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1 Introduction

Diagrams serve as powerful communication tools that often bridge gaps that written
descriptions cannot fully address [24, 30, 43]. In disciplines such as Information Sys-
tems (IS) and software engineering, Unified Modelling Language (UML) diagrams have
become standard visual representations for complex systems [12, 19, 42]. These dia-
grams transcend mere structural and syntactical roles; they function as communicative
artifacts through which designers express their understanding of systems, share design
concepts, and convey intentions to peers and stakeholders [17].
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When students create UML class diagrams, they engage in a communicative act that
extends beyond following syntactic rules. These diagrams enable students to express
their conceptual understanding, problem-solving approaches, and interpretations of sys-
tem requirements [1]. Despite their important role as communicative tools, traditional
pedagogical approaches often emphasise syntactical correctness while overlooking the
deeper communicative dimensions of UML diagrams [7, 37].

UML class diagrams are particularly valuable for transforming complex textual
descriptions into precise visual models [19, 38, 47, 49 ]. While previous research has
established that these diagrams effectively convey ideas challenging to express in text
[24, 30, 43], a significant gap exists in understanding how students interpret and uti-
lise these diagrams as communicative tools. Specifically, limited research exists on how
the semiotic elements of UML class diagrams—their signs, symbols, and cultural sig-
nificance—contribute to learning outcomes and comprehension in IS and software engi-
neering education [6, 44].

Semiotics, the study of signs and meaning-making, offers a structured framework for
analysing how UML diagrams function as communicative artifacts beyond their techni-
cal specifications [3, 11, 36]. This theoretical approach enables researchers to examine
the complex ways in which visual elements convey meaning within specific educational
and professional contexts.

This study aims to address the following research questions:

« What semiotic elements should be considered when designing pedagogical strategies
that involve UML class diagrams?

+ In working with UML class diagram-based activities, what are participants
communicating through the lens of semiotic theory?

+ How can semiotic analysis of these elements enhance broader pedagogical
approaches for teaching UML class diagrams in IS courses?

This study extends previous UML pedagogy research by adopting a semiotic theoreti-
cal lens. While Khomokhoana and Nkalai [23] examined cognitive processes students
use when learning UML concepts, this study investigates how UML class diagrams func-
tion as communicative artifacts through semiotic analysis. This shift from cognitive
processes to communicative semiotics represents a fundamentally different theoreti-
cal approach to understanding UML pedagogy. This study focuses on the pedagogical
dimension of UML class diagram interpretation in educational contexts. While profes-
sional UML practice emphasises technical accuracy, pedagogical use prioritises concep-
tual understanding and communicative competence development. Educational settings
reveal emerging semiotic strategies before they become automated through professional
practice.

This research focuses on first-year Bachelor of Computer Information Systems (BCIS)
students, examining how novices interpret and apply modelling conventions before fully
adopting professional practices. Their strategies and challenges provide valuable insights
into the learning process, often overlooked in more experienced practitioners.

The study captures students’ cognitive and communicative strategies while work-
ing on UML class diagram tasks using a narrative research approach with think-aloud
protocols, observations, and artefact analysis. The findings enhance UML class dia-
gram pedagogy and semiotic theory, offering insights for effective teaching and a deeper
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understanding of visual communication in technical contexts. This research bridges the

gap between technical correctness and communicative effectiveness in UML education.

2 Theoretical background and literature review

2.1 UML class diagrams as communicative tools

UML class diagrams operate within broader software architecture frameworks, includ-
ing architectural views models 1+5 by Goérski [20, 25] and 4+1 by Kruchten [24] which
position structural modeling as fundamental to system design [20-21, 25]. This architec-
tural context emphasises the importance of UML class diagrams as communicative tools
that must effectively convey structural relationships to diverse stakeholders in software
development processes.

UML class diagrams are key tools in software engineering and systems design, offer-
ing visual representations that simplify complex processes by converting detailed text
into understandable models [19, 47, 49]. Traditionally, their purpose has been viewed
through a technical lens, focusing on accurately representing system structures and
behaviours for development.

Research in UML class diagrams education has mainly concentrated on assessing stu-
dents’ technical competence in creating syntactically correct diagrams [13, 16]. Scholars
like Booch et al. [5] and Larman [26] stress teaching syntactical rules and accurate sys-
tem representation. While essential, this focus only addresses one aspect of UML class
diagrams’ skills.

More recent studies recognise UML diagrams as tools for communication, not just
technical artifacts. France and Rumpe [17] note that UML class diagrams enable design-
ers to convey their understanding and share intentions with peers and stakeholders.
Similarly, Abrejo et al. [1] suggest that UML class diagrams reflect students’ conceptual
understanding and problem-solving approaches. Despite this, the communicative aspect
of UML class diagrams is still underexplored, especially in educational settings where
students are refining their modelling skills [6]. This gap is particularly pronounced in
educational contexts, where students simultaneously develop technical skills and com-
municative competence. Unlike professional practitioners with automated UML con-
ventions, students provide unique insights into the fundamental semiotic processes
underlying diagram interpretation.

UML class diagrams reduce software engineering complexity by turning detailed text
into precise visual models [19, 47, 49]. Literature [23, 30, 43] suggests that diagrams help
convey concepts that are challenging to express in text. Despite their communicative
role, traditional analyses often focus mainly on correctness and completeness, overlook-
ing their broader communicative function [7, 37].

2.2 Semiotic theory as an analytical framework

This study uses semiotic theory [3, 11, 36] as an analytical framework to explore the
communicative dimensions of UML diagrams. Semiotics is the study of signs, symbols,
and their interpretation [7, 31, 45], offering a structured approach to understanding
how diagrams convey meaning within specific contexts [50]. Ferdinand de Saussure and
Charles Sanders Peirce founded modern semiotic theory. De Saussure [11] described
signs as having two parts: the signifier (the form) and the signified (the concept), with
their relationship being arbitrary and shaped by convention and cultural context. Peirce
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[36—37] expanded this idea with a triadic model involving the sign, object, and inter-
pretant, focusing on the interpretive process in meaning-making. Roland Barthes [3]
further developed semiotics by examining how signs function within broader cultural
systems. He elaborated on concepts like denotation (literal meaning) and connotation
(cultural associations). He argued that meaning arises from the interaction between the
text and the reader, not from the author’s intent. Applied to UML class diagrams, semi-
otic theory provides a framework for understanding how these diagrams act as systems
of signs to communicate meaning. Every element in a UML class diagram—from shapes
and lines to the arrangement of components—can be analysed as a sign contributing to
the overall meaning of the diagram.

Semiotic theory provides a framework for understanding UML class diagrams as sys-
tems of signs that communicate meaning. Every element, from shapes to layout, con-
tributes to the diagram’s overall meaning. Siau and Tian [45] demonstrated that iconic
notations, which visually resemble their meaning, are more accurately interpreted and
evoke fewer connotations than symbolic notations. Their research highlights semiotics
as a valuable tool for evaluating UML diagrams’ effectiveness as communication tools.

2.3 Principles of semiotic analysis

Based on the works of semiotics scholars [3, 7, 11, 36], this study utilises the six core
principles of semiotic analysis as a framework to investigate the communicative aspects
of UML class diagrams.

2.3.1 Principle 1—identifying diagram elements

This principle involves recognising the basic components and understanding their
broader system context [3, 7, 11, 36]. These elements include shapes, lines, colours,
symbols, labels, and other visual components. In UML class diagrams, they represent
classes, attributes, and relationships [12, 38, 41].

In UML class diagrams, students typically identify classes (e.g., Student or Computer),
determine attributes (e.g., Student Name or Computer Memory), and define relation-
ships (e.g., one-to-many) [5, 26]. However, students sometimes confuse elements across
different diagram types, such as using lifelines or activation bars from sequence diagrams
in class diagrams [16]. This highlights the importance of understanding the diagram’s
purpose. Studies show that students often focus on visible cues like shapes and symbols,
but overlook their semantic meaning, leading to design errors [13]. For instance, incor-
rectly associating a class like Computer with a student using a composition relationship
instead of an association indicates a lack of contextual understanding. Understanding
the data source and intended purpose of the diagram is crucial, as these contextual fac-
tors influence how students identify and prioritise different elements within the visual
representations.

2.3.2 Principle 2—deciphering signs and symbols
UML class diagrams use symbols and notations with specific meanings that contribute
to the overall message [2-3, 11, 37]. Shapes and lines represent structure or relation-
ships, while colours highlight key elements or evoke emotions [34].

Students rely on standard notations to represent system components. For instance,
rectangles represent classes, with sections for names, attributes, and methods [5, 49].
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Lines and arrows indicate relationships, with arrowheads and line types specifying the
connection [26, 42]. However, students sometimes misuse these symbols, leading to
unclear diagrams [13]. For example, a dashed arrow meant for dependencies might be
used instead of a solid arrow for associations, altering the diagram’s meaning [16, 43].
These challenges with symbol interpretation align with empirical research by Siau and
Tian [45], who found that UML notations that are more symbolic (rather than iconic) are
interpreted less accurately by users, highlighting the importance of visual resemblance
in notation design. Though uncommon in traditional UML, students sometimes use
colour to emphasise elements, such as distinguishing user-related from system-related
classes. While this can enhance readability [29], it may lead to inconsistency if the colour
used is not standardised or explained in the diagram’s legend.

2.3.3 Principle 3—understanding cultural and contextual significance

The meaning of signs and symbols in UML class diagrams can vary based on cultural
and contextual factors. Students’ backgrounds and experiences influence how they inter-
pret diagrammatic elements [3, 11, 14, 36]. For instance, students from different educa-
tional or cultural backgrounds may interpret UML notations differently, depending on
prior exposure.

Dobing and Parsons [13] found that students often bring preconceived notions to
diagrams, leading to varied interpretations of symbols like arrows or dashed lines. For
example, students unfamiliar with UML may misinterpret a dashed arrow (used for
dependencies) as indicating a weaker relationship than a solid arrow, hence misunder-
standing its technical meaning. The use of colours, shapes, and visual arrangements can
reflect personal or cultural preferences, affecting diagram clarity. Moody [29] noted that
students often use colour to emphasise components, but its meaning may differ among
viewers. One student might use red to signify errors, while another uses it to mark high-
priority classes, leading to confusion in collaborative interpretations. Students’ expe-
riences with other diagramming tools also shape their approach. For example, those
familiar with flowcharts or entity-relationship diagrams may inadvertently incorporate
elements like decision nodes or keys into UML class diagrams, creating hybrid represen-
tations [16].

2.3.4 Principle 4—interpretation and meaning
The interpretation and meaning principle explores how blocks and their arrangements
are understood, potentially revealing misunderstandings or alternative interpretations
that differ from the designer’s intent. This aligns with Principle 3 (understanding cultural
and contextual significance), emphasising that meaning is influenced by the viewer’s per-
spective. Barthes’ “Death of the Author” theory asserts that meaning emerges from the
interaction between the viewer and the work, not solely from the creator’s intent [3].
Students often design diagrams with specific meanings in mind, but these can be mis-
interpreted due to symbol ambiguities or layout issues. Dobing and Parsons [13] found
that students sometimes misuse generalisation arrows (open triangle heads) to repre-
sent associations, misinterpreting class hierarchies as simple relationships. Alternative
interpretations also arise from inconsistencies in diagram organisation. Fowler [16]
observed that students often place elements arbitrarily, which can confuse viewers about

system modularity or dependencies. The omission of critical information or overloading
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symbols with multiple meanings exacerbates these issues. Moody [29] emphasised the
need to reduce “cognitive load’, but students often fail to simplify complex relationships.
For example, representing multiple relationships with various lines and annotations can
obscure the primary connection. Misinterpretations are also influenced by the viewer’s
familiarity with UML class diagrams’ conventions. Novices may rely on visual cues like
shapes and arrows rather than textual labels, leading to incorrect assumptions about dia-
gram elements [5]. For example, a dashed line in a sequence diagram may be misinter-
preted as a weaker connection rather than a message.

2.3.5 Principle 5—contextualising within larger discourse

Diagrams are part of a broader discourse in IS education, and this principle explores
how UML class diagrams connect to other texts, images, or cultural phenomena. Ana-
lysing their role within larger narratives helps uncover deeper meanings and their sig-
nificance in cultural and social contexts 3, 11, 36].

Students often draw on prior knowledge or external sources when creating UML
class diagrams, but this intertextuality can lead to unintended interpretations. Dobing
and Parsons [13] found that students frequently rely on textbook templates, replicating
errors or outdated conventions. While influenced by educational discourse, these dia-
grams may not align with industry standards, causing a disconnect between academic
and professional contexts. Cultural and social backgrounds also shape the symbols and
layouts used in UML class diagrams. Moody [29] observed that cultural conventions,
like reading direction, affect diagram comprehension. For instance, students from right-
to-left reading cultures may arrange diagrams differently, altering how relationships
and flows are perceived. UML diagrams also interact with other forms of communica-
tion, such as textual specifications or verbal explanations. Larman [26] noted that UML
class diagrams are often paired with accompanying documentation, which students may
neglect or fail to align with, reducing clarity and interpretability within the broader dis-
course. Additionally, UML class diagrams play a role in educational narratives, shaping
how students communicate their understanding to instructors, peers, or evaluators [16].

2.3.6 Principle 6—critical reflection

This principle involves analysing diagrams and findings, considering their implications,
and reflecting on any biases or assumptions that may influence their interpretation.
This approach ensures a nuanced and thoughtful analysis [3, 11, 36]. In UML class dia-
grams, students often struggle to assess completeness and accuracy. Dobing and Parsons
[13] found that students overlook inconsistencies, such as mismatched relationships or
undefined attributes, focusing on surface-level correctness instead of system coherence.
Critical reflection helps students identify these oversights and align their diagrams with
the intended design. Biases influence diagram construction and interpretation. Fowler
[16] observed that students often overemphasise class hierarchies due to preconceptions
about object-oriented design. These biases may lead to overly complex diagrams or omit
key components like behavioural aspects.

Reflection promotes a holistic approach and prevents skewed interpretations. Criti-
cal reflection is vital for considering the broader implications of design choices. Moody
[29] noted that visual notations inherently influence interpretation, such as when stu-
dents unconsciously prioritise elements based on size or placement. Reflecting on these
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biases ensures diagrams accurately communicate intended priorities and relationships.
Additionally, critical reflection addresses implicit assumptions. Larman [26] pointed out
that students often assume viewers share their technical knowledge, leading to diagrams
lacking adequate annotations. Reflecting on design accessibility encourages students to
create more inclusive and comprehensible diagrams, improving communication within
diverse teams. In UML class diagrams, critical reflection involves assessing diagram
completeness and semantic accuracy. This verification process reveals students’ meta-
cognitive awareness and recognition of diagrams as communicative artifacts requiring
systematic evaluation.

These six principles provide a comprehensive framework for analysing UML diagrams
beyond technical correctness, focusing on their role as communicative artifacts in edu-
cational contexts.

2.4 Semiotic theory to UML education

Applying semiotic theory [3, 11, 36] to UML class diagrams’ education offers a fresh per-
spective on how students learn and apply modelling concepts. Traditional UML class
diagrams’ teaching has primarily focused on syntactical rules and technical diagram
creation, often neglecting students’ challenges in interpreting and conveying meaning
through diagrams [16, 26]. By analysing UML class diagrams through a semiotic lens,
educators can better understand students’ conceptual knowledge, visual communication
skills, and the factors influencing their diagram interpretations [29, 45]. This can help
guide more effective teaching strategies that address UML class diagrams’ technical and
communicative aspects.

Previous research has shown that students struggle more with UML semantics than
syntax [13]. A semiotic approach can uncover the sources of these difficulties by explor-
ing how students interpret UML class diagrams’ symbols, navigate cultural and con-
textual influences, and construct meaning through diagrams. This study extends this
research by applying the six principles of semiotic analysis to examine how first-year
BCIS students engage with UML class diagrams. Understanding the semiotic aspects
of UML diagramming allows educators to develop more effective pedagogical strate-
gies addressing technical and communicative elements. This approach provides insights
that traditional analyses focused only on technical correctness may miss, offering a more
holistic view of how students learn and apply UML class diagram concepts.

3 Research design and methods

3.1 Design

The study used a narrative approach and followed an integrated-methods research
framework based on Plowright’s [40] FraIM (Frameworks for an Integrated Methodol-
ogy). FralM, a mixed-methods design, does not require a specific philosophical stance
at the beginning of the study. Instead, such a stance may develop as the study progresses
or when interpreting the results. Data for the narrative analysis were collected through
interviews, artifacts, and observations. The study focused on first-year Bachelor of Com-
puter Information Systems (BCIS) students at a university in South Africa. First-year
students represent an ideal population for investigating pedagogical UML interpretation
because their developing expertise reveals fundamental semiotic processes that become
unconscious in professional practice. The participants were self-selected based on their
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voluntary participation in the research activities. The sample was chosen for both pur-
poseful [46] and convenience [28, 35] reasons. It was purposeful because the students
were enrolled in a module covering the studied concepts (aggregation and composition).
It was also convenient because one of the researchers (the third author) was the module
instructor, making access to the students easier. Of the 105 students in the class, 20 were
invited to participate on a first-come, first-served basis. Ultimately, 11 students were able
to take part.

The sample size of 11 participants is appropriate for this qualitative narrative study.
Guest et al. [22] found that saturation often occurs within 6—12 interviews in homoge-
neous samples, and other authors (e.g [10, 27]), note that 5-25 participants are typical in
phenomenological research. For think-aloud protocol research specifically, Ericsson and
Simon [15] indicate that 8—15 participants are sufficient to identify recurring patterns.
Our homogeneous group of first-year BCIS students studying the same UML concepts
enabled consistent thematic saturation across the six semiotic principles. Before data
collection, ethical approval was obtained from the relevant review board (Reference:
UFS-HSD2023/1768).

3.2 Research methods

As part of the data collection process involving ‘asking questions, primary data were
gathered through individual semi-structured interviews. These interviews took place
in three phases, each designed to reveal the thought processes students followed when
tackling tasks of different levels of complexity: a simple task in phase one, a moderately
challenging task in phase two, and a more complex task in phase three.

Participants were given pen and paper to complete the activities, and their written
responses were collected as artifacts for further analysis. Participants were asked to
use the think-aloud method to gain insight into their thought processes. The interviews
were audio-recorded with their consent to ensure accurate documentation of their ver-
bal responses. In addition, the researcher observed participants’ behaviours during the
interviews, recording their reactions and interactions in a research diary. This combina-
tion of data sources helped to triangulate the findings and supported the overall inter-
pretation of the study.

Phase 1 — Participants were asked if they were familiar with the diagrams shown in
Fig. 1. They were then instructed to carefully examine each diagram and describe their
observations based on concepts covered in the module. The diagrams were not labelled
to promote independent thinking, requiring participants to identify them independently.
As seen in Fig. 1, diagrams 1, 2, and 3 represent the concepts of association, aggrega-
tion, and composition, respectively. Association is a general relationship between two
classes indicating a connection without implying ownership. Aggregation (hollow dia-
mond) indicates a ‘has-a’ relationship where parts can exist independently of the whole.

Assodiation

Aggregation

Composition

Diagram 1 Diagram 2 Diagram 3

Fig. 1 Diagrams Used for Phase 1 Activities
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Fig. 2 a Boardgame class diagram, b Class diagram for a computer and its components

Critical reflection
25%
Contextualisation within
larger discourses

7%

Identifying diagram
elements
25%

Interpretation and
meaning
4%

Deciphering signs and
symbols
26%

Cultural and contextual
significance
13%

Fig. 3 Percentage of strategy occurrences per semiotic principle

Composition (filled diamond) is a ‘whole—part’ relationship where the part cannot exist
independently of the whole [16, 26].

Phase 2 — In this phase, participants were tasked with describing the relationships
depicted between the classes illustrated in Fig. 2 and to explain the class diagram shown
in Fig. 3.

Phase 3 — This phase consisted of two separate tasks. For the first task, participants

were asked to create a class diagram based on the following specifications:

A computer has private attributes, such as Memory and CPU.

A mouse and keyboard are components of a computer.

The mouse has the private attributes: Name and Pointer-Speed.

The keyboard has the private attributes: Name and Size.

A keyboard contains keys, and each has the private attributes: KeyName and Size.
A desktop and a laptop are types of computers.

N o ks W

The private attribute for a desktop is GraphicsCard, while the private attribute for a
laptop is Screensize.

In the second task, participants were asked to explain the class diagram shown in Fig. 3.
(Note: This diagram was the same basic one the participants were expected to create in
the first task of phase 3).

The UML class diagrams deliberately focused on structural relationships (aggrega-
tion, composition, association, inheritance) while omitting behavioural elements such as
methods. This design choice aligns with introductory UML pedagogy where structural
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understanding precedes behavioural modelling [26]. Following the cognitive load the-
ory, the simplified diagrams allowed students to focus on relationship semantics with-
out additional complexity from method specifications. This approach reflects standard
pedagogical practice of incremental UML introduction [16].

3.3 Data analysis

Following the methodological framework established by Creswell and Creswell [9], the
audio recordings of the interviews were transcribed and thoroughly analysed. The first
step in data cleaning involved addressing inconsistencies in the transcriptions, particu-
larly due to the open-ended nature of the questions, which sometimes led to repetitive
or unclear responses. To manage these issues, a fuzzy validation method was applied,
allowing for subtle adjustments while maintaining the authenticity and coherence of the
data [33].

Diagram quality and communicative correctness were assessed through triangulation
across data sources. Structural completeness was evaluated by comparing participant
diagrams against given specifications. Communicative correctness was determined by
analysing whether participants’ verbal explanations aligned with their visual representa-
tions and whether diagrams effectively conveyed intended relationships to the research
team.

To gain a deeper understanding and prepare for coding, the researchers engaged in an
immersive process, repeatedly listening to the audio recordings and carefully reviewing
the transcripts. This familiarisation phase helped shape a structured coding framework
aligned with the study’s research questions. Once refined, the 11 verified transcripts
were uploaded into NVivo software for further analysis. Codes were developed to cap-
ture the emerging strategies participants communicated based on the observed data.
The names of the codes consisted of single words or simple phrases. Additionally, the
names of these codes were regularly reviewed, with some being merged or renamed as
necessary. During this stage, it was essential to repeatedly review the transcripts while
paying close attention to the level of detail in the analysis units. Relevant text segments
were systematically annotated, allowing for the identification of connections between
codes and their corresponding excerpts. Throughout this iterative process, the code
names were consistently refined to capture thematic patterns better, specifically empha-
sising the frequency and significance of recurring themes.

3.4 Reliability and validity

The validity and reliability of the study were ensured through multiple strategies. Tri-
angulation was employed by comparing think-aloud verbalisations with participants’
written diagrams, researcher observations, and artefacts such as answer scripts. This
approach allowed for identifying both convergences and divergences in the participants’
responses. Member checking was conducted with five participants to further enhance
credibility, who reviewed and verified the researchers’ interpretations of their diagram-
reading strategies. Additionally, transcribed interviews were sent to all 11 participants
to confirm that the transcripts accurately reflected the ideas they had shared, and all
agreed that the transcripts reflected the true views they had expressed. Coding frame-
works were established to analyse written diagrams and verbal data and improve inter-
rater reliability. All three researchers cross-checked the interpretations made to ensure
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consistency. Structured observation protocols were used to guide researcher observa-
tions systematically to mitigate subjectivity. Finally, ecological validity was considered by
designing tasks that closely mirrored real-world problem-solving scenarios relevant to
the participants’ academic context.

4 Results and interpretation

This section presents the key findings from analysing the data collected during the 11
think-aloud sessions. The findings are organised according to the six principles of semi-
otic analysis outlined in Sect. 2, focusing on the top-most strategy within each principle.
These strategies are presented together with the percentage distribution of their occur-
rence in the data in Fig. 3. All the excerpts used represent quotes from the semi-struc-
tured interviews. While many artefacts were collected, only the most note-worthy one
was presented due to space limitations.

4.1 Identifying diagram elements

Analysis of the think-aloud data and the interviewer’s observations revealed that the stu-
dents were communicating where to start looking as the top-most strategy under this
principle. This strategy was identified in all participants with a total of 34 occurrences.

The data reveals a range of approaches that students use to determine where to begin
(where to start looking) when analysing UML class diagrams. These approaches high-
light differences in the students’ levels of consistency and understanding. All partici-
pants demonstrated this strategy, with some showing consistent approaches and others
displaying inconsistency. For example, P1 demonstrated an inconsistent approach — In
one instance, she focussed on abstract classes first: “With the vehicle and oil filter, I think
it's composition, and with oil filter and oil filter checking, it's also composition”. In other
instances, she focussed on the sub-classes first: “I see the liver, the spinal cord and the ear
which are parts of the human body”. This lack of consistency and a misunderstanding of
fundamental concepts such as aggregation and composition suggests that students may
struggle to identify a clear entry point for analysing UML class diagrams.

In contrast, P2 adopted a more consistent relationship-first approach, prioritising
identifying relationships between elements, such as distinguishing between aggrega-
tion and composition based on visual cues like the diamonds. In this regard, she said: “/
check the diagram — What is it like? In this case I can see that it’s an open diamond, so
it's an aggregation relationship” When asked again to remind the interviewers how she
attempted the activities, she said: “I went to the diagram and checked it, is this composi-
tion or aggregation? So, I noticed that this one is an aggregation relationship. I notice it's
aggregation because this is an open diamond, right? So, if it was a closed diamond, then
it was going to be composition”. This approach highlights the importance of analysing the
connections between elements in the diagram before identifying the classes themselves.

Other students, such as P3 and P5, adopted a top-down approach, focusing first on the
base or abstract class before examining the relationships and sub-classes. For instance,
the first statement uttered by P3 when starting with Phase 2 Activity was: “Here the
abstract class or the main class is board game ... there is a chess class that inherits from
the board game class”. P5, in particular, emphasised the importance of visual elements
such as arrows and layout as he started Phase 1 Activity 1 by saying: “I usually start by

checking whether the lines are shaded inside, especially the arrows... I know how my mind
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works, it wants to visually see something first before going to the instructions. Then when I
read it, it is going to be simple for me ... the vehicle has the oil filter and then the hub cap
and then the oil filter checking’.

Visual elements also significantly influenced students’ initial focus. P9 and P11 noted
that size and bold text often draw their attention first when analysing UML class dia-
grams. P9 said: “Yes, the diagram is bigger. It's the biggest thing on the page. Alright, so
it caught my attention’. This means that students look at something that catches their
attention before everything else. P11 said: “If there was maybe a bold word, I'm sure I
would first look at that bold word without even looking at something else, it catches the
eye”. This is further evidence that students look at the UML class diagram by virtue of the
space it occupies or its size, which is in agreement with Storrle [47].

4.2 Deciphering signs and symbols

Analysis of both the think-aloud data and the interviewers’ observations revealed
that the students were communicating interpreting symbols as the top-most strategy
under this principle. This strategy was identified in all participants with a total of 35
occurrences.

The most prominent approach observed was for students to carefully interpret UML
class diagram symbols before proceeding with their analysis. Notably, students exer-
cised caution in understanding these symbols before progressing with their evaluation.
This careful approach was evident in students’ recognition of key UML concepts such as
aggregation, composition, and inheritance. For instance, P2 stated: “I said this is aggre-
gation because of the open diamond ... like I said, immediately when I see the diamond, I
know it’s either aggregation or composition. So, now I know aggregation is open and com-
position is the shaded one”. This demonstrates that students relied on visual cues, such as
the open and shaded diamond to differentiate between relevant concepts.

Beyond aggregation and composition, the Phase 2 Activity also included an inheri-
tance relationship (see Fig. 2). Some students recognised it, while others could not. For
example, P2 correctly identified inheritance: “Yes, it represents inheritance ... chess inher-
its from a board game ... the desktop and laptop both inherit from the computer and this
means they are subclasses”. P5 further demonstrated awareness of UML notation when
working on the Phase 2 Activity, saying: “I see an arrow here that is different from the
previous ones [for all Phase 1 Activities] ... that symbol says there is inheritance here”. In
Phase 3 — Activity 2, P5 further reinforced this understanding by stating: “I just start by
looking at the base class in this diagram”.

However, not all students correctly interpreted all the UML diagram symbols. Some
students struggled to identify certain relationships or confused the meaning of specific
notations. For instance, in Phase 2 Activity, P9 misidentified the meaning of the diamond
symbol, stating: “The arrowhead of the relationship line indicated to me that it is general-
isation”. Instead of recognising the diamond as representing aggregation or composition,
the student associated it with generalisation.

4.3 Cultural and contextual significance

Analysis of both the think-aloud data and the interviewer’s observations revealed that
the students were communicating context as the top-most strategy under this principle.
This strategy was identified in nine participants with a total of 17 occurrences.
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The findings highlight the importance of comtext in students’ understanding and
interpretation of UML class diagrams. It was observed that students without the req-
uisite background struggled to grasp certain elements of the diagram(s). Emphasising
the role of context, P7 remarked: “Can I ask, what is a hub cap?” This question arose
during Phase 1 — Activity 1 and underscores the significance of using familiar terms
for UML classes. When asked later: “For you to be able to explain this diagram, was it
important that you should understand what each of these names for the classes means?”,
P7 responded: “Yes, it is important for me to know because without knowing what it is, I
don’t know whether or not it is that important to the abstract/main class. I need to know
what it is or what it does”.

While understanding the names of classes is crucial, P7 was still able to proceed with
the analysis, making some correct interpretations: “The hub cap, I don’t know what it is,
but it cannot exist without a vehicle. This is understandable in this diagram”. Similarly,
P1 shared: “A vehicle sometimes contains an oil filter, and I don’t know what a hub cap is,
but then I just feel like it’s also part of the vehicle”. This suggests that while some students
may not fully understand specific terms, they often use contextual reasoning to make
connections. P9 added: “When I know the name, it helps me understand better”. This
reinforces the idea that context plays a significant role in students’ ability to interpret
UML class diagrams.

4.4 Interpretation and meaning

Analysis of both the think-aloud data and the interviewer’s observations revealed that the
students were communicating confusing terms as the top-most strategy under this prin-
ciple. This strategy was identified in three participants with a total of five occurrences.

The most significant challenge in interpreting UML class diagrams was the confu-
sion between related terms and concepts. The theme of confusing terms and concepts
emerged as some participants experienced difficulty differentiating between related
but distinct concepts, such as aggregation and composition. However, they still clearly
understood the symbols associated with these relationships. The confusion reflects
the challenge of accurately applying theoretical knowledge to practical scenarios. For
instance, P7 stated: “The vehicle has an oil filter and an oil filter cannot exist without a
vehicle and oil filter must be checked. To check the oil filter, there must be an oil filter. So,
the changing of the oil filter cannot exist without the oil filter”.

While P7 demonstrated an understanding of the dependencies between the vehi-
cle and oil filter, there was confusion between the types of relationships. When asked
if there were symbols that influenced his understanding, P7 responded: “I have forgot-
ten the names, composition or what, but I understand those symbols and how they work.
But the problem is to tell whether this is composition or aggregation or something else”.
This statement illustrates that while P7 could identify and understand the visual symbols
used in the UML class diagram, distinguishing between aggregation and composition
remained challenging. P7 also produced an artifact in which he misidentified the shaded
diamond as representing aggregation (Aggr) and the unshaded diamond as represent-
ing composition (Comp) (see Fig. 4). This further confirms the confusion between the
terms, despite the participant’s familiarity with the symbols.

Similar terminological confusion was observed in other participants. P5 expressed
similar confusion during Phase 3 Activity 2: “There is a relationship between a keyboard
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Fig. 4 P7's artefact for Phase 1 Activity 1

and a key. This relationship is composition or aggregation, I forgot. And then what I know
is that a shaded diamond shape says a keyboard cannot live without a key. So, it seems
like a key is contained inside the keyboard”. P5 also struggled to recall the correct ter-
minology, despite articulating the relationship well. When asked why he had difficulty
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remembering the concepts, he explained: “For me, I am not a theoretical person, I don’t
like theory, hence why it is a problem, but I can understand things [theoretical aspects]”
This response highlights that while P5 understood the symbolic relationships and could
apply them contextually, remembering and distinguishing the correct theoretical terms
posed a significant challenge.

The aggregation-composition confusion observed reflects the dual learning challenge
these relationships present. Unlike simple association (plain line), both aggregation and
composition use diamond notation, requiring students to distinguish semantic con-
cepts through subtle visual differences. This creates challenges at two levels: students
must master both the semiotic distinction (hollow vs. filled diamonds) and the concep-
tual distinction (independent vs. dependent existence). From a semiotic standpoint,
Siau and Tian [45] show that more iconic visual notations in UML, such as hollow or
filled diamonds, lead to more accurate interpretation and fewer unintended connota-
tions among learners. This supports the idea that maintaining clear visual metaphors in
class diagrams helps novice students bridge the gap between visual form and conceptual

meaning.

4.5 Contextualisation within larger discourses

Analysis of the think-aloud data and the interviewer’s observations revealed that the par-
ticipants communicated real work terminology as the top-most strategy under this prin-
ciple. This strategy was identified in seven participants with a total of nine occurrences.

It was key to note that students resonated more with activities that incorporated names
or terms for classes using real-world terminology/language. For example, P2 responded:
“Yes” when asked as follows: “So, are you trying to say using the real-world examples help
because now if you know how a computer works then it’s easier for you to make links to the
concepts or terms in a scenario?” This also surfaced with P4 because when he attempted
Phase 1 — Activity 2, he straightaway said: “This person has a spinal cord, the ear, and
the liver”. One could develop an impression that the student understood the relevant
concepts incorporated in the UML class diagram. However, he seemed to have used the
context of being familiar with a person, as the interviewers observed that he struggled to
recall the necessary concepts and relationships between the classes [3, 11, 36]. For this
activity, he ultimately said: “Can I skip this one?” He was allowed to do so, but he later
could recall some concepts and relationships due to lengthy prompts that the interview-
ers engaged in to guide him. Returning to the same activity, he said: “The ear cannot exist
without the person. Yes, the ear and the spinal cord cannot exist without the person, and
the liver cannot exist without the person”.

Irrespective of the above experiences, students expressed differing views on using
familiar real-world terminology in UML class diagrams. P10 argued that understand-
ing the specific names was not crucial, as she could still make connections based on the
relationships and symbols. She said: “So it doesn’t really matter for me to understand the
diagram ... it shows that it’s coming from a vehicle. I know it’s part of the vehicle”. P10
further explained that even if the names were unfamiliar, she could rely on the diagram’s
structure and symbols to interpret the relationships: “If you forget the name, you should
look at the arrows... If you can’t remember that this is called aggregation, then you should
at least know that it’s something like a diamond without being stated”. P9 shared a simi-
lar perspective, acknowledging that although familiar terms could make the task easier,
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they were not essential. She responded: “Yes” to this statement that was put to her by one
of the interviewers: “But according to you, you would relate better if you know the com-
ponents, if you know the terms?”. In contrast, P11 emphasised that familiarity with the
class names could help clarify confusion when interpreting the diagram. She stated: “If
it’s another concept I don’t know, wherever I get confused, there’s nothing that will give me
a hint because I don’t know these things”.

4.6 Critical reflection

Analysis of both the think-aloud data and the interviewer’s observations revealed that
the students were communicating name of the UML class diagram as the top-most strat-
egy under this principle. This strategy was identified in all participants with a total of 33
occurrences.

The strongest reflection occurred when students were asked to name UML class
diagrams, revealing their conceptual understanding. Participants provided diverse
responses when asked to name the UML class diagrams for Phase 1 Activities 1 and 2.
Ideally, students were expected to incorporate UML concepts such as aggregation, com-
position, or class diagrams in their naming (see Figs. 2 and 3). However, their responses
varied significantly, reflecting their interpretations of the class diagrams.

Some participants named the diagrams based on their perceived subject matter. P1
suggested “the vehicle system” and “the human body system or the human parts”. Simi-
larly, P2 associated the diagrams with specific functionalities, stating, ‘I see a vehicle and
an oil filter checking, so this is supposed to be about a car and how it operates within an
engine”, ultimately naming it “Car Engine” P3 and P5 followed a similar pattern, suggest-
ing names like “Internal parts of a car”, “The parts of a person”, “Vehicle something”, and
“Living person’.

Others took a more UML-oriented approach. For example, P4 named them “Vehicle
class diagram” and “Person class diagram”. P7 and P8 maintained this UML focus but
added context, using: “Class diagram for oil filter checking” and “Motor Vehicle”. P9 ini-
tially labelled both diagrams as “Class Diagram” but later reconsidered, asking: “Can I
change my first one to class diagram as well?”. This suggests she was still reflecting on the
most appropriate title. Notably, she first wrote “Use Case Diagram” before deciding to
align both names with class diagrams. P10 asked the interviewers whether she could use
a phrase or sentence for naming, indicating uncertainty about how to label the diagrams.
She ultimately suggested: “The diagram that shows the interaction of vehicle components”
and “The diagram that shows (composition and person are part of the name”. Her ques-
tion highlights the need for explicit instruction on naming UML class diagrams, as seen
in the problem specifications.

Beyond naming, participants demonstrated verification behaviors indicating criti-
cal reflection. P1 systematically checked completeness by marking specifications. P7
showed metacognitive awareness: “I understand those symbols and how they work. But
the problem is to tell whether this is composition or aggregation”. P9 demonstrated self-
correction by revising her diagram classification.Overall, the variation in responses indi-
cates that participants engaged in critical reflection [3, 11, 36] when naming the class
diagrams. This suggests that students rely on real-world associations, while others aim
for UML-appropriate terminology, highlighting differences in how they conceptualise
the diagrams.
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5 Discussion

This section discusses the findings presented in the previous section, analysing them
through the lens of the six semiotic principles and situating them within existing litera-
ture. The discussion illuminates the communicative aspects of UML class diagrams and
their implications for teaching and learning, focusing on the top-most strategy identified
for each principle.

5.1 Identifying diagram elements

Under this principle, the findings identified ‘where to start looking’ as the dominant strat-
egy for students when first encountering UML class diagrams. Students who consistently
applied a systematic approach demonstrated a clearer understanding and more accurate
interpretations, supporting Larman’s [26] assertion that structured analytical frame-
works enhance comprehension of complex diagrams.

What emerged as particularly significant was the diversity in how students deter-
mine their initial focus. Some students, such as P2, prioritised identifying relation-
ships between elements, focusing on visual cues such as diamond shapes to distinguish
between ‘aggregation’ and ‘composition’ Others, such as P3 and P5, employed a hier-
archical approach by first identifying the main or abstract class before examining rela-
tionships. Both these systematic approaches led to more accurate UML class diagram
interpretation compared to inconsistent approaches.

Significantly, visual prominence strongly influenced initial focus, with students such as
P9 and P11 reporting that size, bold text, and spatial arrangement directed their atten-
tion — a finding consistent with Storrle’s [47] research on perceptual factors in diagram
interpretation. This highlights how the UML class diagram design itself communicates
implicit hierarchies of importance beyond the formal notation.

The inconsistent approaches observed in some students reflect a lack of systematic
analytical strategies, which impeded their ability to identify relationships and under-
stand structural elements correctly. This suggests that developing consistent analytical
frameworks is more crucial than using a specific approach, provided it is applied system-
atically across different class diagrams. These findings emphasise the need for UML class
diagram education to focus on notation rules and developing structured approaches to
UML class diagram analysis. This aligns with the cognitive load theory research [48],
which demonstrates that systematic approaches reduce extraneous cognitive load,
enabling students to allocate more mental resources to conceptual understanding rather
than procedural uncertainty.

5.2 Deciphering signs and symbols
Under this principle, ‘interpreting symbols’ emerged as the dominant strategy for stu-
dents when working with UML class diagrams. Students demonstrated varying
proficiency levels in interpreting UML class diagram notation, with most correctly dis-
tinguishing between aggregation and composition relationships based on visual cues
such as open versus shaded diamonds. This reflects what Barthes [3] describes as the
denotative function of symbols — their direct, representational meaning within the UML
class diagram notation system.

However, a significant pattern emerged where students could recognise symbols
visually but struggled with their formal terminology, particularly with inheritance
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relationships. This disconnect between visual recognition and conceptual labelling
reveals a gap between the signifier (the symbol) and the signified (the concept it rep-
resents), as articulated in de Saussure’s [11] semiotic theory. For example, P3 correctly
understood that chess was a type of board game, but could not name this as an ‘inheri-
tance’ relationship, despite recognising the arrow notation.

These misinterpretations and terminological difficulties align with what Dobing
and Parsons [13] identified as common misconceptions in understanding UML class
diagrams. Their research suggests that students often grasp the visual syntax before
mastering the semantic meaning — recognising what a symbol looks like before fully
comprehending what it represents conceptually. This reflects Eco’s [14] concept of ‘aber-
rant decoding, where interpretations diverge from intended meanings due to different
levels of familiarity with the code system.

The findings suggest that UML class diagram education should strengthen the con-
nections between visual notation and conceptual understanding, rather than treating
them as separate pedagogical components. Moody’s [29] research on visual notations
supports this approach, suggesting that effective notational systems must consider both
the cognitive and perceptual dimensions of interpretation. Pedagogical strategies might
include exercises that explicitly require students to verbalise the meaning of symbols
in various contexts, strengthening the connection between visual recognition and con-
ceptual understanding. This recommendation is supported by dual coding theory [32],
which suggests that learning is enhanced when visual and verbal information are pro-
cessed simultaneously and connected explicitly.

5.3 Cultural and contextual significance

The findings revealed ‘context’ as the most influential factor in how students interpret
UML class diagrams influenced by cultural and contextual significance. This indicates
that familiar terminology significantly affects students’ ability to comprehend diagram
elements and their relationships. When confronted with unfamiliar terms like ‘hub cap;
students such as P7 explicitly questioned their meaning, recognising that understand-
ing class names was crucial for accurate interpretation. This importance of contextual
familiarity supports Eco’s [14] semiotic theory, which posits that interpretation is deeply
rooted in prior experiences and knowledge frameworks. Students lacking contextual
understanding of terminology must exert additional ‘cognitive effort’ to make sense of
the diagram, creating potential barriers to comprehension.

Interestingly, several students demonstrated contextual reasoning to bridge knowledge
gaps, as when P1 inferred that a ‘hub cap’ must be ‘part of the vehicle’ despite not know-
ing its specific function. This reflects what Peirce [36] describes as abductive reason-
ing — a form of logical inference that uses available information to make the most likely
explanation. Students actively constructed meaning by connecting unfamiliar elements
to familiar contexts, demonstrating that interpretation involves active meaning-making
rather than passive reception.

These findings suggest that UML class diagram pedagogy should address contextual
factors using familiar terminology that resonates with students’ existing knowledge base,
particularly in the introductory stages. However, educators should also systematically
expand students’ exposure to diverse terminologies and UML class diagram arrange-
ments to develop their ability to interpret unfamiliar contexts. The balance between
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leveraging familiar contexts and stretching students’ interpretive abilities presents a key
pedagogical challenge in UML class diagram instruction. This finding extends Vygotsky’s
[51] zone of proximal development concept to technical diagramming: learning is most
effective when familiar contexts scaffold students’ grappling with abstract notation,
enabling progression from what they can do alone to what they can accomplish with

support.

5.4 Interpretation and meaning

The findings identified ‘confusing terms’ as the most significant challenge in students’
interpretation of UML class diagrams. While students often grasped the visual repre-
sentation of relationships, they frequently struggled to apply the correct terminol-
ogy, particularly when distinguishing between related concepts like aggregation and
composition.

This conceptual confusion reflects the arbitrary relationship between signs and their
meanings that de Saussure [11] describes as fundamental to semiotic systems. Concepts
such as ‘aggregation’ and ‘composition’ gain their meaning through convention rather
than inherent qualities, requiring deliberate learning of these concepts. The challenge
is amplified when concepts are closely related but conceptually distinct, as P7 demon-
strated when stating that he had forgotten the relevant names, such as composition and
aggregation, but he understood the associated symbols and how they work. This find-
ing is particularly noteworthy because students often correctly understood the underly-
ing concepts despite lacking terminology. For example, P5 accurately described that a
shaded diamond shape meant that a keyboard could live without a key, but could not
confidently label that as an ‘composition’ relationship. This suggests students develop
an intuitive functional understanding of relationships (comprehension and application)
before mastering formal terminology, consistent with Bloom’s [4] hierarchy. It also aligns
with Chi et al. [8], who found novices typically understand and apply concepts before
they can declaratively articulate them precisely.

5.5 Contextualisation within larger discourses

The findings revealed that students’ engagement with ‘real-world terminology’ was the
dominant strategy for contextualising UML class diagrams within broader discourses.
The varying perspectives on real-world terminology reflect different approaches to
Barthes’ [3] ‘anchoring’ using textual elements to fix the meaning of visual signs. Some
students relied on familiar terminology, while others focused on structural relation-
ships. This difference highlights de Saussure’s [11] distinction between ‘paradigmatic’
understanding (focusing on relationships) and ‘syntagmatic’ understanding (focusing
on elements in context). Students who interpreted UML class diagrams without famil-
iar terminology showed a stronger paradigmatic understanding of their structure. This
finding is significant because it reveals how students bridge the gap between abstract
UML class diagram notation and their existing knowledge frameworks. For example, P2
explicitly confirmed that using real-world examples is helpful because understanding
how a computer works makes connecting concepts to a given scenario easier. Similarly,
P4’s immediate recognition of familiar body parts (“This person has a spinal cord, the
ear, and the liver”) demonstrated how real-world knowledge provides an entry point for
technical interpretation.
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At the same time, some students demonstrated greater abstraction abilities, with stu-
dents such as P10 noting that understanding the name of the UML class diagram is not
so crucial as when the name is forgotten, one should consider interpreting the associated
arrows, indicating a focus on structural relationships over terminology. This contrast in
approaches reveals different levels of progress toward abstract diagrammatic thinking.

These findings suggest that UML class diagram pedagogy should balance both
approaches — introducing concepts with real-world examples while gradually focusing
on structural relationships. This balance would support students who learn through con-
crete examples and those who prefer abstract structural thinking in agreement with Lar-
man’s [26] findings. This dual approach also reflects constructivist learning theory [39],
where students build understanding by connecting new abstract concepts to existing
concrete knowledge structures.

5.6 Critical reflection

The findings identified the ‘naming of UML class diagrams’ as the strongest indica-
tor of students’ critical reflection abilities. The variety in UML class diagram naming
approaches reflected differences in conceptual framing — some focused on the subject
matter (e.g., ‘human body system’), while others prioritised technical classification (e.g.,
‘class diagran?’). This variation illustrates Eco’s [14] idea of different ‘codes’ or interpre-
tive frameworks students use to make sense of UML class diagrams.

The naming choices particularly revealed students’ conceptual understanding. Those
who selected concrete, domain-specific names such as “the vehicle system” or “Car
Engine” demonstrated a focus on the diagram’s subject matter rather than its structural
properties. This naming approach suggests these students prioritised real-world refer-
ents over the diagram’s technical classification. In contrast, students who chose names
such as “Vehicle class diagram” showed greater awareness of the class diagram’s place
within UML’s formal classification system. This finding is significant because naming
requires students to prioritise certain aspects of the UML class diagram over others,
revealing their dominant interpretive framework. P9’s reconsidering of her initial label
from “Use Case Diagram” to “Class Diagram” demonstrates active critical reflection and
conceptual refinement. Similarly, P10’s question about whether she could use a phrase
instead of a single term shows awareness of naming conventions and their implications.

These findings suggest that UML class diagram pedagogy should encourage critical
reflection through activities that prompt students to assess the diagram’s completeness,
consider alternative interpretations, and question assumptions. Specifically, asking stu-
dents to name UML class diagrams and justify their naming choices could be a valu-
able pedagogical tool for revealing and developing their conceptual understanding.
Such practices could deepen conceptual understanding and improve students’ diagram
communication skills in agreement with the findings of Fowler [16]. This metacognitive
approach is supported by research on expert-novice differences, where Glaser and Chi
[18] found that experts consistently employ systematic self-monitoring and evaluative

strategies far more than novices.

5.7 Pedagogical implications
The focused analysis of the dominant strategies employed by students across the six
semiotic principles reveals significant implications for UML class diagram pedagogy:
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« Systematic approaches to initial analysis: The study findings on ‘where to
start looking’ suggest that educators should explicitly teach consistent analytical
frameworks for UML class diagram interpretation. Whether students adopt
a relationship-focused or top-down approach matters less than maintaining
consistency across different diagrams. Teaching materials should demonstrate
these systematic approaches rather than assuming students will develop them
independently.

+ Connecting visual notation with conceptual understanding: Students’ challenges
in ‘interpreting symbols’ highlight the need for educational approaches that
strengthen connections between visual recognition and conceptual understanding.
Exercises should require students to articulate the meaning of symbols in various
contexts, reinforcing the link between notation and concept. This recommendation
aligns with empirical research by Siau and Tian [45], who demonstrated that UML
notations with greater visual resemblance to their referents (iconic notations) are
interpreted more accurately than purely arbitrary (symbolic) notations.

+ Contextual scaffolding for interpretation: The importance of ‘context’ in students’
understanding suggests that educators should use familiar terminology that resonates
with students’ existing knowledge, particularly in introductory stages. As students
progress, exposure to diverse terminologies can develop their ability to interpret
unfamiliar contexts.

+ Addressing terminological precision: The ‘confusing terms’ challenge indicates a
need for focused learning activities that help students distinguish between related
concepts like aggregation and composition. Comparative exercises that highlight the
differences between similar relationships can strengthen terminological precision.

+ Balancing concrete examples with abstract structures: Students’ varying reliance
on ‘real-world terminology’ suggests UML education should progress from concrete,
familiar examples toward more abstract structural understanding, supporting both
students who learn through real-world analogies and those who prefer abstract
thinking.

+ Using naming as a diagnostic and developmental tool: The varying approaches to
‘naming UML diagrams” can be leveraged to assess conceptual understanding and as
a learning activity. Asking students to name diagrams and justify their choices reveals
their interpretive frameworks and promotes critical reflection.

+ Progressive complexity in UML diagram design: The deliberate omission of
methods from the study diagrams highlights the need for scaffolded UML diagram
instruction. While a simplified structural focus allowed students to concentrate
on relationship semantics without cognitive overload, it may reinforce incomplete
mental models of object-oriented design. UML diagram instruction should begin
with structure-focused diagrams to support relationship understanding. As learners
gain confidence, methods for encapsulating behaviour can be gradually introduced.
This progression should ultimately lead to comprehensive modelling that integrates
both structural and behavioural elements. When methods are introduced, they
should be presented semiotically, explaining not just syntax but the communicative
significance of visibility modifiers and parameter specifications.
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« Teaching explicit verification strategies: Teaching students explicit verification
strategies, such as systematic completeness checking and accuracy validation, can

enhance their critical reflection skills and improve diagram quality.

By addressing these dimensions based on students’ actual semiotic engagement with
UML class diagrams, educators can develop more effective approaches that bridge tech-
nical notation with meaningful communication of design concepts.

6 Conclusion
This study applied semiotic theory to analyse how first-year BCIS students communicate
through and interpret UML class diagrams. By examining the six principles of semiotic
analysis and identifying the strongest strategy within each, valuable insights into stu-
dents’ engagement with these diagrams as communicative tools were gained. By exam-
ining students in educational rather than professional contexts, this study captures the
fundamental semiotic processes underlying UML diagram interpretation before they
become automated through workplace experience.

The study findings reveal that UML class diagrams function as complex semiotic sys-
tems through which students convey and construct meaning. For each semiotic prin-
ciple, a dominant strategy that characterised students’ engagement was identified:

+  Where to start looking: Students’ initial analytical approaches significantly influenced
their UML class diagram interpretation, with consistent methods yielding better
understanding.

o Interpreting symbols: Students demonstrated proficiency in visual recognition of
UML class diagram notation, but often struggled with terminological precision.

+ Context: Familiar terminology substantially affected comprehension of UML class
diagrams, with students using contextual reasoning to bridge knowledge gaps.

« Confusing terms: Students frequently distinguished between related concepts visually
but struggled to apply correct terminology associated with UML class diagrams.

o Real-world terminology: Students showed varying reliance on familiar terminology
used with UML class diagrams, reflecting different stages in developing abstract
diagrammatic thinking.

o Naming UML class diagrams: The diverse approaches to naming revealed students’
conceptual understanding and interpretive frameworks.

These findings highlight key challenges in UML class diagram pedagogy, particularly
the gap between visual recognition and conceptual understanding, the role of context in
interpretation, and the development of abstract thinking from concrete examples. The
semiotic analysis framework proved valuable for understanding students’ engagement
with UML class diagrams beyond surface-level correctness, revealing the deeper com-
municative processes at work.

This research contributes to both pedagogical practice and theoretical understanding
of visual communication in technical contexts. It offers specific pedagogical recommen-
dations for each semiotic dimension and demonstrates the value of semiotic theory in
analysing technical diagrams as communicative artifacts embedded in broader educa-
tional and professional discourses.
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7 Limitations and future research

This study offers valuable insights into how students engage with UML class diagrams
as semiotic systems, but several limitations should be noted. First, focusing on first-year
BCIS students at a single South African university limits generalisability to other educa-
tional contexts, cultures, and expertise levels. The local curriculum and teaching meth-
ods may have influenced students’ understanding differently. Second, the small sample
size (11 participants) and self-selection bias (with participants likely more interested or
confident in UML class diagrams) limit statistical generalisability. Third, the focus on
structural UML elements (classes, attributes, relationships) while excluding behavioural
elements (methods, operations) represents a limitation in the study’s scope. While this
design choice was pedagogically motivated and appropriate for investigating the semi-
otic interpretation of relationship types, it means the findings may not fully generalise
to complete UML class diagram interpretation that includes behavioural modelling. The
focus on pedagogical contexts limits direct generalisability to professional UML prac-
tice, where established expertise and workplace conventions may influence semiotic
interpretation differently. Fourth, the think-aloud protocol, while insightful, may have
influenced how students approached tasks, as verbalising thoughts could have altered
natural engagement. Fifth, being cross-sectional, the study provides only a snapshot of
students’ understanding at one point in time without tracking how their engagement
might evolve.

These limitations suggest several directions for future research. Comparative studies
across institutions, educational levels, and cultural contexts could improve generalis-
ability and reveal how different approaches affect students’ engagement with UML class
diagrams. Longitudinal studies could track students’ evolving understanding, identify-
ing key stages and learning thresholds. Expanding the analysis to include various UML
diagram types would offer a broader understanding of semiotic processes and how stu-
dents transfer interpretive strategies across types. Experimental studies could test the
effectiveness of pedagogical interventions designed explicitly around the six dominant
strategies identified in this study: systematic initial approaches (where to start looking),
connecting visual notation with conceptual understanding (interpreting symbols), con-
textual scaffolding (context), terminological precision (confusing terms), balancing con-
crete examples with abstract structures (real world terminology), and using naming as a
developmental tool (name of the UML class diagram). Eye-tracking studies could com-
plement the think-aloud protocols by offering objective insights into how students visu-
ally process UML class diagrams, revealing unconscious patterns and their correlation
with comprehension. Moreover, research comparing novices and experts could identify
key transitions in developing professional competence with UML class diagrams, bridg-
ing educational and professional contexts. Future research in these areas can further
deepen our understanding of UML class diagrams as communicative tools in academic
and professional settings.
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