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Euclidean geometry is central to mathematics teacher education, yet
many pre-service teachers struggle with geometric reasoning and
proof. This qualitative follow-up study examined how 12 pre-service
teachers from two Colleges of Education experienced learning
geometry through either traditional instruction or a van Hiele phase-
based model. Data from reflective journals and semi-structured
interviews were analysed using interpretive thematic analysis.
Findings revealed that van Hiele participants developed the ability to
follow proof logic, trusted that difficulty would eventually make
sense, described their learning as gradual, and left with a clear vision
for teaching geometry. By contrast, traditional instruction participants
described memorisation without understanding, disengagement when
lost, and uncertainty about future teaching. The findings demonstrate
that instructional design shapes not only what pre-service teachers
know but also how they reason, persist, and imagine themselves as
future geometry teachers. Implications for teacher education
programmes are discussed.
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1. INTRODUCTION

Euclidean geometry holds a curious position in mathematics education. It is widely
regarded as an essential subject that teaches students proof, reasoning, and logical
arguments. However, ask most pre-service teachers how they feel about Euclidean geometry,
and you are likely to hear words like “hard,” “scary,” or “I just memorised it.” This gap
between what Euclidean geometry is supposed to teach and what students actually take away
from it is not merely an academic concern. Teachers tend to teach the way they were taught,
particularly in subjects they find difficult. If pre-service teachers experience geometry as a
collection of disconnected facts and memaorised proofs, they are likely to reproduce that same

approach in their own classrooms.
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In Ghana, as in many other countries, research has documented persistent difficulties
with geometry learning from basic school through to teacher education. Students struggle
with proof and spatial reasoning. Many also find it difficult to see how geometric ideas
connect to one another [1, 2]. Despite curriculum reforms and restructuring of teacher
education programmes, these difficulties have not disappeared. One possible reason is that
the root of the problem lies in how geometry is taught to teachers themselves. A considerable
body of evidence suggests that traditional lecture-based instruction remains the dominant
approach. In this model, the teacher presents definitions, works through a proof, and moves
on. There is little room for exploration, discussion, or productive struggle [3, 4]. For pre-
service teachers, this kind of instruction reinforces the notion that geometry is a finished
system; you either see the proof, or you do not. There is no middle ground.

In light of this problem, some researchers have turned to the van Hiele theory as a
possible alternative. The van Hiele model proposes that geometric thinking develops in
levels and that instruction is most effective when it aligns with the learner’s current level of
reasoning [5]. Studies from various countries have shown that van Hiele phase-based
instruction can improve geometric thinking and test scores [6, 7]. What remains less clear,
however, is what the experience of learning geometry through van Hiele phases actually
feels like for pre-service teachers. Do they understand proofs differently? Do they feel more
confident? Do they imagine teaching geometry differently afterwards? Most existing
research focuses on test scores. That approach presents whether something worked but does
not inform much about how or why it worked, or what the experience was like for the learner.

This study is an attempt to answer those questions. It is not a controlled experiment
designed to prove that van Hiele instruction is universally superior. Rather, it is an effort to
understand something that test scores cannot capture, which is the lived experience of
learning geometry for teaching. That experience matters because it shapes what teachers
carry with them into their own classrooms. A teacher who has only ever memorised
geometry is unlikely to teach it differently. However, a teacher who has experienced
geometry as something that can be figured out, step by step, is more likely to help students
do the same.

1.1. What Makes Euclidean Geometry Hard to Learn and to Teach

Euclidean geometry fundamentally differs from algebra. In algebra, it is often
possible to arrive at the correct answer by following a procedure. In Euclidean geometry,
particularly in proofs, one has to understand why something is true, not just compute it. This
makes Euclidean geometry harder to learn. It also makes it harder to teach, because a teacher
cannot simply show steps; the reasoning behind those steps must be made visible.

Research has shown that pre-service teachers often enter teacher education with a
shallow grasp of geometry. They may know some facts and be able to state theorems, but
when asked to explain the reasoning behind a proof, many struggle [8, 9]. This is evident in
the Ghanaian context, where pre-service teachers sometimes complete their training with
limited confidence in geometry and weak conceptual foundations [10]. It can be said that
this is not just an academic problem. Ball et al. [11] demonstrated years ago that what
teachers know shapes what they teach. A teacher who only memorised geometry will fall
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back on memorisation when teaching. A teacher who understands the logical structure of
geometry can help students see that structure as well.

So why do so many pre-service teachers end up with shallow understanding? One
obvious answer is the way geometry is taught. Traditional instruction tends to present
definitions, theorems, and proofs as finished products. The teacher talks, students listen, and
there is not much exploration or discussion. Tachie [4] found this pattern in South African
classrooms, and similar findings have been reported in Ghana [3]. In such classrooms,
students learn to follow steps and reproduce proofs during examinations. However, they do
not necessarily learn why the steps work or how proofs connect to each other. Nazarovich
and Kurudirek [12] and Schoenfeld [13] all make this point: pre-service teachers can often
reproduce formal proofs while being unable to explain the underlying reasoning. This type
of learning is merely procedural: students can produce correct responses but cannot explain
the reasoning that justifies them.

Geometry demands that learners engage in two simultaneous reasoning processes:
the visual process of interpreting diagrams and the formal process of translating those
observations into definitions, axioms, and logical deductions. Gal and Linchevski [14] call
this a tension. That is, learners come in with strong visual intuitions, but those intuitions are
rarely connected to formal proof structures. When instruction does not help bridge that gap,
learners become confused, anxious, and eventually check out. Awado et al. [15] make a
related point when they point out that affective responses, including anxiety and
disengagement, are not just side effects. They matter directly for teacher education. A pre-
service teacher who feels anxious about geometry is unlikely to become a confident
geometry teacher. Also, a teacher who lacks confidence will avoid teaching geometry or will
teach it poorly.

1.2. What the van Hiele Theory Offers and Where It Falls Short

The van Hiele theory, developed in the 1950s, became widely known in English-
speaking research through the work of Crowley [16] and Usiskin [17]. The basic idea is that
geometric thinking develops in levels. At the lowest level, learners recognise shapes by how
they look. At higher levels, learners can reason about properties, then about logical
relationships, and eventually about formal systems. The instructional implication is that
teaching works best when it matches the learner’s current level. For instance, teachers cannot
jump straight to formal proofs if learners are still at the visual level; the learners will not
understand what is happening.

Van Hiele proposed five phases to structure instruction: information, guided
orientation, explicitation, free orientation, and integration. These phases are designed to
move learners gradually from exploration to formal reasoning. Learners begin by observing
geometric phenomena, then discuss their observations, and subsequently articulate rules
based on those observations. Only after this process do they engage with formal proofs. A
fair amount of research has tested whether this works. The answer seems to be yes, at least
for test scores. Studies from different countries have found that van Hiele phase-based
instruction improves geometric thinking and achievement [6, 18, 19]. Most of these studies
focused on school students, not on pre-service teachers. But there is some work on pre-
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service teachers as well. Erdogan [20] found that many pre-service teachers operate at lower
van Hiele levels than their teacher educators expect. Usiskin [17] also made a similar
observation decades ago.

Here is what the test-score studies do not tell us: they do not tell us what pre-service
teachers actually experience when they learn geometry through van Hiele phases. Do they
find the sequence helpful or confusing? Does it change how they feel about geometry? Does
it affect how they imagine teaching it? These questions remain largely unanswered.

Itis also worth acknowledging that the van Hiele theory has critics. Some researchers
argue that the levels are too rigid, while others say the theory describes progression but does
not explain how learners actually move from one level to the next [21]. There is also debate
about whether the phases work the same way across different cultural contexts. Most of the
research comes from Europe and North America, but less is known about how van Hiele
instruction plays out in Sub-Saharan African classrooms. This study does not solve that gap,
but it adds one piece of evidence from Ghana.

1.3. Why Reflective Accounts Matter

There is a broader shift happening in mathematics education research. Researchers
used to focus almost entirely on outcomes: did test scores go up? That was the key question.
Increasingly, researchers are arguing that we also need to attend to learners’ experiences,
their voices, and their reflections. Deslis [22] and Kallberg and Roos [23] both make this
case, adding that outcome-focused research hides a lot. It hides the confusion, the anxiety,
the small moments of breakthrough, and the gradual growth in confidence. Reflective
methods like journals and interviews bring those dimensions into view.

A few studies have used reflective methods to study geometry learning. Machisi [24]
worked with South African Grade 11 learners and showed how reflective accounts can reveal
what students actually struggle with. Chikiwa and Graven [25] looked at pre-service
teachers’ reflective practice more broadly. Guce [26] and Kesebir and Oksuz [27] also used
journals to study how pre-service teachers think about mathematics and teaching. This study
builds on that tradition by using reflective journals and interviews to capture the lived
experience of learning geometry.

1.4. How Learning Experiences Shape Teaching ldentities

Pre-service teachers do not just learn content; they also form ideas about what
teaching looks like. Those ideas come from somewhere. Often, they come from their own
experiences as learners [11, 28]. If a pre-service teacher only ever experienced geometry as
a set of disconnected rules delivered by a teacher, that becomes the default template. They
may not know any other way to teach. Graven and Heyd-Metzuyanim [29] and Langer-
Osuna and Esmonde [30] have written about mathematics identity. How learners see
themselves in relation to mathematics matters. Do they see themselves as people who can
do mathematics? As people who can explain it to others? Those self-perceptions shape future
choices.

In geometry, where abstraction and proof trigger strong emotional reactions for many
learners, identity formation is especially important. A pre-service teacher who experiences
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geometry as something they can figure out, step by step, is more likely to see themselves as
a capable geometry teacher. However, a pre-service teacher who experiences geometry as
opaque and teacher-dominated is more likely to feel uncertain. This study pays attention to
that identity dimension. It asks not only what pre-service teachers learned but also how they
imagine using that learning in their own classrooms.

1.5. Theoretical Framework

This study draws on three interconnected theoretical ideas: the nature of mathematics
teacher knowledge, the van Hiele model of geometric thinking, and the role of identity in
learning to teach.

1.5.1. Learning Euclidean Geometry as Mathematics Teacher Learning

When pre-service teachers learn geometry, they are not merely acquiring content for
their own benefit; they are learning content they will later be expected to teach. This dual
purpose redefines what constitutes meaningful learning. For example, mastery sufficient to
reproduce a proof on an examination differs fundamentally from the kind of understanding
required to explain that proof to a student who is struggling. Ball et al. [11] made this point
forcefully when they argued that teachers need a special kind of mathematical knowledge,
one that is usable for teaching. This means seeing how ideas connect, anticipating where
learners get stuck, and being able to represent concepts in multiple ways. In geometry, this
kind of knowledge is especially critical. Proofs do not stand alone; they rest on definitions,
properties, and logical relationships that must be coordinated. A teacher who only
memorised proofs without understanding those relationships will struggle to teach geometry
meaningfully.

Schoenfeld [13] adds another layer. He argues that real learning happens when
learners make sense of mathematics for themselves, not just when they follow procedures.
Sense-making, in his view, is the active work of constructing coherence among ideas. For
pre-service teachers, sense-making in geometry is not a luxury; it is the foundation for being
able to teach the subject. The theoretical starting point for this study is therefore
straightforward: how geometry is taught to pre-service teachers matters because it shapes
what they know, how they know it, and what they can do with that knowledge later.
Instruction that hides the reasoning behind proofs will produce teachers who cannot explain
that reasoning, whereas instruction that makes reasoning visible may produce teachers who
can.

1.5.2. What the van Hiele Phases Offer

The van Hiele theory provides a useful way to think about instruction that makes
reasoning visible. VVan Hiele [5] proposed that learners progress through levels of geometric
reasoning and that instruction can support this progression through five phases: information,
guided orientation, explicitation, free orientation, and integration. These phases matter for
this study because they structure learning in a particular way. Learners do not start with
formal proofs; they start with exploration, then talk about what they notice, then articulate
ideas in their own words, and only later formalise those ideas into proofs. This sequence is
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the opposite of what often happens in traditional geometry instruction, where the teacher
presents a proof, and learners try to follow along.

The van Hiele phases should not be treated as a rigid model that must be followed
exactly. Rather, they should be seen as one example of instruction that prioritises sense-
making over coverage. The key question for this study is not whether the phases work in
some universal sense. The question is how pre-service teachers experience learning
geometry when instruction is organised this way compared to when it is organised in a more
traditional lecture format.

1.6. Purpose of the Study
The purpose of this study was to investigate how pre-service teachers learn Euclidean

geometry within mathematics teacher education, with particular attention to how different

instructional approaches shape their sense-making, confidence, and emerging pedagogical
orientations. The study is guided by the understanding that what matters is not just whether
pre-service teachers can reproduce proofs but whether they understand the reasoning behind
them and can imagine teaching geometry in a way that makes that reasoning visible to others.

Specifically, the study addresses four research questions:

1. How do pre-service teachers make sense of Euclidean geometry concepts and proofs
during their teacher education preparation?

2. How do different instructional approaches (traditional instruction and van Hiele phase-
based instruction) shape pre-service teachers’ learning experiences of Euclidean
geometry?

3. In what ways do pre-service teachers’ experiences of learning Euclidean geometry
influence their confidence, emotions, and emerging identities as future mathematics
teachers?

4. How do pre-service teachers interpret their geometry learning experiences in relation to
how they envision teaching Euclidean geometry in their future classrooms?

2. METHOD
2.1. Research Design

This study employed an interpretive qualitative follow-up design aimed at deepening
understanding of pre-service teachers’ learning of Euclidean geometry following an earlier
quasi-experimental investigation. While the earlier study examined the effects of
instructional approaches on geometric thinking using quantitative measures, the present
study sought to illuminate how pre-service teachers experienced and interpreted those
instructional environments as learners and future teachers. The study is grounded in an
interpretivist epistemological stance, which assumes that learning experiences, meanings,
and understandings are socially and contextually constructed. This study focused on
understanding how pre-service teachers learn Euclidean geometry, not just measuring their
results. To do this, it prioritised their personal stories, reflections, and interpretations to learn
from their process of making sense of concepts, their emotional responses, and their thoughts
on teaching. Positioned as a qualitative follow-up, the study complements the earlier quasi-
experiment by providing explanatory insight into the mechanisms through which different
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instructional approaches shaped learning. This design fits with what many researchers say:
qualitative methods are especially good at exploring how learning happens, because they can
uncover things that experiments and surveys often miss.

2.2. The Earlier Intervention

Before describing the participants and the present study’s procedures, it is important
to explain the instructional intervention that preceded this qualitative follow-up. The earlier
quasi-experimental study [31] was conducted over a period of six weeks during a regular
academic semester. The intervention focused on two-dimensional Euclidean geometry,
covering three main topic areas: (1) proving angle relationships formed when a transversal
intersects parallel lines, (2) proving properties of quadrilaterals including diagonal and angle
relationships, and (3) proving hierarchical relationships between quadrilaterals through
deductive reasoning.

In the experimental group, instruction followed the van Hiele phase-based model.
This meant that each of the three lessons was structured around the five van Hiele phases,
though the phases were not treated as a rigid sequence to be followed mechanically. In the
first phase (information/inquiry), the researcher engaged pre-service teachers in
conversation about the topic, using familiar language and examples to make the context
clear. This two-way interaction helped establish what pre-service teachers already knew and
what direction the lesson would take. In the second phase (guided orientation), pre-service
teachers worked with hands-on materials including cut-outs of cardboard, mathematical sets,
a pair of scissors, and masking tape to explore geometric properties through folding,
measuring, and constructing. The tasks were carefully sequenced but allowed pre-service
teachers to discover properties for themselves. In the third phase (explicitation), pre-service
teachers shared what they had discovered, using their own words at first, with the researcher
gradually introducing appropriate geometric terminology. In the fourth phase (free
orientation), pre-service teachers worked on more complex, open-ended tasks that required
them to apply what they had learned and to see connections between different properties.
Finally, in the fifth phase (integration), the class reviewed and summarized what had been
learned, forming an overview of the new network of relations. No new material was
introduced in this final phase.

In the control group, the same geometry topics were taught using conventional
instruction. This meant the researcher presented definitions, worked through proofs, and
demonstrated examples on the markerboard. Pre-service teachers followed along, took notes,
and completed practice exercises individually. There were no hands-on activities, no small-
group discussions, and no opportunities for pre-service teachers to explore properties before
formal presentation. Instruction was teacher-centred, and active participation was not
promoted beyond answering occasional questions. In other words, the control group received
the kind of instruction that is typical in many Ghanaian mathematics classrooms, where the
teacher is the sole authority, and students are expected to absorb and reproduce content.

The key difference between the two approaches, then, was not the content covered
but the sequence and nature of the learning activities. In the van Hiele group, pre-service
teachers encountered ideas through exploration before formalization; in the traditional
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group, they encountered formal definitions and proofs first and practiced applying them
afterward.

2.3. Participants and Context

Participants for this qualitative follow-up study were drawn from the earlier quasi-
experimental study. The earlier study involved 150 pre-service mathematics teachers from
two Colleges of Education in Ghana. In that study, one college was assigned as the
experimental group and received van Hiele phase-based instruction, while the other college
served as the control group and received conventional instruction. Following completion of
the treatment and the post-test, all pre-service teachers from both colleges were invited to
volunteer for this qualitative follow-up study. Twelve pre-service teachers responded and
agreed to participate. Of these, seven were from the control group and five from the
experimental group. All participants were second-year pre-service teachers enrolled in a
three-year Diploma in Basic Education programme.

It is worth acknowledging that relying on volunteers introduces the possibility of
self-selection bias. Pre-service teachers who chose to participate may have been more
reflective, more motivated, or more engaged with geometry than those who did not
volunteer. This means the findings may not fully represent the experiences of all pre-service
teachers in the original study. However, this limitation is acceptable for a qualitative study
that prioritises depth of insight over representativeness.

Participants varied in terms of prior achievement in geometry, confidence, and
engagement during instruction. To protect their identities, pseudonyms were assigned to all
participants. The use of twelve participants was deliberate and theoretically justified.
Qualitative research aimed at understanding learning experiences prioritises depth, richness,
and interpretive insight rather than numerical representativeness [32]. The goal was to learn
how pre-service teachers understood geometry, experienced the lessons, and developed their
ideas about teaching.

2.4. Rationale for Sample Size and Analytic Generalisation

This study does not aim for statistical generalisation. Instead, it uses the findings to
build on existing theories of how mathematics teachers learn. The adequacy of the sample is
therefore judged not by size, but by the quality and explanatory power of the data in relation
to the theoretical framework. The study worked with participants from different teaching
backgrounds who were reflective. This provided detailed stories on how course design
influences learning. The findings are meant to be useful for similar teacher education
settings, where readers can decide their relevance based on shared context rather than
statistical comparison.

2.5. Data Sources

Two complementary data sources were used: reflective journals and semi-structured
interviews. | chose these methods because they allow participants to speak for themselves.
They also help me see not only what participants thought during the lessons, but also how
they made sense of their learning afterward. Reflective journals enabled participants to
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document their thoughts, emotions, challenges, and moments of insight close to the learning
experience. Journals showed how participants’ understanding and confidence changed over
time, which one-time interviews could easily miss.

Participants were asked to write in their journals once a week over the course of the
six-week treatment, though they were free to write more often if they wished. In practice,
most participants submitted between eight and ten entries, with a few submitting fewer. The
journal guide provided to participants included prompts about their learning experiences,
their understanding of geometric concepts, their emotional responses to proofs and difficult
tasks, and what the lessons meant for their future teaching. However, the prompts were the
same for all participants regardless of which instructional group they belonged to, and
participants were encouraged to write about whatever they felt was most important, not just
what the prompts asked.

Semi-structured interviews were used to explore participants’ experiences in greater
depth and to clarify themes emerging from the journals. Interviews were conducted after the
completion of geometry instruction and lasted between 45 and 60 minutes. The interview
questions were open-ended, inviting participants to describe how they experienced learning
Euclidean geometry, how instructional approaches influenced their understanding and
emotions, and how they interpreted these experiences in relation to teaching. Specific
questions included: “Can you tell me about your experience learning geometry this
semester?” “What was different about how you learned geometry compared to previous
courses?” “How did you feel when working on proofs?” and “How do you think this
experience will affect how you teach geometry in the future?” These questions were not
asked in a fixed order; instead, | adapted the sequence and wording based on each
participant’s responses, allowing for probing and clarification where needed. This flexibility
helped me understand not just what participants thought but also why they thought that way.

2.6. Data Analysis

| analysed the data using a thematic interpretive approach, guided by the theoretical
framework of mathematics teacher learning. | read all interview transcripts and journal
entries several times to identify patterns related to how participants made sense of geometry,
how instruction shaped their understanding, how they felt during learning, and how they
thought about their future teaching. The coding process unfolded in several stages. | began
with open coding, reading through each transcript and journal entry line by line and assigning
simple descriptive codes to segments that seemed relevant. These initial codes captured what
participants actually said, using words like “confusion,” “clarity,” “memorisation,”
“confidence,” “trust,” “magic,” and “connection.” At this stage, | tried to stay close to
participants’ own language rather than imposing theoretical categories.

After completing open coding for all data, | moved to a second stage of coding where
| looked for patterns and groupings among the initial codes. Codes that seemed to cluster
together were grouped into broader categories. For example, codes like “following steps,”
“knowing where things come from,” and “tracing the logic” were grouped together under
the category “understanding proof structure.” Codes like “trusting the process,” “believing
it will make sense,” and “waiting for connection” were grouped under “instructional trust.”
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In the third stage, | refined these categories into broader analytic themes that
connected to the theoretical framework. This is where categories like “sense-making,”
“confidence in understanding,” and “emerging pedagogical orientation” took shape. | then
compared these themes across the two instructional groups, looking not only for similarities
but also for differences and tensions. This comparative dimension helped me see patterns
that might not have been visible if | had analysed each group separately.

| used NVivo software to support the organisation and comparison of data across
participants and instructional contexts. NVivo helped me manage the large volume of data,
retrieve coded segments efficiently, and visualise patterns across groups. At the same time,
| coded the reflective journals manually as well, so I could stay closely connected to what
participants wrote. This dual approach of using software for systematic organisation and
manual coding for close engagement helped me to balance rigour with interpretive
sensitivity.

All coding was conducted by me as the sole researcher. This was a deliberate choice,
as the study is positioned as an interpretive inquiry where the researcher’s engagement with
the data is central to the analysis. However, | acknowledge that this limits the study’s
reliability in the sense of inter-coder agreement. To mitigate this, 1 maintained a detailed
audit trail of all coding decisions and returned to the data regularly to check that my
interpretations remained grounded in participants’ accounts. | also engaged in reflexive
journaling throughout the analysis, documenting my assumptions, questions, and
interpretive moves.

2.7. Trustworthiness and Ethical Considerations

| used a number of strategies to make sure the findings were trustworthy. First, | used
two different sources of data (journals and interviews) so that I could compare what
participants said across both. This is called methodological triangulation. | also practiced
member checking by asking participants to review their interview transcripts. Specifically, |
sent each participant a copy of their transcript and invited them to confirm its accuracy. |
also shared a summary of my preliminary interpretations with each participant and asked
whether these interpretations aligned with what they had intended to convey. In a few cases,
participants clarified or elaborated on points they had made, and | incorporated these
clarifications into the analysis.

To keep the study transparent and dependable, | kept a detailed record of all the
decisions | made during analysis, that is, what codes | used, why | grouped certain codes
together, how | arrived at themes, and why | chose particular quotations to illustrate those
themes. This is called an audit trail. It allows someone else to follow the process I used and
to assess whether my interpretations are reasonable, given the data.

| obtained ethical approval from the relevant authorities and secured permission from
the participating Colleges of Education. All participants gave their informed consent before
taking part. | reminded them that they could withdraw from the study at any time without
any penalty. Finally, I anonymised all data and stored it securely to protect participants’
confidentiality.
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2.8. Researcher Reflexivity

Before closing this section, | want to acknowledge my own position in relation to
this study. | am a mathematics education researcher with experience teaching geometry in
both conventional and van Hiele-based settings. | believe that instruction should make
reasoning visible and that pre-service teachers benefit from opportunities to explore before
formalisation. These beliefs shaped the design of the treatment in the earlier quasi-
experimental study, and they also shaped how | approached the interviews and the analysis.
| was not a neutral observer; | had a stake in seeing whether the van Hiele approach would
yield positive results.

To manage this, | engaged in reflexive journaling throughout the data collection and
analysis phases. | documented my expectations, for example, that van Hiele participants
would report more positive experiences, and actively looked for evidence that challenged
those expectations. | also asked participants in the control group to describe what worked
well for them, not just what was difficult. This helped me avoid the trap of only seeing what
| expected to see. The findings presented in this study are the result of an ongoing effort to
ground interpretations in participants’ accounts rather than in my prior assumptions.
However, | do not claim to have achieved perfect objectivity. Rather, | have tried to be
transparent about my role and to let readers judge for themselves whether the interpretations
are credible.

3. RESULTS AND DISCUSSION

The four headings that follow are not categories | brought to the data from my
theoretical framework. They emerged from reading and rereading the journals and
interviews. | started with what participants actually said. For example, when Ama wrote that
she could now “follow where each step is even coming from,” that phrase became a cluster.
Other participants said similar things in their own words. | grouped those together. Only later
did I ask whether a shorthand label might help a reader see the pattern. The labels I settled
on are “Following where each step is even coming from,” “Later it will connect,” “As we
were going, going,” and “Now I know how I will teach.” These are not fancy theoretical
terms. They are the participants’ own voices compressed into headings. Where a label risks
oversimplifying what participants said, | note that in the interpretation. The aim throughout
is to let the participants’ words do the work and to treat the headings as conveniences, not as
the finding itself.

3.1. Results

The four headings that follow are not categories | brought to the data from my
theoretical framework. They emerged from reading and rereading the journals and
interviews. | started with what participants actually said. For example, when Ama wrote that
she could now “follow where each step is even coming from,” that phrase became a cluster.
Other participants said similar things in their own words. | grouped those together. Only later
did I ask whether a shorthand label might help a reader see the pattern. The labels I settled
on are “Following where each step is even coming from,” “Later it will connect,” “As we
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were going, going,” and “Now I know how | will teach.” These are not fancy theoretical
terms. They are the participants’ own voices compressed into headings. Where a label risks
oversimplifying what participants said, | note that in the interpretation. The aim throughout
is to let the participants’ words do the work and to treat the headings as conveniences, not as
the finding itself. Before presenting the themes, Table 1 provides an overview of the four
themes, the participant groups from which they emerged, the data sources that contributed
to each theme, and representative quotations.

Table 1. Summary of Themes, Participant Groups, Data Sources, and Representative

Quotations
Theme Pa(r;t:glup;nt Data Source(s) Representative Quotation
“Following where each  van Hiele Journals, “Before, the proofs were like... I don’t know,
step is even coming group Interviews like magic. You just see the answer. But now |
from” can follow where each step is even coming
from.” (Ama, journal)
“Later it will connect” van Hiele Journals, “Some of the parts were hard, yeah. But I just
group Interviews told myself, later it will connect. And true
true, it connected.” (Ama, journal)
“As We were going, van Hiele Journals, “In the beginning the activities were confusing
going” group Interviews me, honestly. But as we were going, going,
the thing started to make sense small.” (Esi,
interview)
“Now I know how I van Hiele Journals, “Now I know how I will teach geometry. I’ve
will teach” group Interviews experienced a method that makes sense.”
(Nana, interview)
Fragile grasp of proofs  Traditional Journals, “I could follow the steps, but I didn’t really
group Interviews know why we were doing them. | just tried to
memorise.” (Kwesi, journal)
Disengagement when  Traditional Journals, “Once I got lost at the beginning, the rest of
lost group Interviews the lesson didn’t make sense to me.” (Kojo,
interview)
No model for teaching  Traditional Journals, “I might teach the same way I was taught
group Interviews because I don’t know another way.” (Kojo,
interview)
3.1. Results

Theme 1: “Following where each step is even coming from”

Participants across both instructional contexts described Euclidean geometry as
cognitively demanding. However, their narratives revealed fundamentally different ways of
engaging with geometric concepts and proofs. The phrase that captured this difference came
from Ama, a participant in the van Hiele group. She wrote in her journal:

“Before, the proofs were like... I don’t know, like magic. You just see the answer. However,
now | can follow where each step is even coming from.”

Other participants in the van Hiele group described similar experiences. Akosua
reflected in her journal:

“This time around I think I understood why the theorem is working before we even proved it
—which never used to happen. The activities, they made it clearer for me somehow.”
Yaw similarly explained during his interview:
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“The phases, eh, they kind of prepared my mind first. So by the time we get to the proof, I 'm
not seeing it for the first time. My mind has already passed through it small small.”

What these accounts share is a shift from seeing proofs as magic or as steps to
memorise toward seeing them as something they could follow, anticipate, and partly
reconstruct on their own. | call this pattern “following where each step is even coming from”
because that is what Ama said. It is not the same as full mastery. Participants still found
geometry hard. However, they stopped treating proofs as external authority. They started to
see themselves as people who could trace the logic.

Two other van Hiele participants, Adjei and Efua, also contributed to this theme.
Adjei noted in his interview:

“Before, 1 would just copy proofs from the board. Now, when | see a proof, | can predict the
next line sometimes. That never happened to me before.”

Efua wrote in her journal after the third lesson:

“I didn’t understand everything in the lesson today. But I understood the structure. | knew
what we were trying to do even if I couldn’t do all of it myself.”

These accounts suggest that for van Hiele participants, understanding was not all-or-
nothing. Even when they could not fully reconstruct a proof, they had a sense of its direction
and purpose. This was something none of the traditional group participants described.

In contrast, participants taught through traditional instructional approaches described
a different relationship with proofs. Dede noted in her interview:

“Sometimes the teacher just started with the proof, and I didn’t understand where the ideas
came from.”

Kwesi similarly wrote in his journal:

“I could follow the steps, but I didn’t really know why we were doing them. I just tried to
memorise.”

Kojo added during his interview:

“If I miss one step, the whole proof is lost for me.”

These participants could reproduce proofs when asked. However, their language
reveals a fragile grasp. One missed step and everything falls apart. They did not describe
following where steps come from. They described managing steps.

Abena, another traditional group participant, captured this in her journal entry:

“I can write the proof but I don’t understand what it means. When the teacher explains, it
makes sense. When | close my book, it disappears.”

This sense of knowledge that evaporates when not immediately prompted was
something that appeared repeatedly in the traditional group’s data but was almost entirely
absent from the van Hiele participants’ accounts.

Theme 2: “Later it will connect”

Participants’ responses to difficulty in Euclidean geometry were shaped not only by
the complexity of content but also by whether they believed the lessons would eventually
make sense. The phrase that best captures this belief came from Ama:

“Some of the parts were hard, yeah. But I just told myself, later it will connect. And true true,
it connected.”
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Other participants in the van Hiele group said similar things. Esi reflected in her
interview:

“In the beginning the activities were confusing me, honestly. But as we were going, going,
the thing started to make sense small.”

Yaw added in his journal:

“Even when I didn’t understand immediately, I knew we would come back to it.”

Kofi, another van Hiele participant, wrote in his journal:

“The first time we did the folding activity, I didn’t see why we were doing it. But by the third
week, | started to see the connection. The activities were building on each other.”

What these accounts show is a kind of trust. Participants did not understand
everything right away. But they believed the instruction was designed in a way that
confusion would be temporary. This belief allowed them to stay engaged when things got
hard. Difficulty became productive rather than discouraging.

It is important to be careful here. Trust of this kind is not an unqualified good. A
learner who assumes everything will eventually cohere might stop asking questions and just
wait to be carried along. One or two of the van Hiele journals hint at exactly this. The
difficulty was tolerated rather than genuinely worked through. For example, one van Hiele
participant, whose pseudonym is Ato, wrote in his journal:

“I just followed what we were doing. Sometimes I didn’t understand, but I knew the teacher
would explain later.”

This sounds positive on the surface. However, reading it closely, | wondered whether
Ato was actively working through his confusion or simply waiting for the teacher to resolve
it. His journal entries throughout the study were brief and lacked the kind of detailed
reflection that other van Hiele participants offered. | think this is worth noting because it
suggests that the van Hiele phases alone do not guarantee deep engagement. Some students,
even in a well-designed instructional sequence, may still slip into passive compliance.

Nor did the contrast fall cleanly along group lines. Kwesi, who was taught
traditionally, could at times articulate the logic of a proof more sharply than some
participants in the experimental group. In his interview, he said:

“I know that when two parallel lines are cut by a transversal, the alternate interior angles
are equal. 1 understand why—it’s because the corresponding angles are equal first. But
when the proof has more than three or four steps, I lose track.”

This was a more sophisticated explanation than what some van Hiele participants
offered. | had not expected this. It complicates the story. It suggests that a few students in
the traditional group already had some grasp of proof structure, while a few in the van Hiele
group were not as engaged as | had hoped. These are not anomalies to explain away. They
are reminders that trust is one strand in a messier process.

In contrast, participants who learned through traditional methods often felt lost when
they faced difficulty. Kojo stated in his interview:

“Once I got lost at the beginning, the rest of the lesson didn’t make sense to me.”

Abena noted in her journal:

“When the proof became tough, ah! | just stopped following.”
Dede added in her interview:
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“Sometimes I didn’t even know what the proof was trying to show.”

Here, difficulty did not lead to persistence but rather to disengagement. These
participants did not have the same belief that things would eventually connect. Without that
belief, confusion became a dead end rather than a temporary state.

Theme 3: “As we were going, going”

Participants’ reflections reveal that learning Euclidean geometry unfolded gradually.
It was not a single moment of understanding but a slow accumulation. The phrase that
captures this came from Esi, who said in her interview:

“Geometry used to scare me, especially proofs.”
Later in the same interview, she reflected:
“Now | see proofs as something that explains, not something to fear.”

Yaw similarly noted in his journal:

“At first | was confused, but as the phases continued, my confidence increased.”

Adwoa, another van Hiele participant, wrote in her journal after the fourth lesson:
“I'don’t think I could teach this yet. But I understand more than I did three weeks ago. Each
lesson adds something.”

These trajectories were not smooth. Participants still had hard days. But over time,
the direction was toward greater confidence and clearer understanding. The van Hiele phases
seemed to provide a rhythm that allowed this gradual change to happen. Participants were
not rushed to prove before they had explored. They were given time.

In contrast, participants in traditional instructional contexts showed limited evidence
of this kind of progression. Kwesi wrote late in the semester:

“Geometry still feels like memorising many things.”
Dede similarly reflected in her interview:
“I don’t think my understanding really changed.”

Kojo, in his final journal entry, wrote:

“I know more formulas now. But I don't think I understand geometry better.”

For these participants, time passed, but learning did not accumulate. Geometry
remained something to manage rather than understand.

Theme 4: “Now | know how I will teach”

As pre-service teachers, participants frequently connected their learning experiences
to their future classrooms. The phrase that best captures this came from Nana in her
interview:

“Now I know how I will teach geometry. I've experienced a method that makes sense.”

Ama similarly reflected in her journal:

“The way we learned showed me that geometry doesn’t have to be scary.”

Yaw added in his interview:

“Before this course, | didn 't know how I would teach geometry. I only knew how I was taught.
Now I have an example I can follow.”
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What these reflections show is that learning experiences function as templates.
Participants who experienced geometry as a structured, sense-making process could imagine
themselves teaching that way. They had a model to work from.

Participants from traditional instructional contexts expressed a very different
relationship to future teaching. Abena stated in her interview:

“I want to teach better, but I’m not sure how. Geometry still feels complicated to me.”

Kojo added in his final interview:

“As for me, hmmm... I might teach the same way I was taught because I don’t know another
way.”

Kwesi, in his interview, echoed this sentiment:

“I know I don’t want to teach the way I was taught. But I don’t know what else to do. So
maybe | will just teach the same way.”

Here, the absence of a positive model left participants stuck. They wanted to teach
differently but could not picture what that would look like. Their own learning had not shown
them another path.

3.2. Discussion

This study set out to understand how pre-service teachers experience learning
Euclidean geometry under different instructional conditions. The findings reveal patterns
that are not simply about whether one instructional approach produced better outcomes than
another. They are about the nature of the learning that occurred, that is, how participants
made sense of proofs, how they responded to difficulty, and how they imagined themselves
as future teachers. In this discussion, | interpret these patterns in relation to existing literature
and consider their implications for mathematics teacher education, particularly in contexts
like Ghana.

What the Findings Reveal About Learning Geometry for Teaching

The clearest difference between the two groups was not about test scores. | did not
measure test scores in this study. The difference was about whether participants felt they
understood where proofs came from. Van Hiele participants like Ama described proofs as
something they could now follow, anticipate, and partly reconstruct. Traditional participants
like Kojo described managing steps without grasping the underlying logic. This distinction
echoes what Ball et al. [11] argued about mathematical knowledge for teaching. Knowing a
proof well enough to reproduce it is not the same as knowing it well enough to explain it to
someone else. The van Hiele participants’ accounts suggest a shift toward the kind of usable
knowledge that Ball et al. [11] described. They did not just memorise proofs; they learned
the logical path. That is what they will need to explain to their future students.

There is something else here that connects to Schoenfeld’s [13] work on sense-
making. Van Hiele participants described their learning as gradual and cumulative. Esi said,
“as we were going, going, the thing started to make sense small.” Yaw said his confidence
increased as the phases continued. These are not just descriptions of time passing. They point
to a process of constructing coherence among ideas. This is what Schoenfeld means by
sense-making: the active work of building connections so that mathematics feels coherent
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rather than fragmented. The van Hiele phases seemed to provide a rhythm that allowed this
sense-making to happen. Participants were not rushed to proof before they had explored.
They had time to notice, discuss, and articulate ideas before formalization. Traditional
participants did not describe this kind of progression. Time passed, but learning did not
accumulate. Geometry remained something to manage rather than understand.

This also connects to the van Hiele theory itself. Van Hiele [5] proposed that learners
progress through levels of geometric thinking and that instruction can support this
progression through five phases. The findings of this study align with that claim. Van Hiele
participants described moving from seeing proofs as “magic” to being able to follow the
“logic”. That is a shift from a lower level of reasoning to a higher one. However, the study
also reveals something the van Hiele theory does not fully address, which is the role of trust
in getting through difficulty. Participants who believed the lessons would eventually make
sense were more willing to stay engaged when geometry became hard. This belief was not
automatic. It came from experiencing the van Hiele phases as coherent, with each phase
building on the previous one. This suggests that the van Hiele phases do more than structure
content; they also structure learners’ expectations about what learning will feel like. When
learners can see where instruction is heading, they are more likely to persist through
confusion. When they cannot see the path, confusion becomes a dead end.

Negative Cases and What They Tell Us

I did not go into this analysis expecting to find as much messiness as | did. A few
participants in the traditional group could articulate the logic of proofs more sharply than
some participants in the van Hiele group. Kwesi was one of them. He struggled overall, but
in his interview, he said something sharp about why a particular angle relationship held. That
did not fit the pattern. I also expected van Hiele participants to report uniformly positive
trajectories. They did not. Ato, for instance, described tolerating difficulty rather than
working through it. His journal entries were brief and showed little evidence of active
struggle or reflection. He waited to be carried along by the phases rather than engaging
deeply.

These negative cases matter. They remind us that instructional design is not destiny.
The van Hiele phases alone do not guarantee deep engagement. Some students, even in a
well-designed instructional sequence, may still slip into passive compliance. Moreover,
some students, even in a traditional lecture format, may already have some grasp of proof
structure. This complicates the story. It suggests that individual differences, including prior
knowledge, motivation, and disposition toward reflection, also shape learning outcomes.
These differences should not be ignored in the rush to declare one instructional approach
superior to another.

This is one reason the study is based on two different colleges, not two groups within
the same college. That decision was practical. It was not feasible to split one cohort into two
instructional groups without contamination. However, it also introduces complexity. The
two colleges had different institutional cultures, different schedules, and different student
populations. The differences in learning experiences between the two groups cannot be
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attributed solely to the instructional approach. Some of what participants reported may
reflect broader differences between the two institutions.

That said, the patterns in the data are consistent enough to be meaningful. VVan Hiele
participants across the board described a different relationship with geometry than traditional
participants. The contrast was not absolute; Kwesi’s case shows that, but it was systematic.
This suggests that the instructional approach made a difference, even if it was not the only
factor at play.

Why Reflective Accounts Matter

This study used reflective journals and interviews to capture participants’
experiences. | chose these methods because they allow participants to speak for themselves.
They also help to reveal things that test scores miss; the confusion, the anxiety, the small
moments of breakthrough, the gradual growth in confidence. This is consistent with what
Deslis [22] and Kéllberg and Roos [23] have argued about the importance of attending to
learners’ experiences. Outcome-focused research hides a lot. Reflective methods bring those
hidden dimensions into view.

The journals were particularly useful in showing how understanding developed over
time. They showed that learning geometry was not a single moment of insight but a slow
accumulation. The van Hiele phases provided a rhythm that allowed this gradual change to
happen. Participants were not rushed. They had time to explore, to get confused, and to
recover from confusion. This is something that outcome studies cannot capture. A pre-test
and post-test can show whether scores went up, but they cannot show whether understanding
deepened gradually or whether students just got better at test-taking.

Implications for Mathematics Teacher Education

The findings of this study have practical implications for how geometry is taught to
pre-service teachers, particularly in contexts like Ghana where traditional lecture-based
instruction remains dominant.

First, the study suggests that pre-service teachers benefit from instructional
sequences that allow them to explore before formalization. The van Hiele phases, namely,
information, guided orientation, explicitation, free orientation, and integration, provided a
structure that allowed participants to encounter ideas multiple times before being asked to
produce formal proofs. This seems to have helped them develop a sense of where proofs
come from, rather than just memorizing steps. Teacher educators might consider adopting
similar sequences in their own geometry instruction.

Second, the study highlights the importance of helping pre-service teachers develop
trust in the instructional process. Van Hiele participants were more willing to stay engaged
through difficulty because they believed the lessons would eventually make sense. This
belief was not automatic; it came from experiencing the phases as coherent. Teacher
educators can foster this trust by making the structure of instruction visible and by signaling
where lessons are heading.

Third, the study underscores the value of reflective practice. Participants who kept
journals described their learning in ways that showed growth over time. Reflective methods
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seem to support sense-making by giving learners space to articulate what they are
experiencing. Teacher education programmes might consider incorporating structured
reflection as a regular part of geometry instruction, not just as an add-on but as a core
component of learning.

Fourth, the study suggests that teacher educators need to be attentive to individual
differences. Not all van Hiele participants showed deep engagement, and not all traditional
participants showed shallow understanding. Some students may need additional support to
engage actively with the material, even in a well-designed instructional sequence. Others
may already have a grasp of proof structure that can be built upon. Differentiated instruction,
within the constraints of large classes, is worth considering.

Finally, the study has implications for how we think about teacher identity. Van Hiele
participants described leaving the course with a clearer sense of how they would teach
geometry. Traditional participants described wanting to teach better but not knowing how.
This suggests that learning experiences function as templates. When pre-service teachers
experience coherent, sense-making instruction, they leave with a model they can try to
reproduce. When they do not, they are left with nothing but the default template they already
had, which is often the one they experienced as students. Teacher educators who want to
change how geometry is taught in schools need to change how it is taught to teachers.

How This Study Extends the Literature

This study adds to the existing literature in three ways. First, it extends the van Hiele
theory by showing how the phases work not just as a sequence of activities but as a structure
that shapes learners’ expectations and trust. The van Hiele theory has been used primarily to
describe levels of geometric thinking and to design instruction that supports progression
through those levels. This study suggests that the phases also have an affective dimension.
They influence how learners respond to difficulty and whether they persist when confused.
This is not something the van Hiele theory addresses explicitly, but it matters for how
instruction is implemented in practice.

Second, the study extends Ball et al.’s [11] concept of mathematical knowledge for
teaching by providing concrete examples of what that knowledge looks like in geometry.
Ama’s description of being able to follow where each step comes from is a specific instance
of the kind of usable knowledge that Ball et al. [11] described. It is not just knowing a proof;
it is knowing the logical path in a way that can be explained to someone else. This is what
makes knowledge usable for teaching.

Third, the study adds to the literature on mathematics identity by showing how
learning experiences shape how pre-service teachers see themselves as future teachers.
Graven and Heyd-Metzuyanim [29] and Langer-Osuna and Esmonde [30] have written about
how learners’ self-perceptions in relation to mathematics matter for their future choices. This
study provides evidence from a specific context, that is, geometry teacher education,
showing that positive learning experiences can strengthen pre-service teachers’ confidence
and their sense of themselves as capable teachers.
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Practical Implications for Geometry Methods Courses

For mathematics teacher educators designing geometry methods courses, the
findings suggest several concrete strategies. First, consider structuring geometry instruction
around the van Hiele phases. This does not mean following the phases rigidly. However, it
means giving pre-service teachers time to explore before formal proof. Let them fold,
measure, discuss, and notice. Let them articulate ideas in their own words before introducing
formal terminology. This sequence seems to support sense-making in ways that traditional
lecture-based instruction does not.

Second, embed reflective practice into the course. Ask pre-service teachers to keep
journals and to write about what they are experiencing. The journals in this study were not
just data collection tools; they were also learning tools. Participants who wrote regularly
described their understanding and confidence growing over time. Reflective writing seems
to support the sense-making process.

Third, make the structure of instruction visible. Let pre-service teachers know where
the course is heading and why certain activities are included. This can help them develop the
kind of trust that allows them to stay engaged through difficulty. When learners understand
why they are doing a particular activity, they are more likely to take it seriously.

Fourth, anticipate individual differences. Not all pre-service teachers will engage
deeply with the material, even in a well-designed course. Some may need additional support
to move beyond passive compliance. Others may already have a grasp of proof structure that
can be built upon. Differentiated approaches, within the constraints of large classes, are
worth considering.

Limitations in Context

It is important to acknowledge that the findings of this study are situated within a
specific context. The study was conducted with a small number of pre-service teachers from
two Colleges of Education in Ghana. The findings may not transfer directly to other contexts.
However, the aim of the study was analytic generalisation, not statistical. The findings are
meant to be useful for readers who can judge their relevance based on shared context.

Another limitation is that the study relied on self-report. | did not observe participants
teaching. I do not know whether Nana, who said she now knows how to teach geometry, will
actually teach that way in a real classroom. That is a question for longitudinal research. 1
also did not analyse participants’ written geometric work. It is possible that some participants
who described understanding still made errors on proofs. These limitations do not invalidate
the findings, but they should temper any strong claims.

Finally, the reliance on two different colleges introduces the possibility that factors
other than the instructional approach, including institutional culture, instructor personality,
and student demographics, shaped participants’ experiences. | have tried to account for this
by emphasising patterns that were consistent across participants and by acknowledging
negative cases. However, | cannot rule out the influence of context. Future research might
replicate this study with groups within the same institution or across a larger number of
institutions.




https://doi.org/10.58421/misro.v5i4.1731 2515

4. CONCLUSION

This study set out to understand what test scores cannot capture: the lived experience
of learning geometry for teaching. The findings show that instructional design leaves a
lasting mark. Pre-service teachers who learned geometry through van Hiele phase-based
instruction described following where proofs came from, trusting that difficulty would
eventually make sense, growing gradually over time, and leaving with a clear teaching
model. Those who learned through traditional instruction described memorisation without
understanding, disengagement when lost, and uncertainty about how they would teach.

The study does not claim that van Hiele instruction is a perfect solution. Some
participants waited passively rather than engaged actively. A few traditionally taught
participants could articulate proof logic more clearly than some in the van Hiele group. The
picture is more complicated than a simple “van Hiele works, traditional does not” narrative.
This complexity matters. It reminds us that instructional design shapes learning outcomes
but does not determine them entirely. Individual differences, including prior knowledge,
motivation, and disposition toward reflection, also matter.

Nevertheless, the pattern across the data is consistent enough to draw a practical
conclusion. When geometry instruction makes reasoning visible and proceeds step by step,
more pre-service teachers develop the kind of understanding they will need to teach the
subject. When instruction hides the reasoning, more pre-service teachers leave with fragile
knowledge and constrained ideas about teaching. This is not just an academic finding. It has
direct implications for how geometry is taught in teacher education programmes. The current
study shows that how geometry is taught to pre-service teachers matters not just for their
content knowledge but for their reasoning, persistence, and teaching identity. This offers a
practical framework for teacher education reform.
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