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Abstract: Informal geometry which is part of the early childhood mathematics education course is relatively new in public universities 

in our country. Even in private universities where it has been taught for quiet sometime, varying attention has been paid to it from it not 

being offered to being offered as an elective to a full course. This article examined pre-school teacher subject matter knowledge for 

teaching informal geometry. The theory of pre-assessment was used. The philosophy used was realism. Mixed methods were used and 

the sampling criteria was explanatory-exploratory in nature. 111 participants were involved in this study. The findings were that the 

respondents under study had an average SMK. Although this varied depending on a question to question analysis and a focus group 

discussion where they could not separate SMK questions from PCK, classroom practice, challenges and opportunities that they spelled 

out during the focus group. Respondents were employing some play based teaching such as free, inquiry, collaborative, learning 

through games, stories, project, art, physical education. They also had personal, management and curriculum related challenges 

although local outdoor environments and conditions were favourable for informal geometry teaching. The study recommended pre-

testing of students to tailor instruction on understanding, introduction of high level content in informal geometry to strengthen students 

informal geometry background, a guided student centred curriculum, further research in other content strands, further capacity 

building and technical services to teachers, teacher trainers/educators and managers in play based learning and informal geometry 

teaching during and post the Covid-19 era.  
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1. Introduction 
 

Informal geometry which is part of the early childhood 

mathematics education (ECME) course is relatively new in 

public universities in Zambia (National Numeracy 

Framework -NNF, 2020; Chimfwembe- Gondwe, 2020 & 

2021; Nagisa 2020). For curiosity and in a quest to gain 

knowledge and establishing the gap, this study searched 

university catalogs from two public universities and one 

private university. It was found that, this course has not been 

offered to pre-school teachers nor researched at any public 

university and yet the early childhood mathematics 

education teaching and research (Nagisa, 2017) has become 

a contentious issue in the international community (For 

example, Lin, 2013; Brandt, 2013; Clements & Sarama, 

2009 quoted in Nagisa 2017). Zambian early mathematics 

instruction at all levels of education still lags. This is 

partially because Zambian Universities unlike The Texas 

University has paid differing attentions to this branch of 

Mathematics. (University of Zambia Catalogue- UNZA 

2014-2016; Copperbelt University-CBU 2019/2020 

courses); even in private universities where it has been 

taught for quiet sometime, varying attention has been paid to 

it (Zambia Open University-ZAOU 2021). From it not being 

offered to being taken as an elective (University of Texas 

Austin, n. D) to being part of the full course under the guise 

of pre-mathematics (ZAOU 2021 and ECME to numeracy 

development (Chalimbana University-CHAu 2013 & 2015; 

2016 & 2018, 2020/2021) and a full course (Texas state 

university undergraduate Catalogue 2017-2018; 2020-2021 

Catalogue) in a different school (UNZA Catalogue 2014-

2016 & ZAOU 2021). It has not been offered has a full 

course (CHAU 2020 & 2021) but part of numeracy 

development (2018). The Zambian experience mirrors in 

many ways that of many countries (Morris, 1986). 

Historically, numeracy was a goal to be attained after the 

process of learning number and number and notation 

(Victorian state government education, n.D). Numeracy 

involves being flexible with number and number notation. 

While informal geometry involves exploring mathematical 

concepts such as size, shape, position and dimensions of 

objects. A large part of learning in informal geometry 

involves becoming familiar with and using numbers and 

words to describe objects and knowing the differences 

between objects while formal geometry involves verification 

of informal proofs in Euclidean geometry using a fragment 

of first-order logic called coherent logic and a corresponding 

proof representation (San Stojanovic-Durdevic, 2018).  

 

According to Copley (2010) informal geometry at preschool 

level has the following content: shape, size, position, 

direction and movement and processes like problem solving, 

reasoning, connections, communication and representations 

and yet in Zambia only plane shapes are given more 

attention (MOE, 2014 & USAID, 2019). While according to 

Texas University Catalogue (TUC) 2020-2021 the content 

for university students has the following broad content 

areas: history of informal geometry (Mc Cartney,2012) an 

introduction to formal & informal geometry, mathematical 

reasoning, higher geometry, differential geometry, pre-

Calculus & Calculus, college algebra, mathematics for 

business and economics, informal geometric analysis 

seminar (TUC 2020-2021). However, Morris (1986) warns 

that of all the decisions one must make in a curriculum 

development project with respect to choice of content, 

usually the most controversial and least defensible is the 

decision about geometry.it is a problem reconciling a 

logically developed course with the mental immaturity of 

young children and with the contemporary needs to 

understand geometric transformations, analytical methods 

and vector algebra. 
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2. Purpose of the Study 
 

The purpose of study was to assess teacher subject matter 

knowledge for teaching informal geometry  

 

3. Statement of the Problem 
 

Despite Government efforts to improve students’ 

performance in mathematics, learner performance has 

continued to be below the desired level of 70% (NNF, 

2020). A number of studies have been conducted to assess 

learner underperformance (Hambokoma,C; Nkhata B, 

Kostyuk,Vasly,2002-2016,Chimfwembe G,2011 and 

others). But, it seems no research has been conducted to 

investigate teacher subject matter knowledge for teaching of 

informal geometry at university T; so as to establish the 

challenges teachers face and use such challenges as 

opportunities to come up with further capacity building and 

technical support actions before they embark on university 

education. Learner underperformance has social, economic 

and political implications if it remains unchecked. The 

growth of Science, Technology, Engineering and 

Mathematics (STEM) also depends on a numerate society 

(Nkhata, etal, 2002, 2013 & 2019).  

 

4. Theoretical Framework 
 

Many theories exist to assess teacher understanding 

(Talsma, 1997). This study used the pre-assessment theory 

propounded by Terry Heick (2018). According to this 

theory, the teacher is expected to uncover what students 

know and how well they know it before a teacher could 

embark on teaching. Pre-assessments focus is any kind of 

evaluation, analysis or measurement of student 

understanding that occurs before the teaching/learning 

process begins. The purpose of pre-assessment varies-it can 

be to help plan lessons and activities, revise curriculum 

maps, create personalised learning pathways for individual 

students, and help inform grouping strategies, plan future 

assessments and many others.  

 

5. Research Objectives 
 

The research objective was to examine pre-school teacher 

subject matter knowledge for teaching informal geometry as 

they embarked on University education.  

 

6. Research Questions  
 

The research answered the following main question: Do pre-

school teachers of this particular cohort have sufficient 

subject matter knowledge concerning informal geometry.  

 

Significance of the Study 

This study may bring out new ideas on how to improve the 

performance in mathematics in later grades that have been 

below the desired level of 70 %.( draft National Numeracy 

Framework (NNF), 2015) and Early Grade Mathematics 

Assessment report (2015). It may also improve the 

researchers knowledge on informal geometry and reduce on 

the questions own had concerning the gap in the literature 

concerning informal geometry. Although globally, there 

may be problems of reconciling a logically developed course 

with mental immaturity of the young children and with the 

contemporary needs to understand geometrical 

transformations, analytical methods and vector geometry 

(Morris, 1986) and many other types of geometries (Texas 

state university undergraduate Catalogue 2017-2018; 2020-

2021 Catalogue, Sonnabend & Copley,2010)  

 

7. Literature Review 
 

7.1 Pre-school subject matter knowledge for teaching 

informal geometry 

 

Hedwig Gasteiger, Julia Bruns, Christiane Benz, Esther 

Brunner & Priska Sprenger (2019) carried out a study on 

mathematical pedagogical content knowledge (MPCK) of 

early childhood teachers. This study highlighted what early 

childhood teaching is. Thus it includes some planned 

activities. It is also motivated and generated by situations 

that unfold spontaneously in play and everyday activities. 

Therefore, this field should be respected. Although 

respecting this field may fail to explain teacher’s knowledge 

explicitly but indeed it may show implicit knowledge in 

their daily work. And that a measurement approach related 

to concrete situations may be suitable. Although qualitative 

MPCK interview instruments exist. But that there is lack of 

a standardized instrument suitable for large scale studies. 

And that developing a paper –pencil test with multiple-

choice items measuring MPCK and respecting early 

childhood implicit knowledge could be an ideal way of 

dealing with this case. However, the current study focused 

on trying to develop the rightful content and instrument for 

early childhood mathematics teachers by examining teachers 

SMK (Chimfwembe, 2020) and mathematical reasoning 

(Chimfwembe, 2021) in lieu of interpreting the national 

policies on early childhood mathematics education 

(ZECF,2013 & ELDs ,2016). This policies are important 

because they provide guidelines on the way forward in early 

childhood mathematics education provision in Zambia. In 

most cases teachers are implementers and very important 

factors in children’s learning, yet little is known about the 

specialized knowledge held by in-service teachers (Filgona 

Jacob, Sakiyo John and D.M Gwany, 2020). In any 

profession, there is a specialised professional knowledge 

that makes it unique and distinct with striking features 

entirely different from other professions. One of the 

characteristic of a good teacher is that they possess a 

substantial amount of subject matter knowledge (ibid). 

Subject matter knowledge which includes common content 

knowledge, specialised content knowledge and horizontal 

content knowledge (Ball etal, 2008 & 2011) has been the 

focus of research globally (Guoxing Yu,2007). Luneta 

(2014) also conducted a study in South Africa and found 

that, majority of student teachers had limited knowledge of 

basic geometry. Although her study was not on early child 

hood teachers but on student teachers starting tertiary 

education straight from high school. This study was on 

conceptual understanding of shapes such as polygons and 

polyhedrons and their properties. And Luneta’s finding was 

that, the majority of student teachers have limited 

knowledge of basic geometry and require not remedial, but 

re-learning of basic concepts. In her study a cohort of 128 

first year students registered for a foundation course which 
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is similar to the number registered and participated in the 

current study. In her study it was found that while Grade 12 

learners are expected to operate at levels 3 and4 on the van 

Hieles levels, the majority of the participants in the study 

were operating at level 1, the level of the leaners they will be 

teaching when they complete the course. Her study 

investigated the knowledge of geometry with which student 

teachers enter university which was the case with the current 

study. Luneta’s study was predominantly qualitative which 

used interpretive descriptions to analyse data and Van 

Hiele’s thought as a gauge while this study is mixed and 

used group work activities from Sonnabend (2010) and 

Copley (2010) course books as a gauge. This course books 

are recommended to be used especially if one is assessing 

the professional knowledge for teachers (NAEYC & NCTM, 

2000) and they are in line with the current trends in ECME 

provision in the country (ZECF, 2013 & MOE, 2016). The 

two course books are full of playful activities such as 

mathematical investigations and problem solving. 

 

8. Methodology 
 

8.1 Study paradigm 

 

This study used the philosophy of realism. The theory of 

reality and is best used in mixed method studies (Jannita, 

2010). Teacher subject matter of informal geometry has an 

influence on learner performance. Although it is further 

argued that no strong correlation exists between teachers’ 

knowledge of the subject matter and learner performance 

(NAP, 2009). 

 

This study used mixed methods. Mixed methods research is 

a methodology for conducting research that involves 

collecting, analysing and integrating mixed (for example, 

experiments, surveys) and qualitative (for example, focus 

groups, interviews) research. And analysing data 

thematically and by use of minimal statistics (Cres well, 

2003).  

 

8.2 Study Design  
 

The study was a pilot study (Hedwig Gasteiger et al, 2019). 

Because ECME had just started at the university (CHAu, 

2013). The use of a pilot study provided information against 

which to monitor and assess an activities progress and 

effectiveness during implementation. A pilot study helps in 

testing the feasibility of the project proposal, recruitment of 

subjects, research tools and data analysis methods (Zaili Abu 

Hassan, Peter Scattner, and Danielle Mazza (2006). 

 

8.3 Population and participant characteristics 
 

The population comprised of Pre-school trained teachers 

with a minimum of a certificate in early childhood education 

(ECE) formally called pre-school. Most of them did their 

training from private institutions and others from two public 

institutions that were in existence before implementation of 

ECE in public colleges. The respondents in question had 

formal training based on the old early childhood curriculum 

which had less emphasis on (ELDs) and other mathematical 

content strands but basically on numeracy which was a 

foundation for learning informal geometry. In the case of 

pre-school teachers, the grades they got from colleges did 

not matter what was important was the professional 

certificate and a grade 12 certificate. 

 

8.4 Sample and characteristics  

 

The sample consisted of about 111 respondents. This 

number provided ample opportunity for the researcher to 

identify themes and pattern of cases that the researcher had 

in the literature review as well as conduct cross case theme 

analysis. Respondents had not received instruction in 

informal geometry at the University. But had basic ideas on 

plane shapes. Respondents chose the groups were they were 

comfortable. 

 

8.5 Sampling method and Procedure 

 

The study conveniently sampled the respondents because the 

study wanted to gather information to address critical issues 

that may arise from newly launched programs. It also 

wanted to collect feedback about the ECME program that 

had just been launched at a public institution.  

 

8.6  Data collection instruments and procedure  

 

The questions on the group work activity were open ended 

(Chimfwembe-Gondwe, 2020 & 2021). Because open ended 

questions makes interviewers to be free to express their 

views and to brainstorm while a survey ensures that data is 

collected from a large sample (Johan Malmqvist, Kristina 

Hellberg, Gunvie Mollas, Richard Rose and Michael Shevlin 

(2019). The focus group discussion guides on how to 

interrogate respondents deeply in order to get the required 

answers (Un Women, 2011). Data from the group work 

activity and focus group discussion was collected during the 

April-May 2018 residential.  

 

8.7 Data Analysis Procedure 

 

Data was collected and analysed firstly quantitatively then 

qualitatively Frequencies and percentages were used and 

latter content from the focus group discussion was mapped 

into themes, the challenges and opportunities were also 

mapped into themes. Commonalities and exceptions were 

also noted. 

 

8.8 Reliability 

 

Questions were selected from some methodological and 

content text books (Sonnabend, 2010 and Copley, 2010). 

Same findings emerged from the 2015/ 2016 cohort and the 

2017/2018 cohort. In the cohort of 2015/2016 SPSS was 

used to analyse data and the result was the same as when 

results were analysed using excel in the current study of 

cohort 2017/2018. This was in line with the definition of the 

term reliability. Reliability is about consistency of a measure 

(Fiona Middleton, 2020) 

 

8.9 Validity 

 

This was considered in the earliest stages of this study 

through the way the researcher decided on data collection. 

Data was collected and analysed in a triangulated manner. 
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The methods and measurement technique targeted to 

measure mathematics (informal geometry) which has been 

the researchers teaching subject. The measurement 

technique was verified by the supervisor of the research and 

two other students.  

 

8.10 Assumptions of the Study 

 

The researcher assumed that the respondents in the study 

had enough subject matter knowledge in informal geometry 

to embark on university education.  

 

8.9 Ethical dilemmas and considerations 
 

Ethically the study was permitted by MOE and the 

university under study. Confidentiality and anonymity were 

ensured by using pseudonyms of personal names and 

locations, and omitting certain details in the descriptions 

(Bryman, 2008). In this study in cases where information 

concerned well-being, information was divulged to relevant 

authorities but with pseudonyms used.  

 

8.10 Trust worthiness of the study  

 

The researcher took a sequential explanatory-exploratory 

direction and cared about hypothesis testing and providing 

information because ECE is relatively new in government 

schools including university T. And little is known about it. 

Furthermore, trust worthiness depended on the degree to 

which the theoretical, methodological choices and process 

on analysis and data collection were made visible.  

 

This study used thick description to show that the research 

study’s findings are applicable to other contexts, 

circumstances, and situations. And documented all the 

activities -provided an audit trail-that highlighted every step 

of data analysis that was made in order to provide a rationale 

for the decisions made. This helped the researcher to 

establish that the research study’s findings accurately 

portray participants’ responses. The study used an inquiry 

audit in order to establish dependability. Two outside 

persons were used to review and examine the research 

process and the data analysis in order to ensure that the 

findings are consistent and could be repeated. 

 

9. Findings and Discussions of the Study 
 

9.1 Teacher subject matter knowledge for teaching 

informal geometry 

 

Figure 1 below gives a summary of teacher subject matter 

knowledge on informal geometry before they embarked on 

university education. 

 

 

 
Figure 1 

 

The cut-off point was 79 scores out of 158 total marks. 

According to the information on the graph most of the 

respondents scored above the cut-off point and below an 

ideal score of 118. This meant that the respondents of the 

cohort in question had generally an average SMK. This was 

sufficient SMK where the instructor could initiate 

instruction from as they needed retraining not remedial work 

(Luneta, 2014; Nagisa 2019 & Chimfwembe, 2020). Group 

03, did not respond to questions 35, 37, 38 and 43. These 

questions were on completing a table on the number of 

triangles formed and the sum of interior angles using the 

principle of inductive reasoning; explaining some 

geometrical software that a teacher can use to teach 

geometry; showing that the equilateral triangle tessellate and 

when a line and a plane are perpendicular. While group 06 

did not respond to questions 19, 32, 33, 34, and 38 and was 

the weakest group. This questions were on defining and 

giving examples and non-examples of a polygon, geo-board 

and diagonal; naming a time of the day when the minute and 

hour hands of a clock form a 75
o 

angle
 
and devising a plan 

and solving the problem; verifying the principle that, the 

sum in degrees of angle measures of any triangle is always 

the same and what the sum of three angle measures appear 

to be and later finding the angle measures of a convex 

quadrilateral; Also checking for misconceptions and errors 

in a learner who says that the sum of angle measures of a 

quadrilateral is 720
0 

and not 360
o
 and draws a kite with two 

diagonals then makes the assumption that the interior angle 

measure of the kite add up to 4x180,and goes on computing 

the sum of interior angle measures of the quadrilateral using 

four triangles. Further, group 06 could not show by 

explaining that, the equilateral triangle tessellates. It seemed 

Paper ID: SR21221084419 DOI: 10.21275/SR21221084419 1593 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2019): 7.583 

Volume 10 Issue 2, February 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

the question on the equilateral triangle tessellating was 

difficulty to most of the groups. Furthermore, groups 

03,13,17,18, 28 and 36 got the maximum number of zeroes 

on certain questions. This finding is consistent with what 

Luneta (2014) found Luneta’s study found that, majority of 

student teachers had limited knowledge of basic geometry. 

Her methodology was mainly qualitative with a lot of 

interpretations while this study is mainly mixed with 

minimal statistics such as frequencies and percentages. The 

current study differs from Luneta”s study in the sense that, 

the current study did not find out the level at which the 

students were operating at as put forth by Van Hiele (1957) 

because the focus was to find out the general information in-

service teachers had concerning informal geometry and not 

pre-service, how they were interpreting children’s 

misconceptions of geometric concepts, how they understood 

children’s thinking, how they taught this children and how 

they understood the curriculum and their understanding of 

geometry based on pedagogy and content they exhibited as 

they answered questions from the group activity 

questionnaire and during focus group discussions. In the 

current study there was no treatment group as was the case 

with Fatma & Thomasenia (2015). And no repeated measure 

ANOVA results showed a significant change in the 

treatment group participant’s geometry content knowledge 

but only a bar chart and tables were used with minimal 

frequencies and percentages because this will be handled in 

the next article as this article is just part of a long journal on 

early childhood mathematics education in Zambia. However 

the performance in the current study varied in the sense that 

those who failed certain questions did well in other 

questions (Olivia N Saracho & Bernard Spodek, 2007) 

 

Table 3 below shows the questions per group that three 

groups got wrong. While table 4 shows the questions that 

they got correct. Each group had the same questions except 

that what is reflected in the tables 3 and 4 are the questions 

each of these groups got wrong and correct respectively. 

 

Table 3: Questions per group where they got a Zero mark 
Group Question 

3  In which year did the Greeks develop an important new approach to geometry and what was this approach? 

 Name a time of the day when the minute and hour hands of a clock form 75o. Devise a plan and solve the plan.* 

 Verify the following principle” The sum in degrees of angle measure of any triangle is always the same.” What does the sum of 

three angle measure appear to be? Find the angle measures of a convex quadrilateral. 

 Give examples in everyday life of something that approximates a line that is perpendicular to a plane. 

 What are the possible relationships between two planes in three dimensions 

 You asked a second –grade class how many edges a cube has. A learner responds,” Each face has 4 edges. There are 6 faces. 

The total would be 4+4+4+4+4+4=24.” How would you explain the correct solution to the learner? 

 Describe properties that prisms have that pyramids, spheres and cones do not have?  

17  Name the oldest recorded examples of geometry  

 In which year did the Greeks develop an important new approach to geometry and what was this approach? 

 Where do geometric ideas such as, a line come from? 

 Complete the following statements 

o Two intersecting lines have exactly------- point in common 

o Two lines are parallel if and only if they lie in the same plane and they do not-------- 

 Complete a table and find the number of diagonals for a polygon with N-sides 

 Name the time of day when the minute and hour hands of a clock form a 75o. Devise a plan and solve the problem.* 

 Verify the following principle” The sum in degrees of angle measure of any triangle is always the same.” What does the sum of 

three angle measure appear to be? Find the angle measures of a convex quadrilateral. 

 A learner says that the sum of angle measure of a quadrilateral is 720oand not 360o and draws a kite with two diagonals then 

makes the following assumptions that the interior angle measure of the kite add up to 4x 180o=720o 

 What is wrong with the learners reasoning 

 How could you compute the sum of interior angle measures of the quadrilateral using the four triangles 

  With examples, explain some geometrical software that a teacher can use to teach geometry. 

 What are the possible relationships between two planes in three dimensions? 

 You asked a second –grade class how many edges a cube has. A learner responds,” Each face has 4 edges. There are 6 faces. 

The total would be 4+4+4+4+4+4=24.” How would you explain the correct solution to the learner? 

28  Name the oldest recorded examples of geometry. 

 What do we need to consider to figure out which regular polygons tessellate the plane? 

 Name the time of day when the minute and hour hands of a clock form a 75o. Devise a plan and solve the problem.* 

 Verify the following principle” The sum in degrees of angle measure of any triangle is always the same.” What does the sum of 

three angle measure appear to be? Find the angle measures of a convex quadrilateral 

 •A learner says that the sum of angle measure of a quadrilateral is 720o and not 360o and draws a kite with two diagonals then 

makes the following assumptions that the interior angle measure of the kite add up to 4x 180o=720o 

 a).What is wrong with the learners reasoning 

 b).How could you compute the sum of interior angle measures of the quadrilateral using the four triangles 

 When is a line and a plane perpendicular? 

 You asked a second –grade class how many edges a cube has. A learner responds,” Each face has 4 edges. There are 6 faces. 

The total would be 4+4+4+4+4+4=24.” How would you explain the correct solution to the learner? 

 Describe properties that prisms have that pyramids, spheres and cones do not have? 
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Content for which questions were formulated adopted 

from Thomas Sonnabend (2010) 

From the table above all the three groups failed the question 

on the time of the day when the minute and the hour hands 

of a clock form a 75
o
 and devising a plan to solve the 

problem. This could be seen by the * that is reflected in all 

the three groups.  

 

Table 4: below shows the questions per group that six 

groups got right. 
Group(S) Question 

13 &17 

 

What do we need to consider to figure out which 

regular polygons tessellate the plane? 

03,13,17,28 & 36 
With examples define a chord, radius, diameter 

and central angle. 

03,13,18 &36 
List the properties of a rectangle, square and a 

rhombus 

13,17,18,28 & 36 

How many faces does a cube have? 

How many edges does a cube have? 

How many vertices does a cube have? 

 

Content for which questions were formulated adopted 

from Thomas Sonnabend (2010) 

From the table above although these groups got the 

maximum number of zeroes as deduced from table 3, they 

also answered certain questions well as seen in table 4 

above. This performance reflects a situation where it is not 

always that when a person fails one question then it means 

that, that person cannot pass the other questions. This 

finding is consistent with (Olivia N Saracho & Bernard 

Spodek, 2007). These researchers carried out a study where 

they critically analysed 40 studies on early preparation of 

early childhood education teachers and quality of their 

educational programs that were published within a 15 year 

period (1989-2004). Using a literal, allegorical and 

interpretive critical analysis, they explored the importance of 

high level of education for early childhood education 

teachers and recommended professional development, 

importance of a bachelor’s degree and educational standards 

for early childhood teachers  

 

10. Conclusions and Recommendations 
 

The researcher’s conclusion from the current study was that, 

respondents of this particular cohort had an average subject 

matter knowledge although this varied from one group to the 

other. And that regarding subject matter knowledge, all the 

decisions one must make in a curriculum development 

project and high level program for early childhood education 

teachers with respect to choice of content, usually the most 

controversial and least defensible is the decision about 

geometry. It is a problem reconciling a logically developed 

course bearing in mind that the teachers in question will be 

teaching young children who may be the mentally immature 

and with the contemporary needs to understand geometric 

transformations, analytical methods and vector algebra 

among the so many geometries (TUC, 2020-2021 catalog, 

Sonnabend, 2010 & Copley, 2010, Moris, 1986). 

Nevertheless, the issue of a quality informal geometry 

program is critical for teachers of early learners (Olivia N 

Saracho & Bernard Spodek, 2007). 

 

Therefore, this study recommends that; 

 The university should be pretesting students before 

lecturers embark on teaching. This will enable them to 

tailor content towards teaching for understanding 

(Talsma, 1997). And ensure high quality informal 

geometry is offered to teachers of early learners (Olivia 

et al, 2007) 

 Besides strengthening students informal geometry 

background, courses in mathematics should develop 

skills that are essential for teachers but not generally 

taught in other informal geometry course such as the 

ability to give clear explanations, evaluate children’s 

mathematical work, solve problems with differential 

methods, select appropriate models to develop concepts, 

and sequence a series of problems or topics 

(Sonnabend,2010 & Matthew Maning, Susan Garvis, 

Christopher Flemmings, Gabriel T.W (2017 )). 

 Content under informal geometry should include history, 

polygons, triangles, quadrilaterals circles and angle 

measure of polygons, three dimensional geometry, 

viewing and drawing solid figures, geometry in grade 

one to eight, transformation and congruence, 

constructions, symmetry, similarity and dilation (TUC, 

2020-2021 Catalog), history of mathematics (Mc 

Cartney, 2012) an introduction to formal & informal 

geometry, mathematical reasoning, higher geometry, 

differential geometry, pre-Calculus & Calculus, college 

algebra, mathematics for business and economics, 

informal geometric analysis seminar (2020-2021 

Catalogs. Mathematics (MATH) TEXAS STATE) and 

Course Catalog 2014-2016-UNZA .This content links 

well with our pre-school syllabus content 

(ZECF,2013,School syllabus,2013 & ELDs,2016) and 

has a lot of geometry in line with mathematical 

investigations, problem solving and other mathematical 

processes and its content trajectory is very clear and is of 

high quality (Olivia & Spodek,2007).  

 Managers and other teachers need orientation on play –

based inquiry, free play, collaborative play, playful 

learning and learning through other contexts as most of 

them are just interested in seeing learning goals and 

success criterion on the wall. 

 The early childhood curriculum at university T should be 

based on guided student centred-ness and play. 

 Since the current study only focused on SMK of informal 

geometry, further research is needed to find out where 

mathematics is in play in other content areas such as 

number, measurement, patterns, algebra, functions, data 

and probability(ibid). Also, there should be a study to 

find the level at which respondents were operating as put 

forth by Van Hiele.  

 

11. Acknowledgements 
 

This article was written by the researcher in partial 

fulfilment of her doctoral thesis as a requirement by the 

university. Special thanks go to my family, supervisors, 

teachers, Vvob –Zambia, BUPL-ZNUT Denmark-Zambia, 

University of Zambia management, Roger Federer 

Foundation, NISTCOL-Chalimbana University 

management, MOE for technical and financial support.  

 

 

Paper ID: SR21221084419 DOI: 10.21275/SR21221084419 1595 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2019): 7.583 

Volume 10 Issue 2, February 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

References 
 

[1] 2017-2018 Undergraduate Catalog: Math 3305- 

Formal & Informal geometry:Course 

Descriptions.Texas: University of 

Hauston.@www.uh.edu>nsm>math>undergraduate>c

ourses accessed on 15/01/2021 

[2] 2019/2020 Courses offered by Copperbelt University 

(Distance Education),Zambia@ 

Zambiastudies.com>2019/03/21 accessed on 

15/01/2021 

[3] 2020-2021 Catalogs. Mathematics (MATH) TEXAS 

STATE 
university@mycatalog.txstate.edu>courses>math 

accessed on 15/01/2021 

[4] Amani K. H Alghamdi (2017) Effects of an Integrated 

Curriculum on Student Achievement in Saudi 

Arabia. Eurasia Journal of Mathematics science and 

technology education. ISSN; 1305-8223(online) 1305-

8215(print) 2017 13 (9):6079-6100. DOI: 

10.12973/eurasia2017.01051a./www.ejmste.com> 

download accessed on 12/01/2021 

[5] Angela Pyle & Erica Danniels (2017). A Continuum 

of Play-Based Learning: The Role of the Teacher in 

Play-Based Pedagogy and the Fear of Hijacking 

Play, Early Education and Development, 28:3, 274- 

289, DOI:10.1080/10409289.2016.1220771@ tspace. 

Library.utoronto.ca>A…pdf accessed on 07/01/2020 

[6] Asuman Duatepe Aksu (2013) Predicting the 

Geometry Knowledge of Pre-Service Elementary 

Teachers. Cumhuriyet International Journal of 

Education-CIJE e–ISSN: 2147-1606 Vol 2 (3), July 

2013, pp. 15-27 @ 

https://files.eric.ed.gov/fulltext/ED565587.pdf · PDF 

file accessed on 01/01 /2021. 

[7] Banda Agness Mando (2018).Teaching Subitizing in 

Early Childhood Education Centres in Lusaka Urban, 

Zambia. International Journal of Humanities and 

Social Science  Vol. 8.Aogust 2018 

doi:10.30845/ijhss.v8n8pi 

[8] Bentry Nkhata, Sitwe Benson Mkandawire, Kabunga 

Nachiyunde, Patricia Phiri-Nalube, Bestern Kaani, 

Innocent Mutale Mulenga, Chidongo Phiri, Bernard 

Chileshe, Noah Kenny Sichula, Patrick Sikayomya, 

Jonathan C Munachaka, Dennis Banda, Felesia 

Mulauzi, Janet Serenje-Chipindi, Ferdinand Mwaka 

Chipindi (2019) Exploring Selected theories 

applicable to educational discipline and Social 

Science research. International Journal of Humanities 

Social Sciences and Education (IJHSSE) Volume 

6,Issue 12,Dec 2019,pp 97-116@ 

https://dx.doi.org/10.2043//2349-0381.0612008 

accessed on 19/11/2020 

[9] Brownings Christine, Alden J. Edson, Kimani, Patrick, 

and Aslan-Tutak, Fatma (2014) Mathematical Content 

Knowledge for Teaching Elementary Mathematics: A 

Focus on Geometry and Measurement, The 

Mathematics Enthusiast. Vol. 11:No,2 Article 

7@https;//scholarworks.umt.edu/tme/vol/11/iss2/7 

accessed on 12/02/2021 

[10] Camilla Bjorklund, Marja Van Den Heuvel- Pan 

huizen,Angelika Kullberg (2020) Research on Early 

Childhood mathematics teaching and learning ZDM 

(2020) 52:607–619 https://doi.org/10.1007/s11858-

020-01177-3 accessed on 08/02/2021 

[11] Chalimbana University (2013 &2015) Bachelor of 

Education-Early Childhood Education (BED-ECE) 

draft. Syllabi. Lusaka; Chongwe. CHAu-Directorate of 

Distance Education (the author). 

[12] Chalimbana University (2017 & 2018). Bachelor of 

Education-Early Childhood Education (BED-ECE) 

draft. Chongwe. CHAu-Department of Early 

Childhood education (the author). 

[13] Chalimbana University (2018) ECND 1101: 

Numeracy and Development. Lusaka, Chongwe: 

School of early childhood studies (the author). 

[14] Chalimbana University (2018) ECND 2101: Teaching 

Numeracy Development. Lusaka, Chongwe: School of 

early childhood studies (the author). 

[15] Chien Lee Shing, Rohaida Mohd. Saat , Siow Heng 

Loke (2015) The Knowledge of Teaching – 

Pedagogical Content Knowledge (PCK). The 

Malaysian Online Journal of Educational Science 2015 

(Volume3 - Issue 3 ) @ 

mojes.um.edu.my>article>view accessed on 

01/02/2020. 

[16] Chimfwembe Getrude, Classroom practices that exist 

when University In-service Students Teach informal 

geometry,” International Journal of Science and 

Research (IJSR), https://www.ijsr.net/search index-

results-paperid.php? Id=SR201213040558, Volume 9, 

issue 12, December 2020.779-786/ accessed on 

07/01/2021 

[17] Chimfwembe Getrude-Gondwe, Play-based pedagogy 

in ECE Centres: An emphasis on Module 

Improvement for expanse students, ” International 

Journal of Science and Research (IJSR), 

https://www.ijsr.net/search index 

resultspaperid.php?Id=SR201213022753, Volume 9, 

issue 12, December 2020.774-778 [12]  accessed on 

08/01/2021 

[18] Copley Juanita (2010). The young child and 

mathematics. USA: Naeyc & NCTM. 

[19] Course Catalog-UNZA @ www.unza>media>files 

PDF accessed on 15/01/2021 

[20] Course Requirements/The University of Texas at 

Austin @admissions.utexas.edu>explore> pre-

requisites>general-requirements accessed on 

15/01/2021 

[21] Dragma Martinovic and Agida G Marizade (2017) 

Using Grounded theory to extend existing PCK 

framework at Secondary Level: education Sciences 

@mdpi.com>pdf accessed on 12/01/21. 

[22] Erica Danniels & Angela Pyle (2018) Defining Play-

based Learning: Encyclopedia on Early Childhood 

Development. Canada: University of 

Toronto.@www.child-

encyclopedia.com>defi...accessed on 12/01/2021 

[23] Fatma Aslan- Tutak & Thomasenia Lott Adams (2015) 

A study of Geometry Content Knowledge of 

Elementary Pre-service Teachers. International 

Electronic Journal of Elementary Education Vol.7, 

issue 3,301-318, 2015@ files. Eric.ed.gov>fulltext 

PDF accessed on 21/02/2021. 

[24] Filgona Jacob, Sakiyo John and D.M Gwany (2020) 

Teachers Pedagogical Content Knowledge and 

Paper ID: SR21221084419 DOI: 10.21275/SR21221084419 1596 

mailto:Hauston.@www.uh.edu%3Ensm%3Emath%3Eundergraduate%3Ecourses
mailto:Hauston.@www.uh.edu%3Ensm%3Emath%3Eundergraduate%3Ecourses
mailto:university@mycatalog.txstate.edu%3Ecourses%3Emath
https://dx.doi.org/10.2043/2349-0381.0612008
mailto:7@https;//scholarworks.umt.edu/tme/vol/11/iss2/7%20accessed%20on%2012/02/2021
mailto:7@https;//scholarworks.umt.edu/tme/vol/11/iss2/7%20accessed%20on%2012/02/2021
https://doi.org/10.1007/s11858-020-01177-3
https://doi.org/10.1007/s11858-020-01177-3
https://www.ijsr.net/search
https://www.ijsr.net/search
mailto:Toronto.@www.child-encyclopedia.com%3edefi...accessed
mailto:Toronto.@www.child-encyclopedia.com%3edefi...accessed


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2019): 7.583 

Volume 10 Issue 2, February 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Students Academic Achievement: A theoretical 

Overview. Journal of Global Research in Education 

and Social Science. 14(2):1-44, 2020. ISSN: 2454-

1834 accessed on 26/02/2021.@ 

www.researchgate.net>publication 

[25] Franziska Vogt, Bernhard Hauser, Rita Stebler, Karin 

Rechsteiner & Christa Urech (2018) Learning through 

play – pedagogy and learning outcomes in early 

childhood mathematics, European Early Childhood 

Education Research Journal, 26:4, 589-603, DOI: 

10.1080/1350293X.2018.1487160 accessed on 

09/02/2021 

[26] Gasteiger,H., Bruns,J., Benz,C et al. Mathematical 

pedagogical content knowledge of early childhood 

teachers: a standardized situation-related 

measurement approach. ZDM mathematics Education 

52,193-205 (2020). https://doi.org/10.1007/s11858-

019-01103-2 accessed on 12/02/2021. 

[27] Gertrude Chimfwembe (2011) Relationship between 

Self efficacy and mathematics performance among 

Zambian grade 11 pupils in Lusaka Urban 

@www.semanticscholar.org>paper accessed on 

25/02/2021 

[28] Getrude Chimfwembe- Gondwe, “ Pre-school Teacher 

Knowledge of Mathematical Reasoning: A grounded 

Theory Study,” International journal of Science and 

Research 

(IJSR),https://www.ijsr.net/search_index_results_pape

rid.php id=SR21127010751,volume 10 issue 1,January 

2021,1573-1583 accessed on 19/02/2021.  

[29] Getrude Chimfwembe-Gondwe,” Pre-school Teachers 

Pedagogical Content Knowledge for Teaching 

Informal Geometry: A case of In-service University 

Students,”International Journal of Science and 

Research (IJSR) , 

https://www.ijsr.net/search_index_results_paperid.php

?id=SR 201224234848,volume 9 issue 

12,December2020,1565-1583 accessed on 07/01/2021 

[30] Grace Tatter (2019) Playing to Learn: How a 

pedagogy of play can enliven the classroom, for 

students of all ages. UK: Havard Graduate School of 

Education  

[31] Guoxing Yu (2007) Research Project- School 

Effectiveness and Education Quality in Southern 

and Eastern Africa. Working Paper No. 12 
:EDQual. A Research programme Consortium on 

Implementing Education Quality in Low Income 

Countries @assets.publishing.service.gov.uk>… 

accessed on 26/02/2021. 

[32] Haambokoma C, Nkhata B, Kostyuk (2002) 

Strengthening of mathematics and science education 

in Zambian Secondary Schools. A baseline study 

report. Lusaka: MOE and JICA. 

.@www.unza.zm>school -of –education accessed on 

20/02/2021. 

[33] J .Patrick Biddix (n.D) Mixed Methods Research 

Design/ Research Rundowns.@ research 

rundowns.com>mixed >m… accessed on 09/02/2021 

[34] Jae Eun Lee (2017) Pre-School Teacher Pedagogical 

Content Knowledge in Mathematics. August 2017. 

International Journal of Early Childhood 49 (4). 

Doi:10. 1007/s 1315 8-017-0189-

1@link.springer.com>article accessed on 12/01/2021/.  

[35] Janet Bobis, Sue Dockett, Robert P Hunting, Bob 

Perry, Eva De Vries, Kate Highfield, Shiree Lee, 

Louise Thomas, Elizabeth Warrn (n.D ) Playing with 

Mathematics: Play in Early Childhood as a Context 

for Mathematics 

Learning@files.eric.ed.gov>fulltext>pdf accessed on 

08/01/2021 

[36] Johan Malmqvist, Kristina Hellberg, Gunvie Mollas, 

Richard Rose and Michael Shevlin (2019) Conducting 

the Pilot Study: A neglected part of Research 

Process? Methodological Findings Supporting the 

importance of Piloting in Qualitative Research 

studies. International Journal of Qualitative Methods 

[37] Joseph n. Payne (1975) Mathematics Learning in 

Early Childhood. Virginia: The National Council of 

Teachers of Mathematics @ files.eric.ed.gov> full text 

PDF accessed on 07/01/2021 

[38] Koeno Gravemeijer, Michelle Stephan, Minoru 

Ohtani( 2017 What Mathematics Education May 

Prepare Students For The Society Of The Future?. 

Int J of Sci and Math Edu 15,105-

123(2017).https://doi.org/10.1007/s10763-017-9814-

6/link.springer.com>article accessed on 12/01/2021. 

[39] Kyslika Marcella (2006) Understanding integrated 

Curriculum. The Curriculum journal / volume 9,Issue 

2: https: //doi.org/10.1080/0958517970090206/bera-

journals.onlinelibrary.wiley.com>…accessed on 

15/01/2021 

[40] Luneta Kakoma (2014) Foundation Phase teachers 

(limited) Knowledge of geometry.South African 

Journal of Childhood Education:SAJCE vol.4n.3 

Johannesburg 2014. @scielo.org.za/scielo.ph accessed 

on 21/02/2021. 

[41] Mark Mc Cartney (2012) History of Mathematics in 

the Higher Education Curriculum. London: British 

Society for the History of 

mathematics.@www.mathcentre.ac.uk>hist... 

Accessed on 08/02/2021 

[42]  Mathematics or numeracy?-Sage 

publication@www.education.vic.gov.au>pages 

accessed on 25/02/2021. 

[43] Matthew Oldridge (2019). The playful Approach to 

Mathematics: Social and Emotional Learning. @ 

edutopia.org/article/pla accessed on 12/01/2021. 

[44] MOE (2016) Early Learning and Development 

standards for Zambia. Lusaka: Unicef & Save the 

Children  

[45] Morris, Robert (1986).Studies in mathematics 

education,V.5: Geometry in Schools…. Paris: United 

Nations @ unesdoc.unesco.org>Notice accessed on 

25/02/2021 

[46] Munyati Onesmus (n.D) School of Natural Sciences: 

Position Statement on Changing the Department of 

Mathematics to Department of Mathematics and 

statistics. Lusaka: University of Zambia.@ 

www.unza.zm>departments>math... accessed on 

15/01/2021 

[47] Nagisa Nakawa (2017) Using The Co-Construction 
Approach To Improve The Quality Of Mathematics 
Learning Through Play In Japanese Preschools: A 
Case Study. 8th ICMI-East Asia Regional Conference 
on Mathematics Education 7-11 May 2018, Taipei, 
Taiwan 

Paper ID: SR21221084419 DOI: 10.21275/SR21221084419 1597 

https://doi.org/10.1080/1350293X.2018.1487160
https://doi.org/10.1007/s11858-019-01103-2%20accessed%20on%2012/02/2021
https://doi.org/10.1007/s11858-019-01103-2%20accessed%20on%2012/02/2021
https://www.ijsr.net/search_index_results_paperid.php
https://www.ijsr.net/search_index_results_paperid.php
https://www.ijsr.net/search_index_results_paperid.php
https://www.ijsr.net/search_index_results_paperid.php?id
https://www.ijsr.net/search_index_results_paperid.php?id
mailto:mathematics.@www.mathcentre.ac.uk%3Ehist


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2019): 7.583 

Volume 10 Issue 2, February 2021 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[48] Nagisa Nakawa (2019) Current Situation of Zambian 

Children’s Guided play in early childhood education 

pre-mathematics Classroom: A case study: 27th 

annual conference of southern association for research 

in mathematics, science and technology education 

@www.researchgate.net> publication accessed on 

11/01/2021.  

[49] Nathalie Sinclair & Cathrine D. Bruce (2015). New 

opportunities in Geometry education at the primary 

school. ZDM: the international journal on 

Mathematics Education (2015) 47:3 19-329DOI 

10.1007/s11858-015-0693-4 @ 

www.researchgate.net>publication accessed on 

12/01/2021 

[50] National Research Council (2009). Mathematics 

Learning in Early Childhood: Paths Toward 

Excellence and Equity. Washington, DC: The 

National Academies Press. 

https://doi.org/10.17226/12519 accessed on 

08/01/2021 

[51] Nkhata Bentry (2013) Career and technical education 

(CTE) directors’ experience with CTE’s 

contributions to science, technology, engineering and 

mathematics (STEM) education implementation. 

Virginia: Virginia Tech.@www.unza.zm>school -of –

education accessed on 20/02/2021. 

[52] Numeracy for all learners: Department of Education 

and…Victoria State Government. Education and 

Training @www.education.vic.gov.au>pages or 

education.vic.au accessed on 25/02/2021 

[53] Olivia N Saracho & Bernard Spodek (2007) Early 

Childhood teachers’ preparation and the quality of 

programme outcomes. January, 2007.Early child 

Development and Care 177(1):71-91. DOI 

:10.1080/03004430500317366.@ 

researchgate.net/publ accessed on 26/02/2021 

[54]  PRCA (n.D) Baseline study in PRCA-Food and 

Agriculture Organisation @www.fao.org>docrp>fao 

accessed on 09/02/2021 

[55] Rebecca R. Robichaux-Davis,   Guarino A.J (2016) 

Assessing Elementary Pre-service Teachers' 

Knowledge for Teaching Geometry. International 

Journal of Mathematics and Statistics Invention 

(IJMSI) E-ISSN: 2321 – 4767 P-ISSN: 2321 - 4759 

www.ijmsi.org Volume 4 Issue 1, January. 2016 PP-

12-

20@https://www.ijmsi.org/Papers/Volume.4.Issue.1/C

041012020.pdf · PDF file accessed on 01/01/2021. 

[56] Sana Stojanaovic-Durdevic (2018) From Informal to 

Formal proofs in Euclidean geometry: Annals of 

Mathematics and Artificial Intelligence 85,89-117 

(2019). https://doi.org/10.1007/s10472-018-9597-7 @ 

springer.com Article. 

[57] Sanja M Maricic, Jelena D Stamatovic (2017). The 

Effect of Preschool Mathematics Education in 

Development of Geometry Concepts in Children. 
EURASIA Journal of Mathematics Science and 

Technology Education ISSN: 1305-8223 (online) 

1305-8215 (print) 2017 13(9):6175-6187 DOI: 

10.12973/eurasia.2017.01057a accessed on 

08/01/2021. 

[58]  Susan M Drake & Joanne L Reid (2018) Integrated 

Curriculum as an effective way to teach 21
st
 Century 

Capabilities: Doi:10.30777/apjer.2018.1.1.03 @ 

researchgates.net/publish accessed on 12/01/2021. 

[59] Talsma Valeri L. (1997) How can we measure student 

understandings in science?A paper submitted in partial 

fulfilment of the preliminary examination 

requirements: Educational studies program I school 

education I university of Michigan. Measuring 

Understandings (ppr) @menta.hi.is>nattvis_0g_umhv 

accessed on 12/02/2021 

[60] Terry Heick (2018) 50 Ways to measure 

understanding i-TeachThoughtwegrow 
teachers@www.teachthought.com>pedagogy accessed 

on 12/02/2021 

[61] Thérèse Dooley, Elizabeth Dunphy, Dublin Gerry 

Shiel , Deirdre Butler, Dublin Dolores Corcoran, 

DublinThérèse Farrell, DublinSiún NicMhuirí,Maura 

O’Connor, Joe Travers, Professor Bob Perry (2014) 

Mathematics in Early Childhood and Primary 

Education (3–8 years)Teaching and Learning. 

Dublin: NCCA.@ 

ncca.ie>media>ncca_research_report_18 PDF 

accessed on 08/02/2021 

[62] Therese Dooley, Elizabeth Dunphy, Gerry Shiel,Maura 

O’Connor,Joe Travers, Deirdre Butler, Dolores 

Corcoran, Therese Farrell, Siun Nicmhuiri & Bob 

Perry (2014) Mathematics in Early Childhood and 

Primary Education (3-8 years): Teaching and 

Learning. Dublin 2: National Council for Curriculum 

and Assessment (NCCA) @ ncca. Ie> 

media>ncca_research_report_18 accessed on 

08/01/2021 

[63] Thomas Sonnabend (2010) Mathematics for 

Teachers: An interactive Approach for Grades K-

8.Belmont: Brooks/Cole. 

[64] UN Women:Virtual Knowledge Centre to End 

Violence against Women and Girls (2011). Baseline 

Studies @ endvawnow.org/en/arti accessed on 

20/02/2021. 

[65] Yujin Lee, Robert M Capraro & Mary Margaret 

Capraro (2018) Mathematics Teachers’ Subject 

Matter Knowledge and Pedagogical Content 

Knowledge in Problem posing. International electronic 

journal of mathematics education.e-issn:1306-

3030.2018,vol.13,no.2,75-

90.https://doi.org/10.12973/iejme/2698. 

@www.researchgate.net>publication accessed on 

12/02/2021 

[66] Zaili Abu Hassan, Peter Scattner, and Danielle Mazza 

(2006). Doing a pilot study: Why is it Essential? 

Malaysian Family Physician: the official journal of 

the Academy of Family Physicians of Malaysia @ 

www.ncbi.nim.nih.gov>articles accessed on 

25/02/2021 

[67] Zambia Open University. (2021) Bachelor of 

Education in Early childhood Education (ECE). 

Lusaka: School of Education @ zaou.ac.zm accessed 

on 16/01/2021 

[68] Zhang, Yinna, "Pedagogical Content Knowledge in 

Early Mathematics: What Teachers Know and How 

It Associates with Teaching and Learning" (2015). 

Dissertations. 1499. 

https://ecommons.luc.edu/luc_diss/1499 accessed on 

08/02/2021 

Paper ID: SR21221084419 DOI: 10.21275/SR21221084419 1598 

https://doi.org/10.17226/12519%20accessed%20on%2008/01/2021
https://doi.org/10.17226/12519%20accessed%20on%2008/01/2021
https://doi.org/10.1007/s10472-018-9597-7
mailto:teachers@www.teachthought.com%3Epedagogy
https://ecommons.luc.edu/luc_diss/1499



