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characteristics. Those common phenomena will help
Abstract—Cultivating students' software design capabilities researchers understand student needs and challenges.

through effective training has always been a challenge in
software education. This paper is aimed at addressing this issue
by adopting a multi-scenario case study approach to examine
the independent design processes of 23 undergraduate students
on an online teaching system. The selected case scenario models
include transaction flow diagrams (TFDs), activity diagrams,
sequence diagrams, and entity—relationship (ER) diagrams. By
analyzing students' behavioral performances and design
outcomes, a series of common phenomena are identified. These
phenomena encompass common errors, such as overlooking
key steps, struggling to distinguish similar data objects, and
omitting critical entities or attributes. Common behaviors
include offering various solutions, facing challenges in
achieving specific design goals due to a lack of prior experience,
and experiencing difficulties meeting requirements using
prescribed syntax. Common approaches to assist students
include providing reference software, adopting teamwork for
idea generation, and allowing iterative modifications to
improve outcomes.

Based on these common phenomena exhibited by students,
several recommendations are provided for software educators
to enhance the development of students' software design
capabilities, which mainly include considering students' prior
experience in assignments, providing design references for
unfamiliar software, encouraging peer discussions and
multiple iterations, and guiding students towards continuous
improvement rather than disregarding unconventional
outcomes.

The common phenomena identified in this paper seamlessly
integrate with software design education, reflecting its distinct
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Additionally, the research design, which analyzes student
behaviors based on their software design outcomes, provides a
fresh perspective in the field. Furthermore, the conclusions
drawn in this paper offer valuable insights for educators who
aim to enhance classroom experiences in software design
courses.
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Analysis

I. INTRODUCTION

oftware design capability is crucial for the future career
development of students majoring in information
management and information systems and software
engineering, as those students are expected to provide robust
and extensible solutions to various real-world software
requirements [1]. Many undergraduate courses, such as
information systems analysis and design and software
engineering, are offered to train and enhance students'
software design capability. However, we must admit that
students often face challenges in those software design
courses [2][3][4]. Correspondingly, software design
education has become a controversial research area in
academia, with numerous articles on teaching techniques
and methods [5][6], students' cognition and attitudes [7][8],
and supporting tools [9][10][11]. Notably, there is a lack of
research on the common phenomena exhibited by students
when they independently complete their software design
processes and the underlying causes of these occurrences.
Software design courses such as information systems
analysis and design and software engineering primarily
teach students how to generate and describe various
solutions in the process of developing information systems
or software using unified and standardized paradigms, rather
than providing specific computer program code to
implement these solutions. Undoubtedly, software design is
the necessary precursor to programming [12]. Although the
programming directly produces software or information
system products, the quality of these products is primarily
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determined by the software design [13][14]. Courses on
software design are typically scheduled after the completion
of courses on programming and database management [15],
which hints that the curriculum of software design courses is
based on the content taught in the programming and database
management courses. Moreover, software design courses
also impose certain requirements on  students'
comprehensive application of programming and database
management knowledge.

Structured design and object-oriented design are
commonly utilized software design methodologies.
However, object-oriented design offers a multitude of
advantages, including heightened productivity, reduced
maintenance concerns, expedited software development,
improved adaptability to changes, and enhanced system
quality [16][17]. Consequently, object-oriented design has
emerged as the predominant approach in software design and
is frequently incorporated into software design curriculum.
Unified Modeling Language (UML), which provides the
most mainstream paradigm for object-oriented software
design, was developed by Grady Booch, James Rumbaugh,
and Ivar Jacobson in the mid-1990s, and became the Object
Management Group (OMG) standard and the de facto
industry standard [3][18]. UML provides many types of
diagrams to model different aspects of the target information
system or software. UML diagrams alone are still
insufficient to cover the entire software design process [19],
and additional diagrams, such as transaction flow diagrams
(TFDs) and data flow diagrams (DFDs), are still needed as
supplements. Of course, those different aspects of the target
information system or software as well as their related
diagrams are interconnected. Analyzing a group of students'
individual design processes for the same target information
system or software and comparing their independent design
results (namely, UML and other diagrams) regarding several
key aspects to identify common phenomena, will enable us
to understand students' real thoughts and common practices
in their software design processes and help us grasp key
points for improving students' software design capabilities.
All of these, in turn, will enhance the teaching effectiveness
of those software design courses.

The remainder of this paper is structured as follows: in
Section II, we provide an overview of related research that is
primarily focused on student learning behaviors and the
associated methodologies. This literature review serves as a
theoretical foundation for the methodology employed in this
paper. In Section 111, we present the research design in detail,
including information about the specific course under
investigation, the participants, and the step-by-step
procedure followed throughout this multi-scenario case
study. In Section IV, we delve into the selection of multiple
software design models, the creation of corresponding case
scenarios based on students' actions during model
construction, and the analyses of these scenarios. Our aim
here is to identify recurring phenomena in students'
behaviors. Then in Section V, we summarize and analyze the
observed common phenomena and collect student feedback
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through a questionnaire specifically targeted at these
phenomena. In Section VI, we discuss the limitations and
challenges of this multi-scenario case study and suggest
further research directions. Ultimately, we draw conclusions
about the observed common phenomena and provide
recommendations for software educators.

Il. LITERATURE ON STUDENT LEARNING BEHAVIORS
Although research specifically addressing common
behavioral phenomena among students in software design
education is limited, a substantial body of literature in the field
of education explores student learning behaviors [20][21].
Discussions regarding the impact of student learning
behaviors on student academic performance can be traced to
earlier decades (e.g., [22][23]) and comprise a prominent
research area. In the broader educational context, student
learning behaviors typically encompass various activities
related to the learning process, including student
communication, interaction, self-motivation, and satisfaction
with education [24][25]. These learning behaviors can be
observed in any educational setting but may not necessarily
encompass the distinctive characteristics of a specific
educational domain.

Regarding research methods and tools, many studies on
student learning behaviors rely on questionnaires or
self-reports to directly investigate whether students have
engaged in specific types of behaviors during their learning
process. These inquiries also extend to students' perceptions
and feelings regarding these learning behaviors, as well as the
impact of such behaviors on their academic performance (e.g.,
[26][27]). However, the limitation of such research is the
challenge of eliminating subjectivity introduced by the
students themselves [28]. Alternatively, some studies employ
trace logs and the case study method to record the specific
behaviors exhibited by students during the learning process
(e.g., [29][30]). While these approaches effectively mitigate
subjectivity, they often cannot predict which learning
behaviors will occur prior to tracking and recording.
Additionally, such studies typically require a substantial
number of subjects and an extended tracking period to observe
valuable learning behaviors [31][32].

Concerning the specific environments in which student
learning behaviors take place, the majority of the literature
primarily concentrates on student learning behaviors within
traditional classroom settings (e.g., [26][33][34]). However, in
recent years, there has been a growing body of literature
dedicated to discussing student learning behaviors in online
learning environments, particularly within the context of
massive open online courses (MOOCs) (e.g., [31][35]),
facilitated by the robust data collection capabilities of
internet-based educational platforms. Furthermore, some
studies endeavor to analyze student learning behaviors in
blended learning environments, which seamlessly integrate
offline classroom teaching with online learning components

(e.g., [21][36]).

47



48

SOUTH AFRICAN INSTITUTE OF ELECTRICAL ENGINEERS

In summary, existing research on student learning behavior
has provided valuable insights and tools. However, the
common phenomena exhibited by students in software design
vary significantly from the generalized student learning
behaviors defined in the field of educational research. These
phenomena need to be closely integrated into the software
design education process and accurately reflect the unique
characteristics of software design education. Currently, there
is limited research specifically examining the common
phenomena exhibited by students in their software design
processes, which provides opportunities for this paper.

lll. METHODOLOGY

The primary research method employed in this paper is a
multi-scenario case study. The case focuses on the
Object-Oriented Information Systems Analysis and Design
course, which primarily teaches object-oriented information
system design methods and models. The main objective of this
course is to foster students' capabilities in designing
information systems or software, and it is one of the core
courses in undergraduate information management and
information systems programs. At Chinese universities,
information management and information systems majors
commonly spend 48 academic hours to learn this course. The
first author of this paper has been continuously teaching this
course for nearly 15 years. In each cycle, after teaching
models on requirements analysis, system analysis, system
design, system implementation, and system testing, he
typically allocates 10 academic hours for all students in the
class to independently design the same target information
system. The case study described in this paper primarily draws
upon the students' independent design stage from the last of
the teaching cycles (just completed in 2023).

The course was given to 23 undergraduate students who
selected information management and information systems as
their minor program. Their target system was a simple online
teaching system. The course instructor (also the first author of
this paper) provided students with only a prompt that the
system consists of four subsystems: user management
subsystem, online teaching subsystem, assignment
management subsystem, and exam subsystem. The details of
each subsystem were designed and developed by the students
themselves. Students were required to independently conduct
a requirements investigation, system analysis, and system
design to provide corresponding related models, including
TFDs, use case diagrams, activity diagrams, state diagrams,
sequence diagrams, overall class diagrams, three
formalizations of entity class attribute tables, ER diagrams,
data dictionaries, and data flow diagrams.

The students’ design status of each specific model could
serve as an alternative scenario in this case study. The related

teaching process in the classroom included the following steps:

First, all students independently completed the model design
and submitted the results via email. Afterwards, the instructor
randomly selected one student to present its design to the

entire class. The instructor then provided feedback, pointing
out errors and deficiencies in the design. In addition, the
instructor allowed 1 to 2 other students to voluntarily present
their designs, which might be significantly different in style
from the previous design, and provided feedback. After
listening to the instructor's reviews, the students could choose
to revise their own designs and resubmit them to the instructor
via email (or choose not to make revisions).

After class, the instructor organized and summarized the
design presentations and other design submissions from
students. He then discussed the overall results with the other
three authors of this paper. All authors are university teachers;
the first, second, and fourth authors majored in information
management and information systems as undergraduate
students, and the third author specialized in software
engineering for their master's degree. Additionally, all authors
have taught multiple rounds of software design courses in
fields such as information systems analysis and design,
software engineering, or UML modeling. All authors together
chose the case scenario models based on their discussions. The
common phenomena exhibited by students in each case
scenario were further assessed by all authors based on
previous teaching experiences to determine their universality.
The procedure of the multi-scenario case study in this paper is
illustrated in Fig. 1.
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Fig. 1. Multi-scenario case study procedure

IV. MULTI-SCENARIO CASE STUDY

According to students' behavioral performances and design
results for each model in the classroom and the subsequent
discussions among the authorship, TFDs, activity diagrams,
sequence diagrams, and ER diagrams have been selected as
the scenarios for the case study in this paper. The common
phenomena exhibited by students in these scenarios are
acknowledged by all authors to have a certain degree of
universality.
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A. TFD scenario

A TFD utilizes predefined graphical symbols and
connectors to represent specific business flows [37][38] and
illustrates the relationships between personnel and
transactions, the sequence of transactions, and the flow of
management information. A TFD is not a UML model.
Because UML lacks a comprehensive model for describing
specific transaction flows of enterprises or other organizations,
some Chinese textbooks (e.g. [39][40]) consider TFDs as the
first model for information systems or software requirements
analysis. TFDs should be transformed into use case diagrams
according to specific rules, which depict a static structure of an
information system or software.

the initial version:

21 22
=

T T

23

the revised version:

creat course teach
b oo prots

course-student,
profile

classrecord

F

T

23

attend class
\. course-student
| profile

Fig. 2. TFDs of online teaching subsystem designed by a
student giving the presentation

coyse i.nformation'

Fig. 2 presents TFDs of the online teaching subsystem
designed by one of the students who gave a presentation. Her
initial version demonstrates a clear and concise functional
flow. Initially, the teacher establishes a profile for the course
and sends relevant class information to the students. Then, the
teacher conducts online classes and generates class records
while the students attend classes as required, recording
attendance information such as the number of classes attended
and the duration of each class. The flaw in the original design,
and a prevalent issue among novice software designers, is
their inability to precisely distinguish similar data storage
objects. Actually, this subsystem encompasses three types of
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data storage objects related to the course: course information
(including course ID, course name, course type, academic
year, weekly class schedule, teaching instructor, total hours,
and other attributes), class record (including start time,
duration, attendance count, and other attributes for each class),
and student performance in a particular course (including
accumulated attendance count, accumulated class time, and
other attributes). The student only used the course profile to
describe all three types of data storage objects, indicating a
lack of distinction among these three data objects in her mind.
After receiving feedback from the instructor, the student
promptly understood the differences between them and made
the necessary corrections (please refer to the revised version in
Fig. 2).

Table I presents the statistics of student design errors for
each model and reveals that none of the students' initial TFDs
were perfect. Further analysis reveals that all students in the
class had difficulty distinguishing similar data storage objects.
After listening to the feedback provided by the instructor, 20
students chose to resubmit their modified designs. Among
them, 10 students demonstrated an improved understanding of
properly defining data storage objects, resulting in nearly
perfect designs. Note that six students decide to generate a
class-student record in their designs, indicating their belief in
recording the performance of each student during every class
session. This differs from the showcased design, which only
utilized the course-student profile to track cumulative
attendance and learning duration. This variation highlights the
diversity of solutions that students develop when they are

confronted with the same problem.
TABLE I
STATISTICS OF STUDENT DESIGN ERRORS

first submission second submission

model

nearly few many nearly few many
perfect  errors errors  perfect  errors  errors
TFD 0 21.7%  783%  50.0%  50.0% 0
;f;;;% 87%  43.5%  47.8%  842% 158% 0
sequence
dg‘eg:;m 522%  47.8% 0 — — —
design)
ER 0 34.8%  652%  652% 26.1%  8.7%
_ diagram

B. Activity diagram scenario

An activity diagram is one of the UML models that can be
utilized to describe the sequence of internal activities within a
use case [41][42][43]. In this scenario, the instructor selected a
leaf use case from each subsystem of the target system and
asked all students to draw activity diagrams for the four
selected leaf use cases. Two students were chosen to present
their designs for the "Assignment Management" subsystem's
"Create Assignment” use case, as shown in the upper part of
Fig. 3. The initial versions of their designs highlight common
errors. The initial version (a) demonstrates all the activities
performed by the teacher, from opening the assignment giving
page to distributing a complete and correct assignment to
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students. However, this version overlooks the fact that the
instructor may be responsible for multiple courses and should
select a course before performing assignment operations. The
initial version (b) addresses this issue by selecting a course
before retrieving existing assignments. Unfortunately, this
design fails to include the addition or modification of an
assignment before sending it to students, which does not align
with reality. After reviewing each other's designs, the two
students collaboratively drew the revised version shown in the
lower part of Fig. 3, which represents a complete and correct
solution. This scenario illustrates that when the object function
(represented by the use case) involves multiple steps or
activities, students are prone to overlooking certain activities
or steps. However, if students reference each other's designs,
they have the opportunity to reduce such omissions.

Based on the design results of all 23 students in the class
(please see Table I), it is evident that two students managed to
avoid the mentioned omissions in their initial designs and
achieved near perfection, while the majority of students faced
difficulties in this aspect.
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Fig. 3. Activity diagrams of the use case “give assignment”
designed by students giving presentations.

C. Sequence diagram scenario

The sequence diagram is the most essential UML model in
the system analysis phase. This model primarily describes the
various objects involved in the leaf use case and the
communication between them [44][45][46]. These objects
will be transformed into concrete classes in subsequent class
analysis models. The basic building block of object-oriented
program code is classes, and the identification of classes in the
target information system mainly relies on sequence diagrams
and class analysis models. In this scenario, the instructor
initially requested that all students should independently draw
a sequence diagram for the use case “teach” in the online
teaching subsystem within one class session. However, after
some contemplation, the students responded that although
they frequently attended online classes, they had not utilized
the teacher's online teaching functions. Therefore, the
instructor suggested that the students refer to the software
"Tencent Meeting", as it has interfaces and functions that are
identical for both teachers and students (see Fig.4 for its
interfaces). By using these functions, online teaching can be
adequately supported. The students then expressed that they
had a rough design idea by referring to Tencent Meeting.
However, since Tencent Meeting is a standard industry
software with relatively complex functions, the students
actively requested the instructor's permission to complete the
sequence diagram as a team and extend the design time.
Eventually, the 23 students spontaneously formed six teams,
with each team consisting of three to five students. All teams
utilized one week of design time after the class to complete
their designs and presented them in the next class session.
Before sharing screen

Tencent Meeting - o
® 9 © 0506 | 55 Gridview v | L2 O BB Chat = x

e x

EO

Fig. 4. Operating interfaces of Tencent Meeting.

According to the team work presentations, it is evident that
completing the design as a team and having more ample
design time indeed improved the students' design
effectiveness. Among the six teams, three teams achieved near
perfection with minimal errors, while the remaining three
teams had only a few errors (see Table I). Fig. 5 presents the
well-executed design of one team, which includes three
boundary objects and three entity objects, achieving functions
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including teacher's class start and end time recording, sharing
of teacher's screen, microphone control, and public screen
chatting during class. Although the sequence diagram of this
design is quite complex, it does not include functions such as
transmitting teacher's video images and private messaging.
The class and chat records in this design are generated based
on specific course files, indicating that each class record and
chat message must be associated with a particular course.
Other students' designs associate chat records directly with the
class, implying that public screen chatting can only occur
during class time, which is also a reasonable design. All teams
emphasized that the design process is an incremental
improvement, and the team's design results underwent
multiple iterations and modifications to achieve the final
version. Any team member alone could not achieve such
results within a single class session. We consider the design
depicted by Fig. 5 as an example. Initially, the design only
depicted the action sequence of sending messages (see
operations 19 to 23 in Fig. 5). However, team members had a
lingering feeling that something was missing. After careful
consideration, a student eventually pointed out that it only
depicted sending messages but did not include receiving
messages. This statement was immediately agreed upon by
other team members, and the function of receiving messages
was added to the diagram (see operations 14 to 18 in Fig. 5).
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Fig. 5. Sequence diagram of the use case “teaching” designed

by a student team
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Although teams’ designs were generally superior to
individual designs, given that those team designs cannot
reflect each individual student’s design level and that some
students tend to "free-ride", this course only allowed students
to adopt team design for very complicated models such as
sequence diagrams.

D. ER diagram scenario

An ER diagram depicts the attributes of entity classes and
the relationships between them [47][48]. This is a central
model in the field of information system or software data
design. There are various formats for ER diagrams [47], and
this course primarily focuses on IDEF1X diagrams [49][50].
Considering the difficulty of the design, the instructor required
students to independently draw an IDEF1X diagram that
excludes entities related to the public screen chatting function.
Students were also allowed to omit less significant attributes,
with the exception of primary keys and foreign keys.

’—— ) PP —|I course-student profile
bo— 1 student profile
| [ comseID(FK) || cowmssID(FK)
|| seasaians studentID(FK) studerdlD
|
I start time teacherID{FE} studentMarne
: s attendance frequency tajor
: attendance final seote
L
|
i course profile assignment record assignment-student record
: conrselD assigniment]D assigranentID(FI)
: courseMare courseIDFE) student ID{FK)
: L teacher]D(FE) o — —@ teacker] D(FK) corpletion tirne
| academic year updatetime asgignraent rating
I o
Il class hours v
I % / examinationprofile examination-student record
” teacherprofile ¥
/% | eraminatinndD exarninatinnd D(FE)
teache tID) .
— Ly & course [DFED studentID{FE)
feachecHiame P—— —® teacherIDIFK) subradssion tite

expertize

acaderuic year

exarnination score
exarn tirme

Fig. 6. Modified version of the IDEF1X diagram designed by
a student giving the presentation. This diagram omits public
screen chatting-related entities and many insignificant
attributes of other entities.

The statistical results in Table I indicate that no student was
able to provide a near-perfect design and that students made a
wide range of errors. Here, we can only show a revised version
of the ER diagram in Fig. 6 by a student after his initial design
was reviewed by the instructor. For types of errors
encountered, the most common mistake was omitting key
entities or certain crucial attributes of entities. For example,
some students failed to create an “examination—student
record” entity, resulting in the inability to record the
submission time and exam scores of students. Some students
also omitted the “final score” attribute in the course-student
profile entity, which prevented the fulfillment of the
requirement that the course score be determined by a
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combination of the attendance frequency, assignments, and
exam score. In essence, these errors reflect students'

incomplete solutions that do not meet the system requirements.

Nearly all students made these mistakes in this scenario.
Additionally, there were other common errors that indicated a
lack of understanding of diagramming rules, such as incorrect
usage of ER symbols and forgetting to label foreign keys.
However, diligent students who seriously approached the task

tended to avoid such errors. In this case, nine students did not
make these types of mistakes. Overall, this scenario
demonstrates the challenge in information systems or software
design, which requires students to provide comprehensive
solutions that meet system requirements while expressing
them correctly based on syntax and rules. It is generally more
difficult for beginners to present comprehensive solutions
than to avoid grammar and rule-related errors.
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explanations

In the field of software design, it is common to have target
functions that involve many steps or activities. Students are
required to separately identify each of these steps or activities in
the order in which they occur, without missing any. This process
can be quite challenging for beginners.

Many entities inherently share similarities, such as a course, a
course offered in a specific academic year, and a class within that
course, all of which can be considered entities. Students can easily
become confused by these entities.

Entities and entity attributes are typically linked to specific
functionalities, and an information system typically encompasses
numerous functions. If students overlook certain functions when
designing entities, they can easily miss the entities or entity
attributes associated with them.

The specific solutions students offer for a given design
requirement depend on their prior knowledge and what aspects of
the problem they concentrate on. Variations in prior knowledge
and focus can lead to diverse solutions, but these solutions may all
fulfill that requirement.

Lacking experience with a specific type of information system or
software means students must independently envision the
structure of the target system or software and all its functional
details, which heightens the design complexity.

For students, generating solutions that meet requirements usually
requires practical software development experience, while
accurately expressing these solutions often just necessitates
attentive classroom participation. Students' primary deficiency is
hands-on software development experience.

In this way, students can imitate various design aspects of existing
software, which reduces their mental load. However, directly
copying design elements from existing software also limits
opportunities to foster their creativity.

Individuals may face various design challenges. In a collaborative
team setting, those proficient in a specific area can aid teammates
who encounter difficulties, and team members can also mutually
review and rectify errors.

The complexity of the target system or software, in terms of both

TABLE I
COMMON PHENOMENA AND THEIR EXPLANATIONS
No. common phenomena types

1 Students often overlook key steps or activities ~common errors
when the targeted function involves numerous
steps or activities.

2 Students often struggle to distinguish similar ~ common errors
data storage objects in data design.

3 Students may disregard critical entities or omit ~ common errors
essential entity attributes.

4 Students may provide a variety of solutions common behaviors
when faced with the same design requirement.

5 Student may face difficulties in providing common behaviors
comprehensive solutions when tasked with
designing related functions and data, if they
have not previously employed a certain type of
information system or software.

6 The challenge in software design lies in  common behaviors
meeting requirements  while accurately
expressing them according to prescribed
model syntax and rules, and for novices,
achieving the former is more difficult.

7 Providing students with ready-to-use software =~ common supportive
for reference can simplify their design process.  approaches

Q Teamwork can facilitate the generation of common supportive
more design ideas and help minimize approaches
omissions.

9 Allowing students to engage in multiple common supportive
iterations and repeated modifications can  approaches

significantly improve their design outcomes.

functionality and data, makes students prone to design errors.
However, repeated iterations can enhance students' understanding
of the target system or software, motivating them to self-correct
errors and refine their designs over time.
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V. Summary of Common Phenomena and Feedback from
Students

Here, we will systematically summarize the observed common
phenomena. First, functional design and data design are the two
main aspects of software design. In functional design, when the
targeted function involves numerous steps and activities,
students tend to overlook some key steps. In data design,
students often struggle with distinguishing similar data storage
objects and may disregard critical entities or omit essential
attributes. These are specific errors commonly made in
functional and data design. On the other hand, the following
points represent their common behaviors, which are not limited
to functional or data aspects. When faced with the same design
requirement, students may provide a variety of solutions.
Because there is often not a single correct answer in many cases,
multiple diverse design outcomes can be considered reasonable.
If students have not previously utilized a certain type of
information system or software, they may face difficulties in
providing comprehensive solutions when tasked with designing
related functions and data. The challenge in software design
lies in meeting requirements while accurately expressing them
according to prescribed model syntax and rules, and for novices,
achieving the former is more difficult. The remaining points
discuss approaches to assist students in completing their
software designs. One approach is to provide students with
ready-to-use software for reference, which can simplify their
design process. Additionally, teamwork can facilitate the
generation of more design ideas and help minimize omissions.
It is important to recognize that software design is an iterative
process that involves continuous trial and error, and allowing
students to engage in multiple iterations and repeated
modifications can significantly improve the quality of their
design outcomes. The explanations of these common
phenomena are listed in Table II.

To investigate the prevalence of common student errors and
behaviors identified in our previous multi-case study, as well as
to assess the effectiveness of those common supportive
approaches, we conducted a questionnaire survey among
students after the multi-case study. The participants in this
survey consisted of undergraduate students enrolled in the
information systems analysis and design and software
engineering courses taught by some of the authors in 2024.
These students, who hailed from four different classes and
totaled 103 individuals, were distinct from the students who
participated in the multi-case study conducted in 2023.

The questionnaire employed in this study was
straightforward and divided into sections. Firstly, students were
asked to indicate whether they had experienced each of the
common phenomena during the course. Subsequently, for the
common errors and behaviors, students were required to
express their agreement on a five-point Likert scale regarding
their prevalence. Similarly, for the common supportive
approaches, students were prompted to share their views on the
effectiveness of these approaches using the same scale. (Please
refer to the appendix for the main body of the questionnaire.)

The questionnaire was anonymous and was distributed by
the authors during breaks and after class. The authors (also as
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teachers) first explained the purpose of the survey, provided
instructions for filling out the questionnaire, and clarified the
meaning of each common phenomenon to the students.
Students were then asked to complete the questionnaire during
their free time and submit it during the subsequent class. As the
questionnaire did not require a significant amount of time from
students and was emphasized for serious completion by the
teachers, we achieved a 100% response rate.

TABLE III
STATISTICS ON STUDENT FEEDBACK REGARDING THOSE COMMON
PHENOMENA

percentage of agreement level

No. of common

students T
phenomena experiencing this mean standard deviation
1 50.49% 4.02 0.88
2 64.08% 3.56 1.20
3 70.87% 3.54 1.10
4 82.52% 4.27 0.92
5 57.28% 3.61 1.07
6 44.66% 3.05 1.05
7 67.96% 4.14 0.97
8 71.84% 4.20 0.94
9 20.39% 3.82 1.00

The common phenomenon numbers given in the first column
of Table III are exactly the same as those in Table II. The
second column of that table shows the proportion of students
who report that they have actually experienced these common
phenomena in the courses. As can be seen from the table, each
common phenomenon has a substantial proportion of students
who have experienced it. Fig. 7 further presents the frequency
distribution of those common phenomena across types. As
shown in the figure, only 0.97% of students report that they
have not experienced any common error, which means that
99.03% of students have experienced at least one of the three
common errors summarized in this paper. The proportion of
students who have experienced two common errors is the
highest among all groups, accounting for 41.75%, and 22.33%
of students have experienced all three common errors. As for
students' common behaviors, no student reports that they have
not performed any common behavior, and most students have
experienced two of the three common behaviors (accounting
for 74.76%). Different from the previous two types of common
phenomena, the results of this questionnaire on students'
experiences of the common supportive approaches in the
courses may not represent the probability of those approaches
occurring in normal software design courses. The reason for
this is that the teachers of these courses, who participated in the
previous multi-case study, already appreciate the practical
significance of these approaches. The proportion of students
reporting their experiences with these approaches in Table III,
and the highest proportion of students experiencing two of
those approaches in the courses, as shown in Fig. 7 (60.19%),
primarily reflect the proactive promotion of these common
supportive approaches by the authors in their own courses.
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Fig. 7. Frequency distribution of common phenomena across
types

In contrast, investigating the prevalence of those common
supportive approaches seems to be less significant than
investigating their effectiveness. Hence, regarding these
common supportive approaches, we requested students to
evaluate their perceived effectiveness on a five-point Likert
scale. For the common errors and behaviors, we measured
students' level of agreement regarding their prevalence. The
third and fourth columns of Table III present the mean and
standard deviation of students' agreement, respectively. From
the table, it is evident that students have positively recognized
those common phenomena, except for common phenomenon 6,
which shows a slightly neutral stance (the mean is 3.05).
Regarding phenomenon 6, the highest proportion of students
expressed a neutral stance. By discussing the statistical results
of certain phenomena with students in classes following the

questionnaire survey, it was reported that those who hold a
neutral stance on phenomenon 6 generally feel that it is
challenging to find an appropriate solution that aligns with
design requirements and to express the solution accurately
according to prescribed model syntax and rules. They often find
it difficult to determine which aspect is more challenging unless
prompted to choose between the two, at which point they tend
to opt for the former.

When it comes to the effectiveness of those common
supportive approaches, the teamwork form of design receives
the highest level of student agreement. Many students express a
strong desire to complete design tasks in teams during
subsequent classroom discussions. Some students who hold
negative views on the effectiveness of teamwork mentioned
that they often invest more effort but do not receive higher
scores compared to other team members.

In summary, the results of the questionnaire survey offer
substantial evidence for the prevalence of the common errors
and behaviors, as well as the effectiveness of the common
supportive approaches outlined in this paper.

VI. Limitations and Further Research

The main limitation of this paper lies is that the selection of
case scenario models, the statistical analysis of students’ design
outcomes, and the identification of common phenomena are
primarily based on a single teaching cycle of the
Object-Oriented Information Systems Analysis and Design
course. In reality, there is a wide range of available software
design models. The chosen models in this paper, namely, TFDs,
activity diagrams, sequence diagrams, and ER diagrams, were
selected because students demonstrated noteworthy common
phenomena in their design processes for these models during a
particular teaching cycle. Note that the selection does not imply
the superiority of these models over others.

To ensure a certain level of universality, this paper relies on
the approval of these common phenomena by four instructors
with extensive teaching experience in software design-related
courses. However, it is still not possible to completely avoid
overlooking some other genuine common phenomena. The
next step involves recording students' independent design
performances for each model and analyzing their design
outcomes in multiple teaching cycles of the course
Object-Oriented Information Systems Analysis and Design.
This step is aimed at verifying the stability of the statistical
results for the selected case scenario models across multiple
teaching cycles and at gathering more valuable common
phenomena by observing students' design performances on
other models. These additional findings will complement the
conclusions drawn in this paper.

VII.CONCLUSION

This paper focuses on the independent design processes of 23
undergraduate students receiving software design education for
the same target information system. Based on their behavioral
performances and design results in completing TFDs, activity
diagrams, sequence diagrams, and ER diagrams, a series of case
scenarios are compiled. By analyzing these scenarios, some
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common phenomena exhibited by those students during the
process of receiving software design training are identified.
These common phenomena are categorized into common errors,
common behaviors, and common supportive approaches. The
prevalence of those common errors and behaviors, as well as the
effectiveness of those common supportive approaches, was
validated through questionnaires distributed to students taking
software design courses outside of those participating in the
multi-case study.

Here we would like to emphasize the following points: first,
the common phenomena among students identified in this paper
are closely related to the software design education process and
can accurately reflect the distinctive characteristics of software
design education. This contribution will assist researchers in
understanding the needs and challenges of students in software
design education. Second, this paper relies on recording and
analyzing common phenomena exhibited by students during the
design and presentation phases, combined with a statistical
analysis of student design outcomes. Such a research design
ensures the objectivity and universality of the findings. Moreover,
the analysis of student common behaviors based on their
software design outcomes offers a fresh perspective in this field
of study. Last, the research environment remains a traditional
classroom within educational institutions. Hence, the
conclusions drawn in this paper provide valuable guidance for
educators engaged in designing and improving classroom
experiences for software design courses.
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Those common phenomena exhibited by students also pose
certain requirements for software educators. When assigning
students to design specific software, it is important to consider
their prior experience with similar software or functions. For
software that students have not previously encountered,
providing design references becomes necessary. Given that
software design involves a continuous process of trial and error
and improvement, students should be encouraged to engage in
moderate discussions with their peers and allowed to undergo
multiple iterations to gradually enhance their design outcomes.
Although teamwork can effectively help integrate students'
knowledge to overcome difficulties, reduce errors, and is
highly valued by students when completing certain software
design tasks, software educators should use this approach
cautiously. It is essential to devise a collaborative grading
mechanism to prevent any students from exploiting teamwork
and to ensure that those who invest more effort receive higher
scores. Considering that students may come up with various
solutions for the same design task, teachers need to possess
excellent software design capabilities to quickly grasp students'
design thinking, accurately identify the strengths and
weaknesses of their designs, and guide them toward
improvement. It is crucial not to blindly dismiss designs that
deviate from the expected results, as this may undermine
students' enthusiasm and confidence in learning.

APPENDIX

Main Body of the Questionnaire

During your study of this course,
have you had the following

experiences?

Do you agree that the following phenomena are
prevalent among students during the software design
process?

1-strongly disagree, 2-disagree, 3-neutral, 4-agree,
S-strongly agree

1 I overlooked key steps or activities when the  Yes[ ] Nof ]
targeted function involved numerous steps or
activities.

2 I struggled to distinguish similar data storage  Yes[ ] NoJ[ ]
objects in data design.

3 I disregarded critical entities or omitted Yes[] Nol[ ]
essential entity attributes.

4 I provided a solution that was completely Yes[] Nol ]
different from the solutions of the teacher or
other classmates.

5 l
comprehensive solution when tasked with

faced difficulties in providing a Yes[] No[]
designing related functions and data, if I had
not previously used the target information
system or software.

6 I faced challenges in envisioning a solution  Yes[] Nol ]

that meets the requirements while accurately

expressing it according to prescribed model

syntax and rules, with the former being more

difficult.

During your study of this course,

have you had the following

experiences?

10T 2[1 301 401 5[]

10T 2[1 301 401 5[]

10T 2[1 301 401 5[]

10T 2[1 301 401 5[]

10T 2[1 301 401 5[]

1T 2[1 301 41 5[]

Do you agree that the following support approaches
are effective?

1-strongly disagree, 2-disagree, 3-neutral, 4-agree,
S-strongly agree
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7 I referred to some ready-to-use software, Yes[] No[ ]
which can simplify my design process.

8 I adopted teamwork, which can facilitate the  Yes[ ] No[ |
generation of more design ideas and help
minimize omissions.

9 I engaged in multiple iterations and repeated  Yes[ ] No[ |

which

improve their design outcomes.

modifications, can  significantly

I[1 201 301 401 3[1]

I[1 201 301 401 3[1]

I[1 201 301 401 3[1]
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