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CONTEMPORARY PRACTICES IN SYSTEMS DEVELOPMENT

IDENTIFYING
DIFFICULTIES
IN LEARNING UML

KENG SIAU is a
professor of
management at the
University of
Nebraska-Lincoln. He
currently serves as the
editor-in-chief of the
Journal of Database
Management and
editor of the book series
Advances in Database
Research. He received
his Ph.D. degree from
the University of
British Columbia. Dr.
Siau has published
more than 10 books,
75 refereed journal
articles, and 90
refereed conference
papers. His research
interests are systems
analysis and design,
mobile and ubiquitous
commerce, and user—
database interaction.

POI-PENG LOO
received her master’s
degree from the
University of
Nebraska—-Lincoln.
Her research interests
include concept

mapping.

Keng Siau and Poi-Peng Loo

Despite its recognition as a standard object-oriented modeling language, Unified Modeling
Language (UML) has been criticized for such deficiencies as semantic inconsistencies, vague-
ness, and conflicting notations. The relationship between these deficiencies and the difficulties
in the learning process is the focus of this study. A concept mapping technique is used to
unveil the learning difficulties and suggestions for alleviating them are provided.

HE UNIFIED MODELING LANGUAGE

(UML) was originally developed by

Grady Booch, James Rumbaugh, and Ivar

Jacobson in the mid-1990s to facilitate
object-oriented systems analysis and design.
UML has since become the Object Manage-
ment Group (OMG) standard and is now ac-
cepted as the de facto industry standard
(Booch, 1999). Despite this status, UML has
been criticized for a number of deficiencies
such as semantic inconsistencies, inadequacy
of notations, and ambiguities of diagrams and
constructs.These problems are also believed to
be the primary obstacles in learning UML, yet
empirical evidence of this attribution is cur-
rently lacking.

With the UML as the standard modeling lan-
guage for object-oriented modeling, learning
UML becomes a necessity for the majority of
novice designers, as well as some experienced
analysts who are accustomed to only struc-
tured and functional paradigms. As such, un-
derstanding and alleviating the difficulties in
learning UML is important to both practitio-
ners and researchers.

This article reports on the results of a sys-
tematic empirical study focusing on identifying
the difficulties faced by novices in learning
UML. A concept mapping technique is used to
develop the various categories of difficulties

encountered by the subjects, who were MIS
students who had completed a semester
course on UML prior to the study.

UNIFIED MODELING LANGUAGE (UML)

UML specifies a set of diagrams and notational
conventions for modeling systems based on the
object-oriented paradigm. Within the context
of software engineering, UML is designed to
help software engineers specify, construct, vi-
sualize, and document the artifacts of a soft-
ware-intensive system and to facilitate the
communication of ideas (Booch et al., 2005).
UML, in its version 1.x, provides nine different
types of diagrams with which to model sys-
tems. Class diagrams, object diagrams, compo-
nent diagrams, and deployment diagrams are
used to address a system’s static aspects; i.e.,
the organization and structure of the system
and its components. Sequence diagrams, col-
laboration diagrams, statechart diagrams, and
activity diagrams are used to portray a system'’s
dynamic aspects;i.e., the behavior, interaction,
and states of the components when the system
is in execution. In addition, use-case diagrams
are used to model the context and require-
ments of systems (i.e., the use case view of sys-
tems). Our study was conducted prior to the
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introduction of UML 2.0, but the results still ap-
ply and are valid for UML 2.0.

The introduction of UML was intended to
unify the various object-oriented methods in
the object-oriented marketplace (Booch et al.,
2005). Practitioners and researchers (e.g., Si-
mons & Graham, 1999; Dobing & Parsons,
2000; Whittle, 2000; Price et al., 2000; Siau &
Cao, 2001; Siau & Loo, 2002; Siau & Lee, 2004;
Siau et al., 2005), however, soon pointed out
major pitfalls of UML. For example, Siau and
Cao (2001) have shown that UML is much
more complicated (2 to 11 times more com-
plex) than other modeling methods.Tyson and
Frank (2002) wrote that UML 1.x has 144 dis-
tinct concepts. Semantic inconsistency is an-
other problem (Whittle, 2000; Dori, 2002).
Some parts of the UML models contradict other
parts: for example, the “uses” and “extends” in
the use-case diagram are defined as stereotypes
of generalization and are represented by the
standard generalization arrow, but the arrow
points to a more general entity (Simons, 1999)
instead of the other way around (as in the “in-
clude” stereotype). This creates confusion and
learning difficulties for novices.

Surveyer (1999/2000) identified three ma-
jor UML obstacles. First, UML does not include
a comprehensive process methodology. Sec-
ond, UML is not easy to learn because it is fairly
sophisticated (complex) and may require other
methods and processes in order to map a com-
plex system. Third, UML is skewed more to-
ward the details of how a system is designed and
deployed and emphasizes less the analysis and
documentation requirements of the system.

Although these are commonly cited UML
problems, comprehensive, systematic research
on learning difficulties is lacking. This study
empirically examines whether deficiencies in-
herent in UML contribute to the difficulties in
learning it.

THE RESEARCH STUDY

The focus of the study is to identify the prob-
lems encountered by students in learning and
applying UML. The subject of interest can be
summarized as, “What difficulties do students
have in learning UML?”

The participants in this study were students
who had completed the “Object-Oriented Sys-
tem Analysis and Design” (OOSAD) class at a
large Midwestern (U.S.) university. The course
focuses on introducing the concepts, syntax,
semantics, and diagramming techniques of
UML; it also covers object-oriented concepts.

During the semester, students were required to
complete quizzes, in-class exercises, presenta-
tions, and case studies to further enhance their
understanding of UML; also, as a group project,
they had to use UML to analyze a system. Most
of these students did not have prior knowledge
or experience in object-oriented systems devel-
opment. This study, therefore, focused on un-
derstanding the learning difficulties
encountered by UML novices and suggesting
ways to help them overcome these difficulties.

The data analysis for this study utilizes a
concept mapping technique. Concept map-
ping is a process that can be used to help a
group describe its ideas on any topic of interest
(Trochim, 1989a, 1989b) and represent these
ideas visually in the form of a map.

As the first step, participants generate a
large set of statements relevant to the topic of
interest by using techniques such as brain-
storming.Then these statements are individually
sorted into piles of similar ones and rated on a
particular scale. Next, data analysis techniques
are used to produce maps in which individual
statements are shown in two-dimensional space
with more similar statements located near each
other. Statements are also grouped into clusters
that partition the space on the map. Finally, a
structured interpretation session is conducted
to help clarify the maps.

The study was conducted in six steps, as
specified by Trochim (19892), and the six steps
were carried out in two phases, as shown be-
low. Forty-nine students enrolled in the
OOSAD course were recruited to participate in
Phase 1 of the study. For Phase 2, we recruited
another 30 students who had taken the course.

Phase 1: Preparation and Statements
Generation

Step One: Prepare Project. We first identi-
fied the problem domain of this study, which is
to uncover the difficulties that students face in
learning UML. Students were asked to: “Gener-
ate statements which describe the difficulties,
concerns, and problems in learning UML for
systems analysis and design.”

Step Two: Generate Statements. The Phase
1 participants were encouraged to generate as
many statements as possible that could ideally
represent the entire conceptual domain for the
topic of interest. The 49 students generated 321
statements. Redundant statements were deleted
from the statement list and the rest of the state-
ments were modified to ensure consistency and
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grammatical correctness. The resulting 192
statements were used for the rest of the study.

Phase 2: Computing and Utilizing
Concept Maps

The criterion for rating the statements generat-
ed was developed before Phase 2.A five-point
Likert-type response scale was used to measure
the difficulty in learning UML, as follows: 1 =
not difficult, 2 = somewhat difficult, 3 = mod-
erately difficult, 4 = very difficult, 5 = extreme-
ly difficult.

Step Three: Structure Statements. The
Phase 2 participants were required to sort and
rate the 192 statements generated in Phase 1.
Each subject was given a complete set of state-
ments and asked to put the statements they
considered to be similar into one pile accord-
ing to the following sorting rules:

U Each statement can be placed in only one
pile (i.e.,an item can’t be placed in two piles
simultaneously).

U All statements cannot be put into a single pile.

U Each pile must consist of more than one
statement.

After the participants finished sorting the state-
ments, they were asked to rate each statement
using the five-point scale.

Step Four: Compute Maps. After the sort-
ing and rating procedures, researchers generat-
ed various concept maps using both a
statistical package and manual analysis.

Step Five: Interpret Maps. The main ob-
jective of this step was to develop labels for the
various categories of difficulties in learning UML.

Step Six: Utilize Maps. This step involved
using the maps to help address the original fo-
cus; that is, to what extent the clustered diffi-
culties are related to the deficiencies inherent
in UML and how future versions can alleviate
those issues.

FINDINGS

A 15-cluster solution selected from the concept
mapping analysis is shown in Figure 1. The
original 192 statements about the difficulties of
learning UML from the subjects are divided into
15 clusters, which are enclosed by boundaries.
The clusters are labeled based on how the ma-
jority of sorters labeled their piles. For example,

Cluster 15 is labeled, “lack of prior knowl-
edge/experience of UML or programming.”The
label was derived from the following word-
ing/phrases provided by the subjects:

“Lack of programming experience”

“Lack of experience in UML”

“Do not have any knowledge of UML before
taking this class”

As another example, Cluster 6 is labeled,
“too many constructs/concepts/techniques
and difficult to remember,” based on subjects’
statements such as the following:

“Too many constructs in UML”

“Too many concepts in UML”

“Too many diagramming techniques in UML”

“Too many concepts and some of them seem
unpractical”

FIVE CATEGORIES OF UML LEARNING
DIFFICULTIES

The 15 clusters in Figure 1 were consolidated
into five meta-regions, which reflect the major
categories of difficulties perceived by the sub-
jects in learning UML. Each of these is dis-
cussed below.

Region #1 — Training Material

(Clusters 1, 2, 4)

The subjects claimed that insufficient course
information, a crowded classroom, lack of a
good textbook, and the user-unfriendliness of
the CASE (computer-aided software engineer-
ing) tool created moderate difficulty in learning
UML. Typical statements about this region in-
clude:

“Spend too much time on class diagrams and
not enough on others”

“I think we should have learned more about
the unified process”

“Not seeing a completely finished product”

“Bugs in UML software (i.e., Rational Rose)”

“UML software is too expensive and slow to
access”

“How to link diagram in Rose”

“Many UML examples contain errors”

“Textbook is hard to follow”

According to theories and literature on cog-
nition and learning (e.g., Long, 1990; Langley
& Simon, 1981; Shuell & Lee, 1976) the “big
jump” on the learning curve is usually created
by having assistance during the process of
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FIGURE 1 Cluster Rating Map
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learning. Assistance could be lectures in class,
discussion, and additional supporting materi-
als. Without help from these sources, a sub-
ject’s UML learning curve would be long and
steep. With the pervasive adoption of UML as
the standard object-oriented modeling lan-
guage, good learning materials have been intro-
duced, and this aspect is improving rapidly.
Software vendors are also enhancing their
CASE tools and providing tutoring software for
novices to learn UML.

Another training issue relates to the trade-
off between the limited memory capacity of
humans and the complexity of UML (e.g.,
Anderson, 1976, 1989, 1993, 1996; Siau,
1999).Within a typical semester schedule (.e.,
48 class hours over 16 weeks), instructors may
have difficulty teaching all the UML diagrams
and providing plenty of hands-on practice. Ac-
cording to the information processing theory
(Anderson, 1976, 1989, 1993, 1996), both lack
of rehearsal and information overload can
cause the loss of information in short-term

memory, resulting in difficulties in the learning
process. UML 1.x has nine different diagram-
ming techniques. UML 2.0 has 13 diagramming
techniques. It is expected that UML will contin-
ue to grow in size.The size and complexity of
UML pose problems in learning it (Siau et al.,
2005).

Region #2 — Prior Knowledge
(Clusters 9, 15)
The typical statements of this meta-region are

listed below:

“Difficult to understand UML using concepts
from structured analysis and design”

“It is too different from the traditional method”

“A shift from procedural to object orientation
was difficult”

“Learning UML is hard if we lack some pro-
gramming experience”

“Designing a system while learning a new lan-
guage was very hard”
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TABLE 1 Issues Inherent in the UML Diagrams

Typical Statement

“Hard to show when actors are
involved in diagrams”

“The relationships between
different diagrams are

confusing” diagrams?

“The role of use-case diagram is
confusing”

“Hard to decide when to use
statechart diagrams and when

to use activity diagrams” diagram.

“Difficult to understand constraints
in class diagram”

“Very difficult to come up with
error-free solution/diagram”

“<<include>> is hard to
understand”

“<<uses>> and <<extends>>

generalizations are inconsistent” stereotypes.

What the Statement Means

Actors are used in the use-case diagram and may appear in the
interaction diagrams. The training materials do not “link” the various
diagrams together. Students are confused about the use of actors in
the use-case diagram and how the actors in the use-case diagram
relate to the actors in the interaction diagrams.

The “linkages” between different diagrams are not obvious to the
students. For example, how is class diagram “linked” to interaction

The use-case diagram is a controversial diagram in UML. It is different
from the other UML diagrams and its role has been questioned.

The activity diagram is a special case of statechart diagram. Students
are confused about when to use activity and when to use statechart

Constraint specification may need to be included for some class
diagrams, but constraint specification is difficult for novices in UML
to understand.

UML has many constructs and syntax rules. UML is not easy for a
novice to learn.

The “include” stereotype is not easy for students to understand.

The direction of the arrowhead is different for “uses” and “extends”

According to the information processing the-
ory, when learners acquire new information,
they attempt to relate this new piece of informa-
tion to their existing knowledge structure. Thus,
when subjects are introduced to the concepts
of UML, the foremost action is to search and re-
call similar concepts, knowledge, or produc-
tion rules from their knowledge pool (long-
term memory) and then try to create a new
production rule that combines the new con-
cepts learned with the old knowledge. If learn-
ers have very little or no experience in object
orientation or UML, they can encounter diffi-
culties in processing UML concepts and
constructs in their memory and combining
knowledge.

In addition, prior knowledge of a procedur-
al and functional paradigm may interfere with
the learning of UML, which is based on an ob-
ject-oriented paradigm. Besides the discrimina-
tion effect of prior knowledge, Dué (1993)
believed that “the change in mindset required
to move to the object paradigm seems to be the
single biggest obstacle.” Pennington, Lee, and
Rehder (1995) found that even after object-ori-
ented training, “certain procedural practices
crept into” the efforts of novice object-orient-
ed designers. By inference, then, the best can-
didates to learn UML will be those who have

prior knowledge of object orientation or ob-
ject-oriented programming and those who
have not been exposed to structured tech-
niques.

Region #3 — UML Diagrams

(Clusters 3, 5, 11, 12, 13)

Inconsistent and confusing diagrams and con-
structs are obstacles in learning UML. Table 1
lists the typical statements on this issue and
what those statements were interpreted to
mean.

According to the ACTR theory (Anderson,
1976, 1989, 1993, 1996), generalization and
discrimination are important outcomes of
knowledge compilation. However, the inconsis-
tency and confusing diagrams in UML impact the
effectiveness of compiling declarative knowl-
edge (e.g., definitions, meanings of diagrams,
and other constructs of UML) into procedural
knowledge (e.g., how to draw UML diagrams to
effectively model an aspect of a system).

In addition, subjects pointed out that a
number of concepts could not be captured us-
ing UML notations. They also claimed that
sometimes they could not express what they
were trying to model. These difficulties can re-
sult from the inadequacy of UML itself. The
findings for Region #3 thus show that these
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TABLE 2 Issues Inherent in the UML Semantics

Typical Statement

“There is more than one correct
solution to a problem”

picture of the system is not easy”

of a representation”

use in the diagrams”

What the Statement Means

There is more than one way to represent something, and that is
confusing to the students. For example, some relationships can
be represented as either associations or aggregations.

“For a huge project, combining every Students cannot integrate and synthesize the information from the
diagram together to make a whole various diagrams.

“Unsure about the logical correctness  Students are unsure whether certain representations are logically
correct. For example, whether to use an association or an
aggregation depends on how the object is to be stored and how
the object is to be used. It is not easy for novice UML users to
understand the implications of certain representations and when
to use certain representations.

“Knowing when to use each type of Students are not sure when to use a certain diagramming
diagram” technique.
“Determining proper relationship to There are many types of relationships in UML; students are

confused when to use a certain relationship.

weaknesses are the source of at least some of
the difficulties in learning UML.

Region #4 — UML Semantics
(Clusters 8, 10, 14)
The pattern displayed in Region 4 indicates
that subjects were unsure about some of the se-
mantics of UML.Table 2 details the typical state-
ments for this region and the interpretations.
These difficulties are mainly due to those
UML semantics that are not precisely defined.
This is an inherent problem of the unifying pro-
cess, which produces UML from many differ-
ent object-oriented modeling techniques (Selic
et al., 2002). Furthermore, the ambiguity of
UML semantics poses problems for novices and
for forward engineering (i.e., generating codes
from models).

Region #5 — UML Constructs

(Clusters 6, 7)

Subjects had problems memorizing the nota-
tions and constructs in UML. The difficulties
mentioned are included in Table 3.

The large number of constructs in UML in-
creases the difficulty in learning, because hu-
mans are constrained by the size of their short-
term memory (Miller, 1956). To make learning
UML easier, we need to reduce the number of
constructs, resolve inconsistencies among con-
structs and diagrams, remove ambiguities in
UML, and increase hands-on practice during
the learning process.

RECOMMENDATIONS

The cluster rating map in Figure 1 suggests that
there are five major issues in learning UML.
These issues can be divided into inherent and
peripheral categories. In the following, we
present recommendations for alleviating learn-
ing difficulties for the inherent and peripheral
categories.

Category One: Inherent problems in UML

[ Issues related to UML diagrams (Region #3)
U Issues related to UML semantics (Region #4)
0 Issues related to UML constructs (Region #5)

For these problems, the following recommen-
dations are suggested to help alleviate the
learning difficulties:

1. Clearly define UML constructs and con-
cepts. The semantics of some UML con-
structs and concepts are poorly defined.
This creates learning difficulties for stu-
dents — especially inexperienced and nov-
ice users of UML. For example, the
definitions of stereotypes <<Include>> and
<Extend>> in Booch et al. (2005, p. 234)
are beyond the comprehension of novice
UML users. UML constructs and concepts
should be clearly defined and discussed in
an easily understandable way (rather than
using formal technical jargon) to avoid
ambiguities and misunderstanding. As the
original UML was developed by incorporat-
ing many object-oriented modeling tech-
niques, the later UML versions should try to
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TABLE 3 Issues Inherent in the UML Constructs

Typical Statement What the Statement Means
“Too many constructs in UML’ UML has many constructs and it is difficult to learn them and their
notations.
“Too many concepts and some UML has many concepts, some of which are seldom used. For
of them seem unpractical” example, qualified association is not commonly used.

“Symbols in UML mean different UML notations are difficult to learn and familiarize.

things in different diagrams”

“Learning the complete syntax The UML syntax can be confusing. For example, filled solid arrowhead
was daunting” means nested flow of control whereas stick arrowhead represents flat
flow of control. Also, the direction of arrowhead is important.

better integrate these techniques to pro-
vide learners with consistent notations,
constructs, and concepts.

Discuss the roles and uses of various dia-
grams in UML. The roles and uses of the
UML diagrams should be discussed in the
training materials and lectures. For exam-
ple, the use-case diagram is probably the
most controversial diagramming technique
in UML.The role and uses of the use-case
diagram in UML need to be clarified and
explained. Students are also confused
about when to use the sequence and when
to use the collaboration/communication
diagrams. Similar issues exist for the activity
and the statechart/state diagrams. These
issues need to be addressed by the instruc-
tors and hopefully alleviated in future ver-
sions of UML. Hands-on practice and real-
world projects should be important compo-
nents of a training program.

Discuss the “linkages” between various
diagrams.The current textbooks and train-
ing materials on UML do a poor job discuss-
ing the “linkages” between various
diagrams. The various UML diagrams are
used to present different aspects of a prob-
lem. However, students find it difficult to
integrate and synthesize the information
depicted in different diagrams. They also
find it difficult to see the connections
between the various UML diagrams. For
example, how are the use-case and class
diagrams linked to the interaction dia-
grams. The linkages between various dia-
grams need to be explicitly discussed in the
textbooks, training materials, and class-
rooms.

Focus on core UML diagrams and con-
structs. UML is inherently large and com-
plex; thus, teaching all the diagrams and
constructs is a daunting task for instructors
and learning them is an impossible

endeavor for novice UML users.The 20-80
rule can be applied to the learning of UML:
only 20 percent of UML constructs are
needed to specify 80 percent of the com-
mon software solutions. Therefore, it is
important to identify the core diagrams and
core constructs in UML (Siau et al., 2005)
and to give priority in teaching them. Dif-
ferent application domains will require dif-
ferent domain-specific extensions to the
core UML (Duddy, 2002; Selic et al., 2002),
and these extensions can be learned by the
users when necessary.

5. Enbance UML semantics with a con-
straint language. The inherent problems
with UML semantics can be enhanced and
clarified with a constraint language that will
reduce ambiguities and facilitate forward
engineering. Although learning the Object
Constraint Language (OCL) is not recom-
mended for UML novices, the language can
be a basis for devising a novice-friendly lan-
guage to represent constraints.

Category Two: Peripheral Issues
in Learning UML

U Issues related to training material/software
(Region #1)

0 Absence/presence of prior knowledge
(Region #2)

The following are some suggestions and recom-
mendations:

1. Better textbooks and training materials.
Most of the current textbooks and training
materials use UML as examples in discuss-
ing software development or systems analy-
sis and design. The emphasis of these
textbooks is not on UML, and the coverage
of UML in these textbooks is less than ade-
quate. UML is complex and consists of
many diagramming techniques. Complete
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and comprehensive coverage of UML in
textbooks and training materials may not be
suitable for novice users, but it is needed in
advanced courses on UML. Thus, we need
basic but adequate coverage of UML in text-
books written for novice UML users and
comprehensive coverage of UML in text-
books targeted at advanced UML users.

2. Acquire knowledge of object orientation.
Before learning UML, learners should pref-
erably have some knowledge of the object-
oriented paradigm. Object-oriented pro-
gramming experience in C++, Java, or
Visual Basic would be helpful for learning
UML. Prior knowledge of the object-ori-
ented paradigm will speed up the learning
process and will enable learners to better
appreciate UML.

3. Prevent interference from Rnowledge of
structured paradigm. Learners who have
been exposed to the structured paradigm
should be cautioned not to transfer knowl-
edge from the structured paradigm to the
object-oriented paradigm. Prior knowledge
from the structured paradigm will interfere
with the learning of UML and make the
learning process much more difficult and
confusing.

CONCLUSIONS

Undoubtedly, UML is large and complex, and it
is going to continue to grow! The number of di-
agramming techniques increases from 9 in
UML 1.x to 13 in UML 2.0.The complexity of
UML poses a problem for learning the model-
ing language.

This study used a concept mapping tech-
nique to identify the difficulties in learning
UML.Two categories of problems were identi-
fied. The first category can be traced to the in-
herent problems in UML.These problems have
been highlighted by some practitioners and re-
searchers, but empirical evidence was previ-
ously absent. The second category, peripheral
issues in learning UML, relates to the prior
knowledge of the learners and the problems of
UML training materials.

This study is of interest to both UML re-
searchers and practitioners. It highlights the
difficulties in learning UML and relates some of
these difficulties to the inherent problems in
UML. For practitioners and educators, this
study provides recommendations on ways to
facilitate UML learning and ease the learning
process. For UML researchers and designers,

some of the inherent problems in UML can be
addressed in future releases of UML.
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