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ABSTRACT This paper surveys various theories and models that have been used in the implementation of
mathematics professional development programs in different countries for the past thirty years. The paper also
reflects on the ongoing Mathematics Continuous Professional Development (MCPD) project’s pilot study findings
(reported in another paper of this special issue) that sought for an appropriate MCPD framework for South Africa.
The South African study examined the status of existing MCPD practice and the challenges practitioners experienced
in the implementation of MCPD programmes. The paper concludes that  MCPD models can be categorized into
two frameworks that should be considered for effective MCPD programs. These are the Mathematical Knowledge
for Teaching (MKT) framework and the Organizational Framework of the MCPD that should also involve
evaluation aspects in these frameworks. It is recommended that a framework that develops mathematics teachers
and subject specialists in MKT combined with effective organizational structure at district level involving school
principals, district officials, service providers and school based professional development activities could suit the
current operational structure in the South African education system for effective MCPD.

INTRODUCTION

In the past three decades, studies on teach-
er professional development are said to consist
mainly of documenting teacher satisfaction, at-
titude change, or commitment to innovation rath-
er than its results or the processes by which it
worked (Frechtling et al. 1995; Guskey 2000).
Within this period, there has been different math-
ematics professional development models for in-
service teachers intended to improve teacher’s
knowledge for effective teaching in the class-
room. Despite a number of these efforts, teach-
ers’ mathematics classroom practices were
said to remain largely unchanged because
teachers held to their own mathematics un-
derstandings, attitudes, and experiences (Ball
1996; Raymond 1997; Tzur 2001). One of the
main concerns in professional development
programs has been teachers’ lack of Pedagog-
ical Content Knowledge (PCK).

PCK has always been related to the quality
of teachers in instruction as it enables teachers
to make knowledge accessible and understand-
able to students. Shulman’s (1986) theory of PCK
was described as the type of knowledge required
by teachers, the knowledge of understanding
students’ ways of thinking, the teacher’s ability
to diagnose sources of students’ errors and

knowledge of various alternative ways of repre-
senting specific topics (Shulman 1986; Carlsen
1987; Tirosh et al. 1998). PCKwas also described
as the knowledge of what made the learning of
specific topics easy or difficult and as the knowl-
edge that comprised of subject matter knowl-
edge (SMK) and Pedagogical Knowledge (PK)
(Shulman 1987). The PK was described as the
general knowledge that the teacher acquired in
a methods or professional studies course. PK
consists of the learner development theories,
learning theories, classroom management, and
assessment procedures. Shulman (1986) viewed
teacher education as a combination of subject
matter and pedagogy for effective preparation
of  teachers.

Veal and Maknister (1999) described PCK as
a way of describing the knowledge possessed
by the expert teachers and Tirosh (1999) de-
scribed it as the method of teaching for under-
standing. Other researchers such as Grossman
(1990), Zeidler et al. (2002), Banks et al. (2005),
Wilson and Demetriou (2007) have described
PCK as the content knowledge (the knowledge
of the subject content that is needed to be
taught), general pedagogical knowledge (knowl-
edge of different teaching strategies, classroom
management strategies, assessment strategies
etc), context knowledge (knowing about the

© Kamla-Raj 2015 Int J Edu Sci, 8(1-ii): 223-228 (2015)

user
Text Box
PRINT: ISSN 0975-1122 ONLINE: 2456-6322

user
Text Box
DOI: 10.31901/24566322.2015/08.01-ii.11



224 LUCKSON MUGANYIZI KAINO

background of the learners, knowing the orga-
nizational culture of the school etc.).These  de-
velopments of Shulman’s (1986) PCK typology
indicate further need to search for the type of
PCK needed by teachers for quality instruction.

Conceptual Frameworks of Mathematics
Continuous Professional Development (MCPD)

The development of MCPD programs is
mainly concerned with the Mathematical Knowl-
edge for Teaching (MKT) for practising teach-
ers. The conceptual framework for MKT inspired
by Schulman’s (1986) theory on Pedagogical
Content Knowledge (PCK) and developed by
Ball et al. (2008), is concerned with the knowl-
edge required for teaching mathematics.MKT
was described by Ball et al. (2008) to consist of
two broad categories of the Subject Matter
Knowledge (SMK) and Pedagogical Content
Knowledge (PCK). Each of these categories was
subdivided by Ball et al. (2008) in different do-
mains. SMK was divided into Common Content
Knowledge (CCK), Specialized Content Knowl-
edge (SCK)  and Horizon Content Knowledge
(HCK). PCK was divided into Knowledge of
Content and Students (KCS), Knowledge of
Content and Curriculum (KCC) and Knowledge
of Content and Teaching (KCT). Ball et al. (2008)
described CCK as the mathematical knowledge
‘used in settings other than teaching’ (p. 399),
for example recognizing and naming some math-
ematical shapes or structures. SCK was de-
scribed as the mathematical knowledge and skill
that was ‘not typically needed for purposes other
than teaching’ (Ball et al. 2008: 400) such as ad-
equate knowledge of various definitions of
shapes that have to be taught to students at
different levels. KCS ‘combines knowing about
students and knowing about mathematics’ (Ball
et al. 2008: 401). KCT was described as knowl-
edge of mathematics combined with knowledge
of teaching. HCK was described as ‘awareness
of how mathematical topics are related over the
span of mathematics included in the curriculum’
(Ball et al. 2008: 403). Jakobsen et al. (2012) ar-
gued that HCK included knowledge of the wider
discipline of mathematics insofar as its content
and practices can inform the work of teaching

Other frameworks for studying teachers’
mathematical knowledge have also been pro-
posed. Chick et al. (2006) developed a frame-

work that involved categories that were de-
scribed as ‘clearly PCK’- content knowledge in
a pedagogical context and pedagogical knowl-
edge in a content context. Chinnappan and Law-
son (2005) developed a framework for studying
knowledge of geometry for teaching and applied
it to study the knowledge exhibited by two ex-
perienced teachers in taped interviews. Heid
(2008) analyzed the mathematics needed by
teachers from three perspectives: a curriculum-
based mathematical thinking approach, a situa-
tions approach, and a mathematical process ap-
proach. Recently, teacher education research and
research on practicing teachers have focused
more on the knowledge base of  teachers’ class-
room practice (Blomeke and Delaney 2012).

Kaino and Moalosi (2013) adopted Ma’s
(1999), Lienhart and Smith’s (1985) and Ball’s
(1990) PCK framework in evaluating teachers’
knowledge in teaching linear equations of two
variables. The researchers found that teachers
lacked Mathematical Knowledge for Teaching
(MKT) that comprised of knowledge of the top-
ic content, ways of teaching that content, un-
derstanding of students’ background of their
knowledge in the topic taught and teaching
strategies that emphasised application.Ma’s
(1999) framework required teachers to (1) explain
how they taught a particular concept; (2) ex-
plain how to perform a particular mathematical
task; and (3) explain scenarios where a student
comes up with a different way to solve the prob-
lem that led to a seemingly correct solution pro-
cess but misrepresented the correct concep-
tion(s). Lienhart and Smith’s (1985) framework
required the teacher to explain particular mathe-
matical terms, compare and explain the meaning
of particular terms, draw and discuss the mean-
ing of a sketch, and to explain problems that
students faced in understanding certain con-
cepts. The framework by Ball (1990) used struc-
tured multiple-choice items that were posed us-
ing various scenarios related to situations that
teachers faced in the classroom.

One of the most widely used models in past
twenty years or so in developing countries is
the cascade model of professional development.
The cascade model involved training of experts
from the central level to trainees at the local lev-
el that is, knowledge to flow down from experts
and specialists through several layers of per-
sonnel and eventually to the teachers
(Dove1986). The model was credited for its abil-
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ity to train large numbers of teachers quickly
and economically (McDevitt 1998; Mpabulun-
gi1999) and/or funding to provide training was
limited  (Prophet 1995; Gilpin 1997; McDevitt
1998; Hayes 2000; Bax 2002). Despite the said
advantages, the cascade model was often criti-
cized. Its main weakness has been the distortion
of the messages transferred during the training,
passed down through many different levels of
personnel. The intended messages are often al-
tered or not properly delivered as intended and
their effects have been diluted through miscom-
munication and different interpretations of the
same messages (Mpabulungi 1999).

Another criticism of the cascade model has
been the one-way transmission of information
where the process is constructed according to a
centre-periphery and top-down structure and as
such this structure was considered to be too
inflexible to respond to the needs at grassroots
level (McDevitt 1998). The lack of experience at
higher levels, to understand well what was hap-
pening in the classroom, could also have made
it difficult to predict the needs at the lowest lev-
els. Mezirow (1991) argued that a process of jus-
tifying or validating communicated ideas neces-
sary to transfer new ideas which were perceived
and comprehended as the top-down approach
did not encourage participation and commitment.

In Africa, the deficiencies of the model were
observed where the cascade model was imple-
mented. For example, the evaluation study in
Botswana revealed that the cascade model failed
to be a means of transferring ideas or of chang-
ing behaviour because it had little impact on the
training programme (McDevitt 1998). As already
argued, the cascade model was too inflexible to
be able to respond to the challenges from the
grass roots level in Botswana (McDevitt 1998;
Prophet 1995).  The evaluation study of a three-
layer cascade model in Uganda revealed prob-
lems especially at the lowest level, where train-
ers did not internalize the messages from their
own training and consequently they could not
perform well for some steps of the training con-
tents (Mpabulungi 1999).

 In South Africa, the cascade model has also
been criticized because of its inadequacy to de-
liver effective training of teachers (Khulisa 1999;
HSRC 2000; Graven 2004). The process to dis-
seminate information from top, down to teach-
ers was considered a major problem in training
of teachers (Dichaba and Mokhele 2012). The

misinterpretation of the information in the pro-
cess of transmitting to the next level was also
observed in previous studies done in South Af-
rica (Fiske and Ladd 2004; Ono and Ferreira 2010).
Ono and Ferreira (2010) further observed that
teachers in South Africa frequently complained
that even the district trainers and subject advi-
sors did not always understand the content and
the curriculum when conducting professional
development workshops. Despite the ineffec-
tiveness of the use of the cascade model as ob-
served by Graven (2004) for the implementation
of Curriculum 2005, this model remained the dom-
inant training model in South Africa (Chisholm
2003). While teachers were offered training
through this model, there was little or no follow-
up of support structures for teachers who had
to deal with the long-term implementation of the
new reforms (Robinson 2002).

Apart from the cascade model that has been
used in many countries, other models have been
tried to address the deficiencies of the cascade
model. Of late, the peer mentoring model has
been developed as a strategy for provision of
professional development to mathematics teach-
ers. This model involving a combination of one-
on-one peer mentoring integrated with group
peer mentoring was developed by Kensington-
Miller (2013) and experimented to  mathematics
teachers of senior students.  The model which is
content-focused, school-based, incorporated
into day-today work, collaborative, and teach-
er-driven is considered inexpensive, easy to set
up and could provide relatively immediate ac-
cess and on-going support, and accommodate
the different needs of all the mathematics teach-
ers (Kensington-Miller 2013). The above sur-
veyed frameworks indicate a search for knowl-
edge and skills required by the mathematics
teacher for effective teaching.

METHODS  OF  EVALUATING  AND
IMPROVING  MATHEMATICS

CONTINUOUS  PROFESSIONAL
 DEVELOPMENT  (MCPD)  PROGRAMS

Guskey (2000) argues that learning opportu-
nities for teachers occur every time a lesson is
taught, an assessment is administered, a curric-
ulum is reviewed or a professional journal is read.
Furthermore, Guskey advocates teacher involve-
ment in development or improvement process
for example in designing or choosing a new cur-
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ricula or textbook or assisting with the school
improvement plan. The author suggests an eval-
uation of a professional development programme
at  five levels:Level1 Participants’ reactions, Lev-
el 2: Participants’ learning, Level 3: Organiza-
tional support and change, Level 4: Participants’
use of new knowledge and skills, and Level 5:
Student learning outcomes for details see cus-
key 2000).

Borko (2004) suggested a conceptual frame-
work that involved the program, facilitators,
teachers, and context which map to the quality
of professional development. The framework
geared to the quality of the program and facilita-
tors, teacher characteristics and knowledge.
Pereeini et al. (2004) proposed a conceptual
framework that contained complex reflective re-
lationships between teaching practices and
teachers’ developing knowledge and beliefs
about mathematics, mathematics-specific peda-
gogy and professional identity.  The framework
includes the knowledge, practice, student learn-
ing components and the emphasis on subject-
specific content. Desmore (2009) proposed a
conceptual framework for studying the effect of
professional development on teachers and stu-
dents. The framework involves testing both the
theory on teacher change (that professional de-
velopment alters teacher knowledge, beliefs or
practice) and the theory of instruction (that
changed practice influences student achieve-
ment), both of which were regarded as neces-
sary to complete the understanding of how pro-
fessional development worked (for details see
Wayne et al. 2008). The studies by Carpenter et
al. (1989),  Franke and  Levi (2001), Saxe et al.
2001) had earlier addressed the links in all four
areas  professional development, content knowl-
edge, instruction and student achievement. The
above surveyed literature indicates the dynam-
ic nature of professional development as ongo-
ing, continuous and embedded in teachers’ dai-
ly lives (Lieberman 1995; Loucks-Horsley et al.
1987).

OBSERVATIONS AND DISCUSSION

The frameworks for mathematics professional
development can be classified into two catego-
ries. The first category can be classified as an
Organizational Framework and the other as the
Mathematical Knowledge for Teaching (MKT)
framework. The Organizational Framework in-
volves models such as the cascade model that
has been widely used in many developing coun-

tries for the past 30 years. Many weaknesses of
the model have been identified, centring on the
distortion and miscommunication of the infor-
mation from top passed down through many dif-
ferent levels of trainers. The one-way transmis-
sion of information where the process was con-
structed according to a centre-periphery and top-
down structure and the lack of experience at high-
er levels to understand well what was happen-
ing in the classroom, contributed to the weak-
nesses of the cascade model. And as such, the
cascade structure was considered to be too in-
flexible to respond to the needs of the teachers.
The other type of Organizational Framework is
the one-on-one peer mentoring integrated with
group peer mentoring, advocated by Kensing-
ton-Miller (2013) which is said to be content-
focused, school-based, incorporated into day-
today work, collaborative, and teacher-driven.
Such frameworks do not specify which domain
of teacher knowledge is targeted or developed
in the peer mentoring.

The Mathematical Knowledge for Teaching
(MKT) framework involves various models that
address the teacher knowledge and effective-
ness of teaching. The conceptual framework for
MKT inspired by Shulman’s (1986) theory on
PCK was used to develop different framework
components on Common Content Knowledge
(CCK), Specialized Content Knowledge (SCK)
and Horizon Content Knowledge (HCK), Knowl-
edge of Content and Students (KCS), Knowl-
edge of Content and Curriculum (KCC) and
Knowledge of Content and Teaching (KCT).  In
developing countries, many researches have
been done on the Organizational Framework and
few on MKT. Borko’s (2004) framework on the
program, facilitators, teachers, and context which
gear to the quality of the professional develop-
ment program and facilitators, teacher charac-
teristics and knowledge can be considered to be
an Organizational Framework that aims at im-
proving the quality of teaching.While Dosmore’s
(2009) conceptual framework for studying the
effect of professional development on teachers
and students is an evaluative model for profes-
sional development, Guskey’s (2000) theory on
teacher professional development is both an
evaluative and an organizational framework. Oth-
er complex frameworks such as that by Pereeini
et al. (2004) that involve reflective relationships
between teaching practices and teachers’ de-
veloping knowledge, beliefs and professional
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identity can be categorized into both organiza-
tional and MKT frameworks.

CONCLUSION

This paper has highlighted the background
on the various ways used in conducting profes-
sional development programmes and the frame-
works that have been used. It is concluded from
the surveyed literature that frameworks for
Mathematics Continuous Professional Develop-
ment (MCPD) can be categorized into two frame-
works that should be considered for effective
MCPD programs. These are the Organizational
framework and the Mathematical Knowledge for
Teaching (MKT) framework. The MKT frame-
work spells out the type of knowledge the teach-
ers should acquire and the Organizational frame-
work comes out as the support for implementa-
tion of MCPD.

RECOMMENDATIONS

It is recommended that both the Organiza-
tional and the Mathematical Knowledge for
Teaching (MKT) frameworks should be used in
the development of Mathematics Continuous
Professional Development (MCPD). The Orga-
nizational framework that combines the devel-
opment of mathematics teachers and school prin-
cipals using district officials, subject specialists,
service providers and school based profession-
al development activities would suit the South
African framework for MCPD.
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