges that an inductive ap-
proach to identifying teacher competencies during in-
struction may lead to omission of some competencies.
Thus, the researcher employed 25 indicators of expertise
and competencies related to effective teaching of math-
ematics determined from the review of extant literature
to identify and describe competent mathematics teach-
ing during classroom observations (Ahuja, 2018b). Two
more competencies that emerged from the analysis were
added to the list. The professional profiles of the partic-
ipants are presented in Table 1.

Data Analysis

Data analysis in GT includes finding a core category,
causal conditions that influence the process, the effect of
context and intervening conditions, strategies used by
the subjects to carry out the process, and finally the con-
sequences of the behavior for the participants (Creswell,
1998; Glaser, 1978). Audio recordings and video clips of
the lessons were listened to and viewed repeatedly, and
transcripts were read and reread in an attempt to gain a
deeper understanding of recurring themes and concepts.
The data were coded relevant to the research questions
by hand using the read, theme, re-read, and re-theme
model espoused by Glaser and Strauss (1967). Care was
taken to constantly return to the data to examine cate-
gories and properties in order to ground the emerging
hypotheses and generate the theory. New data were
coded and compared against previously collected and

analyzed data until saturation. Finally, the selective cod-
ing resulted in an overarching core category. Through
continuous data collection, theoretical sampling, and
analysis, a substantive theory was developed to illus-
trate professional competence in mathematics teaching
in the two research contexts.

The GT approach to research assumes that ongoing
reading of the literature will be an integral part of data
collection, analysis, and writing up of research (Glaser,
2005). The data analysis for this study included compar-
isons of the relevant literature with emergent themes
and findings. A systematic literature review was done
during data analysis to find relevant terms used in the
literature to capture, examine teacher actions, and de-
scribe teaching behaviors observed. Thus, a “dynamic,
reflexive, and integrative approach” was used for the lit-
erature review (Hussein, Kennedy, & Oliver, 2017, p.
1201; Stebbins, 2001) in order to generate new under-
standing from the existing literature (Torraco, 2005).
Therefore, literature and data were integrated to build a
portrait of professional competence that has potential to
inform practice in other substantive areas. The re-
searcher’s professional experience, preparation in math-
ematics, and education informed the study and the data
at the conceptual level. The bias arising out of her own
work experience was checked by the constant compara-
tive analysis, member reflections, triangulation of data
sources, and peer debriefing.

The Grounded Theory of Professional
Competence in Teaching of Mathematics

According to Glaser (1978), two key questions are asked
during grounded theory research: (1) what is the main
concern or Basic Psychological Problem (BPP) of the subjects?
and (2) what is the Basic Psychological Social Process (BPSP)
that continually resolves the concern? The BPSP refers to

Table 1

Professional Profile of the Participant Teachers
Name Gender Education Teaching Exp.

(Pseudonym) (Total, current location,
middle, high)

Sumit M B.Sc. (Phy, Chem, Math), M.Sc(Math), B.Ed 11, 5,0, 11
Suman F M.Sc. (Math), M.Phil (Math), B.Ed. 12,10, 0, 12
Komal F M.Sc. (Math), Ph.D. (Applied Math) 14,11,0, 14
Lena F B.S. Accounting, M.S. (Sec. Education), Provisional certificate 53,1,4
Sam M B.A. (Philosophy), Certified (Sec. Math) 23,3,0,28
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the processes such as becoming and personalizing (e.g.,
becoming a teacher, a nurse, a leader)—in this study:
becoming a professionally competent mathematics teacher.
Through coding, analysis, and reflection a BPSP emerged
as the core category. The use of diagrams enabled the re-
searcher to move from the descriptive to the analytical
level of analysis. The grounded theory of professional
competence in teaching of mathematics and the compre-
hensive diagram of the substantive model of profes-
sional competence following the procedures suggested
by Glaser and Strauss (1967) are described in the next
section.

The Main Concern

The main concern of the participants was to perform at
their maximum potential in order to teach mathematics
effectively in the context of the high-achieving status of
the schools. The concern may not be clearly articulated
by the participants, but the concern was displayed by
their classroom behaviors and through their utterances
during the interviews. For these teachers, professional
competence was teaching in such a way that developed
students” mathematical habits of mind, showed good re-
sults on assessments, and were well prepared for the
next mathematics course.

BPSP: Becoming a Professionally Competent
Mathematics Teacher

The purpose of data analysis in GT is to develop a core
category that explains and characterizes these processes.
The model to be developed is thus a model that expli-
cates the core category. An explication of the core cate-
gory in this study involved identifying the conditions
influencing teachers’ engagement with the development
and display of professional competence as well as the
contextual factors, and context consequences (the outcomes
of the actions and strategies taken during the engage-
ment with BPSP). These elements thus formed the
framework of the theory that was developed. The theory
enables predictions of the way teachers would most
likely engage in order to meet the performance expecta-
tions of their work environments. By constantly compar-
ing emergent concepts across the teacher cases and all
elements of the data corpus for similarities and differ-
ences, themes and categories were linked to the phases
of BPSP. The five phases, six conditions, six contextual fac-
tors, and five context consequences comprise elements of
the emergent theory of professional competence (see Fig-
ure 1), and are explained in the ensuing section in terms
of the emergent themes and subthemes. Some vignettes
are also presented from the data.
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Core Category: Interplay of cognition,
Conception, and the Context

The core category of the study was interplay among con-
ceptions, cognition, and the context. This was determined
by identifying and describing existing teacher professional
competencies that emerged during the course of data col-
lection and analysis. During analysis, the researcher asked
questions to herself and of the data: (1) What teacher
competencies were derived from the teachers’ content
knowledge and pedagogical content knowledge accord-
ing to their educational level? (2) What teacher compe-
tencies were related to their conceptions about teaching
and learning of mathematics and the nature of mathe-
matics? (3) Which competencies were specific to the
school settings? (4) What competencies did they create
in response to performance expectations from the de-
partment heads and recent changes in the curriculum or
reforms? (5) What competencies did they develop as a
result of their experience? Asking questions and making
comparisons informed and guided analysis and assisted
theorizing. The interplay of conceptions, cognition, and
context explains most of the teaching behavior observed.
By constantly comparing emergent concepts across the
teacher cases and all elements of the data corpus for
similarities and differences, themes and categories were
linked to the phases of BPSP.

Progression through the Phases of BPSP
Participants” display of professional competence and
their reflections on their own practice suggest that there
were five phases in the development of professional com-
petence: (1) developing a personal epistemology of
teaching mathematics based on past and current experi-
ences, (2) seeking knowledge to modify practice and per-
form at their maximum potential, (3) understanding of
contextual factors, (4) maintaining balance between com-
peting priorities, and (5) attaining good balance between
emotional and interpersonal intelligence.

Developing a personal epistemology of

teaching mathematics

The participants spoke of their experiences of teaching
mathematics in ways suggesting a progression through
five phases of the teachers’ engagement with the devel-
opment of professional competence. This progression
was influenced by their lived experiences: experiences
of learning mathematics, experiences of teaching math-
ematics, and experiences as members of the societal and
cultural structures in their countries. These experiences
affected their decision-making processes, and led to the
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Figure 1. Ahuja Model of Substantive Theory of Professional Competence in Teaching of Mathematics.
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development of their personal epistemologies (progres-
sion in the development of one’s conceptions about
knowledge and knowing) of teaching mathematics.
Their personal epistemologies of teaching mathematics
based on past and current experiences influenced the
goals they set for themselves and their students in rela-
tion to the performance expectations of their work con-
texts. Sam (a geometry and AP calculus teacher from the
US) during the interview said:

Well, we have a curriculum to cover. Sometimes
the curriculum is more or less (pause) laid out to
you. By and large, you know what you have to
cover for AP courses and exams. For other courses
you know what’s on the semester exam or on the
final exam and you teach accordingly. Sometimes
you find yourself doing what is necessary to get
that final goal. By experience, you learn to do that.

This suggests that through experience teachers de-
velop heuristics to handle classroom challenges. All the
teacher participants reported that from their experience
they know some of the concepts students may not grasp,
and only through experience did they become familiar
with some of the mistakes and misconceptions students
have regarding particular topics. Rhodes and Bellamy
(1999) assert that for teachers, although a curriculum
may be set for them, it inevitably becomes shaped by
them to reflect their own belief systems, their thoughts,
and feelings about both the content of their instruction
and their learners. It is, therefore, very important to
achieve a balance between the structure and the flexibil-
ity in the teaching and learning of mathematics. Sam,
when talking about planning lessons, expressed the fol-
lowing:

Students from one year to the other grasp the topic
poorly or easily. I have to add additional exam-
ples, worksheets, and explanations depending on
their difficulty level so sometimes I am not able to
finish what I plan. This is what I mean by being
flexible. No pressure of state assessments so can
afford to go at a slower pace to clear their doubts.
Thus, I go with the flow of the individual class.
Thus, I modify my lessons dependent on what stu-
dents are grasping rather than what’s convenient
for me.

Sumit (precalculus and calculus teacher from India)

also pointed out during the interview that he has been
teaching at the school for 11 years, and through his ex-
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perience he has learned to plan curriculum as per the ex-
amination-oriented system. He shared his thoughts:

When you are going to the classroom, there are all
sorts of students. You have to make sure that you
are not aiming at one category of students...
Though normally I try to go as per the average
class. Sometime, I feel that students who are too
good should not feel neglected. Similarly, students
who are weak should not feel that this class is no
good to them. I try my best to come down to the
level of students and at the same time make sure
that I am taking care of good students as well. I try
to maintain balance between these three types of
students and by experience you learn to handle all
this.

The findings suggest that the participants did not
demonstrate all the 25 professional competencies in
teaching of mathematics, and these competencies were
categorized into three broad domains: (a) competencies
related to content knowledge and pedagogical content
knowledge (a dimension of teachers’ cognitions), (b)
competencies related to conceptions about nature of
mathematics, and teaching and learning of mathematics,
and (c) competencies pertaining to the teaching context
(see Ahuja, 2018b). These competencies are constituents
of teachers’ professional knowledge base (Ahuja, 2013).
The data provided sufficient evidence that these compe-
tencies develop from the interplay of prior school expe-
riences, immediate classroom situations, and social
teaching norms at the school.

Seeking knowledge to modify practice and
perform at their maximum potential

The teacher participants indicated during the interviews
that they modify their lessons based on their past expe-
riences of teaching the topics, and their understanding
of mistakes generally made by the students, changes in
the curriculum, and types of problems expected on the
standardized assessments/examinations. The partici-
pants reported during the interviews that they update
knowledge by reading extra books, journals, and infor-
mation available on the internet. Thus, seeking knowl-
edge to modify practice and to perform at their
maximum potential represents a phase of the emergent
BPSP. It is clear that success in this phase requires an un-
derstanding of contextual factors developed through
careful analysis of the teaching context. The next section
of the paper presents some vignettes from the data to il-
lustrate the emergent themes.



One of the teacher participants from the Indian set-
ting, Sumit (pseudonym), stated that his beliefs about
mathematics and its teaching were influenced by the
type of students in his classes and by the school culture.
Sumit, when asked what influences his teaching practice
and what made him stay at the school, remarked that the
students’ attitudes, his coworkers’ attitudes, and the
principal’s expectations influenced his practice the most.
Sumit remarked that he liked working at the school, say-
ing that “A good atmosphere, a good name and fame,
and very good level of students; due to which, you have
to be the best to be here, and keep proving that you are
worth staying here” (Interview transcript). During the
interview, he responded that he feels very confident
teaching at the 12th-grade level, as evident from the fol-
lowing excerpt:

Very comfortable. Because the content and the cur-
riculum are the same as it was 10 years ago, they
just add some more topics and change the marking
scheme. I have been teaching for 11 years. I keep
upgrading my knowledge through new books and
internet. That is what I do. The only thing I have
to do is to arrange the questions as per the diffi-
culty level and that changes from class to class and
year to year.

This also suggests Sumit’s ability to self-regulate his
learning to modify his practice by seeking knowledge to
keep up with the changing needs of the students and as-
sessments, and the changes in the curriculum. He has
engaged himself in the cognitive process of analysis of self-
efficacy. The researcher defined this construct as the self-
awareness of gaps in the knowledge, reflecting about
one’s own process of problem-solving for better job per-
formance, and achieving means to address this gap in
knowledge. This involves reflection on actions (Schon,
1987) and outcomes. Komal, a teacher from India, stated
“All students are capable of learning and should be given
the opportunity to learn.” When asked about the main
factors affecting her preparation, she responded:

Time, resources, data as to where my students are
at the start and where I need to get them. Students
are learning in new ways all the time, so if I do not
change with them, then I will lose them.

This suggests she is engaged in the cognitive process
of analysis of self-efficacy and her demonstrated efforts

to seek knowledge and means to modify her practice by
acknowledgment of the changing needs of the students.
Lena, a teacher from the US, shared that her beliefs about
mathematics were influenced by the way she was taught
mathematics, by the curriculum, and by the current is-
sues presented in mathematics education journals.
Komal, when asked what mathematics teaching means
to her, stated, “Mathematics teaching to me is an ap-
proach to problem-solving in different circumstances.
Creating curiosity is very important; what is madam
going to do today in class?” She further remarked,
“These days students and their parents focus on getting
100% on the exams, and parents’ expectations from the
school and its status influence how they structure the
curriculum and the instruction.” Komal’s responses sug-
gest the influence of school culture and cultural factors
on her competency to enculturate her students mathe-
matically. Sam expressed similar views when asked
about the goals for his students. He remarked:

I think many math teachers and department heads
think that we should prepare mathematicians.
Whereas, we have to realize that very few or any
of the students in a given year major or minor in
math or even major in something math intensive
such as physics. We have to gear our instruction to
the vast majority of the students who will use
math tangentially. They might use statistics, psy-
chology or might use geometry in art or engineer-
ing. So my vision for my students is that they are
able to do everyday math, understand enough
math so that they are able to apply math in the
area they are willing to pursue; and also socially
they feel better about themselves in social situa-
tions. They feel comfortable about it. Their parents
say all the time when we meet them, “I was never
good at math.” I don’t want them to say that, to
their children. Ultimately, they should not feel in-
timidated with math.

Sam’s responses suggested his vision of making his
students function socially and mathematically, and his
vision seems to be aligned with a sociocultural perspec-
tive of teaching mathematics. Similar thoughts were
expressed by other participants. Participants” responses
suggested their concern for developing students” ability
to live competently and confidently in a world that relies
heavily on proficiency in mathematics and their sensitiv-
ity to the teaching context.

THEORY OF PROFESSIONAL COMPETENCE IN TEACHING OF MATHEMATICS: DEVELOPMENT AND EXPLICATION
THROUGH CROSS-CULTURAL EXAMINATION OF TEACHING PRACTICES IN INDIA AND THE UNITED STATES

37



38

Suman, another teacher from India, reported during
the interview that she tries to make sure that students
are able to understand the concept, and that they de-
velop an appreciation of the subject. To achieve this goal,
Suman reported that she makes them feel relaxed in the
class. One example of this is that instead of calling on
students randomly to answer her questions, she asks
them one by one so that every student is able to partici-
pate. Suman further explained that she tries to involve
students in group discussions to encourage them to dis-
cuss different ways of solving the problems and explor-
ing the concepts. From a sociocultural perspective, it is
well recognized that fear inhibits learning and learning
is more effective when it involves a student’s emotions
as well as intellect. Suman also remarked that her teach-
ing is influenced by the work culture at the school: “Dur-
ing the last ten years, I have worked with different
supervisors; they all have been very organized. The prin-
cipal’s talks have always been very inspiring. She expects
us to give 100%.” Suman, when asked what mathematics
teaching means to her, stated:

My teaching is not influenced by the way, I was
taught. It was chalk and talk method followed by
drill and practice. Students do not learn that way
these days. We never questioned adults. Students
have become more vocal these days. You have to
connect the content with their lives...I involve
them in games and solving puzzles. Our system
depends on mental calculations and estimation.
They have to be very thorough with basic facts.
Sometimes, I have to remark: a vegetable vendor
calculates faster than you because he has become
habitual. For him, calculation is a habit of mind.
You need to focus and take mathematics as a life
tool. You have to connect to these kids and respect
their individual differences.

Suman revealed her awareness of sociocultural as-
pects of teaching when she pointed out during the inter-
view that the multifarious nature of Indian society
teaches them to respect the differences that exist in the
society and the world, and thus making them ready to
be a global citizen. According to Suman, a good teacher
has to be a global citizen so that he/she can inculcate in
his/her students respect for all cultures and teach them
to embrace the differences between them. Her awareness
about sociocultural aspects of teaching and learning as
well as her acknowledgment of the need to give due con-
sideration to the affective domain was also clear from
her statement:
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If one comes to Indian schools, one sees students
of different religions sitting together, studying to-
gether, celebrating festivals together, and sharing
their problems. They realize that despite their su-
perficial differences, their hopes, dreams, and fears
are the same. One also sees teachers coping with
large numbers of students with relative ease. A
good balance between strict discipline and com-
plete freedom is maintained by the teachers.

This emphasis on sociocultural aspects of learning has
become the focus of much research in the context of the
achievement gap in mathematics and science between
various student populations in the U.S. Researchers (Lad-
son-Billings, 2001) advocate for inculcating multicultural
competence as a part of educators’ repertoire in the wake
of diverse student populations in the schools.

Understanding of contextual factors

The participants’ responses, planning of their instruc-
tion, and classroom behaviors suggest that analysis of
their teaching context (a dimension of teacher’s cogni-
tion) is an interplay among cognitive process of analysis
of self-efficacy, diagnosing and understanding students’
abilities and academic backgrounds, and reflection of
their actions on student outcomes. Thus, this compe-
tency encompasses developing an understanding and
awareness of various contextual factors: (a) understand-
ing of the curriculum; (b) understanding of students” ac-
ademic and cultural backgrounds (teachers in the Indian
setting demonstrated an awareness of students’ cultural
backgrounds); (c) school culture characterized by prede-
termined vision and expectations of standards of math-
ematics teaching and performance; and (d) their
reflection on students” outcomes. These teachers added
experiential knowledge to their existing knowledge base
to improve their context-specific conceptions, and then
used this knowledge in decision-making.

Maintaining a balance between competing
priorities

Data analysis revealed that, based on their prior ex-
periences (as students, in teacher preparation programs
and in prior teaching experiences) and due to the con-
straints posed by the contextual factors, teachers priori-
tized their teaching tasks and developed heuristics to
analyze their teaching contexts and regulate their teach-
ing. Additionally, principal and department heads as
part of the immediate teaching context influenced this
balance of competing priorities, leading to the creation
of social norms that dictate performance expectations



from the students as well as teachers. It is argued that
the extent to which this balance is maintained and nur-
tured by the teacher determines the patterns of interac-
tion and the mathematics learned in the class. Attaining
a good balance between emotional intelligence and in-
terpersonal intelligence plays an important role in this
phase as research in Neurology suggests that emotions
are central to all judgment and decision making (Dema-
sio, 1994).

Attaining a good balance between emotional
and interpersonal intelligence

During the pre- and post-observation interviews, all the
teacher participants expressed their satisfaction with
their work environments by expressing positive emo-
tions using words and phrases in their statements during.
(e.g., “happy ever since,” “like working here,” “feedback
I get from all around,” “principal has confidence in my
teaching,” etc.). Satisfaction with the work environment
generates positive emotions thereby affecting teachers’
attitudes toward their work. Thus, acquiring emotional
intelligence in the context of their teaching is a part of a
teacher’s cognition in addition to interpersonal intelli-
gence (Gardner, 1993). Responses from the participants
suggest that this knowledge base grows with teachers’
reflection and observation of students’ actions in the
class. Some of the behaviors associated with the phases
of the BPSP were common across more than one phase
suggesting the interdependence and cyclical nature of these
phases.

Conditions influencing Teachers’ Engagement
with the Development and Display of
Professional Competence

Six conditions were determined to influence the progres-
sion through the phases of BPSP. These conditions were
(1) subject matter knowledge at the entry level in the
teaching profession, (2) participants” prior knowledge
about students” academic backgrounds (students’ abili-
ties and misconceptions about various topics), (3) teach-
ers’ subject-specific and context-specific conceptions, (4)
self-regulation or cognitive process of analysis of self-ef-
ficacy, (5) working hard, and (6) constraints and affor-
dances provided by the teaching contexts. The first two
conditions are constituent of teachers’ cognition. Teach-
ers with undergraduate majors in mathematics and ad-
vanced degrees in mathematics were observed to
involve students in mathematically rich classroom dis-

course. The students in the classrooms of these teachers
were observed to emulate their teachers. Participants
with strong content knowledge provided more powerful
conceptual explanations and demonstrated rich subject-
specific conceptions. Competence in quality questioning
and the ability to orchestrate mathematical discourse
was demonstrated by the participants to varying de-
grees. All the participants asked a mix of higher order
and lower order questions during their lessons. An ex-
cerpt from a teaching episode from Sam’s (see Figure 2a)
and Suman’s (see Figure 2b) classes given below sug-
gests their competency in quality questioning and scaf-
folding.

Detailed discussion of vignettes from the lessons ob-
served is beyond the scope of this paper. Teacher partic-
ipants demonstrated a mix of teacher-centered and
student-centered pedagogy tailored to students’ needs,
and performance expectations of their work environ-
ments. Participants’ responses revealed good knowledge
of their students’ abilities and academic needs.

The findings of this study suggest that teachers’
knowledge of mathematics affects their planning and de-
cision-making and influences their ability to diagnose
and handle students” misconceptions and mistakes.
These teachers’ professed articulation of their goals of
successful student outcomes and strategies used to real-
ize those outcomes, perceptions of school-wide support,
and high expectations of performance are suggestive of
their engagement in the cognitive process of analysis of
self-efficacy. Significant differences were noticed in par-
ticipants” awareness of gaps in their knowledge (a di-
mension of cognitive process of analysis of self-efficacy).
This dimension of teacher cognition was revealed during
class observations and likely influenced teachers” han-
dling of students” mistakes and sequential planning of
lessons. Planning provides teachers with mechanisms to
maintain the balance between competing priorities and
allows them to focus on students’ needs, students’ en-
gagement, and classroom management.

Working hard is the process whereby teachers put in
extra effort as a way of displaying their satisfaction with
their work environment. The process of working hard is
suggestive of participants’ display of positive emotions
that guided their goal-directed behavior of performing
to their maximum potential to realize student outcomes.
The participants’ responses to interview questions indi-
cated the constraints and affordances of the teaching
context influencing their planning and instruction.
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Excerpts from Sam’s Class

Sam, after correcting the problem on the drill, moved to the back of the classroom to check the homework
problem based on SAS postulate. A student posted a column proof for the problem. In the proof, statements
were correct but reasons for two of the steps were not correct. Sam asked:

Sam: What is segment bisector?

(A Student gave an incomplete definition. Sam wrote the correct definition on the board).

Sam: Ok, what did we not mention when we talk about this definition here?
Student: Midpoint.

Sam: You are close, that’s one thing, and we need different reason. What else did we not mention?

Student: Congruent (response came from the same student who posted answer for the problems on the drill
and homework during the lessons observed).

Sam: Excellent; that means what? We can’t prove segments congruent by definition of segment bisector. You
have to add a step before this one.
Student: B is the midpoint.

Sam: You never just say that B is the midpoint. Say B is the midpoint of what?
Student: Segments JL and HC. (Sam writing the step that B is the midpoint of JL & HC on the board)

Sam: Now we have the definition. What else is needed to say that they are congruent?
Student: Midpoint Theorem

Sam: Exactly, so we use the definition of midpoint and then take another step to say that segments are
congruent by using the theorem.

An example of lower order questions from Sam’s Class:

e Sam: Is K the midpoint of GK? (See the screen
shot of the clip on the right)

e (A student wrote K as midpoint of GK and MR)
e Student: No, only MR.

e SAM: Kis the midpoint of the segment
bisected and not the segment bisecting.

e Sam: So far, how many methods do we have
for proving triangles congruent?

e Students in chorus: Three
e Sam: Name them.

Figure 2a. Excerpt from Sam’s geometry class.
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Excerpts from Suman’s Class—First Day

be able to prove that triangles are similar?

triangle.

Student 2: No response.

Student 2: 180°

Third Day

ABCD, she asked one of the students:

Suman: What is special about a rhombus?
Student 1: It has four congruent sides.

Suman: What about its diagonals?

Student 2: They are perpendicular.

Suman: What is given?

Student 3: A rhombus ABCD

Suman: What needs to be proved?

Student 4: AB? + BC? + CD? +AD? = AC? + BD?

Suman: How? Give me the first step.
Student gave the step.

go over the proof with the class).

Suman, while going over the postulates and theorems for proving triangles similar, asked one of the students:

Suman: Do you need three angles to prove triangles similar? What if you have two angles given congruent? Would you
Student 1: Yes, two angles will be sufficient to prove that triangles are similar because of the angle sum property of a

Suman: Good. (Pointing to another student) What is the angle sum property of a triangle?

Suman: What is the sum of three angles of a triangle? Is it 90° [pause], 100°?

Suman, after spending another ten minutes on review of the proof of the Pythagorean Theorem done in the last class,
moved to the applications of the theorem. The problem was taken from the textbook: Prove that in a rhombus, the sum
of the squares of its sides is equal to the sum of the squares of its diagonals. After drawing the figure and labeling it as

Suman: Anybody want to try the proof? Any idea how you will prove the result?
Student 2: Since diagonals are perpendicular, we can apply Pythagoras theorem.

(The proof was developed and completed with the help of the students. One of the students was called to the board to

Figure 2b. Excerpt from Suman’s geometry class

Constraints and affordances of the

teaching context

All the participants cited time constraints and excellent
teaching expectations from the administration. During
the post-observation interview, Lena remarked, “We
have to finish the syllabus for the state exam, and some
students struggle with the basic mathematics, and they
don’t show up for the coach class.” Lena further stated,
“In addition, periods are only 47 minutes long, so group
activities are not possible most of the time. But I try to
facilitate peer tutoring.” She added, “Sometimes, I have
to deviate from my beliefs when it is required to follow
the district curriculum guidelines or when some stu-
dents’ plans require me to deviate.”

Sam also pointed out the time constraints to finish the
syllabus and get the students ready for the AP exams.
He noted that it is up to the student to come to coach
class:
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It is not easy during the class to get to the students
individually and recognize their difficulties. In my
old school, classes were 90 minutes long. Thus,
there was ample time to observe students while
they were practicing. That was better in a lot of
ways. I wish, I could do more, but after 47 minutes,
they have to go to the next class.

Sam also shared:

In mathematics we can pretty much say that your
ability level is here; you probably will not succeed
here. Learning mathematics is more of ability than
effort. Unfortunately, when the administration
comes to scheduling students, they often ignore
such past experiences and recommendations from
teachers. They just put students where it is con-
venient for them or for students. Some students
are struggling because of that.
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Here, Sam hints at the constraints and affordances of the
teaching context and the conflict arising out of the inter-
play between students’” academic backgrounds in math-
ematics and administrative routines.

Teachers in the Indian setting also pointed out the
time constraints to finish the prescribed curriculum by
the set deadlines to allow for sufficient review and prac-
tice for the board examinations. Suman remarked that
the emphasis of the mathematics program at the school
was to cover more content and challenge students by
doing various types of problems expected to be on the
exams. Given the short periods, she encouraged students
to come before and after school for coaching.

Teachers in this study used their understanding of the
teaching context (students as context, the subject matter
as context, and school structure and culture as context)
to shape their interactions with the students. Participants
described student readiness and school-wide support as
important contextual factors influencing their practice
and competence. The influence of school as context was
seen on teacher’s competence (which includes compe-
tence in student management and engagement), sense
of self as a teacher, self-directed improvement in practice
through monitoring of students’ outcomes, perception
of school-wide or departmental support, and percep-
tions of high expectations of performance due to the
high-achieving status of the school. The influence of stu-
dent as context was seen in teacher participants” profes-
sional competence as alertness to students” behaviors
and needs during the class. The constraints and affordances
of the teaching context lead teachers to develop “coping
strategies” (Hargreaves, 1984, p. 75) to maintain a balance
between competing priorities (e.g., students’ needs, curricu-
lum deadlines, assessment requirements, etc.). As a result
of data analysis and reflection, the coping strategies used
by the participants were revealed. These strategies were
working hard, seeking knowledge to modify practice, using in-
terpersonal and emotional intelligence to handle social inter-
students,
administrators) and cognitive conflicts arising in their

actions (with parents, colleagues, and
classroom and work environments, reflecting on student
outcomes and reflection-in-action and on action (Schon,
1987), and collaborating with the department heads and

the supervisors.
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An Interpretive Summary of the Emergent
Themes Relevant to Observed Teaching
Practices

In order to resolve the main concern of teaching mathe-
matics effectively to realize successful student outcomes,
participants progressed through five phases. These phases,
along with the conditions # 1-5, represent dimensions of
cognition (see Figure 1). The data analysis revealed that
teachers’ cognitions and conceptions were influenced by
six contextual factors: high performance expectations of
the department head and the principal, clear articulation
of expectations and curriculum guidelines, good work
atmosphere, availability of curriculum resources, school
vision and structure, and students’ readiness by and
large. The context consequences were the outcomes of the
actions and strategies used by the teachers during their
engagement with the process of developing professional
competence. The five consequences were: (1) impact on
teacher efficacy (which includes efficacy in student man-
agement and engagement), (2) sense of self as a teacher,
(3) self-directed improvement in practice through mon-
itoring of students’ outcomes, (4) perception of school-
wide or departmental support, and (5) perceptions of
high expectations of performance due to the high-
achieving status of the school. The following section pro-
vides an interpretive summary of the emergent themes
relevant to observed teaching practices and illuminates
the interplay of various components of the professional
knowledge base of a competent mathematics teacher as
interplay of teachers’ conceptions, cognition, and the
context in which they enacted their practice.

Teachers’ Conceptions

Teachers’ conceptions of the nature of mathematics are
defined as their “conscious or subconscious beliefs, con-
cepts, meanings, rules, mental images, and preferences
concerning the discipline” (Thompson, 1992, p. 132). Re-
search in the field of cognitive neuroscience suggests
that cognition is tightly linked to perception and action.
Many researchers argue that beliefs are instrumental in
defining tasks and selecting the cognitive tools to exe-
cute such tasks; hence they play an important role in
defining behavior and organizing knowledge (Kagan,



1992; Nespor, 1987). Pintrich (1990) asserts that both
“knowledge and beliefs...influence a wide variety of
cognitive processes including memory, comprehension,
deduction and induction, problem representation, and
problem solution” (p. 836). This study provides addi-
tional support for the assertion from previous research
(Pepin, 1999; Thompson, 1992) that epistemological con-
ceptions about mathematics and its teaching influence
the way mathematics is represented in the class, and that
teachers” conceptions influence, and are influenced by,
teachers’ cognitions. For example, Sumit saw mathemat-
ics as a hierarchical and logical subject, and emphasized
conceptual understanding during his instruction. He
purposefully selected relevant examples in a logical se-
quence. Sumit also demonstrated powerful representa-
tions of mathematical concepts indicating strong
underpinnings of the content. Thus, professional com-
petence in the teaching of mathematics can be seen as an
interplay between teachers’ cognition and conceptions.

The data suggested a high degree of consistency ob-
served in professed and enacted conceptions about (a)
social norms influencing participants’ teaching practice,
and (b) nature of mathematics and its teaching for most
of the participants. The inconsistency between professed
conceptions and actions of some of the teachers seem to
arise from the differences in the nature of teachers’ cog-
nitions. The factors that might have caused the inconsis-
tency seems to be (a) the depth of conceptual and
procedural knowledge of mathematics, (b) ability of the
teacher to reflect and analyze the teaching context, (c)
the constraints and affordances of the teaching context:
students as context (their academic backgrounds and
dispositions towards mathematics), (d) teachers’ subject-
specific and context-specific conceptions, (e) school
structure and culture, and (f) teachers” personal episte-
mology of teaching mathematics developed as a result
of their lived experiences shaped by the above factors
(Ahuja, 2018a). The findings of this study suggest that
teachers enter the teaching profession with some formal
knowledge, and then gain knowledge from the teaching
contexts based on the school culture and structure. Since
teachers’” acquire their subject-specific and context-spe-
cific conceptions through experience (Calderhead, 1996),
the process of acquiring conceptions evolves based on
teachers’ lived experiences. The culturalist view of cog-
nition emphasizes the construction of knowledge as a
cultural process derived from the cultural context of the
people. Thus, it is appropriate to conclude that teachers’
cognitions and conceptions are informed by cultural tra-
ditions.

Since teachers’ conceptions are manifested in teacher

behaviors and conceptions are culturally determined, it
is appropriate to view the effect of culture as a context
for professional competence in any cross-cultural inves-
tigation of teaching. Once it is recognized that teachers’
lived experiences are situated in social settings, it is easy
to understand that professional competence is social and
developmental, and progression through various phases
of development, and display of professional competence
is an interplay among teachers’ lived experiences, deci-
sion-making processes, and cultural traditions existent
in teaching contexts. Thus, inter- and intra-cultural dif-
ferences in the professional competence of teachers can
be attributed to the utilization and access to intellectual
and cultural resources, and the meanings teachers derive
based on their discipline-specific conceptions. Profes-
sional competence is intimately related to the personal
styles of the teacher. That is, a particular teacher will al-
ways bring to their professional practice their own per-
sonal characteristics, which arise from and relate to their
past and current experiences and cultural traditions in a
unique way. Due to the dynamic nature of the culture
and evolving lived experiences, it is argued that this
process of evolution of teachers’ conceptions is also con-
structive, integrative, and fallible.

Teachers’ Cognition

This study suggests that teachers’ cognitions are the
driving force behind their actions and pedagogical artic-
ulation. The data analyses revealed that teachers’ cogni-
tion is everything that teachers think, experience, and
acquire in order to teach effectively. It includes dimen-
sions such as knowledge about the content, planning of
lessons, understanding of students, using tacit knowl-
edge and learning from personal experience, updating
existing knowledge, asking questions to self, under-
standing context (student, teaching, and subject), han-
dling cognitive conflict, setting goals, thinking through
lesson-specific and/or teaching situation-specific situa-
tions, assessing students, interacting with students and
school personnel, problem-solving, analyzing teaching
tasks and contexts, understanding emotional intelligence
(a combination of interpersonal and social intelligence),
and communicating effectively. Affective dimensions of
cognition include responsibility, patience, professional
ethics, and flexibility. For this study, the definition of
conceptions accords with that of Thompson (1992),
teachers’ cognition also includes teachers’ intuitions,
skills, values, and feelings as well as attitude towards
their work. Reflection, a cognitive skill is the ability to
give thoughtful consideration to the knowledge used
when one spontaneously responds to a situation (Schon,
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1987). Reflection can be either reflection-in-action
(Schon, 1987) or reflection-after-action with a sole pur-
pose of improving one’s practice by highlighting the de-
ficiencies in one’s knowledge and skill repertoire.

The process of developing self-awareness of gaps in
one’s knowledge and making statements about one’s
own process of problem-solving and achieving means to
address this gap in knowledge was revealed during par-
ticipants’ responses during the interviews. This cogni-
tive process was called “analysis of self-efficacy” and
was reported as one of the competencies demonstrated
by the participants during instruction. This study found
that the development of professional competence is char-
acterized by constant engagement in reflection and in re-
sponding to challenges of the work context, thereby
engaging in the kind of learning that extends one’s com-
petence. Thus, professional competence entails the process
of activating various components of professional knowl-
edge base in a variety of problematic situations. The
emergent definition of cognition extends the existent
definition of cognition in the literature. The various di-
mensions of teachers’ cognition are experience based
and are context dependent. Furthermore, this process is
amenable to analysis and modification. The foregoing
discussion suggests that due to the cyclical nature of var-
ious phases of the process of becoming professionally
competent, cognition is a constructive, integrative, and
fallible process. The foregoing discussion again suggests
that professional competence is an interplay among
teachers’ conceptions, cognition, and the context.

Teaching Context

Davis and Sumara (1997) view cognition as a process of
organizing and reorganizing one’s own subjective world
of experience which involves revision, reinterpretation
of past and present, and projected actions and concep-
tions. This view underscores the situatedness and con-
text-dependent nature of cognition. This view of
cognition in the context of mathematics teaching and
learning is referred to as enacted cognition or embodied
cognition (Nunez et al., 1999) and is in tandem with the
sociocognitive view of mathematics learning. It suggests
that both mathematics and competence in its teaching
are products shaped by human brains, societies, and cul-
ture. Schools, as institutional cultures, aim to create ideal
futures for students and teachers (Grossman, Smagorin-
sky, & Valencia, 1999). Students and teachers aspire to
culturally defined futures that motivate their activities,
and the ways in which they mediate one another’s
progress toward those goals (Joseph, Bravmann, Wind-
schitl, Mikel, & Green, 2000). Social teaching norms and
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immediate classroom situation play key roles in influ-
encing mathematics teaching practice (Raymond, 1997;
Yackel & Cobb, 1996). Thus, context is crucial in under-
standing the experiences of both the students and teach-
ers in mathematics classrooms. McLeod (2001) views
teaching as “a social act defined as much by its sociocul-
tural, biographical, and historical contexts as by its struc-
tural context” (p.1).

The professional competency: understanding and the
analysis of teaching context as a constituent of teacher cog-
nition has already been explained in the foregoing dis-
cussion. An important common feature of mathematics
teaching as observed in the two research settings is the
existence of a supportive learning environment charac-
terized by student engagement and cognitively demand-
ing conceptual mathematical tasks. The study found that
the contextual factors that facilitated teachers to develop
personal mathematical epistemologies and a sense of
professional competence were high expectations of the
department head and the principal, good work atmos-
phere, clear articulation of curriculum guidelines, avail-
ability of curriculum resources, and high levels of
academic press. Thus, a high level of student engagement
was both a product of and a stimulus to the teacher’s pro-
fessional competence. McLaughlin (1993) argued that
students help to define the context of teacher work and
teachers’” perceptions of their students influenced how
teachers approached their work. Additionally, a school’s
mission, organizational structure, policies, procedures,
and “patterns of communication” (McLaughlin, 1993, p.
89) also shape teachers” goals of teaching leading to
change in their cognitions and conceptions. Hence, the
context constantly constrains teachers’ cognitions and
conceptions.

Thus, the core category which appears to account for
all of the processes and conditions through which pro-
fessional competence was displayed is the notion of the
interplay among conceptions, cognition, and the context. The
emergent theory predicts the ways teachers would op-
erate in order to resolve their main concern of profes-
sional competence in the teaching of mathematics by
activating all the resources available in their professional
knowledge base to handle the actual teaching situations
which at times can be problematic, and this process is an
ongoing pursuit. Having said that, it is appropriate to
conclude that professional competence is embedded in
practice and is transformed through deliberate goal-
directed behavior. This leads to the conclusion that the
nature of professional competence is constructive, inte-
grative, and fallible.



Evaluation of GT

The theory is a good and trustworthy theory if it meets
the four criteria: fit (validity), work (generality), rele-
vance (understanding), and modifiability (control).

Fit

Since categories are generated directly from the data, the
criterion of fit is automatically met (Glaser, 1978). The
procedures followed for data analysis were documented.
Description and conceptualization of the theory have
been explained earlier in this paper. Additionally, to pro-
vide a “true description of a given reality” (Janesick,
1998, p. 119) direct quotes from the interviews and class
observations along with shots of video clips were pre-
sented in the portrayal of mathematics teaching from the
two research settings. The compliance with the criterion
of fit was ensured by closely following the procedures
such as selective coding, theoretical sampling, constant
comparison across all the data sources, and memo sorting.

Work

A grounded theory works when it explains the major
variations in the way participants respond when dealing
with their main concerns. By explaining how the teach-
ers’ main concern was resolved and by presenting the in-
terpretation of the emergent theory and its contrast with
the extant literature, the researcher has tried to show that
it works.

Relevance

“If it fits and works the grounded theory has achieved
relevance” (Glaser 1992, p. 15). Relevance is ensuring
that the theory “deals with the main concern of the par-
ticipants” (Glaser, 2001, p. 18). This means that it will
offer explanations of the main concern in the substantive
area. This study attempted to develop an understanding
of how quality in teaching and learning of mathematics
is influenced by the context in which this learning occurs.
During the data collection and analysis phase, the re-
searcher questioned herself: What is really going on that
is important to the participants in the substantive area
and in the context of their work that has an impact on
their actions.? The BPSP of interplay among conceptions,
cognition, and the context has specific relevance to the
participants operating within the context of the high-
achieving school environment where teacher efforts
were supplemented by school-wide efforts. The school
culture characterized by set vision and expectations of
standards of mathematics teaching and performance,
and their reflection on students’” outcomes constantly
motivated teachers to enhance their professional compe-
tence. The framework as envisaged by the theory of pro-

fessional competence enables predictions of the way
teachers would most likely engage in order to meet the
performance standards of their teaching contexts. Thus,
by staying close to the data, avoiding preconceived the-
ories and generating concepts that were germane to the
participants” basic psychological problem of teaching
mathematics effectively, it was ensured that the grounded
theory of professional competence: interplay of concep-
tions, cognition, and context ensures compliance with
the criterion of relevance.

Modifiability

Within the context of this study, the theory was con-
stantly modified through constant comparison across all
the elements of data corpus. The technique of constant
comparison is both inductive and deductive. Care was
taken to return to the data to substantiate the emerging
themes and categories, and this process continued until
theoretical saturation.

Summary

The Theory of Professional Competence:
Interplay of Conceptions, Cognition, and the
Context

The substantive theory that emerged from the data sug-
gests that professional competence in the teaching of mathe-
matics is a complex interplay of teacher’s conceptions,
cognition, and the context (see Figure 3). These three com-
ponents chase each other in a cyclical process through
intervening conditional and consequential variables as
evident from figures 1 and 3. The study found that pro-

Cognitions Conceptions

Professional
Competence

Context

Figure 3. Ahuja Theory of Professional Competence:
The Interplay of Conceptions, Cognition, and the
Context.
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fessional competence can be defined in terms of the com-
petencies and/or qualities, and as a process associated
with the individual and the context. An important con-
clusion that can be drawn from this study is that profes-
sional competence is the possession of a set of
components of the professional knowledge base and the
process of activation of these components in the context
of actual teaching situations in response to contextual
factors. These components chase each other in a cyclical
manner emphasizing the role of cultural, historical, and
political influences on the professional competencies of
teachers as these influences are deeply rooted in the cul-
tural traditions of countries. The content knowledge
combined with experiential knowledge, responsibility,
and flexibility emerged as important factors influencing
teacher’s competence in mathematical discourse, organ-
ization of instruction, representation of content, persist-
ence, and the management of class time. The findings of
this study suggest that due to the constructive, integra-
tive, and fallible nature of teacher cognition, conceptions,
and the context, the nature of professional competence
is dynamic, constructive, integrative, and fallible. The
idea of professional competence as the result of an inter-
play among these three components suggests that rather
than being a static feature, professional competence is a
dynamic one manifesting itself in a variety of behaviors
even in the same teacher. It may thus be defined as the
possession of a set of components of professional knowl-
edge base and the activation of these components in the
context of actual teaching situations.

Limitations

This study is limited to the analysis of mathematics
teaching practices in the selected two high-achieving
high schools located in Delhi, India, and Maryland in the
United States. Limited resources and funding restricted
sophisticated analyses of videotaped lessons. The
teacher participants selected from the two schools were
not representative of the national sample. A small sam-
ple with quality interviews and in-depth analysis can
produce significant findings (Charmaz, 2014). Findings
may be applied in similar contexts. Hence, the goal of
this study was not to formulate generalizations, but
rather to generate a substantive theory using categories,
the relationships between them, and their properties.
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Concluding Statement

The author believes that different observers may under-
stand and interpret data differently based on their pro-
fessional knowledge and experience. Thus, rich
portrayals of settings and mathematics teaching (which
included direct quotes from the interviews and photos
from the videos, examples of teaching episodes, mathe-
matical discourse, student-teacher, student-student in-
teractions) were presented in the detailed description of
the findings (discussed elsewhere) to enable the reader
to evaluate the authenticity of the findings thereby re-
ducing the effect of researcher bias. In addition, multiple
methods of data collection, the constant comparative
technique of data analysis, and peer debriefing were em-
ployed to ensure trustworthiness of the findings. The
teacher participants interpreted their conception of self
in the context of the high-achieving status of the school.
A learning culture characterized by high performance
expectations existed in both the settings where teacher
efforts were supplemented by school-wide effort. The
knowledge domain of professionally competent mathe-
matics teachers’ cognition is vast and is a complex com-
bination of various components of teacher’s professional
knowledge base (Ahuja, 2013). The teacher’s classroom
practices can then be seen, in part, as an attempt to find
a balance between competing priorities involving cur-
riculum, content, teaching goals, teaching context, social
and pedagogical climate, student-teacher relationships,
instructional strategies, cognitive conflicts arising out of
classroom situations due to misconceptions and prior
dispositions held by the students about mathematics,
time constraints, and performance. Professional compe-
tence lies in responding to these challenges intuitively.
The data collected from the participants suggests that
competent teachers respond to these challenges sponta-
neously and this spontaneity develops with experience
and is founded on a strong grasp of subject matter knowl-
edge and mathematics-specific pedagogical knowledge.

Teachers’ conceptions, cognitions, and the constraints
and affordances of the teaching context in the work en-
vironments of the teachers are so intertwined that it is
almost impossible to separate one from the other while
studying and developing the notion of a construct of
professional competence in teaching of mathematics, as
complex as the discipline of mathematics itself. It is reit-
erated that the purpose of data analysis in grounded the-



ory research is to develop a core category that explains
and characterizes the process in which the participants
engage to resolve their main concern. The goal is con-
ceptualization and abstraction rather than description
(Glaser, 2001). The theory of professional competence
developed because of this study offers a tool to teachers,
educators, administrators, and researchers to evaluate
and understand the interaction between various parts of
the emergent theory. The theory can be tested across var-
ious teaching contexts. A point to note here is that certain
sub-concepts and subcategories in the theory are not
unique to the substantive area of mathematics education.

The findings of this study suggest that teacher’s cog-
nitions and conceptions are contextualized. Due to the
context-dependent nature of professional competence,
holistic assessment (Eraut, 1994) of teachers’ competence
should be the norm. This holistic assessment should be
emphasized during the training of administrators, su-
pervisors, and department heads. Realizing the fact that
it is a teacher’s responsibility to enculturate his/her stu-
dents mathematically, it is imperative for other stake-
holders in public education to facilitate this process of
enculturation by providing a favorable context, climate,
and resources. Glaser (1992) states, “the theory provides
a conceptual approach to action, changes, and accesses
into the substantive area” (p. 15). Due to limited resources,
the sample was delimited. The study may be replicated at
the elementary and middle school levels. The emergent
theory of professional competence has the potential to
rise to a formal theory by carrying out comparisons of
emergent theories from diverse teaching contexts and
other fields.
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