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ABSTRACT

This paper describes our experiences in promoting a learning
environment where active student involvement and interaction, as
well as openness to diversity of ideas are supported through
innovative uses of technology in the classroom. In the context of
an undergraduate course in software engineering, for two
consecutive terms we have experimented with an existing
software system for Tablet PCs that supports a set of classroom
interaction styles. Our goal has been to determine if the use of the
technology can increase the effectiveness of pedagogical
techniques that naturally fit our instructional needs.

We have found that student submissions — a style of interaction
whereby the instructor poses a question written on a slide and
displayed on atablet in front of each student, then students write
their answersin digital ink and submit back to the instructor — are
apowerful tool for supporting the learning environment we aim to
create in the classroom. We show that student submissions can
help the instructor to engage al students, not merely the vocal
ones, and to emphasize the value of diversity of opinions. They
also enable immediate feedback from students to instructor —
something difficult in an environment without technological
enhancements but which contributes to an improved
understanding of everyone’s needs and expectations.

The discussion of how we used student submissions to support
these pedagogical techniques may be relevant to educators
interested in fostering student learning through creative uses of
technology, as well as to instructors looking to expand their
repertoires of teaching methods in software engineering and in
other similar subjects.
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1. INTRODUCTION

Taking an active part in constructing new knowledge helps
students to better grasp and remember lessons from the classroom
[5][9]. This paper describes our experiences in supporting the
goas of increased student interaction and involvement in the
classroom through the use of technology. Examples illustrating
our points were taken from two recent terms in which we taught
software engineering® to classes of up to 35 undergraduate
students at alarge public university. Our primary objectivein this
course has been to teach students how to work effectively together
to produce a quality software product given limited resources
(time, people, and technology).

Software engineering differs from most core CS courses in the
open-ended nature of many of the questions it raises — with few
clear-cut answers and much room for weighing tradeoffs — as well
as in its consideration of the human aspect as a central theme.
This motivates the need to constantly seek multiple opinions and
angles from which to view problems, and for instructors to
provide feedback on student ideas.

1.1 Why Technology Isa Key Element

In an attempt to address those needs, we have deployed Tablet
PCs in the classroom and have used Classroom Presenter [2][14]
to quickly gather arich set of non-aggregated student responses to
questions or problems.

The interaction protocol is simple. At the start of a lecture the
instructor broadcasts a deck of dides to Tablet PCs on student
desks and the Classroom Presenter system automatically advances
the dlide on the student devices whenever the instructor moves on.
Slides are projected on a big screen, so students do not need to
have their heads pinned to the tablet devices and away from the
instructor.  When a dlide describing an activity is reached,
students are asked to write a response on their tablets using a
digital pen and then have the system send the resulting slide-based
artifact to the instructor. The instructor promptly skims the
received submissions and selectively displays some of them to the
class, setting up the atmosphere for a discussion. After the
activity, the lecture continues with the next dlide.

This technology benefits classroom pedagogy in two very
important ways. Firgt, it gives the instructor instant access to
content from a broad range of students, increasing the instructor’s
awareness of student ideas and understanding. The instructor can
view the submissions privately, so he or she has control over how
they are used. Second, the technology enables the instructor to
immediately integrate student work into the classroom discussion
by showing written student artifacts quickly, anonymously, and in

1 We have been involved with this course several times before.



full fidelity on the public display. This places student
contributions on par with the instructor’s and gives the students a
stake in constructing new knowledge. Furthermore, the instructor
can select the artifacts to show based on the merit of the content,
rather than (as would be the case if technology were not used)
inferring what that content may be based on who has raised their
hand. The technology has other noteworthy positive impacts too,
including encouraging instructors to put more emphasis on
learning outcomes when designing instructional materials and
allowing classroom interactions to be easily preserved and
organized for after-class review and analysis.

We acknowledge that there are issues associated with the
deployment of the technology — the availability and access to
student devices, the startup and connection establishment time in
the classroom, the reliability of the underlying networking
subsystem. There are also potential pedagogical drawbacks — the
devices may become a distraction for students (encouraging
doodling or the use of other applications such as instant
messaging), or may supplant traditional methods of classroom
instruction that are otherwise effective. However, we believe that
through a combination of technical, socia, and pedagogical
advances many of these potential problems can be mitigated and
that on balance the technology can help improve learning in the
classroom.

2. PEDAGOGICAL TECHNIQUES

ILLUSTRATED

This section describes a set of pedagogical techniques we employ
in the classroom to promote student involvement and increased
interaction between students and instructors. Our belief that this
leads to better learning is aso well grounded in the literature
[9][10].

The techniques relate to five broad goals, we devote one
subsection to the discussion of each goal. In most cases, the use
of technology facilitated the attainment of these goals, as the
example artifactsillustrate. All examples are screenshots of actual
student submissions, taken from our two classes. The intent of
including these artifacts here is to show both the activity, as
presented on a slide, and how an individua or a group of students
responded.

2.1 Goal: Atmospherefor Engagement

We often start a class session by having students participate in an
activity. This helps to “break the ice’” and quickly assess the
energy of the audience, to verify that the student ink submission
process works on the available machines and is understood by
everyone (the latter part becoming trivial after the first one or two
sessions), as well as to set the mood for interaction. Some
examples of quick ink submission activities are “Write your
name”’ or “Draw a picture of yourself.” Others, more relevant to
the course content, involve short-answer questions, such asthat in
Figure 1.

In a class of 30 students, often working in groups of 2-3, it was
not hard to display most or all of the submissions in a short
amount of time before proceeding to the main parts of the lecture.
Displaying all answers serves to predispose students to participate
equally. We have aso noticed that students get visibly excited to
see their own answers put up; some even place special
recognizing marks on their submissions.

!-| Is software different?

= Submit a one sentence answer.
jeg and No.

T4 1s wore flexible than other
enginuring fiedd Ahat somekinug
wakes our Wfe mole A‘-’H‘.“"l&

Figure 1. A warm-up activity, used at the very opening of alecture, where
the theme was whether and how software differs from other engineering
artifacts. The responses varied from a single word — mostly “yes’ —to
more grounded and balanced answers like the one shown here.

2.2 Goal: Expression of Diverse Opinions

In software engineering, unlike in most other CS subjects, there
are fewer strictly correct or incorrect answers, many open-ended
questions leave room for different perfectly valid answers. To
bring out those diverse viewpoints in the classroom, it is
important for instructors to involve everyone in a non-threatening
way and readily recognize contributions from multiple sources.

Technology offers one convenient way to help achieve this —
through the use of anonymous student ink submissions.

Figure 2 illustrates a question that typicaly yields a dozen
different answers, many of which highlight valid points. We use
such brainstorming questions to €licit the students prior
understanding and intuition just before the corresponding material
isformally covered in class.

Chief Reasons for Software
Project Failures: Question

= What might be the main reasons behind such a
large percentage of software project failures?

State one reason that you and the person next to
you think is prevalent.

Dnl%cu”\/ [oww\uw{c«f\q

Figure 2. A brainstorming activity. Other very good answers refer to
changing requirements, poor planning, or, more broadly, unexpected
human-related difficulties.

Since there are many right answers and the multiplicity of answers
in this domain stems from differences among students, showing
several of the student responses sends the message that diversity
of opinions is valued and encouraged. This is particularly
important for supporting the learning goals in “softer” courses like
software engineering.

The next example is from an activity aimed at showing students
how different criteria (interpretations) can lead to different correct
solutions. The artifact in Figure 3 contains two solutions,
recognizing the validity of each one of two competing goals,
while all other student submissions focused on only one of these
goals, apparently missing (or discounting) the aternative angle of
interpretation.



Figure 3. An activity that affords multiple competing goals. In the
context of risk assessment, two possible goals here are to maximize the
chance of receiving a higher grade or to maximize the chance of passing
the class (and graduating faster).

This example also demonstrates how student notes on a slide can
give contextual information on how the students arrived at their
solution, enabling the instructor to see and comment on not only
the fina answer but also on the likely reasoning that led to it.

2.3 Goal: Student Feedback for the Instructor
To effectively navigate a course, instructors need feedback from
their students. One type of feedback is about what students
understand of the material and how much — quizzes, homeworks,
and exams traditionaly help illuminate this. Another, very
different and often neglected, type of feedback is about what
students want in a course in terms of content and/or presentation.

Technology has a role to play in helping instructors gather both
types of feedback. For instance, to quickly gauge student
understanding in class, instructors can pose short-answer or
multiple-choice questions (Figure 4).

Figure 4. A multiple-choice submission in the context of a discussion on
how project scheduling is best donein industry

From the responses, instructors can promptly assess where their
entire audience stands, then show a few submitted artifacts to lead
into a discussion on issues, sparked by those submissions. There
is no need to know the identities of the respondents, so a barrier to
wide participation is removed, in contrast to the traditional, non-
technological way of starting a classroom discussion, whereby
only asmall number of vocal students venture to offer insights.

Sometimes student responses help the instructor to realize that a
key concept has not been conveyed successfully (Figure 5).

Figure 5. In the context of risk analysis and task estimation, this
submission shows lack of understanding of distribution functions (DF). A
correct solution (for both graphs) would list tasks for which the flat
regions correspond to periods with no chance of task completion.

Findly, to feel the “pulse” of the students, we sometimes close
lectures by offering a one-minute feedback activity (Figure 6),
inspired by the “Minute Paper” from Angelo and Cross [3].

Figure 6. A one-minute, end-of-class feedback activity

The intent here is dual: first, students gain skill in quickly going
through a set of themes in their minds and succinctly stating what
they will remember. Second, it is an opportunity for instructors to
switch to “listening mode,” capture ideas to incorporate in future
lecture content, and lead to a natural closure to the lecture.
Typicaly, the submissions for this activity are for offline review
and are not shown to students. We have discovered that the most
memorable ideas quoted by students are usually those that they
have never been exposed to or those that came last in the lecture
(and so are the freshest in their memories).

2.4 Goal: Feedback on Student Ideas

Learning takes practice and feedback. In software engineering,
practice typicaly comes from term-long large-group projects and
the associated written homework assignments that students
complete. Feedback can be provided through severa channels
[12]. As one of them, we often use student submission activities
to pose challenging questions related to the project experiences,
with the intent of providing immediate feedback collectively to
the class. To do so, we display severa of the submitted answers
and carefully comment on each, reaffirming the good ideas and
openly discussing any misconceptions (again, without knowing
the identities of the authors). This gives students a glimpse into
the instructor’'s mind, demonstrating how the instructor would
approach similar questions and thus teaching by example.

Figure 7 shows a submission that highlights a common
misconception, setting up the instructor to make a point.



Figure 7. An activity set up to catch misconceptions. That testing begins
when thereis code is a common misconception among our CS students.
Thisis not surprising since courses preceding software engineering expose
them to very little testing, most of it functionality testing. Design testing,
usability testing, and validation testing are novel ideas for most students.

In contrast, Figure 8 shows a strong student response that, when
folded directly into the class discussion, has the added benefit of
coming from a student and so the instructor is not viewed as the
sole contributor of good ideas in the classroom. This in turn
encourages higher student participation.

Figure 8. An activity asking students to reflect on the course

These activities, as well as many others we use in class, are
instances of a pedagogical technique whereby instructors draw
students in by posing a question related to the class material but
not suggesting answers until everyone has had a chance to think
for a minute and submit their response. Often, the obvious
response would be incorrect; then, the instructor’'s role is to
discuss why the easy “solution” is misleading and to suggest new
ways of looking at the problem, perhaps borrowing from a student
answer to show that an actua solution iswithin reach.

2.5 Goal: Active and Collaborative L earning
The final secret in our pedagogica toolbox is group work. We
often ask students to work in groups of 2-3 on activities in class,
even if there are sufficiently many student devices for everyone.
Doing group activities is a conscious choice and the benefits are
several: students practice collaborating with peers — a critical skill
in software engineering and in life; students also help each other
to construct new knowledge (rather than have it served by
instructors and passively consumed) by bouncing ideas and
leveraging each other’s strengths [10], or by playing with new
concepts together to understand their possibilities and limitations.
Activities that fit especially well with group work are ones that

pose open-ended problems or afford multiple valid answers.
Figure 9 shows such an example in which the pedagogica goal

was not students reaching a particular final answer, but the group
discussions that would lead to it and the tradeoffs that students
would consider and put into words on their group submissions.

Figure 9. An activity that affords multiple valid answers. Students are
asked to form an imaginary software team of 6 by choosing from a set of
candidates while obeying a number of constraints: there hasto be a
program manager (PM), developers, and testers on the team; each
candidate has different strengths and weaknesses in the human and
technological domains (expressed by the numbersin the respective
columns); budget constraints restrict the choice to at most two strong (A)
candidates and mandates the hiring of at least one weaker (C) candidate.

The above artifact is aso good in that, similarly to Figure 3, it
gives a glimpse into the students’ thought process — articulating
the factors that led to the submitted solution.

3. CLASSROOM IMPACT

The examples throughout this paper come from our use of a
Tablet PC-based classroom interaction system, amed at
supporting an approach to teaching that encourages interaction.
This interactive style of pedagogy has been effective for us, and
the technology has had a positive role in supporting it. In writing
this paper, we are emphasizing the specific activities used, instead
of giving a comprehensive overview of the use of the technology
in the classroom. There are several reasons for this focus:

The critical part of deploying the technology is how it is used
to support instructional goals, so we want to put the
classroom activities in the forefront, and leave the discussion
of the technology to other papers.

Different CS subjects require different teaching approaches,
and software engineering fals on the “soft end” of the
spectrum where definite answers are often elusive. There has
been much more work in technology-supported pedagogy for
“hard” subjects such as Physics [8] and Astronomy [6], sO
we want to document specific ways in which classroom
technology supports the instruction in a soft subject.

We believe we were successful in achieving our goals with the
technology — the technology was not disruptive and the activities
worked mostly as expected. There was a high rate of student
participation, and ample discussion generated by the activities.
The use of tablets was well received by students, with positive
comments on the evaluations. A natura question to ask is. “Did
this impact student learning?’ We do not have data on that yet.
Still at the stage of piloting the use of the technology in the
classroom, we are adapting the pedagogy for the technology. The
tablets were not used in every lecture — one instructor used them
only a few times during the term, and the other used them about
once a week. Students also had substantial other work in these



courses including a major group project, so it would be difficult to
assess the direct impact of the use of tablets in the courses relative
to other factors. While the technology had the desired impact on
individual lectures, the evaluation of learning outcomes from this
type of instruction isimportant future work for us to perform.

For an instructor, the key thing for this style of teaching is being
able to work with the student submissions in red time —
developing on-the-fly responses to individual submissions, and
picking appropriate examples to display and discuss from among a
set of submissions®. We took different approaches to this— one of
us had a goal of showing and commenting on al responses, while
the other based the discussions on selecting representative ones.
Design of activities to make the responses easy to understand, and
preparation before lecture greatly facilitated the process of
working with student submissions. One of the instructors found
that introducing activities into his lectures led to aradical change
in his lecture design approach. He began by identifying the
learning goals, then developed activities to evaluate if those goals
are achieved, and only at the end prepared the materias to
present. This reversed his usua approach of beginning with the
development of the presentation materials.

4. RELATED WORK

So far we have discussed how one particular system, Classroom
Presenter [2][14], can be used in the classroom to promote
pedagogy that we consider to be beneficial. There is currently
substantial interest in taking advantage of technology in the
classroom to enhance learning. Ubiquitous Presenter [15] (an
extension of Classroom Presenter), and DyKnow [4] are two other
systems which could be used to support very similar classroom
interactions around Tablet PCs. Other research on applying
technology to the classroom has concentrated on capturing
lectures [1], supporting student collaboration [7], and providing
unstructured feedback to the instructor [11]. The area of
classroom technology that has received the most study is
Classroom Response Systems [13], where well-formed student
responses are aggregated for the instructor and for public display.
This contrasts with our approach of basing discussions on
individual artifacts expressed in a richer medium. We see both
approaches as having potential for impact in the classroom, and in
many situations a synthesis of the two would be appropriate.

In terms of pedagogy, there is a vast literature on techniques for
engaging students in a lecture environment, through active
learning and classroom assessments [5][6][9][10]. We have
found the work by Angelo and Cross [3] particularly inspiring; it
provides an excellent collection of activities for gathering student
feedback and for engaging studentsin class.

5. CONCLUSIONS

This paper makes the case that current technology can support
pedagogical techniques that promote active student engagement
and diversity of ideas in the classroom. Technology can aso
enable instructors to quickly gather and give feedback. We show
one way to take advantage of al these newfound opportunities.

2 To tackle the problem of scale and to help instructors in picking
good examples to discuss, we and others have been exploring
the feasibility of automaticaly clustering submissions. The
results of this ongoing work will be reported in a future paper.

Although the experiences we relate are from courses in software
engineering, the illustrated pedagogica techniques have been
successfully applied across the computer science curriculum by
others and there is reason to believe that they generalize broadly.
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