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Introduction: Teachers’ knowledge and positive attitudes significantly impact
educational settings. This study aimed to assess teachers’ mathematical
knowledge for teaching (MKT) and their pedagogical content knowledge (PCK)
attitudes.

Methodology: It was conducted on all 23 mathematics teachers from Rwandan
teacher training colleges (TTCs). Employing a survey design, standardized
performance and attitude tests were utilized, employing instruments known for
their standardization, validity, and reliability.

Results: The findings informed that teachers possess a low MKT but a high PCK
attitude. Thus, they performed the MKT test poorly as the average score was
below 50%. However, teachers were found to have better content knowledge
than other MKT constructs and performed better in pattern function and algebra
than in other areas of mathematics. Teachers demonstrated a highly positive
attitude toward integrating PCK in teaching mathematics.

Discussion: Such a positive attitude was inferred from the pedagogical training
offered by implementing a competency-based curriculum. Therefore, teachers
need to improve their MKT performance, and more research is needed on other
teachers apart from those in TTCs.

KEYWORDS

competence-based curriculum, knowledge for teaching, MKT measures, PCK scale,
Rwandan mathematics teachers, teacher training college

Introduction

Rwanda initiated the implementation of a competency-based curriculum (CBC) 8 years ago,
marking a significant shift from the traditional knowledge-based curriculum (REB, 2015). This
transition was driven by recognizing that education should impart knowledge, foster practical
skills, and promote positive attitudes among graduates. The move to a CBC has been well
documented in numerous reports and research papers, demonstrating its importance and
impact (Ndihokubwayo et al., 2019a,b; JICA, 2020; Nsengimana et al., 2020).

While studies have explored teachers’ perceptions of CBCs and highlighted some challenges,
such as resistance to change (Ndihokubwayo and Habiyaremye, 2018), a notable lack of research
has focused on implementing a CBC in mathematics education. Given the significance of
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mathematics education in the curriculum and the potential influence of
the new teaching approach, assessing teachers’ readiness and competence
in teaching mathematics within this context becomes crucial. To address
this gap, this study aims to evaluate Rwandan teacher training colleges
(TTC) teachers’ mathematical knowledge for teaching (MKT) and their
attitudes toward pedagogical content knowledge (PCK). MKT measures
serve as a valuable tool for assessing teachers’ mathematical knowledge,
shedding light on their ability to explain mathematical concepts
effectively (Ball et al., 2008). Furthermore, the study of MKT has
highlighted challenges that teachers may face, including a potential
imbalance between subject matter knowledge and pedagogical
knowledge (Chen and Huang, 2013).

In addition to MKT, this study explores teachers’ attitudes toward
pedagogical content knowledge (PCK). PCK encompasses subject matter
expertise and the ability to convey this knowledge effectively to students
(Shulman, 1987). It involves understanding students™ difficulties with
specific topics, choosing appropriate teaching strategies, and recognizing
common misconceptions (Shulman, 1987). Assessing PCK attitudes can
provide insights into teachers’ readiness to implement a CBC, which
emphasizes cross-cutting issues and generic competencies (Rwanda
Education Board, 2015; Ndihokubwayo et al., 2020).

The study focuses on algebra and function content, recognizing
their significance in the mathematics curriculum. Previous research
has indicated that teachers in various countries, including the
United States and China, encounter difficulties teaching these topics
(Zhou et al., 2013). By investigating teachers’ MKT and PCK attitudes
in the context of a CBC, this study aims to inform policymakers and
educational stakeholders about the current state of teacher training
and support. Ultimately, the quality of primary education hinges on
well-prepared teachers, who, in turn, lay the foundation for higher
levels of education. This study contributes to the broader goal of
achieving Rwanda’s national aspiration of becoming a middle-income
country by 2030, emphasizing the pivotal role of primary education.

To guide our investigation, the following research questions have
been formulated:

i) What are the strengths and areas for growth in MKT for
TTC teachers?

ii) How do TTC teachers perceive their current PCK for
teaching mathematics?

Theoretical literature review

In this literature review, we delve into existing perspectives on
mathematics teachers knowledge for teaching. The review is
structured into two major sections: “Knowing Mathematics as a Well-
Educated Individual and Knowing it as a Mathematics Teacher” and
“Mathematical Knowledge Needed for Teaching””

Mathematical knowledge needed for
teaching

Over the years, researchers in mathematics education (Shulman,

1986; Hill et al., 2008; Skott et al., 2013; Kind, 2015) have conducted
empirical observations, interviews, tests, and other methods to explore
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teachers’ practices and thought processes when teaching mathematics.
These researchers have sought to identify patterns in observed
phenomena and generate models and theories that describe the
components and structures of teachers’ knowledge.

One critical question in mathematics education is, “What sets apart
the teaching of mathematics from knowing mathematics for other
professions?” Is it solely the ability to care for students, knowledge of
the subject matter, or the management of large groups of students? The
answer is more nuanced as it involves not only the ability to care for
students and knowledge of the subject matter but also the effective
management of large groups of students. Educational psychologists,
such as Shulman (1987), have framed this question differently,
emphasizing the need for teachers to understand the subject matter
systematically. He categorized this knowledge into subject matter
knowledge (SMK) and pedagogical content knowledge (PCK).

Subject matter knowledge emphasizes the teacher’s depth of
knowledge about the subject matter. Effective teachers can answer
complex questions and devise solutions to intricate problems. They
must recognize mistakes in student thinking and subject resources. In
essence, they must be subject experts. PCK entails knowing how to
teach effectively. It encompasses theories and principles of teaching
and learning, understanding the needs of learners, and classroom
behavior management. PCK transcends specific subject disciplines
and focuses on facilitating learning in various situations.

Teachers must master both subject matter knowledge and
pedagogical content knowledge to excel in their profession. A skilled
teacher possesses expertise in the subject matter and the art of
effectively teaching it, including selecting appropriate resources,
metaphors, activities, and sequences tailored to specific students’
needs. Teachers must also understand their students” prior knowledge,
skills, and requirements to plan their teaching effectively. This
understanding is called syntactic knowledge and involves fitting new
learning into a topic’s broader scheme of knowledge. Moreover,
teachers must anticipate and understand common misconceptions
students might develop in their subject area. Shulman’s framework
underlines the need for teachers to possess both content and
pedagogical content knowledge. Effective teaching goes beyond
merely conveying what one knows; it requires specialized expert
knowledge. In 1986, Lee Shulman identified a gap in educational
policies, research, and practices—a tendency to focus on pedagogical
aspects while overlooking subject matter knowledge. He proposed a
theoretical framework, “Knowledge Growth in Teaching,” with three
components contributing to teachers’ mathematical knowledge for
teaching (MKT). This framework was later adopted by Deborah Ball
and her team from the University of Michigan (Ball et al., 2008).

Content knowledge encompasses the knowledge organization in
the teacher’s mind, including substantive and syntactic structures.
Substantive structure relates to how fundamental concepts and
principles of a discipline are organized, incorporating facts, learning
processes, and connections between them. Syntactic structure pertains
to how mathematical truth and validity are established and involves
understanding how to prove ideas. Pedagogical knowledge focuses on
how teachers transform knowledge to facilitate successful learning. It
includes using resources, motivating learners, and employing strategies
such as problem-based learning to convey subject matter effectively.
Curricular knowledge involves understanding the instructional
materials available for teaching a subject and topics at a given level and
selecting appropriate materials for specific circumstances.

frontiersin.org


https://doi.org/10.3389/feduc.2023.1214396
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Habiyaremye et al.

This framework formed the basis for the model of MKT, which
was designed to demonstrate the relationship between subject matter
knowledge (SMK) and pedagogical content knowledge (PCK), as
portrayed in Figure 1.

Knowing mathematics as a well-educated
individual and knowing it as a mathematics
teacher

Teaching and supporting students’ learning needs specialization
of knowledge for teaching mathematics. Knowing, learning, and using
mathematics as a teacher requires specialized knowledge (Ball and
Feiman-Nemser, 1988). Mathematical knowledge needed for teaching
mathematics suggests a type of professional mathematical knowledge
unique to teaching. Ball and her colleagues say that teaching special
mathematics is not something that any well-educated grown-up can
do as well. To find out if students are learning mathematics well, a
teacher might know why the answers are wrong, which is probably
what the average well-educated can do when they see teachers
doing mathematics.

Teaching and supporting students in learning mathematics
demand specialized knowledge. Teaching mathematics requires
more than knowing and using mathematics as a well-educated
individual (Ball and Feiman-Nemser, 1988). It necessitates a unique
form of professional mathematical knowledge tailored to teaching.
Effective teaching involves understanding why students” answers are
incorrect and knowing how to address their misconceptions. Recent
research, such as that by Ball et al. (2008), has explored teachers’
content knowledge for teaching mathematics, revealing that
successful math instruction relies on a combination of subject
matter knowledge (SMK) and pedagogical content knowledge
(PCK). These domains encompass common content knowledge
(CCK), mathematical horizon knowledge, specialized content
knowledge (SCK), knowledge of content and students (KCS),
knowledge of content and teaching (KCT), and knowledge of the
curriculum, as demonstrated in Figure 2.

Pedagogical Peggg%gnl;:ol Content \
Knowledge Knowledge Knowledge
"l teach I tgoch “I teach
A " children -
children. P mathematics.
mathematics.
FIGURE 1

Pedagogical content knowledge framework (Shulman, 1987, p.8). Alt
text: https://amiealbrecht.com/2023/01/02/what-knowledge-is-
required-for-teaching/.
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Methodology
Research design

This study intended to assess the pedagogical content knowledge for
teaching possessed by mathematics teachers in Rwandan teacher training
colleges. It used a survey design (Fraenkel et al., 2012) with standardized
performance (Hill et al,, 2004) and attitude (Aksu et al.,, 2014) tests.
Rwanda implemented a new curriculum in 2016, which seeks that
learners absorb knowledge, skills, and values. The MKT instrument
provides a wide range of mathematical areas and its teaching procedures.
Thus, a competent teacher can be measured by this instrument. For
instance, a teacher with content knowledge will provide effective
knowledge to students, and a teacher with good pedagogical knowledge
will easily teach the students in appropriate ways, and thus, these students
will be able to gain knowledge and practice learned knowledge (i.e., skills).
A teacher who possesses technological knowledge will allow students to
gain skills and appreciate such skills in their use in real-life situations (i.e.,
attitude and values). A teacher who knows their students and a teacher
who knows the curriculum (intended, implemented, and attained) will
be able to handle students according to their ability and elevate them at
the national level.

Population and sample

Research has shown that primary education is crucial to smoothly
attaining and upgrading high education (Kanamugire et al., 2019;
Ndihokubwayo and Murasira, 2019). Various studies documented
practices in Rwandan primary education settings and found that
educational colleges need more support than any other school
(Ndihokubwayo et al., 2018, 2019¢c; Uworwabayeho et al., 2020).
Rwanda has 16 teacher training colleges (TTCs). These TTCs
accommodate four career options: science and mathematics
education, social studies education, languages education, and early
childhood and lower primary education (REB, 2020). The purposive
sampling method was used, employing all TTCs mathematics
teachers in March 2021. Thus, 23 TTC teachers from 16 colleges
participated in this study.

Ethical consent and data collection
procedures

Before data collection, the researchers obtained an ethical
clearance from the unit of research and innovation at the University
of Rwanda College of Education. After that, we invited teachers and
asked them to participate in the study. We set the schedule, and they
were asked to sit for the test. The time given was 90 min. After finishing
the tests, they were given a token of appreciation, such as ball pens or
a dinner. After finishing the MKT test, the follow-up PCK attitude
scale followed.

Instruments
Performance test

For performance, we adapted the mathematical knowledge for
teaching (MKT) measures by Hill et al. (2004). Rwanda is among the
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FIGURE 2

Domains of mathematical knowledge for teaching (Ball et al., 2008).
Alt text: This figure has two parts; the right side is pedagogical
content knowledge, while the left side is subject matter knowledge.

countries that test teachers’ knowledge of teaching mathematics by
adapting the United States items for one major reason: the knowledge
and skill underlined in the CBC are the theory of mathematical
knowledge for teaching.

However, though the MKT measures, such as those counted in
trends of mathematical knowledge for teaching, are carefully
considered for international use, in many countries, including
Rwanda, these measures have to be argued for the language, culture,
and initial examples used in these items. Subsequently, this article
argues the use of these items in Rwanda because the test developers
accounted for the use of these items by considering the culture of
teaching mathematics in the United States only. From one country to
another, teachers have different beliefs about the structure of lesson
planning and the engagement of students when responding to
teachers, etc. For instance, teachers in Rwanda prepare the lesson by
addressing the cross-cutting issue and indicating the generic
competencies to be developed in the lesson. Though these items would
be adapted in Rwanda, the researchers considered how multiple items
are selected and adapted. It was anticipated that based on the answers
to each item, teachers’ knowledge would subsequently be measured in
both subject content and pedagogical content knowledge. These items
were used for the pilot in normal schools and later in TTCs. Since the
items were developed based on the concept that emerges from
practical teaching in the United States, we looked at methodological
challenges that would be encountered and suggested the suitability of
these measures to study teachers’ knowledge in the Rwandan context
of teaching mathematics.

The items for use were selected based on the related subtopic areas
generally found in the Rwandan textbooks and CBC content. These
subtopic areas include numbers and operations, linear equations and
inequalities, functions, plane geometry, and number patterns. Content
knowledge was measured under the common and specialized domains
of subject knowledge. The knowledge of pedagogy was measured
under the knowledge of teaching and knowledge of helping students
understand the concept as domains of pedagogical content knowledge.

The MKT measures contain 35 questions. Since some questions
have subquestions, the total number of items is 64. The measures
comprise different MKT constructs and mathematical constructs. For
instance, Number Concepts and Operations (NCOP) has four items
(1a-2) that cover CCK, 11 items (3a-9) that cover SCK, 17 items
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(10a-17d) that cover KCS, four items (20-230) that cover KCT, and
four items (29a-d) that cover C.K. Thus, NCOP covers 40 out of 64
items (or 22 out of 35 questions). Pattern function and algebra (PFA)
has 12 items (31a-34) that cover SCK. Thus, PFA covers 12 out of 64
items or four out of 35 questions. Geometry (GEO) has one item (18)
that covers KCS and four items (24-27) that cover KCT. Thus, GEO
covers five out of 64 items (corresponding to five questions).
Proportional reasoning (PR) has one item (19) that covers KCS and
four items (30a-d) that cover CK. Thus, PR covers five out of 64 (two
out of 35 questions). Finally, Rational numbers (RAT) has one item
(28) that covers KCT and one item (35) that covers SCK. Thus, RAT
covers two out of 64 items (corresponding to two questions). Figure 3
shows all these.

Items were reviewed by mathematics educators and
mathematicians in Rwanda to determine whether these items reflect
situations that arise in Rwandan colleges. These reviewers discussed
whether the items sound more familiar to Rwandan teachers or
whether the mathematical language used is familiar to the respondents
in terms of understanding well. We then compiled tables listing all the
changes made. Note that though we modified some items, we did not
change the sense and meaning of the original versions from the

owner developers.

Attitude test

In our study, we adopted the Pedagogical Content Knowledge
Scale for Pre-Service Teachers, which was originally developed by
Aksu et al. (2014). Aksu et al’s study aimed to develop a scale to
determine pre-service teachers’ pedagogical content knowledge. Their
research involved 768 pre-service teachers from different universities
in Turkiye and included a comprehensive process encompassing a
literature review, creating an item pool, expert opinions, scale
administration, and reliability and validity assessments. In the original
study by Aksu et al. (2014), the item pool was constructed through
interviews with pre-service teachers and teacher essay writing
assignments on pedagogical content knowledge. After administration
to alarge sample of pre-service teachers, factor analysis was employed
to refine the scale, resulting in a final set of 38 items. The internal
reliability of the final scale, as indicated by Cronbach’s Alpha, was
found to be 0.967, demonstrating strong internal consistency. Given
the rigorous development process and established reliability and
validity of the PCK Scale for Pre-Service Teachers by Aksu et al.
(2014), we adopted the 38-item version of this scale in our study to
measure Rwandan TTC teachers’ attitudes toward pedagogical content
knowledge. This ensured our instrument was based on a validated and
reliable measure of pedagogical content knowledge attitudes.

Data analysis

Validation and reliability

After compiling the teachers’ responses to multiple-choice items, a
psychometric analysis method was used to measure how the
respondents’ abilities match with the required knowledge of teaching
mathematics, and independently, the item difficulties were calculated
based on the respondents’ responses. We were interested in knowing
how Rwandan TTC teachers perform these items because this would
determine whether we are measuring similar constructs. All teachers’
responses were entered into SPSS, and we closely estimated the point
biserial correlation to rate the number of right and wrong scores that
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TABLE 1 Mean scores (%) and standard deviations (SD) in MKT constructs and Mathematics areas.

MKT constructs Mathematics areas Overall

CCK SCK KCS KCT CK NCOP GEO PR PFA
Mean 47.82 46.19 43.93 1111 54.89 42.71 13.04 40 57.24 6.52 41.77 ‘
SD 22.50 13.92 11.83 10.59 18.36 10.11 18.69 21.74 21.65 17.21 8.97 ‘

teachers received on the given items and the total scores that the
teachers received when summing up the scores across the items.
We also calculated Cronbach’s alpha and saw how the related items are
performed. The relative item difficulties were estimated to determine
whether the respondents mastered the tested concept. With the use of
SPSS, addressing item difficulties in standard deviation, zero scales
represent the teacher’s ability on average, and lower zero describes the
easier items. Cronbach’s alpha is measured between a 0 and 1 scale. A
higher Cronbach’s alpha indicates that the content is reliable to the
respondents. If the item responses are highly correlated, the test takers’
ability is the same (Landau and Everitt Chapman, 2004). A high
Pearson correlation (r=0.76) using the Split-half method was obtained
in the MKT performance test, while a very high Cronbach alpha
(a=0.93) using the internal consistency method was obtained in the
PCK attitude scale.

Data outcome

We calculated the mean scores and standard deviations of all the
constructs. We plotted the graph showing the percentage of teachers
who performed each MKT item and the percentages of those who
agreed or disagreed with the PCK scales. For the PCK scales,
we combined strongly agree and agree to agree, strongly disagree, and
disagree to disagree, while neutral remained neutral. We did this to
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narrow down the raw data and ease the visualization. Since the number
of respondents was small (<30), we used non-parametric tests.
Non-parametric tests of two or more related samples were computed
to find differences between MKT constructs and mathematical areas.

Results of the study

To what extent do TTC teachers perform
the MKT test?

The first research question is intended to measure Rwandan TTC
teachers’ mathematics knowledge for teaching. The teachers possessed
good knowledge in content knowledge (C.K.); in only one MKT
construct did they obtain a higher-than-average score (54.89%). They
possessed low knowledge of knowledge in content and teaching (KCT;
M=11.11%, SD=10.50%). Likewise, the teachers’ well-performed
questions related to pattern function and algebra (PFA) as in only one
area of mathematics did they obtain a higher-than-average score
(57.24%). They performed lowly (M =6.52%, SD=17.21%) in rational
numbers (RAT). The overall score shows that teachers did not reach
the average score (50%). They obtained 41.77% as the mean score and
8.97% as the standard deviation (see Table 1).
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Computing non-parametric tests (two or more related samples),
Friedman’s ANOVA by ranks revealed that the distributions of MKT
constructs (CCK, SCK, KCS, KCT, and CK) were not the same
(p=0.000). Similarly, Friedman’s ANOVA by ranks revealed that the
distributions of mathematics areas (NCOP, GEO, PR, PFA, and RAT)
were not the same (p=0.000). Therefore, inferential statistics showed
that Rwanda TTC teachers statistically significantly possessed
heterogeneous knowledge of MKT. The same significance was realized
in mathematics areas.

Further analysis was performed to investigate alternative
conceptions or difficulties the teachers faced in the MKT test; this is
documented in Figure 4. About 39 of the 64 items (61%) were
performed by below 50% of the teachers. Thus, only 39% of the items
were correctly performed by more than 50% of the teachers. For
instance, all 23 teachers failed Q18, Q20, and Q28 completely, having
scored 0 on these questions. All KCT items were performed by only
below 30% of the teachers.

To what extent do TTC teachers perceive
PCK in teaching mathematics?

To reveal the teachers” perceptions or attitudes toward PCK in
teaching mathematics, a highly positive outcome was found across all
the PCK scales and among all 23 teachers. Table 2 displays the results
related to the Rwandan teacher training college (TTC) teachers’
attitudes.

The lowest CK item (from item 1 to 7) rated by teachers was “I can
recognize lacking areas related to my lessons (item 7),” which was
rated by 87% of the teachers, while other items were rated by more
than 90% of the teachers in an agreement position. The most lowly
rated PK items were item 10, “I can notice misconceptions of students
in the course of teaching a new topic,” and item 11, “I can determine
misconceptions of students while teaching new topics,” and these were
rated equally by 83% of the teachers. The most lowly rated PCK items
were item 20, “I can employ a useable platform during lessons,” and

10.3389/feduc.2023.1214396

item 30, “I can determine insufficiency related to vocation and
overcome it,” and these were rated equally by 83% of the teachers.

Discussion of results

The non-homogeneity in MKT constructs and mathematics areas
may be depicted for various reasons. First of all, teachers performed
the MKT test below average because this is an international test, and
teachers might not be well prepared. However, some items require
critical thinking, which the Rwandan CBC emphasizes. Therefore,
we thought teachers would do the test carefully and critically. Another
reason may be that the curriculum implemented in TTCs (REB, 2020)
is lighter compared to the one implemented in general secondary
schools (REB, 2015). Thus, some topics might be difficult for these
teachers because they do not tackle them in their daily routines. They
did not perform well on the items related to rational numbers given
that this area got few items in the whole test. Thus, rational numbers
(RAT) covered only two out of 64 items or two out of 35 questions (see
Appendix A). The reason why teachers poorly performed on items
related to KCT while they highly performed on items related to CK
needs further investigations.

Among the recent studies that used MKT measures of Hill et al.
(2004), Blazar and Kraft (2017) focused on how teachers affect students’
achievement on standardized tests and found that upper-elementary
teachers have large effects on self-reported measures of students’ self-
efficacy in mathematics classes. Teachers who are effective at improving
test scores were often found to be not equally effective at improving
students’ attitudes and behaviors (Blazar and Kraft, 2017). Likewise,
Maloney et al. (2015) found that the effects of parents’ mathematical
anxiety are specific to children’s mathematics achievement. The study
conducted by Shulman (1987) on knowledge for teaching showed that
some teachers struggle to deliver the packaged knowledge enabled by
pedagogical content to students. Teachers are practitioners to support
students. The findings of the Zambian study revealed that most
mathematics teachers did not possess enough conceptual understanding
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TABLE 2 TTC teachers’ agreement rates on the PCK scale.

10.3389/feduc.2023.1214396

Agree Neutral Disagree
CK Item 1 I have knowledge about relations, rules, and formulas in my lessons 100% 0% 0%
Item 2 Thave knowledge about the context of my lesson 100% 0% 0%
Item 3 I know the critical points of my lessons 91% 0% 9%
Item 4 I know the theory, axiom, and theorems, etc., in my lesson 91% 9% 0%
Item 5 Tknow the basic definitions in my lesson 100% 0% 0%
Item 6 I pursue the last improvement regarding teaching lessons 96% 4% 0%
Item 7 I can recognize lacking areas related to my lessons 87% 9% 4%
PK Item 8 I can connect among topics in the lesson 96% 4% 0%
Item 9 I can select problems suitable for teaching contexts in my lesson 96% 4% 0%
Item 10 1 can notice misconceptions of students in the course of teaching a new topic 83% 13% 4%
Ttem 11 1 can determine misconceptions of students while teaching new topics 83% 9% 9%
Item 12 I can prepare appropriate lesson plans in accordance with the point that the students may 100% 0% 0%
be pressured on in my lessons
Item 13 I can meet the difficulties of students during my lesson 87% 9% 4%
Item 14 I can determine the point that the students may be pressured on in my lessons in advance 87% 13% 0%
PCK Item 15 Thave knowledge about learning theories 100% 0% 0%
Item 16 I can use question-answers activities during lessons 100% 0% 0%
Item 17 I can organize a suitable learning environment for students 100% 0% 0%
Item 18 I can begin different activities to motivate students for lessons 100% 0% 0%
Item 19 1 can present systematically in contexts of lessons (from concrete to abstract, etc.) 96% 4% 0%
Item 20 I can employ a useable platform during lessons 83% 13% 4%
Item 21 I prepare lesson plans considering the important points of topics 100% 0% 0%
Ttem 22 I can use suitable learning and teaching instruments 100% 0% 0%
Item 23 I can construct a democratic environment that provides self-expression for students 96% 4% 0%
Item 24 I can teach concepts using multi-representation as tables, diagrams, and graphic equations 96% 4% 0%
Item 25 I can control negative situations while teaching lessons 100% 0% 0%
Item 26 I can effectively use awards, punishments, and reinforcers 87% 13% 0%
Ttem 27 T try to understand concepts that exemplify daily life for students in the lesson 100% 0% 0%
Item 28 I can use time effectively in the lesson 100% 0% 0%
Item 29 I can effectively use my voice in the lesson 100% 0% 0%
Item 30 I can determine insufficiency related to vocation and overcome it 83% 17% 0%
Item 31 I can select appropriate teaching methods for standards 100% 0% 0%
Item 32 T have knowledge about the instructional program 100% 0% 0%
Item 33 I can control my emotions during lessons 96% 4% 0%
Item 34 I know which teaching methods and techniques to use for the topic 100% 0% 0%
Item 35 Tknow how to assess student performance in a classroom 100% 0% 0%
Item 36 I can take precautions determining the individual differences of students 100% 0% 0%
Item 37 I know how to connect with students outside of the classroom 96% 4% 0%
Item 38 I can correct as necessary in accordance with students’ feedback 100% 0% 0%

of soft skills, and most were unaware of the methods and assessment
strategies that incorporate soft skills (Busaka et al., 2022). Mukuka et al.
(2021) suggested that mathematics self-efficacy and task-specific self-
efficacy beliefs collectively and significantly can mediate the effect of
the instructional approach on mathematical reasoning. The study
conducted in Rwandan schools by JICA (2020) on mathematics and
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science lesson studies categorized teaching practice into four methods:
presentation of the task, asking about knowledge and skills, asking how
students think, and asking about attitude. The results indicated that
(80%) of the questions were related to task presentation, which gives
instructions to students. There were only a few questions essential for
developing mathematical thinking or attitudes.
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6. At a professional development workshop, teachers were learning about different ways to
represent multiplication of fractions problems. The leader also helped them to become aware of
examples that do not represent multiplication of fractions appropriately.

Which model below cannot be used to show that 1 %X g = 17 (Mark ONE answer.)

FIGURE 5

results.

v D I
B) 777 I
7
1777777 <
| | |

& ) | | g

Q6 about the model of multiplication of a fraction. Alt text: This question was picked from the test and provided to facilitate the discussion of the

About 12 of the 64 items were performed by only below 20% of
teachers. These questions (Q6, Q35 from SCK, Q18 and Q19 from
KCS, and Q20, Q21, Q22, Q23, Q24, Q26, Q27, and Q28 from KCT)
posed tremendous challenges to teachers (see Figure 4 in the results
section). For instance, Q6 was about “Model 1 1/2x2/3, asking
teachers to show a representing model of the multiplication of
fractions (see Figure 5). The question is related to the number concepts
and operations (NCOP) in specialized content knowledge (SCK).
Only 9% of the teachers could select option (c) as a correct answer.
The teachers do not possess observational methods to frame an
abstract mathematical concept into a pictorial instructional strategy.

Q18 provided a scenario related to symmetry in polygons
(Figure 6). It was classified into geometry topics. No teacher was able
to answer it correctly (see Figure 4 in the results section). The
teachers were not able to reveal that students confused lines of
symmetry with rotating half the figure onto the other half (answer
d). Such knowledge of content and students (KCS)-related
competence lacking among TTC teachers shows that pedagogical
skill is still needed to know the students they teach. Teachers should
think on behalf of their students and analyze possible conceptions.
This may help them to progress well in the lesson.

Similarly, Q20 belongs to KCT, and none answered it correctly
(see Figure 4 in the results section). It is related to NCOP, which places
value on young learners (Figure 7). Teachers could not reveal that
straws and rubber bands would be the most appropriate tools to
introduce the idea of grouping by tens and ones to young learners.
Such a pedagogical selection shows that Rwandan TTC teachers still
need a deep understanding of pedagogical skills related to each level
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of education. The link between syllabus content and pedagogical
approaches is still needed.

Q28, related to knowledge of content and teaching (KCT), was
also failed by every teacher in our study (see Figure 4 in the results
section). This question is related to rational numbers (RAT). It was
difficult for a teacher to analyze and evaluate a better and easier
pattern to convert fractions into decimals (Figure 8).

In general, the items in KCT were poorly performed. Such results
show that Rwandan TTCs teachers struggle with connecting content
knowledge and teaching. In fact, the competency-based curriculum
implemented in 2016 (REB, 2015) would have answered such an
issue, but this study reveals that the change from knowledge to
competency-based pedagogy is still problematic. Such results
obtained from TTC teachers would initially suggest that the
curriculum framework specific to TTCs came out recently (REB,
2020); however, all teachers in Rwanda have been involved in training
offered by REB and several developmental partners (DPs) since 2016.
Therefore, further investigations into other teachers in general
secondary schools would clarify and support our findings. Would like
to investigate this in our future studies.

Teachers were found to have a positive attitude toward PCK
in teaching mathematics. They perceived it and agreed with the
PCK scale at more than 83%. On the contrary, a study by Mohd
et al. (2021) that used the same scale (Aksu et al., 2014) found a
moderate level of PCK among mathematics teachers in selected
secondary schools in Zanzibar. The findings from a study
conducted to examine mathematical problem-solving beliefs
among Rwandan secondary school teachers indicated that most
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it has four.

L/

FIGURE 6

18. At the close of a lesson on reflection symmetry in polygons, Ms. Mukesha gave her students several
problems to do. She collected their answers and read through them after class. For the problem below,
several of her students answered that the figure has two lines of symmetry and several answered that

How many lines of symmetry does this figure have?

Which of the following is the most likely reason for these incorrect answers? (Circle ONE answer.)
a) Students were not taught the definition of reflection symmetry.
b) Students were not taught the definition of a parallelogram.
c) Students confused lines of symmetry with edges of the polygon.
d) Students confused lines of symmetry with rotating half the figure onto the other half.

Q18 about symmetry in polygons. Alt text: This question was picked from the test and provided to facilitate the discussion of the results.

a) A number line

b) Plastic counting chips

C) Pennies and dimes

d) Straws and rubber bands

FIGURE 7

20. To introduce the idea of grouping by tens and ones with young learners, which of the following
materials or tools would be most appropriate? (Circle ONE answer.)

e) Any of these would be equally appropriate for introducing the idea of grouping by tens and ones.

Q20 about placing value on young learners. Alt text: This question was picked from the test and provided to facilitate the discussion of the results.

teachers showed a positive attitude toward advancing problem-
solving in the mathematics classroom, although they exposed
different views on its implementation (Dorimana et al., 2021).
The authors highlighted the role of problem-solving as an
approach that helps teachers use time adequately and helps
students develop critical thinking and reasoning that enable them
to face challenges in real life. Such beliefs from general secondary
schools need to be compared to beliefs among TTC teachers as
teacher trainers. The pre-service teachers also need to
be investigated and compared to their trainers to implement
effective remedies.

Conclusion and study implications

This study intended to assess the pedagogical content knowledge
for teaching that mathematics teachers in Rwandan teacher training

Frontiers in Education

colleges possess. We adapted MKT measures and the PCK scale to
reach the study aim. Teachers poorly performed the test (M=41.77%),
though they demonstrated a very high and positive attitude (>83%)
toward PCK in teaching mathematics. It was found that teachers do
not have the same knowledge in MKT constructs and mathematics
areas. Thus, they performed better in CK and poorly in KCT. They
showed a good knowledge of pattern function and algebra (PFA) and
a low knowledge of rational numbers (RAT), though this low
performance was attributed to the low number of items in the test.
Since our sample was limited due to the number of available schools,
further studies are needed to cover many teachers and compare TTC
teachers with general secondary school or TVET teachers. It was
good that TTC teachers have a positive PCK attitude; however, they
need to enhance their level of mathematics content knowledge since
their performance was low. Curriculum designers and pre-service
teacher universities should look into the problem and gap in delivered
mathematics content.
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28. Mr. Shadad is using his textbook to plan a lesson on converting fractions to decimals by finding an
equivalent fraction. The textbook provides the following two examples:

2 . 2 4
Convert —to a decimal: = = — = 0.4

5 5 10

23 . 2: 46
Convert — to a decimal — = — =0.46

50 50 100

Mr. Shadad wants to have some other examples ready in case his students need additional practice in
using this method. Which of the following lists of examples would be best to use for this purpose?

(Circle ONE answer.)

1 8 8 4 1

)~ — — - =
4 16 20 5 2
1 7 12

by — = — — —
20 8 15 40 16
3 2 74 2 11

9= = — = —
4 3 20 7 30

d) All of the lists would work equally well.

FIGURE 8

Q28 about converting fractions. Alt text: This question was picked from the test and provided to facilitate the discussion of the results.
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