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Abstract. Domain modelling is a crucial part of Enterprise Modelling and
considered as a challenge in enterprise engineering education. Pedagogy for this
subject is not systematized and teachers or book authors develop the curriculum
based on their own experience and understanding of the subject. This leads to a
wide diversity of pedagogical methods, learning paths and even drastic differ‐
ences in the applied terminology. In this paper, we identified and classified
learning outcomes from several educational resources on domain modelling
according to the revised Bloom’s taxonomy of educational objectives. We iden‐
tified the similarities and gaps among the resources, such as lack of evaluation-
related tasks, as well as the insufficient presence of procedural knowledge related
tasks. The examples of most popular tasks are given, along with the directions to
the future development of a systematic educational framework and guidelines for
domain modelling pedagogy.
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1 Introduction

Enterprise modelling consists of different perspectives such as goal modelling, business
process modelling, value modelling, etc. Amongst those perspectives, the ‘what’ or data
perspective, addressed through domain modelling, is considered one of the crucial
aspects of Enterprise Modelling [1]. However, any educator that starts teaching domain
modelling faces several challenges. First, domain modelling often means formalizing
an ill-structured domain or problem description formulated in natural language. This
applies to any field where domain modelling or conceptual data modelling is used:
engineering design, software development or enterprise engineering. Ill-structured prob‐
lems are domain- and context-dependent, so in addition to the knowledge of modelling
techniques per se, novice modellers should grasp the context and the specifics of the
domain in which they have to work [2].

Second, there is no existing generally accepted framework for modelling pedagogy –
educators have to come up with the entire course design, tasks and learning paths on their
own, based on their professional experience and views on learning process.
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Third, not only the approaches to teaching, but even the terminology significantly
varies, bringing the entire field of domain modelling close to a “Babylonian” state, where
everyone names the same notion in a different way. Though some modelling methods
are similar or even identical across communities (object-oriented modelling community,
database modelling community, and others), the fact that they may implement
completely different terminology and notation hampers the exchange of knowledge. As
an example, in [3], the term “domain object” or “object” for short, is used to address a
wide variety of concepts, such as entities, associations, agents and events, all of which
are considered subtypes of “Object”. Consequently, the terms “object model” (as in [3,
4]) and “object diagram” have completely different meanings: according to the current
version of the UML standard, “object diagram” refers to the concrete instances that exist
in the system in a given moment, while in [3] and in many other resources “object model”
refers to the equivalent of a UML class diagram describing the model in general. To
avoid confusion, in this paper we will stick to the standard terminology of UML [5].

Last, but not least, though there are many insights available on what makes a good
model (a large review on that matter was made as early as in 1994 [6]), the portrait of a
good modeller is still somewhat blurry. The skill set that he/she is expected to possess
is not formalized, and, subsequently, the identification of learning outcomes is compli‐
cated, so as the development of assessment criteria.

In this work, we aim to make an initial step towards the systematic educational
framework for enterprise modelling. As a first step, we limit our research to the data
modelling aspect only, not concerning the aspects such as business processes, goals, or
business object behaviour, which will be subjects of future studies. We investigate the
current state of practice by identifying and classifying learning outcomes pursued in
samples of educational literature [3, 4, 7, 8], massive open online courses [9–11] and
university level courses exams from KU Leuven, Université catholique de Louvain and
University of Namur [12–16]. Inspired by learning outcomes categorization works
conducted in different fields of studies, such as biology [17], social sciences [18],
computer science [19], and others, we use the revised Bloom’s taxonomy of educational
objectives [20] as a classification tool.

The following research questions are to be answered in this work:

RQ1: What learning outcomes can be identified in current domain modelling educa‐
tion?
RQ2: What is the positioning of the identified learning outcomes in the revised Bloom’s
taxonomy of educational objectives?

RQ2a: How are the learning outcomes distributed among various knowledge levels?
RQ2b: What are the most frequently appearing types of tasks?

RQ3: What is the range of domain modelling concepts addressed by the educators?

Apart from providing information on the state of practice, developing the method‐
ology for the analysis of the current practice allowed for additional contributions to the
field of teaching domain modelling. The analysis required a field-specific revision of the
Bloom’s taxonomy (Sect. 3), an analysis of how the learning of domain modelling
concepts is scaffolded, and the categorization of the learning goals provides a set of
typical tasks that can be used as inspirational templates by teachers.
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The remainder of this paper is structured as follows. Section 2 presents related
research. Section 3 presents the methodology, amongst which a revised Bloom’s
taxonomy for domain modelling (Sect. 3.1), and a scaffolding of domain modelling
concepts (Sect. 3.2). Section 4 then presents the results of classifying 291 exercises and
tasks from 12 different sources. A discussion follows in Sect. 5 and Sect. 6 presents the
conclusions and topics for further research.

2 Related Research

2.1 Pedagogical Resources on Domain Modelling

As already mentioned in the introduction, there is no general agreement on how to teach
domain modelling. Existing standards, such as MSIS 2006 [21] or IEEE SE 2014 curric‐
ulum guidelines for software engineering education [22], only give a general perspective
on the large educational field, such as software engineering, and only briefly mention
the aspect of domain modelling. As for domain modelling as a discipline, though there
are plenty of approaches to how to model, there is no comprehensive literature or
published guidelines on how to teach modelling.

Several attempts were made to determine the criteria of competence of novice
modellers and propose the learning paths for their professional growth. [23] describes
teaching practices aimed at building a bridge between a novice conceptual data modeller
and an expert. Such practices include a high-level four-step strategic plan for training
modellers comprising familiarization with data modelling constructs, adopting an
expert’s strategies, gaining exposure to different application domains and reviewing the
developed data models. Another attempt of improving the understanding of conceptual
modelling by novice modellers was made in [24], based on observations of novice versus
expert modellers going through all steps of developing a conceptual modelling project,
including data collection and domain modelling. The observations show that the patterns
applied by novice modellers differ drastically from those applied by the experts. Thus,
the identified experts’ patterns could be used to improve procedural knowledge of novice
modellers. In [25], the authors propose to assess students’ understanding of the concept
of inheritance based on a five-level scale: from understanding the difference between
abstract and concrete classes to understanding of complex models with more than one
inheritance hierarchy.

The examples of works above demonstrate that the available sources on modelling
education propose very high-level approaches that never go into the details, such as the
topics learned on each stage or the type of tasks given to the students. Though the avail‐
able textbooks propose various learning paths, no study was found that analyses the
effectiveness of proposed scaffolding methods.

2.2 Implementations of Bloom’s Taxonomy

Bloom’s taxonomy [26] and the revised Bloom’s taxonomy [20] continue to attract the
attention of educators in a wider and wider variety of fields. Since the 1960s, when the
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first handbook proposing the taxonomy was published, the educational community
conducted tens of classification works.

In 2008, Bloom’s taxonomy was applied in the University of Washington for devel‐
oping the Blooming Biology Tool – an assessment tool to assist the biology educators
to align the assessments they use with the teaching activities and help develop classroom
materials and exams based on a unified evaluation kit [27]. Later the same year, Science
published the report on the application of Bloom’s taxonomy to the major biology-
related exams [17], based on the exam questions ratings from [27]. The findings were
rather surprising for the biology education community, as the analysis of MCAT
(Medical College Admission Tests) showed that its tasks, perceived as heavily based on
content knowledge (lower-order thinking), contain a large proportion of tasks requiring
higher-order thinking, such as problem-solving ability and critical thinking. Later on,
the “Blooming” tools expanded to more narrow fields of biology: consequently, the
Blooming Anatomy Tool [28] and the Bloom’s Taxonomy Histology Tool [29] were
successfully applied in the corresponding fields. In [30], the revised Bloom’s taxonomy
was applied to classify a large collection of biology-related assessment packages into a
two-dimensional taxonomy; the study showed the lack of procedural and metacognitive
knowledge-related questions.

Biology is not the only field where Bloom’s taxonomy was applied: [31] presents a
successfully implemented self-assessment tool based on Bloom’s taxonomy for students
of programming classes; in [32], the authors developed a set of core learning objectives
for accounting ethics using Bloom’s taxonomy; it was applied for assessing the software
engineering curriculum and the IEEE software engineering body of knowledge [19].
However, to this moment none of the existing studies attempted to apply Bloom’s
taxonomy to domain modelling or enterprise modelling education.

3 Methodology

3.1 Revised Bloom’s Taxonomy for Domain Modelling

As the revised Bloom’s taxonomy itself was developed as a general one and applicable
to a wide variety of fields, the criteria for classification given in the description of the
taxonomy should be narrowed and tailored to be implemented in domain modelling
education. The revised Bloom’s taxonomy of educational objectives [20] is a matrix
identifying 6 cognitive process levels and 4 different knowledge levels. As the result of
the tailoring to domain modelling, the following criteria of categorization (with exam‐
ples) were applied in this work.

Cognitive Process Levels
Remembering tasks imply recalling and reproduction of previously learned material.
This includes giving definition to terms, recognition of notation and copying/duplicating
existing learning material. In case of domain modelling, such tasks may include giving
a definition to a given modelling concept (e.g. inheritance, aggregation, association
class), or naming a given modelling notation element.
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Understanding tasks refer to the previously learned material, possibly by interpreting
it (explaining, translating from one form to another), or by comparison. Typical under‐
standing level tasks would include interpreting a given model and providing its textual
description or giving an example (instance) of a given class or association.

Applying tasks imply using the previously learned information in new ways and/or
implementing a learned technique. Applying domain modelling knowledge may include
modification of a model using an available example or the application of a given tech‐
nique to create an association between two classes.

Analysis tasks imply deconstructing the material to understand its inner structure and
the general principles of relationships between different elements. Examples are the
comparison of two models for a domain or generalizing a given model.

Evaluation tasks aim at assessing the ability of students to make judgements based
on given criteria, standards or guidelines. Examples in domain modelling education are
finding mistakes in a given domain model by comparing it to the given description or
choosing the model that describes the given domain best and motivating one’s decision.

Creating tasks imply the use of the learned material to create a new structure or to
enhance an existing one. This is the highest cognitive level of the taxonomy. Examples
in conceptual modelling education are building a model according to a given description
and completing an incomplete model.

Knowledge Levels
Factual knowledge includes the basics of the studied disciplines, such as basic termi‐
nology. In domain modelling, factual knowledge refers to the knowledge of modelling
notation and definitions of various terms and concepts.

Conceptual knowledge implies understanding of the connections and interrelation‐
ships between the elements learned on factual level. For domain modelling, conceptual
knowledge is related to the understanding of relationships between modelling concepts
and between various elements of a given model or model fragment.

Procedural knowledge refers to the subject-specific methods, procedures and rules.
Procedural knowledge means knowledge of modelling techniques and criteria for their
implementation; it may include the step-by-step approaches to modelling and knowledge
of guidelines and procedures specific to the discipline of domain modelling.

Metacognitive knowledge implies strategic knowledge and the student’s awareness
of his/her own knowledge. Metacognitive knowledge in domain modelling is related to
knowledge about the (typical) mistakes a student (or a group) tends to make, the most
successful strategies for learning, and the knowledge of cognitive processes that would
be involved in a given task.

3.2 Scaffolding Levels

At first, we attempted to classify the assessment tasks directly into the Bloom’s
taxonomy. We however soon faced the problem that certain tasks require prerequisite
knowledge. This scaffolding of knowledge is not adequately captured by either the
cognitive process levels or the knowledge levels. Therefore, based on the existing
learning paths for domain modelling education, we created the following scaffolding
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tree (Fig. 1), according to which the modelling levels addressed by learning outcomes
were additionally classified.

Fig. 1. Scaffolding tree for domain modelling education

This scaffolding tree comprises four major levels:

– Class level, which includes the concepts of object, class and attribute;
– Relationships level subdivided into generalization and association sections. The

generalization section includes the concept of inheritance, while the association
section includes binary, n-ary and recursive associations, aggregation and partly the
concept of association class, which was included in both class and relationships
levels;

– Model level subdivided into simple and complex model sections. These two sections
are introduced to emphasize the pedagogical difference between models that utilize
only a limited amount of modelling concepts and those that use a wide variety of
concepts: “simple” model and “complex” model. A simple model implies the use of
the whole class level and binary associations, while a complex model may include
the whole set of relationships level concepts;

– General knowledge level includes knowledge of modelling notation languages,
general conventions and guidelines for modelling, and other necessary information,
which is out of the scope of the above three levels.

The arrows should be read “A is a prerequisite for B”, if the arrow starts in A and
points at B.
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3.3 Materials

For the assessment of current practice, different sources could be used. As explained in
the introduction, general curricula designs identify learning goals at a too high level to
be useful for everyday educational practice. Better sources would therefore be the indi‐
vidual courses and how they address domain modelling. Here too, different starting
points can be used. The learning goals formulated for a course, often found in online
course descriptions, could be a potential source. However, such descriptions are still
quite high level. Moreover, they only specify what is planned to be addressed, rather
than what is effectively addressed by the course. Better sources are therefore the actual
assessment questions used to assess the students’ knowledge of domain modelling. This
is also in line with previous research on educational frameworks based on Bloom’s
taxonomy, which used the applied assessment items to build evaluation tools and frame‐
works for their subjects.

Other issues are that domain modelling appears as a sub discipline in different fields
(object-oriented modelling, conceptual modelling and database design) and that courses
have different formats. In order to achieve a sample as representative as possible, the
choice of materials was made such as to cover different forms (books, online courses
(MOOCs), and face-to-face courses) and different communities. This resulted in the
following sources:

– Four books were chosen from different modelling communities: object-oriented
modelling, conceptual data modelling and database design [3, 4, 7, 8]. For each of
the books we chose a seminal work having more than 100 references on ResearchGate
and, at the same time, containing exercises. Though some books had higher citation
rating than those that were picked, the majority of those books did not contain a set
of exercises based on which learning outcomes could be derived.

– All openly available higher-education level MOOCs. Each from a different platform:
edX, Open University and Stanford Lagunita [9–11].

– Face-to-face courses from three universities in Belgium: KU Leuven, Université
Catholique de Louvain and University of Namur [12–16].

For the books and the MOOCs, all relevant exercises and assessment tasks were
classified. Hence, both intermediate and final assessment tasks were represented. For
the face-to-face courses, exam questions (final assessment) were collected directly from
the teachers. In this case, material from exercise sessions were not collected, to minimize
the burden for the teachers willing to share their material with us. In total, 291 assessment
tasks from 12 resources were analysed.

3.4 Classification Process

The classification was conducted by the two authors of the paper. The assessment pack‐
ages were assessed separately, with a high level of interrater agreement (less than 10%
of the learning outcomes had to be discussed due to the disagreement in classification).
In case of a disagreement, a thorough discussion and study of materials of the particular
educational resource was conducted to determine the exact meaning and logic of the
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task and when necessary, the domain specific interpretation of the Bloom’s taxonomy
was further clarified.

4 Results

4.1 Illustration

As an illustration, we are giving an example of how the classification of learning
outcomes (LOs) was done for one task from [8].

LO4.9: Discuss the conventions for creating a class diagram.
For this task, the following levels were determined:

– Cognitive process level – understanding. Discussion tasks, by definition, are aimed
at understanding a given concept or a set of rules/conventions. The border between
brainstorming (creating a new set of conventions) and discussing (trying to under‐
stand the meaning and logic of the existing conventions) is crucial in such types of
tasks.

– Knowledge level – procedural. Conventions can be considered a subject-specific
procedural knowledge: the knowledge of how the model is designed and why it is
designed this way and not any other in order to comply with community standards
and be readable by other modellers.

– Scaffolding level – general. General level includes the general knowledge about
modelling; rules and conventions, as well as modelling notation languages, are
considered part of this general knowledge.

A similar way of reflection was conducted for every learning outcome analysed in
this work. The full list of identified learning outcomes translated into UML terminology
is available online [33].

4.2 Bloom’s Taxonomy for Domain Modelling

Table 1 demonstrates the normalized results of the classification. The results are normal‐
ized to avoid overrepresentation of data from resources that contain more assessment
items than others do (e.g., the average amount of exercises in books exceeds the amount
of exercises in MOOCs). The table should be read as follows: the columns represent the
assessment packages classified in this study (“B” stands for “Books”, “M” for
“MOOCs”, “U” for “University exams”). The rows represent the dimensions of the
revised Bloom’s taxonomy: in bold the cognitive dimension, as sublevels the knowledge
dimension. If a certain knowledge dimension of the four (factual, conceptual, proce‐
dural, metacognitive) does not appear in the table, it means that none of the assessment
items fit into the category.

As can be seen from the last column (Grand Total) of Table 1, in the cognitive
dimension (boldface), the most frequent tasks are related to the “Understand” level, then,
the second place is almost equally distributed between “Analyse” and “Create”, while
the third is given to “Apply”. The most underrepresented levels are “Remember” and
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“Evaluate”. In the knowledge dimension, the metacognitive knowledge level is not
represented in any of the assessment packages. The most represented level is Conceptual,
with much lower amount of Procedural level questions and almost none Factual.

In Fig. 2, a plot for the summary of results per category is presented. As can be seen,
the books give the most evenly distributed tasks among the cognitive levels, while
Exams and MOOCs tend to concentrate more on a few cognitive levels. The large
majority of exam questions we analysed focus on applying conceptual knowledge and
on creating and contained no assessment items related to the understanding level.

Fig. 2. Summary of results per category

At the same time, MOOCs are more focused on understanding and analyzing. Unlike
the books and the exams, MOOCs provide hardly any creative questions.

Table 1. Summary of the results per assessment package – normalized
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4.3 Scaffolding Levels

Figure 3 shows the normalized summary of results related to the scaffolding levels
addressed by the assessment tasks. It can be seen from the plot that the majority of
questions address model and relationships levels (with particular concentration on
complex model sublevel and associations sublevel). Books and exams put most focus
on complex models, while MOOCs are rather aimed at assessing knowledge related to
associations and simple models.

Fig. 3. Scaffolding levels per category – normalized

4.4 Frequent Tasks

The following frequent learning outcomes (more than two appearances of a learning
outcome of this type in two or more resources) were identified across the assessment
packages1:

Type 1: Draw a class diagram/create a domain model according to the given require‐
ments.

Type 1a: Draw a class diagram describing a given domain, following the
given steps/procedure.

Type 2: Make changes to a model to correspond to a new system description.
Type 3: Elicit all the possible classes from a given requirements document.
Type 4: Suggest attributes for the given classes based on the requirements document.
Type 5: Define the multiplicity of a given association in a given domain model.
Type 6: Analyze the lifecycle of a given object.
Type 7: Find structural issues/ways to improve the given domain model.
Type 8: Refine a given model by using a given modelling technique.
Type 9: Develop an alternative design for a model.
Type 10: Draw an object diagram of a given model.

1 The learning outcomes were formulated as tasks similar to how the authors formulated them;
“draw a class diagram” corresponds to “The student should be able to draw a class diagram”.
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Type 11: Propose the improvements for a given modelling notation.
Type 12: Write a complete narrative description of a given class diagram/explain a

given class diagram.

Table 2 shows the frequent learning outcomes positioned in the revised Bloom’s
taxonomy. When grouping learning outcomes into types, we observed slight variations
in the formulation of similar learning outcomes, which resulted in slight differences in
classifications. In this table, only the derived learning outcome types are classified.

Table 2. Distribution of the most frequent task types in the revised Bloom’s taxonomy

Cognitive process dimension
Knowledge Dimension

Remember Understand Apply Analyse Evaluate Create
Factual
Conceptual Type 5

Type 10
Type 12

Type 3
Type 4
Type 6

Type 7 Type 1
Type 2
Type 9

Procedural Type8 Type 1a
Type 11

Metacognitive

5 Discussion

When looking at the above results, the following limitations of the study should be taken
into consideration: The amount of studied literature sources cannot be considered fully
representative for the entire field of domain modelling. In order to reach a deeper and
more accurate understanding of the current state of the field and the learning outcomes
pursued by the educators, more assessment packages from different sources should be
analysed. Nevertheless, because materials were sourced from different communities and
formats, the results can to a large extent be considered as sufficiently representative for
obtaining a first indicative image of the field. Also, the classification process may be
improved by introducing a more formal rating system and inviting more raters to eval‐
uate the positioning of each learning outcome in the revised Bloom’s taxonomy. Never‐
theless, the fact that the current two raters obtained agreement on almost all items without
discussion, is an indication of reasonable confidence in the correct classification. All in
all, while the list of material could be extended and the classification could be further
strengthened by adding more raters, the overall validity of the results is estimated as fair
given the spread of the material sources and the high interrater agreement.

Looking at Fig. 2, one can see that the results show a difference between different
educational sources in terms of the addressed cognitive and knowledge dimensions.
MOOCs have the least amount of creative learning outcomes compared to exams and
textbooks. This may be explained by the nature of traditional MOOC questions: to enable
the automated assessment of students’ knowledge, the MOOCs apply multiple-choice
questions. Though multiple-choice questions can possibly be designed in a way that they
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would address higher cognitive levels of Bloom’s taxonomy [17], the development of
such questions is time-consuming. The “easier to create” multiple choice questions
typically address the lower levels of the cognitive dimension. Nevertheless, all three
MOOCs still have a relatively high rating of their learning outcomes, with more than a
half of the questions addressing higher levels such as “Apply”, “Analyse”, “Evaluate”
and “Create”.

Exams on the other hand show a strong focus on the outcomes related to the higher
cognitive dimensions applying, analysing and creating, while outcomes focusing on
understanding were not present at all. This could possibly be explained by the fact that
only (summative) assessment items of the final exams were collected. Teachers may
possibly use other types of (ungraded) formative assessments in the course of a semester,
but we did not request this material from them to limit the burden of their participation.
Books provided the most equally distributed learning outcomes among the three learning
material types. This can be explained by the fact that exercises included in books are
designed for gradual scaffolding rather than for summative assessment, as in the exams.

All three types have “Remember” and “Evaluate” levels underrepresented, with only
a few tasks related to “Remember” and slightly more related to “Evaluate”. The first
may be explained by the nature of the discipline itself: unlike some disciplines (e.g.
biology with a very high rating of “Remember” [30]), domain modelling is perceived
as a skill acquired exclusively through practice rather than through remembering terms
and definitions. The lack of evaluation-related tasks is evident not only in the field of
domain modelling: a categorization of the main unified exams questions for biology also
found that evaluation level was not addressed in any of the five types of assessment
packages [17]. Nevertheless, it would make sense to have more “Evaluate” types of
assessments as this is the intermediate scaffolding step between “Analyse” and “Create”.
The absence of this type of assessments indicates a gap in the scaffolding.

In the knowledge dimension, the most represented level is the conceptual level, while
none of the analyzed sources addressed the metacognitive level. The second least repre‐
sented level is the factual level (which correlates with the underrepresented “Remember”
level), and the third least represented is the procedural level. The lack of the procedural
level outcomes may be a reflection of the state of the field as such: this could be an
indication of an absence of unified (or agreed upon) guidelines, standards and procedures
for domain modelling.

Regarding scaffolding levels, the majority of outcomes are related to model- and
relationships levels, with books and exams mostly focused on complex models and
MOOCs – on simple models. General and class levels are the least represented in the
assessment packages. This again could indicate a lack of proper scaffolding: assessments
seem to jump immediately to higher levels without proper testing of the lower ones.
These gaps are also reflected in the identified frequent tasks: they have a high amount
of “create”-related learning outcomes among them, with “understand” and “analyse” in
the second place.

Obviously, these results are specific to the discipline of domain modelling and cannot
be generalized to a different domain. Even generalisation to other sources from the
discipline of domain modelling (books, exams, etc.) should be done with much care: as
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one can see from Table 1 there are substantial differences between sources, even between
sources of the same type.

6 Conclusion and Further Research

In this work, we made the first attempt to classify the domain modelling-related assess‐
ment packages into the revised Bloom’s taxonomy and find the positioning of the
learning outcomes according to the scaffolding levels indicated in Fig. 1. This first
classification exercise leads to the conclusion that, generally speaking, assessment pack‐
ages of a single source (a book, a face-to-face course, a MOOC) show considerable gaps
in scaffolding and overall evaluation of student’s knowledge. Several levels both in
terms of cognitive and knowledge dimensions seem to be missing. The most underre‐
presented is the metacognitive knowledge level, associated with strategies of learning
and awareness of student’s own cognition. Factual knowledge level, along with the
“Remember” cognitive process are the next least represented in all of the assessment
packages, with Procedural knowledge level insufficiently addressed by every source.
“Evaluation” cognitive process, which can be considered one of the most important high-
level cognitive processes on the way to creation of a model, is also addressed insuffi‐
ciently in all the analysed materials. Exams and textbooks focus mostly on “Create”
cognitive process, while in MOOCs this level is heavily underrepresented.

Similar inequalities are observed in the scaffolding levels addressed by the assess‐
ment material: it is highly focused on model and relationships levels, while knowledge
about classes and the general knowledge on domain modelling is rarely tested.

Summing the above glimpse into the current state of the domain modelling education,
we can conclude that the examined assessment materials are considerably unbalanced,
which may cause difficulties both in the teaching and the learning processes. A thorough
revision of the existing learning materials and assessment packages and their scaffolding
can be suggested to the domain modelling educators.

For the future, we plan to develop a systematic educational framework for domain
modelling, based on the revised Blooms taxonomy. This framework will include sample
classroom tasks, learning paths and scaffolding approaches, as well as a validated
assessment tool for domain modelling. Domain modelling educators could benefit from
the identified learning outcomes and use the revised Bloom’s taxonomy as an inspiration
for creating their own classroom material and assessment packages. The analysis of
learning outcomes could be expanded to other levels of modelling, such as object
behaviour and process modelling. In addition, the best scaffolding approach should be
identified among those proposed in the educational literature and in the university
curricula.

Acknowledgement. The authors wish to thank the teachers of the analysed university courses
for their willingness to share exam questions.

Domain Modelling in Bloom: Deciphering How We Teach It 15



References

1. Bernaert, M., Poels, G., Snoeck, M., De Backer, M.: CHOOSE: towards a metamodel for
enterprise architecture in small and medium-sized enterprises. Inf. Syst. Front. 18, 781–818
(2016)

2. Jonassen, D.H.: Instructional design models for well-structured and III-structured problem-
solving learning outcomes. Educ. Technol. Res. Dev. 45, 65–94 (1997)

3. van Lamsweerde, A.: Requirements Engineering: From System Goals to UML Models to
Software Specifications. Wiley, Hoboken (2009)

4. Blaha, M., Premerlani, W.: Object-Oriented Modeling and Design for Database Applications.
Prentice Hall, Englewood Cliffs (1998)

5. Booch, G., Jacobson, I., Rumbaugh, J.: OMG unified modeling language specification. Object
Management Group 1034 (2001)

6. Lindland, O.I., Sindre, G., Solvberg, A.: Understanding quality in conceptual modeling. IEEE
Softw. 11, 42–49 (1994)

7. Olivé, A.: Conceptual Modeling of Information Systems. Springer, Heidelberg (2007)
8. Elmasri, R., Navathe, S.: Fundamentals of Database Systems. Addison-Wesley, Boston

(2011)
9. Snoeck, M.: UML class diagrams for software engineering. edX. https://www.edx.org/

course/uml-class-diagrams-software-engineering-kuleuvenx-umlx
10. The Open University: Modelling object-oriented software – an introduction. http://

www.open.edu/openlearn/science-maths-technology/computing-and-ict/modelling-object-
oriented-software-introduction/content-section-0

11. Widom, J.: DB9 unified modelling language. Stanford Lagunita. https://
lagunita.stanford.edu/courses/DB/UML/SelfPaced/info

12. Snoeck, M.: Architecture and modelling of management information systems - KU Leuven.
https://onderwijsaanbod.kuleuven.be/syllabi/e/D0I71AE.htm

13. Poelmans, S.: Design of a business information system - KU Leuven. https://
onderwijsaanbod.kuleuven.be/syllabi/v/e/HMH28EE.htm#activetab=doelstellingen_idp1415488

14. Kolp, M., Pirotte, A.: UCL/IAG/ISYS - Unité de Systèmes d’Information (ISYS) – UCL.
http://www.isys.ucl.ac.be/etudes/cours/geti2101/

15. Heymans, P.: Analyse et modélisation des systèmes d’information - Université de Namur.
https://directory.unamur.be/teaching/courses/IHDCB335/2015

16. Faulkner, S.: Bases de données - Université de Namur. https://directory.unamur.be/teaching/
courses/EIMIB212/2016

17. Zheng, A.Y., Lawhorn, J.K., Lumley, T., Freeman, S.: Application of bloom’s taxonomy
debunks the “MCAT Myth”. Science 319, 414 (2008)

18. Gezer, M., Sunkur, M.O., Sah, F.: An evaluation of the exam questions of social studies course
according to revized bloom’s taxonomy. Educ. Sci. Psychol. 28(2), 3–17 (2014)

19. Dolog, P., Thomsen, L.L., Thomsen, B.: Assessing problem-based learning in a software
engineering curriculum using bloom’s taxonomy and the ieee software engineering body of
knowledge. ACM Trans. Comput. Educ. 16, 1–41 (2016)

20. Krathwohl, D.R.: A Revision of Bloom’s taxonomy. Theory Pract. 41, 212–218 (2002)
21. Gorgone, J.T., Gray, P., Stohr, E.A., Valacich, J.S., Wigand, R.T.: MSIS 2006. ACM SIGCSE

Bull. 38, 121 (2006)
22. Ardis, M., Budgen, D., Hislop, G., Offutt, J., Sebern, M., Visser, W.: Curriculum guidelines

for undergraduate degree programs in software engineering. Computer 48, 106–109 (2014)

16 D. Bogdanova and M. Snoeck

https://www.edx.org/course/uml-class-diagrams-software-engineering-kuleuvenx-umlx
https://www.edx.org/course/uml-class-diagrams-software-engineering-kuleuvenx-umlx
http://www.open.edu/openlearn/science-maths-technology/computing-and-ict/modelling-object-oriented-software-introduction/content-section-0
http://www.open.edu/openlearn/science-maths-technology/computing-and-ict/modelling-object-oriented-software-introduction/content-section-0
http://www.open.edu/openlearn/science-maths-technology/computing-and-ict/modelling-object-oriented-software-introduction/content-section-0
https://lagunita.stanford.edu/courses/DB/UML/SelfPaced/info
https://lagunita.stanford.edu/courses/DB/UML/SelfPaced/info
https://onderwijsaanbod.kuleuven.be/syllabi/e/D0I71AE.htm
https://onderwijsaanbod.kuleuven.be/syllabi/v/e/HMH28EE.htm#activetab=doelstellingen_idp1415488
https://onderwijsaanbod.kuleuven.be/syllabi/v/e/HMH28EE.htm#activetab=doelstellingen_idp1415488
http://www.isys.ucl.ac.be/etudes/cours/geti2101/
https://directory.unamur.be/teaching/courses/IHDCB335/2015
https://directory.unamur.be/teaching/courses/EIMIB212/2016
https://directory.unamur.be/teaching/courses/EIMIB212/2016


23. Venable, J.R.: Teaching novice conceptual data modellers to become experts. In: Proceedings
1996 International Conference Software Engineering: Education and Practice, pp. 50–56.
IEEE Computer Society Press (1996)

24. Wang, W., Brooks, R.J.: Improving the understanding of conceptual modelling. J. Simul. 1,
153–158 (2007)

25. Sedrakyan, G., Snoeck, M.: Effects of simulation on novices’ understanding of the concept
of inheritance in conceptual modeling. In: Jeusfeld, M.A., Karlapalem, K. (eds.) ER 2015.
LNCS, vol. 9382, pp. 327–336. Springer, Cham (2015). doi:10.1007/978-3-319-25747-1_32

26. Bloom, B.S.: Handbook on Formative and Summative Evaluation of Student Learning (1971).
https://eric.ed.gov/?id=ED049304

27. Crowe, A., Dirks, C., Wenderoth, M.P.: Biology in bloom: implementing Bloom’s Taxonomy
to enhance student learning in biology. CBE Life Sci. Educ. 7, 368–381 (2008)

28. Thompson, A.R., O’Loughlin, V.D.: The Blooming Anatomy Tool (BAT): a discipline-
specific rubric for utilizing Bloom’s taxonomy in the design and evaluation of assessments
in the anatomical sciences. Anat. Sci. Educ. 8, 493–501 (2015)

29. Zaidi, N.B., Hwang, C., Scott, S., Stallard, S., Purkiss, J., Hortsch, M.: Climbing Bloom’s
taxonomy pyramid: lessons from a graduate histology course. Anat. Sci. Educ. (2017)

30. Lo, S., Larsen, V., Yee, A.: A two-dimensional and non-hierarchical framework of Bloom’s
taxonomy for biology. FASEB J. 30, 662 (2016)

31. Alaoutinen, S., Smolander, K.: Student self-assessment in a programming course using
bloom’s revised taxonomy. In: Proceedings of the Fifteenth Annual Conference on
Innovation and Technology in Computer Science Education – ITiCSE 2010, p. 155. ACM
Press, New York (2010)

32. Kidwell, L.A., Fisher, D.G., Braun, R.L., Swanson, D.L.: Developing learning objectives for
accounting ethics using bloom’s taxonomy. Account. Educ. 22, 44–65 (2013)

33. Bogdanova, D., Snoeck, M.: Learning outcomes in domain modelling education, Mendeley
Data (2017). http://dx.doi.org/10.17632/285d6jhdg9.1

Domain Modelling in Bloom: Deciphering How We Teach It 17

http://dx.doi.org/10.1007/978-3-319-25747-1_32
https://eric.ed.gov/?id=ED049304
http://dx.doi.org/10.17632/285d6jhdg9.1

	Domain Modelling in Bloom: Deciphering How We Teach It
	Abstract
	1 Introduction
	2 Related Research
	2.1 Pedagogical Resources on Domain Modelling
	2.2 Implementations of Bloom’s Taxonomy

	3 Methodology
	3.1 Revised Bloom’s Taxonomy for Domain Modelling
	3.2 Scaffolding Levels
	3.3 Materials
	3.4 Classification Process

	4 Results
	4.1 Illustration
	4.2 Bloom’s Taxonomy for Domain Modelling
	4.3 Scaffolding Levels
	4.4 Frequent Tasks

	5 Discussion
	6 Conclusion and Further Research
	Acknowledgement
	References




