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ABSTRACT
Case studies are one of the best active learning approaches for teach-
ing software engineering in general and requirements engineering
in particular. They offer an effective approach to understanding
a system or a phenomenon that are too large or too difficult to
represent in a lab setting. As a tangible manipulative, LEGO works
well to support designing hands-on case studies that mix studying
software engineering concepts with the elements of team building
and playful creativity. In our project, we study the role that LEGO
has in engaging students in software engineering through a set
of activities that leverage the case study and play aspects. This
paper presents our design approach for requirements engineering
activities, as well as current results from classroom testing with a
focus on student engagement with the subject matter.

CCS CONCEPTS
• Social and professional topics→ Software engineering ed-
ucation; • Software and its engineering→ Requirements anal-
ysis;
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1 INTRODUCTION
Software engineering (SE) is often called a ’wicked problem’ be-
cause the resulting software is full of complex interdependencies
due to incomplete, contradictory, and volatile requirements [6]. Stu-
dents often find it difficult to work on problems that do not have a
single well-defined solution, where problem statements are ambigu-
ous and vague, or when classroom examples have to be applied to
different scenarios or domains [15]. For these reasons, it is sensible
to rely less on lecture and focus more on active learning experiences
mimicking what students may encounter in "real-world" SE.
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As a discipline within SE, requirements engineering (RE) may
be a particularly wicked problem [4, 15, 24, 27]. Wicked problems
cannot be solved by applying a single standard approach or a single
set of common procedures from a textbook. In order to learn how
to solve RE problems, students need hands-on experience with
practical scenarios, which could come from participating in actual
software projects, simulations, role-playing, case studies, or other
experiential learning activities [8, 13]. These activities provide a
safe environment for students to learn from their own failures [28].
When it comes to learning activities in RE, it is especially important
to focus on team-based exercises, which come closest to mimicking
RE processes in real-word projects. Most importantly, building such
experiences in a team setting creates an environment well-suited for
open-ended problems offering a wide variety of possible scenarios
and solutions informed by a diverse range of individual experiences,
opinions, and emotions [24].

Case studies are one of the best active learning tools for teaching
SE, offering an effective approach to understanding a system or a
phenomenon too large or too difficult to represent in a lab setting.
Whether case studies are text-based or hands-on, they help answer
detailed how and why questions, which offers a deeper insight into
chains of cause and effect concerning the system’s behavior [25].

As a tangible manipulative, LEGO works well to support design-
ing hands-on case studies that mix learning SE concepts with the
elements of team building and playful creativity. While LEGO is
associated with constructing concrete structures such as buildings,
cars or even robots, the dynamic nature of LEGO also allows it to
represent more abstract concepts [9]. For example, LEGO pieces in
isolation or when assembled into small builds can represent lines of
code, subsystems or parts of a software development process [14].

Play in a classroom environment offers many important features
to aid in the learning process. Play provides a safe environment
where failure is acceptable because "it’s just a game." Play is volun-
tary and nobody is forced or coerced to participate. Play is fun and
it is something that people want to do. Play is improvisational and
provides an avenue to express creativity and imagination, which is
especially important in design-centric computer science courses.

In our project, we study LEGO’s role in engaging SE students
through a set of activities that leverage the described case study
and play aspects. Activity and resource development is part of
this project1, whereby faculty teaching SE or related courses can
use the activities in isolation or as a set to engage students in
the material. SE concepts represented include architectural design,
change management, dependability, and object-oriented interfaces.
This work describes our design approach for RE activities, as well
as current results from classroom testing with a focus on student
engagement with the subject matter.

1http://web.ccsu.edu/lego-se/
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2 REQUIREMENTS ENGINEERING IN THE
CLASSROOM

The importance of RE in software engineering practice, research,
and education has long been recognized [16, 19, 20]. However,
according to a recent survey of software RE education literature
covering 79 papers published prior to 2015 [20], most students are
not only unaware of modern RE practices, but are also disinterested
in studying them [5, 12, 26]. This could be due to the prevailing
student interest towards technical aspects of SE, as opposed to
its social dimension exemplified in the RE discipline. This trend
is extremely worrisome because as a discipline, RE encompasses
understanding the dependencies among the stakeholders, processes,
and systems in order to gather, analyze, prioritize, document, review,
and manage the requirements for a software system throughout its
complete lifecycle [29].

RE is a highly creative process. Whether considering require-
ments for an existing, new, or a future system, RE process requires
a significant degree of insight, experience, and creativity [17]. Cre-
ativity can be defined as "the interplay between ability and process
by which an individual or group produces an outcome or product
that is both novel and useful as defined within some social context".

Many SE novices, most students included, do not take RE seri-
ously enough because it does not immediately result in program
code [7, 12]. A traditional approach to computing education es-
sentially encourages this kind of neglectful approach to software
requirements. Computer science and SE students begin by acquir-
ing a lot of technical knowledge, which almost always starts with
learning how to program. Even in the assignments given in later
courses, students are often rewarded mostly for the correctness of
implementation. In fact, RE may seem entirely unnecessary because
many assignments and projects given to students may already in-
clude all requirements spelled out for them. Consequently, many
students perceive RE activities as not particularly important be-
cause they are almost always less technical than other SE activities
such as design, implementation, and testing. Consequently, the
importance of software requirements and the RE process may not
start to emerge until students begin facing complex problems.

We believe that RE should be studied in a constructive setting
that promotes practical application of theoretical knowledge. An
active learning environment that prominently features group work
with plenty of peer learning opportunities may be a suitable set-
ting to achieve that goal. Ideally, we would like students to test
the textbook ideas in a hands-on setting against the backdrop of
their practical experiences accumulated thus far. In this approach,
students will be able to build new mental models and develop
new concepts and attitudes based on their previous knowledge
and experience. This approach underscores the fact that although
knowledge construction is personal in nature, knowledge sharing
is inherently a collaborative and social endeavor, which is achieved
through reflection on decisions and actions in order to internalize
the newly acquired knowledge [3]. In-class group activities based
on the preceding lecture material is a key mechanism to solidify
the corresponding course material through peer learning. Ensuing
discussions or role-playing can be helpful for students to apply
new material in a dynamic way, to challenge themselves and peers,
and provide constructive criticism to each other. Well-designed

group exercises can allow all students to participate in a safe and
non-intimidating way by relating the main topic of the exercise to
a well-known or an easy to understand system or context.

Current research indicates that using games in education im-
proves student engagement, helps reinforce conceptual elements
through their practical application, leading to a better retention
of the course material. Educational games help promote friendly
competition, as well as student emotional engagement with the
course content [29]. Emotions generated by playing an interesting
game can help students create conceptual models providing inter-
nalized meaning to the new concepts [2]. Additionally, people tend
to be engaged by the novelty of experiences, making them likely to
retain information associated with a delivery method that breaks
the monotony of a traditional lecture.

A number of reports on using games to teach SE indicate that suc-
cessful strategies include using a variety of activities that combine
practice of new concepts with recall of previous material. Game-
based activities are especially well-suited for reinforcing knowledge
learned earlier and when it is combined with other instructional
approaches [28]. Team-based setting is optimal because it supports
collaboration, encourages everyone’s participation, reduces the
risk of embarrassment, and provides plenty of opportunities for
peer learning [2, 12, 28]. Any such activity must culminate in an
instructor-led debrief, during which students are typically asked
to comment on the ways that the activity reinforces the concept,
reflect on their own experiences, and hear the others’ thoughts
[26, 28]. Open-ended questions help students strengthen the con-
nections between the activity and the course material, ensuring a
deeper understanding and better retention of the material [18].

According to several recent surveys describing various efforts
to use games and other active learning exercises for SE education
and training [21, 28], RE appears to be the most neglected area
with the smallest number of documented experience reports. At the
same time, it is clear that graduates entering the software industry
must possess a strong set of both technical and soft skills, while RE
exemplifies an intersection of these skill sets. Many researchers and
practitioners argue that strengthening the skills of SE professionals
in the area of RE is a key success factor in most SE projects [10, 20].

SE educators and practitioners must not forget that SE’s social di-
mension is integral to the discipline, but is frequently overshadowed
by technical aspects of practice [1, 4, 27]. Of all areas of knowledge
and practice comprising SE, RE is perhaps one area that impacts
this social dimension the most. Although interpersonal communica-
tion and teamwork are key enabling factors in all software process
activities, they usually involve interactions on technical topics with
like-minded technically-inclined individuals. RE, however, calls
for an effective communication with a broad range of people who
have different backgrounds and goals and who may not always
have a clear idea about their wants and needs. RE addresses social
dimension issues by emphasizing two aspects of communication:
documenting and understanding. On the one hand, RE focuses on
documenting the customer needs and desires, and expressing them
in the form understandable by software engineers. This implies
that customers know what they want, and that information can
be expressed using some mutually acceptable formalisms. On the
other hand, any documentation produced as a result of RE activities
aims to support and improve software engineers’ understanding of
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the customers’ needs. Furthermore, RE activities should also aim to
help customers crystallize their understanding of their own needs.
The process that leads to developing this mutual understanding
is one of the main reasons why social dimension of RE is so im-
portant. Modern software processes, such as agile methodology,
de-emphasize documentation in favor of close involvement of and
frequent interactions with the customer. This focus on understand-
ing underscores the need for instilling social competencies into the
modern software professionals’ skill set.

3 REQUIREMENTS ENGINEERING AND LEGO
This paper focuses on RE, whose activities transcend the process
model used (e.g. waterfall, agile), and include requirements elici-
tation, analysis, documentation, and validation. Conceptually, RE
activities can be challenging for students as many introductory
SE courses provide students with the project requirements. Thus,
students can feel as if the activities are partially completed for them.
The other issue that can arise is that activities involving interaction
with users/customers makes some students uncomfortable as such
interaction is so different from their typical project work.

This section discusses RE modules, as well as observations in
conducting the corresponding LEGO-based activities in class. While
this set of modules focuses on RE, each offers a different perspective,
as well as focus on specific concepts within requirements. An in-
structor would not use them all at once, but instead weave them into
appropriate parts of the course, especially if agile or incremental
process models are used as part of the course.

Each module is outlined in a consistent manner and includes an
overview, learning outcomes, materials & supplies, an outline for
conducting the activity, as well as instructor notes/observations.

3.1 Module 1: Requirements Elicitation and
System Refactoring in an Agile
Environment

This module offers a concise experience on the importance of re-
quirements elicitation via stakeholder interaction, while illustrating
the role of reflection and refactoring in agile software process.2
In this module, students work on small teams to build a system
prototype, manifesting as a house. The stakeholder is the instructor,
who has a set of requirements in mind that the house should pos-
sess. Students are instructed to devise effective questions for the
stakeholder, whereby the responses are used to prototype the sys-
tem based on the derived features. The activity can be conducted
as 2 or 3 sprints. At the end of each sprint, each team presents
their system to the class and the stakeholder offers feedback on
requirements coverage. At the beginning of the second and third
sprint, the stakeholder changes a requirement that would require
refactoring of the prototype.

The learning objectives associated with Module 1 are:
• Devise a set of appropriate elicitation questions to gather
requirements from a stakeholder;

• Generate a set of requirements based on stakeholder inter-
action;

2http://web.ccsu.edu/lego-se/modules/RequirementsValidation.html

• Describe the importance of reflecting on team effectiveness
and the role of refactoring in an agile environment;

• Validate a set of requirements for completeness and accuracy.

The module is designed for a class size of 20 and upwards of 70,
where the students work in teams of 5. Some flexibility in terms of
duration also is designed into the module, where the minimum time
is 50 minutes (2 sprints) to a maximum 70 minutes for 3 sprints.

Each team has its own LEGO kit, either based on the LEGO
Serious Play kit or a compendium of classic LEGO bricks, windows,
doors, trees/flowers, and some minifigures. The teams can work
around their respective tables, where each team should have a LEGO
baseplate to build their prototype. Additionally, sticky notes and
pens or access to a whiteboard is useful for sharing the requirements
that their prototype represents.

To help scope the prototype, the following initial requirements
are provided to the instructor: house shall have 3 rooms, where
each room has a window and a doorway; house shall be single story,
with a single (front) door; doors and doorways shall be sized to fit
a minifigure; a single outer wall shall be a solid color; the house
shall have landscaping. Note: this is intentionally vague as these
parts may not be consistent across kits.

The module is conducted in 2 sprints (50 minutes) or 3 sprints
(70 minutes). The 2-sprint module is presented here, the 3rd sprint
is a repetition of sprint 2 with additional reflection. The first sprint
focuses on requirements elicitation and delivering an initial proto-
type. In the 30-minute sprint, students prototype a system (a house).
Students, working in small teams, are instructed to devise effective
questions for the stakeholder in the simulation of elicitation, where
the responses are used to prototype the system based on the derived
features. Each teammust decide what 3-4 questions will be the most
effective to gather requirements. Teams write their questions on
post-its or on their whiteboard. The team raises their hands when
they need to interact with the stakeholder. The stakeholder needs
to respond to the question as it was written, i.e. if a team wrote a
question as a yes/no question then the response needs to be yes/no.

The student teams then build their prototype based on the stake-
holder responses. The teams document the requirements they elicited
on sticky notes. At the end of the sprint, each team briefly explains
their prototype in terms of what requirements it represents. Each
team places their sticky notes on the board for everyone in the
class to view. Next, the stakeholder shares the initial requirements
that they wanted (setting aside these sticky notes or circling them
to call them out), and asks teams to reflect on how effective their
questions were at eliciting these requirements.

During Sprint 2, the teams focus on refactoring based on a new
requirement given by the stakeholder. Suggested requirements are:
a loft needs to be added to the house; the solid color wall needs to
be striped with 2 alternating colors; the roof needs a skylight.

For the 20-minute sprint, the teams have time to refactor their
system to meet the new requirement. They also need to meet any
prior requirements that were missed. At the end of the sprint, each
team briefly explains their prototype in terms of what feature it rep-
resents and how the prototype was refactored to meet the revised
requirements. Also, how did the team work to refactor the proto-
type efficiently? What could have been done to be more efficient?
The team and stakeholder do a final check of the requirements
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for coverage and accuracy. Students discuss any ambiguities or
accuracy issues.

If a third sprint is conducted, students are able to reflect further
on how their refactoring strategies evolved, as well as any require-
ments coverage/accuracy issues. The design choice to designate an
optional third sprint is to provide flexibility since some classes may
meet for 50 minutes while others may meet for 80 minutes.

The instructor notes provide some tips for the instructor, based
on initial module testing and general observations by the authors:

• In a large class, keeping track of who askedwhat questions or
what the instructor responded is required. The instructor can
do so via a notepad, their tablet, or some other mechanism.

• In a class that meets for 50-minutes, time management is
particularly needed though having a mechanism such as
a timer or clock will help with keeping track of the time
regardless of the class meeting duration.

3.2 Module 2: Requirements Elicitation and
Analysis

In this module, students work as a team to prototype a system com-
peting against a well-known social media system (e.g. Facebook,
Twitter, Instagram, SoundCloud) or a well-defined hardware system
(e.g. Roomba vacuum, Nest learning thermostat, or Amazon Echo).3
Students brainstorm and identify a set of features that will imple-
ment the core functionality and help the new system distinguish
itself from the competition.

The learning objectives of this module include:
• Synthesize a core set of system requirements;
• Generalize a set of requirements by identifying related and
overlapping requirements;

• Distinguish between functional, non-functional, and domain
requirements;

• Validate requirements for completeness and consistency.
The prerequisites of this module include basic familiarity with

software requirements, as well as prior exposure to the principles
of LEGO Serious Play [11, 14]. This activity is about 60 minutes
long and works well for a single team of up to 25 participants. It
has been offered successfully with team sizes ranging from 5 to 25.

Materials and supplies necessary to run this activity include a
LEGO set for each student, such as a LEGO Serious Play ’exploration
bag’ or any cheap ($5) LEGO Classic, LEGO City, LEGO Friends, or
a similar set. Alternatively, all students can share one large LEGO
set with a diverse combination of bricks. A set of minifigures with
accessories may also be useful. Some sticky notes and markers will
also be needed. Each student requires a separate small building
space with one additional table to place all models.

The module consists of two parts: requirements elicitation (using
LEGO Serious Play for ideation) and analysis (not using LEGO).

Requirements elicitation begins with explaining the problem
to the students: we are building a competitor to a well-known
social media system or a well-defined hardware system. We need
to brainstorm and come up with some features that will implement
the core functionality and help us distinguish ourselves from the
competition. It is important to emphasize the word ’features,’ not

3http://web.ccsu.edu/lego-se/modules/RequirementsElicitation.html

requirements or functionality. It is important to use a well-known
system as a reference, so that students would have enough general
knowledge about it while providing enough room for interpretation
and extension. The instructor asks an open-ended question: what
features would you envision in the system? In response to that,
each student builds a LEGO model representing a single feature
of the system. Then, following the principles of LEGO Serious
Play, students take turns to briefly explain the ideas behind the
LEGO models they built and the system features they represent.
Everyone takes turns to speak keeping the stories related to their
LEGO models. The learning point is that many students may come
up with similar ideas, but everyone has a different perspective.
It is important to consider everyone’s input to obtain a holistic
unbiased picture. In requirements elicitation, all stakeholders have
an opportunity to contribute their input to the list of requirements.
Right after presenting their features of the system, each student
writes down a few words on a sticky note describing their main
idea. All sticky notes are collected and placed on the board where
everyone can see them. This allows the students to make their
ideas more concrete and formulate them in a concise form. This
ideation process may be repeated, because a single round may not
be sufficient to generate all important ideas. Only after seeing the
results of one round on the board, students may start to come up
with really interesting features.

Once the ideas for the proposed system features are in place,
the elicited requirements can be analyzed. The instructor can ask
the class to suggest some logical groupings of the requirements.
It is possible that some requirements may be similar or overlap-
ping, while clusters of requirements could help us identify and
focus on the core functionality of the system. We should also re-
ject those requirements that don’t make sense. A learning point
here is that it takes a collective effort to see the ’big picture’ in
order to identify what is important/relevant and what is not. At
this point, the requirements can be divided into three categories:
functional, non-functional, and domain requirements. Following
that, the requirements can be checked for completeness. The in-
structor could prompt students with these questions: what are the
most important requirements, did we miss anything important, are
there any assumptions that must be identified as separate require-
ments? The resulting set of requirements should also be checked
for consistency: are there any ambiguities or contradictions?

Running the activities of this module with a group of students,
it is important to keep in mind a few practical points:

• It’s OK to propose similar requirements during the first phase.
In fact, it is very helpful to have such similar/duplicating
requirements to make the learning points stronger.

• It is very important to keep a close eye on the clock during
the second part of the exercise to ensure that there’s enough
time for every part of this activity. As with all such activities,
the key to achieving the learning points is in the discussions,
all of which are concentrated in the second part.

3.3 Discussion
Two of the three co-authors work at two different institutions. One
of the authors is at Central Connecticut State University, a medium-
sized public university with classes consisting of 25-30 students.
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Another co-author works at University of North Texas, a large
public university with class sizes ranging between 45-70 students.

Although both learning modules described here are conducted
in a team setting, the purpose is to engage each student with the
material and to reflect on the concepts/process. As such, the stop-
ping points where teams are asked to reflect are critical. However, it
is important to note that each student on the team must contribute
to the activity, reflect of what was learned, and share with the class
as a whole. Without this, some students may not be engaged and
feel that the activity is a diversion. To mitigate this risk, the use of
the appropriate terms as they are being introduced/used in class
helps solidify that connection.

These modules can be scaled up/down to fit various class sizes.
For one of the authors, SE class sizes are typically between 45
and 67 students. As such, conducting modules in teams is helpful
in managing resources and time. Even so, piloting module 1 has
provided the author with some observations to help in devising
tips for replication elsewhere with similar class sizes, as well as
feedback for future development. For example, module 1 has been
run successfully with larger class sizes, though the challenge is
having enough time to facilitate discussion with large numbers of
teams (8 or more). Module 2 has been successfully run in various
configurations: one large team of up to 20 students, or two or more
smaller teams of 8-10 students working in parallel. For larger classes,
a TA can serve as an additional. Teams of 4-5 students works well for
large classes as it allows each person to participate, while balancing
the time needed by the instructor to interact with the teams.

4 EVALUATION
This study took place at a regional master’s public institution lo-
cated in the Northeastern US. During the Fall 2017 semester, par-
ticipating students enrolled in a senior SE course required for all
undergraduate computer science students. All 21 of the students
enrolled in the course consented to participate in the study.

4.1 Materials
The Motivated Strategies for Learning Questionnaire (MSLQ) [22]
is a 44-items questionnaire with a 5-point Likert scale response
ranging from "strongly disagree" to "strongly agree." The MSLQ
measures student motivational orientation, cognitive engagement,
and self-regulation in the classroom. The cognitive variables and
self-regulation are hallmarks of students who choose to be more
cognitively engaged [22]. The MSLQ has five subscales: test anxiety,
self-regulation, self-efficacy, cognitive strategy use, and intrinsic
value. The MSLQ lends itself to subscale comparisons or global
composite scores. Empirical validation of the subscales includes
significant relationships with prior academic performance [22]
and later academic performance [23]. Open-ended questions listed
in the Appendix included constructs relevant to the process of
building the model, abstract thinking, and the use of LEGO models
as representations of abstract ideas.

4.2 Procedures
During the second week of class, the course instructor invited the
researcher to meet with the students during a class period. Students
were informed of the study and consent to participate was obtained.

Table 1: Descriptive Statistics for the Pre-Module Continu-
ous Variables

Control LEGO Total
M (SD) M (SD) M (SD)

Self-Efficacy 3.66 (.72) 3.65 (.62) 3.66 (.65)
Intrinsic Value 4.36 (.37) 4.27 (.40) 4.31 (.38)
Cognitive Strategy Use 3.55 (.27) 3.53 (.43) 3.54 (.35)
Self-Regulation 3.37 (.32) 3.34 (.37) 3.36 (.34)
Test Anxiety 2.77 (1.05) 2.73 (1.08) 2.75 (1.04)
GPA 3.13 (.38) 3.13 (.42) 3.13 (.39)

Table 2: Descriptive Statistics for Post-Module MSLQ Scores

Control LEGO Total
M (SD) M (SD) M (SD)

Self-Efficacy 3.47 (.60) 3.80 (.61) 3.64 (.61)
Intrinsic Value 3.84 (.43) 4.22 (.42) 4.04 (.46)
Cognitive Strategy Use 3.56 (.36) 3.60 (.47) 3.58 (.41)
Self-Regulation 3.31 (.68) 3.42 (.42) 3.37 (.55)
Test Anxiety 3.23 (.85) 2.82 (1.11) 3.02 (.99)
Total Score 3.52 (.34) 3.66 (.33) 3.62 (.34)

During this class, a paper and pencil version of the MSLQ was
administered.

Students were matched on the MSLQ subscale scores, MSLQ
overall score, and cumulative grade point averages. One student
from each pair was randomly assigned to one of two groups, LEGO
or control. With uneven numbers, the remaining student was as-
signed to the LEGO group. During the module, the two groups met
in two separate rooms. One room included the LEGO group and
the primary course instructor; the control group met in a separate
room with a second instructor. Each instructor followed identical
module scripts, with the exception of working with LEGO versus
working through the example on the whiteboard.

The following class meeting, the LEGO group met with the
researcher and responded to a series of open ended questions in
a focus group format. At the same time, the control group had a
debrief with the control group instructor.

Four weeks following the module, a paper and pencil mid-term
exam was administered to the entire class. Two items embedded
in the exam measured the ability of students to identify system
requirements, resolve ambiguities, and express them in the form of
user stories. The mid-term items were blindly graded by the course
instructor using a scale of 0 to 10, with 10 being a perfect score.

At the end of the semester, a second paper and pencil adminis-
tration of the MSLQ was given to both groups by the researcher.

4.3 Results
4.3.1 Quantitative Data. Of the 21 students, 3 were female and

18 were male. The control group of 10 students included one fe-
male, and the LEGO group 2 females. Because the groups were
matched on the MSLQ and GPA values, the two groups did not
differ significantly on any of these measures, as shown in Table 1.
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Both groups share the same trend among the MSLQ subscales on
the initial administration, for all subscales. Overall intrinsic value
is the highest construct (M=4.31, SD=.38), followed by self-efficacy
(M=3.66, SD=.65). Cognitive strategy use (M=3.54, SD=.35) and self-
regulation (M=3.36, SD=.34) were rated lower, however means for
both subscales fell into the "agree" Likert category. The lowest sub-
scale was test-anxiety (M=2.75, SD=1.04), both groups tending not
to rate themselves as anxious.

These similarities were maintained after the intervention, yield-
ing non-significant differences both between the pre- and post inter-
vention, as well as between the two groups using bootstrapped con-
fidence intervals and a significance level of .05 (Table 2). Specifically,
intrinsic value for the LEGO group (M=4.22, SD=42) and control
group (M=3.84, SD=.43) were again the highest values. The non-
significant differences for LEGO group members for self-efficacy
(M=3.80, SD=.61), cognitive strategy use (M=3.60, SD=.47), and self-
regulation (M=3.42, SD=.42) were similar to control group means
(M=3.47, SD=.60), (M=3.56, SD=.36), and (M=3.31, SD=.68) respec-
tively. While overall test anxiety rose slightly after the intervention
(M=3.02, SD=.99), LEGO group mean scores of (M=2.82, SD=1.11)
were similar to control scores of M=3.23, SD=.85.

As a measure of academic performance, the two mid-term items
reflected the module content. Both groups of students exhibited
similar non-statistically significant strong performances on these
items, with means above 9.0 for both groups on both items, no
student receiving less than a score of 7 on either item.

4.3.2 Qualitative Data. Of more interest were the open-ended
comments from participants in the LEGO group. Overall, the stu-
dents expressed positive comments about the activity. Students
liked the interpersonal interaction, "discussing in small group, learn
from each other, better than working individually." While this the
activity was challenging, it was also rewarding, "trying to represent
that idea with LEGO was initially confusing but doing so helped me
visualize and further develop that idea." Several reported the impact
that working with LEGO had the problem-solving process. "LEGO
did help to an extent to see the software development process from
another perspective besides UML modeling or staring at a terminal."
One student went so far to describe the thought process used while
engaging in the activity: "By thinking about how to build the model
to properly show my feature, I thought of which features of the model
would contradict my feature and cause issues with the model, and
then I was able to abstractly consider why a model would fail from
those features in order to apply it to the context of the social media
site, which helped me to explain what I meant."

Finally, the students reported that using LEGOmoved their think-
ing beyond concrete conceptualizations to abstract. This higher-
order thinking is a pedagogical challenge for most faculty, but from
the student comments, LEGO may be tapping into this cognitive
function "by having LEGO to describe my example I had to go ab-
stract and think about what is the fundamental idea behind the design
pattern rather than thinking about just the example."

Overall themes from the qualitative remarks touch on important
pedagogical constructs in engaging post-secondary students in
STEM education, active learning, problem solving, and abstract
thinking.Within the student development process, moving students
to interactive classroom activities can be met with resistance. The

use of LEGO created an environment in which students interacted
with peers and the instructor. The students reported an increased
ability to problem solve, a key component particularly within STEM
applied skills. These results are consistent with creating a learner-
centered environment to maximize instruction of undergraduate
STEM majors.

4.3.3 Threats to Validity. While the administration of the mod-
ule is a pilot, a one-time experience with LEGOmay not be sufficient
to elicit changes in cognitive motivation as measured by the MSLQ.
Additionally, the student comments along with the literature related
to play suggest that abstract thinking as opposed to motivation may
be a more appropriate measure of the impact of LEGO on cognitive
function. A final consideration for the validity of the results reflects
the study design. Because the two groups were from the same class,
the students may have discussed the experience between groups,
hence diluting the uniqueness of the groups. These factors likely
contributed to the lack of significant findings within the quantita-
tive results. It may be possible that working with LEGO does not
impact motivation, but instead, the ability to engage in abstract
thinking. Hence, along with the limitations of the study design, the
construct of interest may have been incorrectly identified.

5 SUMMARY
This paper outlined our ongoing work to develop active learning
modules that reinforce a broad range of SE concepts. RE is an in-
tegral component of the SE discipline, which, unfortunately, often
gets overlooked by many students, educators, and practitioners.
Here, we detailed two active learning modules focusing on RE. Both
of these modules have been tested a number of times with different
groups of students and at different institutions. Our evaluation of
the impact on student learning shows that students are enthusi-
astic about using LEGO-based learning modules in the classroom,
while their feedback indicates a number of tangible benefits helping
students achieve their learning goals.

We aim to expand the assessment to both institutions in order
to study the effectiveness of the activities on different groups of
students, including diverse student samples in large classroom set-
tings (60+ students per section). At the University of North Texas,
the SE course will soon become a 3rd-year course; the impact on
student learning under the new course constraints will also be of
interest. Our goal is to provide activities that can be used in differ-
ent instructional contexts, so the evaluation will provide evidence
to support the aim.

As assessment of these modules continues, the researchers are
currently investigating the impact of the LEGOmodules on abstract
thinking. In order to ensure validity of the intervention, the LEGO
activates will occur in two separate classes and include three mod-
ules over the course of an academic semester. It is anticipated these
adjustments in the assessment methods will enhance the validity
of the interventions and result in gaining more knowledge about
the cognitive changes brought about by the LEGO play.
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A APPENDIX: OPEN-ENDED QUESTIONS
Question 1: Comment about your thoughts when you were actu-
ally building your LEGO model. For example, were you thinking
about how to represent the actual feature, the fit of the feature into
the system, the function of the feature?

Question 2: You had to build a LEGO model representing a soft-
ware feature you’d like to propose. Did LEGO help you crystallize
your idea? If so, how? If not, why do you think it didn’t help?

Question 3: Before you heard what your classmates said about
their LEGO models, what were some of your impressions when
you saw your classmates’ LEGO models?
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