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Abstract

This thesis explores aspects related to the use of a Student Response System (SRS)
in preparatory engineering courses at Segr-Trgndelag University College (HiST),
Norway. The work described here started as a part of a project in which one of the
goals was to develop and test a new SRS for modern mobile devices. An important
part of the project was the implementation of this system in lectures during the
development stage in order to perform evaluation and conduct research on the use
of SRS. Moreover, the goal was to use the results both to improve the design and
functionality of the system as well as to increase the knowledge about SRS-use in
science education. The main focus of this thesis is not on the actual development of
the new SRS, but rather on addressing methodological choices in the main areas, in
addition to the actual software, which are important for successful implementation
and use of SRS in science education. These include the role of the teacher, the
SRS-questions, and the different sequences during SRS-sessions. This thesis also
tries to answer some of the unanswered questions that exist in the SRS-research
scene and to increase teachers’ awareness of how they use SRS in class.

The research focuses both on students’ own experiences as well as observations
of students engaged in peer discussion. Analyses of video clips of students discussing
quiz problems during SRS-use provided insight into what students focus on in their
argumentation as well as how different methodological choices can have a significant
effect on the discussions. While such observations are important for understanding
various aspects of SRS-use, the success of SRS-implementation is highly dependent
on students’ attitudes towards the system. Students are very aware of their own
learning environment and it is important that they see the benefits of using SRS if
it is to be positively received. While the use of written surveys provided an efficient
way of assessing students’ general attitudes in the classes using SRS, analyses of
focus group interviews provided deeper insight into their experiences. Although
most of the research was conducted in introductory physics classes, the majority of
the results in this thesis with regard to implementing and teaching with SRS are
applicable to science education in general.
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Chapter 1

Introduction

Taking on an engineering degree can be a daunting task and there are many stu-
dents that struggle during the course of their education. An evaluation of engineer-
ing education in Norway in 2008 found that 45% of engineering students complete
their three-year bachelor’s degree within the normal time [I]. By using additional
time, this number increases to about 60-70%, which means that there is a sig-
nificant number of students that never finish their degree. Engineering students
often struggle with highly theoretical courses such as mathematics and physics, the
latter often being regarded as particularly frustrating and demotivating [2]. One
aspect of learning science that proves challenging for novice students is that they
enter their education with deeply rooted conceptions about the world that are often
in stark contrast to scientific views [3]. Unfortunately, the traditional blackboard
style lecture format, consisting of a teacher monologue, has many limitations and
often does not give students the necessary opportunities to detect problems early
in their learning [4].

Students are rarely given time to reflect upon the subject matter or test their
knowledge during class [5], and as the size of the classes increases the traditional
lecture format also limits the communication between the teacher and students [5].
Not only does the physical distance between the teacher and students increase, but
when surrounded by a large number of their peers, students often find it embar-
rassing asking or answering questions in fear of losing face [0, [7]. This makes it
difficult for teachers to assess if students are following the lectures and understand
what is being taught. Additionally, students are to a large extent passive partic-
ipants during lectures, which is not conducive to facilitating cognitive skills such
as critical thinking [8, 9], especially since students’ ability to concentrate decreases
significantly after 20 minutes [10} [I1].

There are several ways a teacher can deal with these challenges. A popular
strategy, especially in the US and the UK, is to utilise a Student Response System
(SRS) during lectures. Such systems go by many names in the literature, such
as ‘Audience Response System’, ‘Personal Response System’ or ‘Interactive Voting
Pads’. An SRS can in its simplest form be described as an electronic voting system
where the teacher can present students with questions, often in the form of a
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multiple choice quiz, and students give their answer anonymously with a small
voting device, commonly referred to as ‘clickers’ [12]. Students can be further
challenged by engaging in peer discussions, where they try to convince each other
of the correct answer and come to a consensus before voting [B], [I3]. Students are
given a break from the constant flow of information, but where the break has the
additional benefit of giving students the opportunity to test whether they have
understood the subject matter [I4]. Using an SRS in class has been found to
have many positive effects, such as students feeling an increase in motivation and
engagement [I5 5] and increased student performance [16, [I7] including better
conceptual understanding [1§].

The idea of an electronic voting system is not new. In fact, Student Response
Systems have been used in education since the 1960s [19], but the old systems were
expensive, did not function well and were difficult to use [I9]. Moreover, adaptions
of SRSs in class were very technical-centric, regarding the system as a catalyst for
student achievement and attitudes [20]. It is therefore perhaps not surprising that
the early studies on SRSs did not find any significant improvement to students’
achievements [20]. History has shown that implementing new technology into edu-
cation with a belief that technology automatically improves learning, is bound to
result in failure [2I]. As Chandler [22] put it: ‘as soon as learning processes are
not a core consideration and pure technological capabilities, functionality, and the
“wow” factor are made central, then chaos inevitably ensues’ (p.392).

As the focus on SRS-studies shifted towards pedagogy and methodology, SRSs
began to show positive results in terms of increased performance [20]. While
traditional lectures focus on a transmission model of learning (learning through
demonstration and repetition), researchers have argued that SRS can, in addition,
promote learning within multiple learning paradigms, such as the constructivist,
social constructivist [5, 23], and the metacognitive learning paradigm [5]. Merely
exposing students to new information is not always enough to effectively facilitate
learning. Students also need to examine their own ideas and to be challenged to use
their prior knowledge to try to understand new experiences [23]. They have to, in
a way, construct their own knowledge. The students need to be active participants,
and activating the students is one of the key motivations behind utilising SRS in
class. With the presented quizzes, students have to use their knowledge about the
subject matter to solve challenging tasks during the lectures. The social aspects of
constructivism come into play through the social interaction in group discussions,
scaffolding, and assisting in joint construction of meaning [5]. Through peer discus-
sions students are often required to justify their answers to the group and evaluate
justifications from other group members. In doing so, they have to develop strate-
gies which enable them to monitor their own learning and understanding, which
are important aspects of the metacognitive learning paradigm [5].

In other words, it is not the technology of SRS, but how SRS is used that gives
benefits to classroom lectures. The study by Poulis et al. [24] is a clear example
of this where the researchers showed an increased pass rate and reduced variability
between the achievements of different students, using an SRS which was installed
in the classroom in 1966! Another example is the study by Lasry [25] where the
researchers compared a modern SRS to paper flashcards, which were often used
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in the 1990s whereby students voted on quizzes by holding up a card with their
answers. The researchers found no statistical difference on students’ performance
between the two. These results raise an important question: if the technology is
not an important aspect of the benefits of using an SRS, why should any attention
be given to it? The answer may be obvious from the paragraph above: the old
SRSs were expensive, did not function well, and were difficult to use. With systems
in such a state, the threshold for using them is fairly high.

At the time of the research conducted in this thesis, most modern SRS tech-
nology was based on either infrared- or radio-transmitters and receivers. Teachers
used a form of either stand-alone software or plugin embedded into standard pre-
sentation software such as PowerPoint. Although these types of SRSs are a vast
improvement on the old hard-wired systems of the 1960s, they are still not without
their problems. Despite the wireless technology, teachers wanting to use SRS still
need hardware, such as receivers, to be installed in each classroom where the sys-
tem is going to be used. In some instances, mobile receivers can be brought to the
lecture when SRS is going to be used, but this is not an ideal solution. Receivers
and clickers can also be very expensive and there are often expenses for technical
support as well. Some researchers have even reported on SRS-software being unus-
able because of being heavily license-managed. Expenses with SRS can be reduced
by having students buy their own clicker, but studies have reported on students’
satisfaction with SRS decreasing because of the cost of the clickers [26] 11]. Hav-
ing the system locked to particular software is also not an ideal solution as this
decreases the flexibility of the system.

The research scene on SRS is also not without its issues. In recent years, research
on SRS has seen a shift from comparing learning outcomes by using SRS versus
not using it, towards comparing and investigating various aspects of using such
systems, for instance, different SRS-sequences and how methodological choices can
affect group dynamics. While this is an important change in order to understand
the effects of using SRS in class, there are still many unanswered questions as well
as unaddressed aspects of using SRS. Kay and LeSage [19] argue that the research
scene on SRS needs more detailed studies on why specific benefits and challenges
influence the use of such systems and that studies need to combine both qualitative
and quantitative data. Despite the simple functionality of SRSs, implementing and
using an SRS successfully in lectures is not a simple task and there are many issues
that can affect both possible learning outcomes and students’ experiences with
the system. The unanswered questions which are addressed in this thesis will be
discussed in the next chapter.

1.1 Research goals

The work described in this thesis started as a part of an EU co-funded project at
HiST, the Edumecca project (www.histproject.no). One goal of this project was
to develop a new Student Response System for modern mobile devices based on
Wi-Fi. Although Wi-Fi based systems existed at the time of the work involved in
this thesis, they were often limited to certain devices and the teacher software still
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had many of the same limitations as described for earlier systems. The goal was
to develop a system which addressed many of the limitations of commercial SRSs,
with regard to flexibility, effectiveness, ease of use, and the cost of implementation.
Moreover, the goal was to use this software in class during development to provide
evaluation of the system from teachers and students in order to improve the func-
tionality and design. Another important aspect was to use the system to conduct
research on SRS in order to improve SRS methodology and understanding of using
such a system in classroom lectures.

While the developed system is described and discussed in this thesis, the devel-
opment itself is not the main focus. Rather, the focus is on the research conducted
to advance understanding of different aspects of SRS-use. Successful implementa-
tion and use of SRS is highly dependent on various factors including:

1. The system

2. The SRS-sequence (i.e. the different phases during an SRS-session)
3. The quizzes

4. The role of the teacher

Instead of focusing on one particular aspect, this thesis aims to address issues and
highlight certain aspects on all of the areas listed above. Although having a broad
focus introduces a risk of shallowness, the motivation for this choice is to increase
the overall usefulness of this thesis for teachers wanting to use SRS in their lectures.

Despite most of the research in this thesis being conducted in introductory
physics courses, it was not the intention to restrict the research to only be applicable
to physics education. Thus, with a few exceptions, most of the results in this thesis
are relevant to science in general. Additionally, it should be noted that it was not
the intent to conduct research with a focus on how students learn, or investigate
why SRS can facilitate learning in a context of different learning paradigms.

Rather, the thesis has a more practical approach and focuses on some of the
common SRS-strategies in lectures while addressing methodological issues within
such use. The thesis tackles some of the unanswered questions that exist within
the SRS-research scene and how methodological choices can affect key features
such as the group discussions and students’ experiences of using the system. In
addition, the thesis focuses on how the different aspects are related and affect each
other. Some aspects might seem unimportant or trivial, but as will be shown in
this thesis, can still have a significant impact on both the effectiveness of SRS
and how it is perceived by the students. In this way, this thesis aims to increase
teachers’ awareness of how they use SRS in order to facilitate a more conscious and
constructive use of such systems during lectures.

1.1.1 Research questions

As a result of having a broad focus, there were several different research questions
that were asked. Still, there are also a few overall research questions that are
addressed throughout the thesis:
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e How can methodological choices affect students’ experiences of using SRS?
e How can methodological choices affect the different phases of the SRS-sequence?

Some of the papers included in this thesis address these questions in a more general
sense, such as paper B, which evaluates students’ experiences of the methodologi-
cal procedures when SRS was initially implemented. Another example is paper E,
which focuses on the negative effects of methodological choices with the research
questions: What teacher-centric aspects can negatively affect students’ experiences
of using SRS and why do these teacher-centric aspects negatively affect the stu-
dents? Also in paper A, which describes and discusses the developed SRS used
in this thesis and which is not a traditional research paper, the possible effects of
methodological/design choices (with regard to the actual software) are an impor-
tant topic.

Other research questions had a more narrow focus and addressed specific fea-
tures of using SRS in lectures, such as the group discussions. An example of this
is in paper C which addresses the effects of having an initial voting session before
quiz discussions: How does the initial thinking period and voting session affect stu-
dents’ experiences of the group discussions? In a study by Nicol and Boyle [27],
the researchers gave some insight into this particular question (more on this in
the next chapter), but the researchers emphasise in their paper that the effects of
the initial thinking period need further research. In their study, the initial think-
ing period was not the only focus as they compared two SRS-methods which had
other differences apart from the initial voting session. Thus, there might be details
of the effects of the initial voting session that were left unnoticed. An in-depth
analysis of student interviews where the students could compare two methods with
the only difference being the initial voting session, could give more insight into its
effects. More insight could also be provided if student interviews are accompanied
by video observations of students engaged in peer discussion. This leads to another
important research question which was addressed in paper D: Do students’ own
experiences of the initial thinking period correspond to what really happened?

It should be noted that the different research questions addressed in this the-
sis were not all formulated from the start of these studies. Rather, several of the
questions have arisen during both the testing periods and during the analytical pro-
cesses. One example of this is the effects of students seeing the results of the initial
voting session: How can seeing the initial voting results affect students’ experiences
of the group discussions? This question emerged from student comments during
some of the initial interviews when investigating the effects of the initial voting ses-
sion, and resulted in weaving this topic into the later interviews (paper C). Before
the students addressed this in the interviews, we did not realise the possibility of
seeing the voting results having a dramatic effect on the group discussions.

Another example of unforeseen research questions was during the video analysis
where two similar quizzes were found to have very different voting results. This
raised the question of why the students voted correctly on one quiz, but were more
divided in the other. The following research question was then formulated: What
are the underlying causes for students voting differently on similar quizzes? On
the surface, it was obvious that one question was more difficult than the other.
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However, the intent was to investigate the arguments presented by the students to
see if this could shed light on, for instance, how the different quizzes were formulated
or on less obvious aspects of the difficulty of the questions. The results were, as
will be described later, surprising and demonstrated some of the challenges with
using SRS as an assessment tool for student understanding.

1.2 Structure of the thesis

This thesis consists of five chapters in addition to the included papers, the first be-
ing this Introduction. The second chapter, SRS in Education, describes SRS-
use in more detail and introduces the reader to common methodological choices
when using SRS. The chapter also presents recent research on SRS and discusses
unanswered questions as well as areas where research is lacking. The third chapter,
Methods, describes the different kinds of data and analytical methods used and
the motivation behind these. The fourth chapter, Results, provides a summary of
each paper included in this thesis. The first two papers function as an introduction
to the research, describing and discussing the developed Student Response System
as well as describing the first implementation in more detail and the initial feed-
back from the students. The last four papers consist of more specific research on
various aspects of SRS. In addition to functioning as an introduction, the first two
papers also provide a better context for the Discussion and Conclusions, the
fifth chapter. Here the relations between the different results are discussed as well
as their implications for teaching with SRS and future SRS-design. At the end of
this thesis before the included papers, there is a brief chapter with suggestions for
Future Research on the use of SRS.



Chapter 2

SRS in Education

The aim of this chapter is to describe the use of Student Response Systems in more
detail, such as different methodology and SRS as a tool for the teacher to activate
the students and provide feedback. In addition, previous research on SRS will also
be discussed. This chapter does not aim at being a complete guide to SRS and the
research scene, but rather to focus on presenting important challenges when using
SRS, and describing findings in the research scene that inspired the work described
in this thesis.

2.1 Peer Instruction

The basic functionality of a Student Response System can almost be comically
simple: the students can press a button on a small device and the teacher can see
how many have pressed specific buttons. Some systems have different variations
on this functionality [28], but the principle of a simple voting system stays mostly
the same. The simplicity of an SRS is also its strength as it presents a flexible tool
for the teacher with many possibilities on how to use it. However, herein lies also
one of the main challenges with SRS: how should one use it? Teachers can, for
instance, ask students if they can follow the lecture or ask for students’ opinions
on a specific matter. A common way of using SRS is to present students with
a multiple choice quiz. However, there are several methodological questions that
teachers need to answer when using SRS in such a manner: what type of questions
should be asked, should students think alone or discuss with their peers, and what
happens after the voting has ended?

Perhaps the most popular SRS-sequence or method is ‘Peer Instruction’, de-
veloped by Eric Mazur in the 1990s as a means of focusing students’ attention on
underlying concepts in physics without sacrificing students’ ability to solve prob-
lems [I3]. The method was actually developed without SRS in mind, as students
would use the flashcards mentioned earlier, but SRS removes the practical challenge
of having to manually count student votes. An important aspect of Peer Instruc-
tion is ‘ConcepTests’, conceptual multiple choice questions that revolve around
a particular physical concept. The questions are designed so that students have

7
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to use their knowledge about physics instead of relying on memorisation. After
students are introduced to the problem, they first think individually for about a
minute without talking with their peers. Students give their answer before engag-
ing in group discussion, where they try to convince their peers of their choice. The
session ends with a revote and the teacher explaining the solution.

2.2 Group discussions

Engaging students in group discussions can be an important factor for increasing
students’ understanding of the subject matter [I3]. Not only do they have to
figure out an answer for themselves, but they also have to try to generate plausible
arguments to convince their fellow group members. In order for students to develop
their scientific language and critical thinking skills, it is important that students
are challenged to put their thoughts into words [29]. It can be difficult, however,
to motivate students to engage in group discussions with the traditional lecture
format. Students often do not see the point in discussing as there is no obvious
payoff for their engagement [I4]. The voting session with SRS provides this payoff
and gives the discussions a meaning because it functions as a clear conclusion for
the discussions. Additionally, students can state their opinions in the voting session
and provide feedback to the teacher as well as see how they fared compared to their
peers [14]. The voting session can also create competitive feelings among students
[30], wanting their group to ‘win’ or at least be the correct party when disagreeing
during discussion. As a consequence, students have been reported to be more alert
during lectures with SRS [31]. Students also value the group discussions because
they can hear how other students think, and students have emphasised that it is
easier to understand explanations from their peers as they often ‘speak the same
language’ [27].

Thus, the group discussions can facilitate learning both with regard to students
trying to convince other group members as well as for those being explained to
by their peers. In a study by Smith et al. [32] the researchers found that group
discussions during SRS indeed do facilitate learning. On the other hand, there are
studies that show that there are several factors that can influence the dynamics
of group discussions, such as grading SRS-answers. In many universities, it is
common for students to receive points towards their grades for SRS-participation
[10], which has been shown to be an effective strategy of increasing attendance
during lectures [33]. A step further from giving points for participation, is to give
extra points for correct quiz answers. Even though the motivation for doing so
is to encourage students to participate during discussions, a study by James [34]
showed that the effect can in fact be the opposite. One could argue that students
are not punished for incorrect answers, but rather rewarded for answering correctly.
Still, the absence of the additional points towards their final grades, can be seen
as a punishment. The study found that students relied heavily on the opinions of
more skilled students when the correct answer gave more points, while they were
more inclined to explore different solutions and ideas when only participation was
rewarded.
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The notion of more skilled students influencing group discussions is also found
in the study by Nicol and Boyle [27], where the researchers compared Peer Instruc-
tion to a sequence initially described in Dufrense et al. [23]. In this ‘class-wide’
sequence students engage in discussion directly after the quiz is presented without
having the initial thinking period. Also, instead of ending the SRS-session with a
teacher explanation, students (and teacher) engage in a class-wide discussion. The
study found that the students preferred having this initial thinking period because
they use it to gather their thoughts and think about what to say in the discussions.
Students also emphasised that they were more likely to participate during discus-
sions if they had the time to think about the solution. Further, students felt they
would be more likely to be dominated by ‘stronger’ (i.e. more skilled) students if
they did not have the time to think about the questions before discussion. The
researchers argued that without the initial thinking period, students are not given
the opportunity to generate their own mental model of the quiz, resulting in less
‘conceptual conflict’” at the start of group discussions. As a consequence, students
are more likely to accept dominant explanations [27].

Nevertheless, there have not been any studies that have investigated students’
claims of more fruitful discussions when this initial thinking period is included. Al-
though students’ own experiences and attitudes can be vital for succeeding in im-
plementing SRS [35], they do not necessarily correspond to measurements. An ex-
ample of this is the early studies on SRS where students were very positive towards
the system and felt that it helped them learn the subject matter even though no sig-
nificant increase in performance was found [20]. Thus, it is important for research
on SRS to include students’ own experiences and measurements/observations, both
as stand-alone studies as well as comparisons between the two. As the inclusion of
the initial thinking period increases the time used on each SRS-session (as well as
increasing the pedagogical requirements of the teacher) one has to ask the question:
is the initial thinking period and voting session really needed?

Recent studies on Peer Instruction have also found other aspects that can in-
fluence group discussions. When the initial voting session is used it is common
to display the voting results, usually in the form of histograms, while students are
discussing [I0]. Perez et al. [36] published a study where the researchers found that
if students are shown the initial voting results, they are 30% more likely to choose
the alternative with the majority of votes. Although the results did not explain
why this happens, the researchers provided some interpretations for their results.
One explanation was that the alternative in the majority provided a talking point
or stimulus to which students try to find out why the answer was so common. An-
other interpretation was that seeing the results would make students realise their
own mistakes and find flaws in their own reasoning. Note that this interpretation
assumes that the alternative in the majority is the correct one, which may not
always be the case. Another quantitative study by Brooks and Koretsky [37] also
showed that students’ confidence in their own argument increased if they could see
that their answer was in the majority. Still, there are no studies as of the writing
of this thesis, to my knowledge, that have investigated (qualitatively) the effects of
seeing the initial voting results on group discussions.
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2.3 SRS as a tool for feedback

Student Response Systems have long been regarded as a valuable tool for improv-
ing communication between the teacher and students [I2] by providing feedback
through the voting results [38]. If students vote incorrectly, SRS can give the
teacher an indication of gaps in students’ knowledge and reveal misunderstandings
[39,[40]. The students can also see how they performed compared to the rest of the
class and are given an indication of areas where they need to study harder [41]. By
realising gaps in students’ knowledge, the teacher can tailor the lecture accordingly
by, for instance, providing an extra example on the blackboard [13]. On the other
hand, if the vast majority of students vote correctly in quizzes, it indicates that
students understand the subject matter and the lectures can progress on to other
topics [42].

However, as has been described in this chapter, there are several factors that
can influence students’ decision-making during discussions, which raises an inter-
esting question: how reliable are the voting results as an assessment of students’
understanding of the subject matter? It is likely that a wrong answer suggests
gaps in knowledge or the presence of misunderstandings, but does a correct answer
translate to correct knowledge? Students can choose the same alternative as more
skilled students without understanding the solution, or just follow the majority of
the class. Both examples challenge the interpretation of voting results as a correct
representation of students’ understanding. The reliability of SRS as an assessment
tool is likely dependent on several factors, such as the nature of the questions pre-
sented to the students. For instance, if the questions are too easy, students might
think that they understand the subject matter better than they really do [43].
The reliability of voting results as a measurement of students’ understanding is an
aspect that is rarely addressed in SRS-research.

2.4 The role of the teacher

These challenges with SRS emphasise the importance of the teacher and method-
ological choices with the system. The success of SRS is highly dependent on the
pedagogical skills of the teacher [41], and while SRS can act as a tool for improving
the lectures, it can also be detrimental to them if used poorly [28]. Using too much
time setting up the system [5], not managing discussion time correctly [23], and
teachers having a negative attitude towards SRS [44], are examples of aspects that
can lower student satisfaction with using such systems in their lectures.

While these examples describe some of the more unintentional aspects of teach-
ing with SRS, deliberate implementation choices can also have a significant impact
on students’ attitudes. Using SRS, for example, to only record attendance is looked
down upon by students [45] as the system is not used as a pedagogical tool to fa-
cilitate learning and/or engagement. Although grading of SRS-participation has
been shown to increase attendance, it has also been shown to have a negative ef-
fect on students’ attitudes [46] [47]. The increase in attendance becomes somewhat
artificial because it becomes mandatory to be in the lectures as students risk losing



2.4. The role of the teacher 11

points on their grade [26].

There are several best practice guides that give tips to teachers wanting to use
SRS (such as the paper by Caldwell [10]) and several publications also mention
aspects of SRS-use that were found to cause irritation or dissatisfaction among
the students, such as those mentioned above. However, these issues are often
sparsely described and, understandably, not the main focus of the publications.
There is a need to focus on the challenges teachers face when using an SRS. In
order to appreciate what to do, it is important to know what not to do, and more
importantly, understand why and how such aspects have a negative impact. In
order to gain a deeper understanding of aspects that can negatively affect students’
satisfaction with SRS, it is not enough to simply generate a list of what not to do.
Instead, there is a need for deeper analysis of students’ own experiences and how
the different aspects of SRS-use relate to each other.
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Chapter 3

Methods

The aim of this chapter is to describe the type of data and analytical methods used
to examine the research questions. The results are based on both qualitative and
quantitative data analyses and describe the use of SRS from the perspective of the
students as well as from observations. Students’ experiences of using SRS in their
lectures were examined using interviews and surveys while video/audio clips of
students engaged in group discussions represent the observations. Most emphasis
is placed on the interviews and video analyses, with written surveys in the form
of questionnaires being used mostly as complementation. The specific analytical
steps are described in the relevant papers. Therefore, this chapter will not focus
specifically on all of the analytical processes, but rather on the motivation behind
them and on a more general description of the data type and analytical methods.
Before the presentation of the research methods, however, the chapter will provide
a brief description of the classes and the extent of SRS-use during the course of the
research in this thesis.

3.1 Background

This thesis contains results from data collected in the course of three years of SRS-
testing in preparatory engineering courses at HiST, from 2009 to 2012. Preparatory
courses consist of students, usually about 50-70 per class, who wish to undertake
an engineering degree, but who do not have the required courses from senior high
school. The students often come from a vocational background with an age average
in the early to mid-20s, many with several years of previous work experience.
The courses last for a year and provide the necessary curriculum, corresponding
to about the two last years of senior high school. The lecture format is usually
divided between the traditionally teacher-centric blackboard lecturing (although
with digital smart-boards) and problem solving. In the 2009-2012 period, there
were four classes per year. The first testing of the SRS in the preparatory courses
was in a single class in physics for the duration of four weeks in the autumn semester
of 2009. This was followed by the SRS being used for eight weeks in all four classes
in the spring semester of 2010, still only in physics. During the 2010-2011 semesters,
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the SRS was utilised in two classes for the whole year in three courses: physics,
mathematics, and social science. In the last year, 2011-2012, the SRS was made
available to all teachers in all four classes. Most of the research presented in this
thesis was conducted during the first two years of testing.

3.2 Research software

An important aspect of qualitative research is the notion of coding in order to
extract meanings from, and describe, the data. As the data-set becomes larger,
organisation of codes becomes more challenging, which underpins the need for a
dedicated software. All coding, both of the interviews (which were analysed by me)
and video material, was performed using ‘TAMS Analyzer’, an open source quali-
tative research tool developed by Matthew Weinstein (tamsys.sourceforge.net). A
small exception is the addition of time codes to student speech time in the video
clips, which was done in ‘Ingscribe’. In addition, SPSS (version 19) was used for
all statistical analyses, which were relevant both for the video and survey analyses.

3.3 Capturing student experiences

3.3.1 Focus group interviews

Focus group interviews are a popular and reliable method in qualitative research
for examining aspects such as experiences, opinions and views [48]. The word ‘in-
terview’ can be slightly misleading in this context as it is usually associated with a
formal setting with an interviewer asking a series of questions to which informants
give their answer. In focus groups the interviewer acts more as a moderator, trying
to encourage discussion among the informants regarding specific themes. The tone
is often informal and focus groups therefore become more ‘naturalistic’, i.e., closer
resembling the nature of actual conversations [49]. Consequently, focus group in-
terviews can be very dynamic with synergy effects where one informant builds on
aspects brought forth by another, for instance, by stating points the other would
not have thought of him/herself [50].

The interviews described in this thesis were conducted in a semi-structured
manner, i.e., using an interview guide based on a list of themes and general ques-
tions that the researchers wish to examine. Semi-structured interviews provide a
good balance between standardisation and flexibility [48] [49] as they maintain the
openness encouraged in focus group interviews, but also maintain structure. In
order to find participants for the interviews, students could sign up as volunteers,
from which four students, both male and female, were chosen from each class using
SRS. In total, there were eight focus groups: two from the spring semester of 2009,
four from the autumn semester of 2010, and two from the spring semester of 2011.
Some groups were interviewed twice (see paper C for more details) resulting in a
total of 13 interviews. All interviews were conducted by Gabrielle Hansen-Nygard,
a PhD-student (at the time of writing this thesis) with a background in social psy-
chology and qualitative research methods. Moderating focus groups can be very
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challenging and best results are seen when conducted by a trained interviewer [49].

3.3.2 Grounded Theory

Focus groups owe much of their popularity within qualitative research to their
flexibility, not only as an interview form, but also because focus group interviews
are not tied to a specific theoretical framework [49]. Grounded Theory is regarded
as a rigorous analytical method for extracting aspects from qualitative data such
as experiences, feelings and attitudes [5I], and was therefore chosen as the main
tool for analysing the interviews. Grounded Theory as a method was originally
developed in the 1960s by Barney Glaser and Anselm Strauss as a response to the
monopoly of positivistic research design in social science [51]. Glaser and Strauss
criticised researchers for disregarding human problems that did not fit positivistic
research design, as well as for interpreting empirical data solely based on already
established theories. Instead, they thought that the social research scene should
strive to develop procedures which enabled theories to be generated from empirical
data [48]. At its core, Grounded Theory consists of a loop where data is collected
and analysed, and where the analysis further motivates additional data collection or
‘theoretical sampling’. In the end, the researcher reaches a ‘theoretical saturation’,
where ideally no additional information can be extracted. The result is a set of
empirical categories describing the areas of interest or simply, as the name of the
method implies, a ‘grounded theory’.

It should be noted that the research described in this thesis has not been con-
ducted through a true Grounded Theory methodology, i.e., with theoretical sam-
pling to achieve theoretical saturation, as this would have been extremely time-
consuming. Besides, it would have proven to be a severe practical challenge as
the interviewed students might not have been easily available after they had fin-
ished their preparatory course. However, Grounded Theory includes very concrete
and systematic procedures for analysing data material and these procedures are
suitable as a self-sufficient analytical method [48]. The analytical tools include a
three-step coding scheme (line-by-line coding, focused coding, and categorisation)
which in this thesis was adapted from Charmaz [52) [6I]. The analytical process
starts by systematically coding each line or sentence in the interview transcripts
based on their content. Through the three-step procedure (see paper C for more
details), the analysis ends up with a small set of categories describing students’
most significant experiences. However, only paper C in this thesis describes cat-
egories in the traditional Grounded Theory sense, which has strict rules of what
constitutes a category. All papers, nonetheless, which include interview analyses
have used the coding scheme as described above even though the end product may
not necessarily have fulfilled the requirements to be defined as categories.

3.3.3 Surveys

Focus interviews, accompanied with a robust analytical procedure such as that of
Grounded Theory, provide an effective method for examining experiences, feelings,
and opinions, and are also very dynamic as unforeseen aspects can arise both during
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interviews and analysis. However, this method also has a weakness of being very
time-consuming, which restricts the number of informants and focus groups which
one can include in such studies. This can be seen as a limitation for the method’s
ability to form generalisable findings [49]. To address this possible limitation,
written surveys (questionnaires) were conducted in all classes using SRS. Surveys
are one of the most widely used methods of gathering quantitative data in social
research [48]. It is a time-efficient way of providing information from a large sample
of a population [53], which makes it suitable for statistical analyses [54].

Notwithstanding, surveys do also have their share of weaknesses. Questions
on the written surveys can be open or with predetermined answers. Although
open questions can be more flexible, they significantly increase the time needed to
analyse the answers [48]. Predetermined answers, while being very time-efficient
to analyse, lack flexibility as the answers have to be made beforehand by the
researchers. This limits their ability to deeper explore experiences and attitudes
[53]. Additionally, written survey questions may be misinterpreted and bias or
inaccuracies in the responses may occur. Respondents often have difficulty assessing
their own experiences and accurately fitting them into, for instance, a Likert scale
[53], and some researchers have even argued that surveys do not necessarily give
a better impression of ‘reality’ than qualitative methods [48]. Thus, surveys were
mostly used as complementary to the interviews, and survey questions were to
a large extent formed based on information that emerged from the interviews.
Surveys were conducted during all three years of testing.

3.4 Observations

Observations of students engaged in group discussions were an important part of
the research in this thesis, both in order to reveal factors that students might not
have realised themselves as well as comparing observations to students’ own expe-
riences. During the first two years of testing at HiST, there were often observers
present during SRS-use, consisting for the most part either of myself or Gabrielle
Hansen-Nygard. This had several functions, such as acting as technical support,
seeing how students and teachers behaved when using SRS and observing how
they responded to SRS-quizzes, histograms and so on. Observations could reveal
possible issues with SRS-use and would often affect later survey-questions or inter-
view topics. However, personal observations have obvious limitations as a research
method which is why students engaged in SRS-discussions were also captured on
audio and video.

3.4.1 Video and audio

The use of video has become more common in social research in recent years as it
‘offers means of close documentation and observations and presents unprecedented
analytical, collaborative, and archival possibilities’ [55] (p.5). Although video has
the ability to capture fine details such as body language, appearance, and facial
expressions, which are regarded as one of the main strengths of using video in re-
search [56], this thesis focuses on the utterances by the students during discussions.
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The main purpose of using video was to simplify transcription of audio from small
recorders placed at different student groups. The audio would often suffer from a
large amount of ambient noise (i.e., other students discussing) which would have
made transcription very difficult and unreliable without the ability to see students’
faces while speaking.

Students engaged in SRS-discussions were captured on video during the spring
semester of 2010 in four preparatory classes in physics over a total of four weeks.
The motivation for using four weeks was to have students become accustomed to
having video cameras in their classroom to minimise cameras’ influence on student
behaviour during discussion as well as to minimise the effects of random or daily
based factors that could have had an affect on the students. Prior to filming,
students signed permission waivers which also explained that the video was being
used for research purposes. We gave a small presentation explaining our wishes to
film during class lectures, but emphasised strongly to the students that signing the
permission waivers was voluntary. Only two students did not sign. A blind spot
in the camera angles was created so that these students would not appear in the
video. In the lectures being filmed, students were encouraged to form groups of
three, but were otherwise not influenced to how they formed their groups in order
to keep the discussions as close to real life situations as possible.

3.4.2 Analysing the video

This thesis contains both qualitative and quantitative analyses of the video mate-
rial. Group discussions of six different quizzes in all of the four classes were analysed
and the results were compared to those of the interview analysis (see paper D for
more details). Two of these quizzes were subjected to further analysis which goes
deeper into examining the actual conceptual content of the arguments presented
by the students (see paper F for more details). The quizzes were subjected to a
coding process adapted from the discourse analysis method developed by Kaarti-
nen and Kumpulainen [57]. The method was developed in order to investigate the
mechanism of explanation-building in small-group discourse. Their coding scheme
is based on placing each utterance by the students into predetermined categories
by focusing on four parallel analytical frames: discourse moves, logical processes,
nature of explaining and cognitive strategies. James [34] used a simplified set
of these categories to study students discussing during SRS-questions. The cate-
gories used in this thesis were an adaptation of the categories from Kaartinen and
Kumpulainen [57] and James [34], resulting in three-level categories and subcat-
egories describing the arguments presented by students. The categories included:
1) discourse action, 2) the extent of the argument being new, or being a rephrasing
or extension of previously presented ideas, and 3) the language used in the argu-
ment. In addition, there were categories describing various utterances which did
not qualify as arguments, such as asking for opinions, stating uncertainty and so
on. For more information, see papers D and F.

Besides being placed in categories, each utterance also included time-codes to
indicate how long each student was speaking. This was used to test whether there
was any statistically significant difference in argumentation time between the two
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different SRS-methods (paper D). In paper F, the categories described above were
used as a starting point for categorising the content of students’ argumentation.
For more information on the analytical steps, see paper F.



Chapter 4

Results

The aim of this chapter is to summarise the work and research that is presented in
the included papers. The first paper, A, introduces and discusses the Student Re-
sponse System used in the classes, while the second paper, B, describes how it was
implemented into the lectures. Paper B also evaluates methodological guidelines
and presents the initial feedback from the students. These two papers provide an
overview of the SRS-implementation and function as an introduction to the rest of
the research in this thesis. The last four papers contain more specific and in-depth
research on different aspects of using SRS, such as how the initial voting session
and thinking period with Peer Instruction affect student argumentation in groups,
both from students’ own experiences (paper C) and from video observations (Paper
D). Paper E focuses on the teacher and describes aspects of how the teacher uses
or implements SRS that can negatively affect students’ attitudes and experiences
of the system. The last paper, F, focuses on the arguments presented by students
during quiz discussions, and addresses challenges with using SRS as an assessment
tool for student understanding.

Paper A

Designing and Developing a Student Response System for Mobile Internet
Devices

This first paper presents the developed Student Response System used in the
preparatory engineering classes. As well as presenting the actual software, it also
describes and discusses the design philosophy for developing an effective SRS for
teaching. Although not a traditional research paper, but rather a design paper, it
nonetheless addresses an important aspect of SRS, the actual software, which is not
addressed in any of the other papers. Additionally, the paper provides a context
for the rest of the research as well as the discussion and conclusions, in particular
the implications for future SRS-design.

The design philosophy is centred around three key features: speed, ease of use,
and flexibility. The teacher should be able to make questions ‘on-the-fly’ and start
votes within seconds (speed). The software should be intuitive, require minimum
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of system preparation and also have a layout that makes it easy to use from a
computer or digital blackboard (ease of use). The teacher should be able to present
the questions in the format he/she sees fit as well as not be restricted by a particular
lecture format or method (flexibility).

The paper discusses how the presented Student Response System fits into the
design philosophy as well as how various design choices can affect the lectures. Sev-
eral commercial SRSs, for instance, show the voting results on the voting devices.
Although this might seem like a logical and beneficial feature it may provide un-
desirable effects, such as student attention being on the voting device rather than
on the teacher during the explanation of the solution.

Another important feature of the SRS, which relates to the flexibility philoso-
phy, is that students should be able to use their own mobile device. The SRS was
made with modern mobile devices in mind, i.e., devices with high resolution screen
with, preferably, a touch interface. Although students borrowed Apple iPods as
voting devices during the testing period, the prediction was that most students
would have a capable device within a few years. The paper presents a survey
result from 2009 where 68% of a total of 57 students answered that they had a
device suitable for SRS. The question was asked again in a survey at the end of the
2011 autumn semester, where the number of students with a suitable device had
increased to 81% (of a total of 160 students) within two years.

Paper B

Developing and Evaluating Practical Methodological Guidelines for Use of
Student Response System in Teaching

This paper describes the initial implementation of the Student Response System
in the preparatory engineering courses at HiST. Methodological choices for imple-
menting SRS into lectures are described and the paper presents students’ experi-
ences with using the system in their class. There are six methodological procedures
described: 1) Introducing SRS to the students, 2) Start up, 3) When and how to
present the questions, 4) Small group discussions, 5) Polling with a timer and a
clock, and 6) Teacher’s explanation after the quiz. Two focus group interviews, con-
sisting of four students per group, were conducted to examine students’ experience
with the system and the different procedures.

Previous research on SRS has emphasised the importance of students ‘buying
into” why SRS should be used in class [35], and this was also apparent from the
student interviews. The introduction gave students a clear view of how to use the
system and, more importantly, why SRS was used. This piqued their interest in the
system and probably increased the acceptance of introducing a new element into
their lectures. The interview analysis also showed students’ awareness of their own
learning environment and that implementation choices that might seem trivial, can
have unforeseen consequences. For instance, in each lecture where SRS was used,
students could pick up iPods from a suitcase placed at the front of the classroom.
The position of the suitcase might seem unimportant, but it resulted in students
who came late to the class not picking up an iPod because it was embarrassing
going up in front of the class.
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Some of the methodological choices were based on recommendations from pre-
vious research on SRS while others were based on intuition. For instance, Beatty
[12] recommended that SRS-questions should not be read out loud by the teacher
as this can render the SRS-session too teacher-centric. This recommendation was
not followed, a choice that was favourably valued by the students. Reading the
questions out loud clarified the problem and decreased the probability of students
misinterpreting the question. It was also considered time-efficient by the students
as they felt it would take more time to read the questions themselves. Also, some
students suffered from reading and writing difficulties which resulted in their find-
ing it very difficult to participate if they had to read the question on the blackboard
themselves.

The students also showed awareness about the motivation behind using SRS in
class. There are several reasons for using SRS and students valued it as a means of
increasing their learning by being presented with challenging questions. However,
the students emphasised that if SRS were to be used for assessing learning, there
was room for methodological improvements. Lectures with SRS usually consisted
of new theory being presented, followed by a quiz after approximately 20 minutes
into the new topic. Some students felt that the quizzes came too early, i.e., that
the students did not have enough time to digest this new theory and thus not have
the prerequisites for answering the quiz. The quiz would indeed present a challenge
to the students, but it would not assess if learning had taken place. The students
also emphasised their wish to be presented with a quiz at the end of each lecture
after they had been given time to solve problems in the textbook. This was to give
them a way to verify that they had understood the subject matter before the end
of the lecture.

Paper C

Investigating Peer Instruction: How the Initial Voting Session Affects Stu-
dents’ Experiences of Group Discussion

This paper focuses on two different SRS-methods/sequences, Peer Instruction, and
a sequence we named ‘Classic’ which is similar to the Peer Instruction method
with the omission of the initial thinking period and voting session. The aim was
to investigate how this voting session affects students’ experiences of using SRS,
in particular, the group discussions. The experiment was conducted during the
eight-week testing period of the spring semester of 2010 in all four classes. For the
first four weeks, two classes used the Peer Instruction method while two used the
Classic method. After four weeks, all classes switched methods. The data consists
of seven focus group interviews. Four student groups, one from each class, which
consisted of four students per group, were interviewed twice, once after Classic
and once after Peer Instruction (with the exception of one group which was only
interviewed once).

The analysis resulted in three categories which reflected students’ most sig-
nificant experiences of SRS and the two different methods: 1) Argumentation and
explanation, 2) Peer Instruction, Opportunity for individual thinking, and 3) Seeing
the results: Authority of the majority. The aspect of argumentation is one of the
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most important differences between the two methods. Similar to the results in the
study by Nicol and Boyle [27], the students valued the initial thinking period as a
means to reflect on the questions and generate an explanation which they could use
in the following discussions. If they did not have this thinking period, they had to
use the discussion time for generating arguments and explanations, but this could
prove very difficult as the students would often find it hard to concentrate when
other students started speaking. By hearing other students it would ‘block’ their
own thought process. This would often result in skilled students heavily influencing
the discussions and arguments presented, and increase the probability of the other
group members accepting explanations even without fully understanding them.

Students strongly emphasised the desire to have an opinion they could call
their own during quizzes, i.e., to be able to generate their own answer without the
influence of others. This would prove to be very difficult during the Classic method
as they would be ‘coloured’ by other students when these started speaking before
explanations had been generated. With an explanation ready, students would also
be more inclined to participate during quiz discussions and everyone in the group
would be more likely to contribute since they could provide more thought-out and
convincing arguments.

Despite being heavily in favour of the Peer Instruction method, the students re-
ported on weaknesses in the way the method was used. As is usual when using Peer
Instruction and SRS, students could see the voting results from the initial voting
session while discussing. Students emphasised that seeing these results could easily
influence their decision making and even be detrimental to the discussions. If there
were an alternative which had a vast majority of the votes, the discussions could
be very focused on this alternative. This was also presented in the quantitative
study by Perez et al. [36] as a possible explanation for why the students were more
inclined to choose the alternative in the majority. The focus was, however, not to
explore if this specific alternative was correct, as predicted by Perez et al., but
rather find out why it was correct, often forcing an explanation upon the alterna-
tive irrespective of its correctness. Students felt that they would often lose focus
during the discussions when the initial voting results were shown. These aspects,
however, did not overshadow the benefits of using the Peer Instruction method.

Paper D

How the Initial Thinking Period Affects Student Argumentation during Peer
Instruction: Students’ Experiences versus Observations

This paper, as paper C, addresses the effect of the initial thinking period on group
discussions, but now with a focus on video observations and how they compare to
students’ own experiences. Students were filmed two weeks before and two weeks
after switching SRS-methods. The video analysis showed that the time spent on
arguments and presenting ideas during discussions increased by 91% (based on
medians) from Classic to Peer Instruction. In addition to logging the time students
spent on argumentation, the distribution of argumentation time across different
group members, defined as ‘bias’, was calculated. A bias of 0 would translate to
an even share of argumentation time in a particular discussion, while a bias of
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100 would translate to all arguments being presented by a single student. The
analysis showed a decrease in bias from Classic to Peer Instruction which makes
for the results from the video analysis seeming to correspond exactly to students’
own experiences. On closer examination of the bias, however, there were some
discrepancies. Each group member was separated by how much they dominated
group discussions, i.e., the one with the most argumentation time, D1, the second
most, D2, and the least argumentation time, D3. Although there was significantly
less bias during group discussions, the results suggest that this was mostly due to
D2 students becoming more active rather than D3, who showed no statistically
significant difference between the two SRS-methods.

These results might be a consequence of how the students were positioned during
group discussions. All students in a group sat in a straight line, facing the front
of the classroom. D1 students were found to be more inclined to sit in the middle
position, while D3 students were found to be more likely to sit in one of the outer
positions. When the middle positioned student started discussing with one of
the outer group members, it is possible that this created a communication barrier
towards the opposite positioned student, which could have made it more difficult to
effectively communicate with the rest of the group. This does not, however, answer
the most interesting question: if there is no improvement in argumentation for all
group members, why do the students still feel that this is the case? A possible
answer could be that there might have been the presence of an ‘illusion of group
productivity’-effect similar to that which often occurs in brainstorming groups.
Research has found that group members during brainstorming sessions often fail
to correctly estimate their own contribution, which can result in an overestimation
of their own performance. A similar effect could have been present where the
students overestimate their own contribution because they have thought more on
the answer and thus can more confidently evaluate presented arguments. By more
confidently agreeing or disagreeing on an argument, they might feel that they have
contributed more even though they might not have actually contributed with more
ideas or explanations themselves. The same effect could also be applied to D1 and
D2 students who see an improved discussion between themselves, and therefore
feel that the group as a whole (i.e., all group members) have more productive
discussions.

Paper E

Teaching with Student Response Systems: Teacher-Centric Aspects that Can
Negatively Affect Students’ Experiences of Such Systems

This paper focuses on the role of the teacher and describes different aspects that can
negatively affect students’ experiences of using SRS in their lectures. The general
feedback from the students at HiST shows a positive attitude towards using SRS
as they see it as a tool for both the teacher and the students. Still, the various
evaluations during the testing periods have also revealed aspects that can have a
negative impact on the students. The most obvious were technical difficulties which
were a major issue during the first year of testing. However, this is an obvious pitfall
and one that often does not relate to how the teacher uses the system. This paper
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focuses on aspects that are related to how the teacher uses the SRS during class
and his/her implementation choices.

The paper consists of data from all three years of testing, comprising inter-
view analysis and survey results. Although the various interviews had different
focuses, they all included a broad spectre of topics, for example, good and bad
aspects of SRS, how SRS was used by different teachers, how students experienced
group discussions, different methodology and so on. Consequently, both negative
aspects as well as students’ positive experiences would emerge from the interviews.
The results presented in this paper are an accumulation of the most significant
teacher-centric issues that can have a negative impact on students’ experiences
and attitudes towards SRS. The paper covers areas such as consistency when using
SRS, time usage, teacher commitment and attitude, the experience level of the
teachers with respect to SRS, preparation of the questions, and how students fear
the voting results can mislead the teacher.

The paper shows that students are very wary of how time is spent during their
lectures. The students have one year to learn approximately two years of senior
high school curriculum and thus they react negatively to all uses of SRS that do
not benefit learning or student motivation. Some issues can become a significant
source of irritation, such as teachers not having a clear goal of SRS-use or not having
fully thought through the wording of the questions. One of the consequences of
issues such as having repeated mistakes in the questions, inconsistent use of SRS,
not having a clear goal or lack of preparation in general, is that it gives students
an impression of low teacher commitment towards SRS. Teacher commitment is
described by the students as a ‘two-way-street’ in that the students will lose interest
in participating if they get the impression of lack of interest by the teacher. A
possible consequence is that this further decreases teachers’ motivation towards
using SRS in their class, resulting in a ‘vicious circle’.

Perhaps one of the more interesting results in this paper is students’ concern
with how the voting results might affect the teachers. As described earlier, there are
several aspects that can affect students’ decision making during group discussions,
such as influence of stronger students. In addition, students might be very uncer-
tain, but still guess the correct answer. The consequence is that the voting results
do not necessarily represent the actual level of understanding among the students,
who are very aware of this fact. The fear is that the voting results might mislead
the teacher into thinking that only a short explanation of the correct alternative
is necessary. Consequently, students emphasised the importance of including an
alternative named ‘don’t know’. Such an alternative is to make sure that students
can express their uncertainty to the teacher so that (s)he is not misled by the vot-
ing results. In other words, they want to use ‘don’t know’ as a tool to ‘push’ the
teacher into giving a more thorough explanation. This tool was so important that
students would sometimes refrain from voting if they were uncertain and ‘don’t
know’ was not present among the alternatives.
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Paper F

Student Response Systems in Physics Lectures: Do Voting Results Represent
a Correct Image of Student Understanding?

The last paper focuses on the group discussions of two SRS-quizzes in optics. While
the solutions of both quizzes were dependent on very similar principles (even in
the end being dependent on the same aspects of the same equation), they had
different contexts and required different levels of knowledge of physics. Despite
the similar principles, voting results showed that most students (90%) found the
correct answer on the first quiz, while being more divided on the second. This
motivated further investigation of the arguments used by the students, especially
since both quizzes were presented during the same lecture. Both quizzes dealt with
interference patterns either through a grid or double slit. In the first quiz, both red
and yellow light enter a diffraction grid and the students have to determine how
the different wavelengths affect the interference patterns on the screen behind the
grid. The second quiz describes a double slit experiment, and the students have
to determine what happens to the interference pattern if the whole apparatus,
including the light source, is submerged in water.

The analytical process revealed that although students could find the correct
answer on the first quiz, many arguments indicated conceptual misunderstanding
of the physical principles relevant to the solution. The results indicated that the
students used a geometrical optics model to explain diffraction, a physical optics
phenomenon. More precisely, many students explained diffraction in terms of using
the logic of refraction, and the results indicated that this was more than just a
simple word-confusion of scientific terms. Refraction was also an important part
of students’ argumentation in the second quiz, in which they argued that there
was no difference to the interference pattern since the light did not cross a surface
between air and water, resulting in no refraction. With refraction established as an
important part of the solution in the first quiz, this might have increased the impact
of arguments focused on there being no refraction in the second. The voting results
showed that students became more convinced of this alternative after discussion.
The second quiz also revealed an additional misunderstanding among the students:
the relationship between refraction and the refractive index. With no refraction,
many students also argued for the irrelevance of the refractive index.

These results highlight important aspects of teaching with SRS. First of all,
they directly show that voting results do not necessarily represent students’ un-
derstanding of the subject matter. Although most students could find the correct
alternative in the first quiz, their arguments showed that many had a flawed under-
standing of the concept of diffraction. Thus, the voting results can give both the
teacher and students a wrong impression of students’ actual understanding of the
subject matter. The results also show the importance of presenting students with
several quizzes in the same subject matter, but with different and unfamiliar set-
tings or contexts as this increases the probability of identifying misunderstandings
and misconceptions.
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Chapter 5

Discussion and Conclusions

This thesis has presented research results from using a new Student Response
System in the preparatory engineering courses at Sgr-Trgndelag University College
in Norway. In the included papers, the results are discussed in more detail, for
example, with regard to how they relate to previous research. Therefore, this will
not be the focus in this chapter. Instead, this chapter focuses on discussing the
results as a whole, how the different results relate to each other as well as discussing
their implications for teaching with SRS and on future SRS-design.

5.1 Connections between the results

This thesis has explored important aspects of implementing and using SRS in
lectures, such as the software, role of the teacher, time usage, effectiveness of the
questions, positioning of students, and different SRS-sequences. At first glance,
the various aspects might seem to cover separate non-overlapping areas with SRS-
use, but the results show that there is often a strong connection. For instance,
teacher commitment and engagement (paper E) was regarded among the students
as one of the most important aspects of SRS. A likely first interpretation of a
teacher being committed and engaged, is to regard him/her as enthusiastic and
energetic. Although enthusiasm can be an important part of teacher commitment,
there are several aspects that can give students an impression of low commitment
and engagement, such as being unprepared, fumbling with the software, ineffective
use of SRS or simply not showing that SRS-use is to benefit student learning.
Students emphasise that if SRS is to be beneficial to their learning, it is vital
that they are given a thorough explanation after the quiz discussion. Students’
decision making during discussion is affected by several factors, such as influence
of skilled students and seeing the results from the initial voting session with Peer
Instruction (paper C). Consequently, the voting results do not necessarily give
an actual representation of the level of understanding. While papers C and E
describe students’ own experiences of this, that they might not have understood
the solution even though they choose the correct alternative, paper F shows that
voting results should also be handled with care even if the students feel they have
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understood the solution. Despite the majority of students being able to find the
correct solution, their arguments showed that many had flawed understanding of
the physical principles of the subject matter.

A Student Response System as an assessment tool is also addressed by the
students in the interviews in paper B, where they emphasise the difference between
SRS as a means to provide challenges and as a means to assess their learning and
understanding. Furthermore, the students emphasise that if SRS is to be used as
an assessment tool, the quizzes should not be presented too early as students need
time to digest the subject matter. This could have been a factor for the results in
paper F, where students were used to geometrical optics from the previous weeks
and did not have much experience with physical optics.

Papers B, C, and E all show that students are very aware of how SRS is used
in their lectures and do not fear criticising inefficient use of the system. Even
seemingly trivial aspects such as having a few extra seconds of dead time dur-
ing SRS-voting can cause irritation (paper E). Not only do these results show the
importance of being prepared before using SRS and having a thought-out method-
ology, but they also show the importance of having a fast and effective SRS-software
as described in paper A. Unintuitive and/or cumbersome SRS-software increase the
risk of dead time. Additionally, a cumbersome or complex interface is more likely
to intimidate novice SRS-users. This can both raise the threshold for teachers util-
ising SRS as well as increase fumbling with the software, which, in turn, can give
the students an impression of low teacher commitment.

5.2 Implications on teaching with SRS

One of the motivations behind the broad research focus in this thesis, was to in-
crease its usefulness for teachers wanting to use SRS in their lectures. Although
there are good best practice guides on SRS, the results in this thesis show aspects of
SRS that are not included in summary papers such as Caldwell [10]. Further, some
of the results are even contrary to best practice tips given in the literature, such as
the advice by Beatty [12] not to read the questions out loud to the students. The
students emphasise that they read together with the teacher as the questions and
alternatives are read out loud. Reading out loud has two important roles: 1) it de-
creases the probability of confusion and misinterpretations of the premise/context
of the quiz and what is actually being asked; 2) students will more quickly under-
stand the question, which is important as students react negatively to all aspects
that take up more time than necessary.

The quizzes with SRS can be a significant challenge for the teachers. They are
the main focus of the SRS-session and can be a major source of irritation among
the students if not done properly. The students are not able to ‘skip’ the questions
in the same way that they can skip textbook problems. This is likely to increase the
requirements of SRS-quizzes being positively received by the students, compared
to other assignments/problems. As one student in paper E put it: ‘The questions
have to be done properly; it is much easier to regard an SRS-question as ridiculous
in comparison to other problems’. The quizzes have to be well prepared without
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errors and fit naturally into the lectures, and the motivation behind the quiz has to
be clear. Does the teacher want to check if students remember yesterday’s lecture,
by presenting quick repetition questions, or does the teacher want to challenge
students’ knowledge about the subject matter with conceptual questions? Lack of
a clear motivation and consistency behind the questions (and SRS-use in general)
can cause irritation if this is repeatedly demonstrated by the teacher.

Although SRS can be a powerful tool to check if students are following the
lecture, the results from this thesis have also emphasised issues regarding voting
results as a measurement of student understanding. Teachers new to SRS might
find these results discouraging and interpret them as voting results having little
value, but it should be stressed that this is not the case as the feedback that the
voting session provides is highly valued among students. Rather, the research in
this thesis highlights the caution that has to be used when interpreting the voting
results and how to use them to tailor the lectures. Voting results should be regarded
as an indication and not a measurement as students can choose or find the correct
alternative without having fully understood the subject matter. Thus, one could
argue that SRS is rather a powerful tool to check if students are not following the
lecture, as voting incorrectly is a strong indication of misunderstandings or gaps in
knowledge. However, it does not necessarily have to be the case. If the questions
include errors or are poorly phrased, students might not understand what is being
asked or the context of the problem, and consequently vote incorrectly. These
results emphasise the fact that despite the very simple core functionality of SRS,
it is not straightforward to put it to use in lectures. Nevertheless, there are certain
factors that can increase the correctness of voting results as a representation of
students’ understanding. In addition to presenting clear questions, the results in
this thesis stress three factors:

1) Students are more susceptible to influence by other group members when
not given the time to reflect on the questions on their own before discussion. By
including a thinking period and voting session before discussion (Peer Instruction),
one can decrease the amount of influence from other group members. The indi-
vidual voting session prior to discussion also acts as a motivation and it gives the
students the opportunity to express their own ‘true’ opinion before discussion. It
should be noted, however, that using Peer Instruction is not optimal in all situa-
tions, and depends on the nature of the question. Quick repetition questions based
on memorisation, for example, do not benefit from having an additional thinking
period as there are no deep cognitive processes involved. On the other hand, it is
very valuable with challenging conceptual questions.

2) If Peer Instruction is used, teachers should not display the initial voting
results until after the second voting session. According to the students, seeing the
initial voting results can have a significant effect on the quality of the discussions
and students feel they often become misguided by seeing a clear majority. However,
teachers should show and compare both voting results after the second voting
session as students find it interesting to see how the class changed its opinions
during discussion.

3) Voting results from conceptual quizzes can identify misunderstandings and
misconceptions, but can also mislead both the teacher and students if the quiz does
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not challenge their misconception. In the first quiz in paper F, the focus of the
quiz was on identifying the wavelength and applying the correct equation. It did
not test if students understood the concept of diffraction, which the video analysis
indicated that many of the students did not fully understand. Teachers have to
have a critical awareness of the limitations of the quizzes and what knowledge
they test. If teachers want to use SRS as a tool to identify misunderstandings,
it is important to include several quizzes on the same subject matter, but where
the quizzes have significantly different contexts or settings. The consequence of
not doing so is that the voting results can give both the teacher and students an
illusion that the subject matter is understood, when there still might be many
misunderstandings and misconceptions. Nonetheless, teachers should always try to
find a balance between the number of quizzes presented as an exaggerated amount
of quizzes can compromise the time needed to go through the rest of the curriculum
[40].

All of the three factors above emphasise the importance of teachers thoroughly
explaining the solution after the discussion and voting session. This includes ex-
plaining the incorrect alternatives as students who believed these to be correct
often need to know why they were not correct in order to fully understand the
solution. Even if there is a vast majority that have chosen the correct alternative,
students still stress that an explanation of the solution is necessary. The expla-
nation functions as a final conclusion, which should remove any doubt about the
solution. The students emphasise that voting correctly does not necessarily mean
that they have understood the solution.

The results in this thesis also suggest that how students are positioned during
group discussion can influence the dynamics of the discussion (paper D). The paper
suggests that a communication barrier can arise in groups of three because of
students being positioned in a linear manner. If it is not practical to have students
seated in a way that physical communication barriers do not occur, for instance,
by sitting in a circle, it could be more beneficial to have students discuss in pairs
rather than small groups. Although groups of three might be more productive
than sitting in pairs, it is important to remember that peer discussion with SRS is
not about the productivity of the group, but the learning gains of the individual
student.

5.3 Implications on future SRS-design

One of the design philosophies behind the Student Response System described
in this thesis, was to rely on feedback from teachers and students to constantly
improve the workflow, presentation, and functionality of the software. The aim
was also that the research performed with the new system could, in addition to
increasing knowledge about using SRS in class, further improve the software. The
results highlight certain aspects of the system that either could be improved or
where new functionality is needed. One such area is the use of Peer Instruction
where students value being able to compare the voting results from the first and
second vote. This was soon realised during the testing period, and quick changes to
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the software were made in order for the teacher to be able to compare the two voting
results. Due to the nature of the time available to make changes during the testing
period, however, this functionality suffered with regard to its intuitiveness which
increased the probability of teachers fumbling with the software. As a consequence,
steps have been taken to improve this functionality, for instance, by having easy
access to earlier votes during the same session. Each voting session during a lecture
is listed and teachers can click on several voting sessions to compare results.

In papers E and C, students describe their concerns of teachers being misguided
by the voting results not representing a correct image of student understanding.
The students want to be able to express their uncertainty to the teacher by, for
instance, including an alternative called ‘don’t know’, and some students might even
refrain from voting if this option is not included. However, there are both possible
benefits and disadvantages with the inclusion of such an alternative (more on these
in the next section), and while some teachers want to include such an alternative,
others might not because of the possible disadvantages. Instead of teachers having
to rely on modifying quizzes if such an alternative should be included, a better
solution might be to include it directly into the software as an added option. By
having the option on, the software would then send out the alternatives in addition
to ‘don’t know’ to the students’ voting devices.

Still, students should be able to state their uncertainty even if teachers do not
include such an alternative. Some commercial SRSs allow for every quiz having two
votes where students first vote on their answer, followed by grading how certain they
are. Apart from research purposes, however, the benefits of such a grading system
would be limited during lectures where there is little time for evaluation. A possibly
better solution could be to add an option which allows students to register their vote
as ‘uncertain’. This could be a small button visible in the top corner of students’
voting devices which can be highlighted when pressed. Students’ uncertainty could
easily be visualised to the teacher by the top of each column in the voting results’
histogram consisting of, for instance, a darker colour representing uncertain votes.
Thus, the teacher can quickly and easily visually assess the level of uncertainty
among the different alternatives. Adding new options and functionality, however,
should be done with caution as the SRS-interface can quickly become complex and,
consequently, intimidating and cumbersome to use. Keeping the SRS-interface
clean and intuitive should be a constant priority.
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Chapter 6

Future Research

This chapter gives suggestions for future research on the use of SRS in classroom
lectures. This thesis has addressed methodological issues with the use of SRS in
lectures and the consequences of implementation choices on, for instance, students’
own experiences of the system. However, there are still areas in the results that are
in need of more attention. The first paper, A, discusses aspects of SRS-software
that might have undesirable effects, such as displaying voting results on the hand-
held devices causing students’ attention being on the devices during the teacher
explanation. This might have the consequence of students missing vital points and
thus lowering the learning outcome from the teacher explanations. However, this
hypothesis was not tested in this thesis, and might therefore be an area of interest
for future studies.

As stated in the previous section, and described in paper E, there are possible
disadvantages with including a ‘don’t know’ alternative. Although the students
valued having such an alternative, there is a possibility that it could give the
students an ‘easy way out’. An important aspect of SRS is that students are
challenged to deeply reflect upon the problem at hand, and use their knowledge
about the curriculum in unfamiliar settings. This can be daunting for students
who mostly rely on memorisation when solving problems. Thus, the inclusion of
‘don’t know’ might result in students not making an effort to challenge themselves
to find the solution since the quiz presents them with an easier option, i.e., to
‘give up’. Another possible scenario, however, could be that, when presented with
a difficult quiz, the omission of ‘don’t know’ decreases students’ motivation to
challenge themselves. The more difficult the question, the higher the probability of
students not finding the correct solution or at least not understanding it. Since the
students do not wish to guess, they might refrain from trying to find the solution
because of the high probability of their not voting at that session and thereby
seeing the effort of working out a solution as a waste. Both of these hypotheses are
likely scenarios, and future research could entail comparison of two groups where
the only difference in the questions is the inclusion or omission of ‘don’t know’.

An important aspect of SRS that has been addressed in this thesis, is the effects
of the initial thinking period on group dynamics. Despite having investigated this
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topic both from the point of students’ own experiences as well as analysing video
clips of students discussing, there is still room for more research. While the video
analysis provided insight into the effects of the initial thinking period, it did not
provide intricate, qualitative details of, for instance, how students are affected by
stronger individuals or how the student roles can change when they have the time
to reflect on the question before discussion. An analysis based on Positioning
Theory, an analytical method that focuses on the roles or social positions that are
established between participants in a social context [58], could give more in-depth
insight into the subject matter.

The effects that the displaying of the initial voting results have on group dis-
cussions are also in need of more research. In the case of a clear majority, students
emphasise that they are more inclined to either not bother discussing or to focus
all their attention on the alternative in the majority. Although the majority may
be correct or incorrect, a solution is often ‘forced’ on this alternative. It is possible
that this might result in a ‘groupthink’ effect where the group, although consisting
of possibly very competent students, ends up with a poor solution to the problem.
One student in the interviews stated that it is not even certain that people will
admit having chosen an alternative in the minority, but rather try to argue for the
alternative in the majority. This suggests that the voting distribution might result
in ‘conformity pressure’, i.e., where the group is unwilling to express ideas that do
not match the group norm (or the class norm in this case) in fear of being ridiculed
[59]. More research is required to determine the level of conformity pressure, or
how the group dynamics change in general, in groups which have seen the initial
voting result with Peer Instruction.

6.1 Improving SRS-quizzes with video and anima-
tions

This section describes research in the preparatory physics courses, which is still in
an early phase, that symbolises the natural progression of the methodological focus
in this thesis — from having the main attention being solely on the consequences of
methodological choices on the different parts of the SRS-sequences and students’
own experiences, towards finding ways of increasing both the learning outcome
and motivation of using SRS. The description of this research is included as it
addresses important aspects of SRS that were stressed during the different studies
in this thesis.

As highlighted in the included research papers, the SRS-questions themselves
are a very important part of using SRS in class. The questions can challenge stu-
dents’ knowledge of the subject matter and increase their conceptual understanding
[13]. Still, as stressed by the students in this thesis, they can also be confusing and
frustrating. During the testing at HiST there were several occasions where stu-
dents either misunderstood the question or the setting of the quiz. This could lead
to irritation among the students. In addition, novice students often suffer from
low analytical skills [60], which can likely increase confusion over SRS-questions.
In my experience of teaching physics, I have also observed students regarding ab-
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stract questions or subject matter as uninspiring. Students’ vocational background
can be one possible factor for their lack of motivation for abstract subject matter.

In order to improve the way SRS-questions are presented, in this case in physics,
a set of teacher-controlled animations and/or videos were developed to describe
the setting of the quiz as well as aid the teacher with explaining the solution. For
example, students were presented with a time-lapse sequence of ice in a bowl of
water and asked what happens with the water level when the ice melts. The quiz
was followed up with a similar video and quiz, but where a small weight was put
on top of the ice. A simple animation, which includes a control scheme so that
the teacher can progress the animation at his/her own pace, aids the teacher in
explaining the solution. The use of the video increases the impact of the results,
and students can see that the abstract model in the textbook applies to the ‘real’
world, which can help them become more convinced of the solution.

Another example is the classic pendulum in an accelerating car. Most introduc-
tory physics textbooks have this example where the students are asked to calculate
the acceleration of the car based on the angle of the pendulum. The textbooks
often illustrate this example with a pendulum hanging at a constant angle. The
quiz showed a video of a pendulum in a car starting at rest, accelerating up to a
certain speed and then slowing down to a halt. The car included an accelerometer
and students were shown the graph from this accelerometer compared to acceler-
ation calculated from the angle. The video shows the graphs being generated in
real time, and students were then asked why the two graphs did not look the same.
The example not only gives the students an opportunity to see the abstract model
in their textbook applied to a real life situation, but also to reflect and discuss
(through the quiz) the effects of simplifications in the physics model described in
their textbook. Figure 1 shows snapshots from this quiz.

The use of video/animations can make it easier for students to picture and un-
derstand what the teacher explains as well as function as a motivation by using real
life examples. The video/animation combination functions as a bridge between the
abstract world of the textbook and real life. However, using video and animations
can potentially lose much of its learning potential if students are not cognitively
engaged when watching the videos [61]. By having every video/animation be com-
bined with a quiz, students are likely to be more cognitively engaged when watching
the videos since they know they will have a quiz about the subject. This can, in
turn, increase the learning outcome of the animated solutions since students have
time for deep reflection about the subject prior to watching the solution. This is
one of the hypotheses that needs to be examined.
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Jo

(a) Animation: Theory (b) Video: Real life example

Ifolge teorien var trenger vi kun vinkelen til pendelen
for a regne ut akselerasjonen til bilen (red kurve).
Likevel stemte ikke denne akselerasjonen med
malingene fra akselerometeret (bla kurve). Hvorfor?

Det er fordi teorien var ikke tar hensyn til

A: tregheten til kula. D: luftmotstanden pa kula.

B: at bilen ikke har E: farten til kula (sett
konstant akselerasjon. fra en person inni bilen).

C: sentripitalakselerasjonen.  F: at bilen ikke beveger seg
a i en perfekt rett linje.

(¢) Quiz (d) Animation: Solution

Figure 1: Snapshots from an example of video/animation-aided quizzes. The ses-
sion starts with an animation showing the theory of a pendulum in an accelerated
car. Students are shown a video of a real life example, where the theoretical value
of the car’s acceleration (calculated from the angle of the pendulum) is compared
to an accelerometer, followed by a quiz asking why the two graphs do not look the
same. An animation aids the teacher explaining the solution.
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ABSTRACT

The authors present a Student Response System for modern Internet-capable mobile devices, which was
developed in a European R&D project, co-funded by the European Commission. The goal was to make
a system that is designed for speed, ease of use, and flexibility for use in lectures. The authors have tried
to make a time efficient and intuitive system that does not compromise flexibility and that enables the
teacher to use any lecture format he/she sees fit. The only requirement is a computer with an Internet
connection; the teacher is not bound to specific presentation software. The system is Web-based, en-
abling students to use their own mobile device or computer. The cost for both educational institutions
and students is kept at a minimum, lowering the threshold for using the system in education. As of today,
the program is free of charge and can be found at histproject.no.

INTRODUCTION 2004). This is especially prominent at college and

university levels where lectures often consist of
A common challenge with traditional class lec- large classes. With classes of up to hundreds of
tures is the communication between teacher and students, direct communication with the students
students (Masikunas, Panayiotidis, & Bruke, becomes difficult, not only because of the size of
2007) and student interactivity (Draper & Brown, the classes, but also because of time constraints.

DOI: 10.4018/978-1-4666-0936-5.ch004

Copyright © 2012, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.



Designing and Developing a Student Response System for Mobile Internet Devices

Many students also find it difficultto give feedback
or ask questions during class because of fear of
being embarrassed in front of their peers (Geski,
1992; Gleason, 1986). The lack of student feedback
during class can make it difficult for the teacher to
assess if the students understand the subject being
taught (Trees & Jackson, 2007). Students are rarely
given time to reflect upon what is being taught in
traditional lectures and their understanding of the
material is rarely tested during class (Masikunas
et al., 2007). This can result in a spiral where the
students do not understand part of the lecture and
risk losing a significant portion of itbecause of the
inability to catch up. In addition to this, students’
ability to stay focused falls dramatically after about
20 minutes, a factor that can amplify the spiral
(Caldwell, 2007; Duncan, 2006).

One way of dealing with these challenges is
using a Student Response System (SRS) (also
referred to as Classroom Communications Sys-
tems, Electronic Voting System, Class Response
Systems, and Audience Response Systems), a tech-
nology designed to provide communication and
interactivity in large classrooms (Beatty, 2004).
In a nutshell, an SRS is a technology that enables
the teacher to ask questions to the students, often
in the form of multiple-choice problems, and the
students respond with a small handheld device,
often referred to as “’clickers’’. Responses can be
given anonymously, lowering the threshold for
student participation in the classroom. Studies
have shown that anonymity is a key factor for
students having a positive evaluation of lectures in
large classrooms (Wulff, Nyquist, & Abbott, 1987)
and many students appreciate the anonymity of
the responses given from SRS (Trees & Jackson,
2007; Stuart, Brown, & Draper, 2004). Teachers
can get feedback showing if the students follow
the lecture as well as give students time to reflect
upon the subjectand see ifthey understand what is
being taught (Dufrense, Gerace, Leonard, Mestre,
& Wenk, 1996; Stuart et al., 2004).

There are several methodical approaches for
using a Student Response System, for instance,
Peer Instruction (Mazur, 1997). Students are given
conceptual quizzes during class where they first
give individual responses (without talking to their
peers), followed by a discussion in small groups
and respond once more. The teacher then goes
through all responses and explains the correctness
and incorrectness of the alternatives. Another ap-
proach is to omit the first vote and go straight to
group discussion followed by a class-wide discus-
sionamong both students and teacher (Dufrense et
al., 1996). Formore methodical discussions of use
of SRS, see Horowitz (1988) and Crouch (2001).
For a comparison of the methodical approaches
mentioned above, see Boyle and Nicole (2003)
and Nicole and Boyle (2003). Several studies
of SRS show that the students are satisfied with
the opportunity to discuss in class and that they
are given a chance to reflect and think about the
subject being taught (Hansen, 2008; Masikunas
et al., 2007). They see the benefits of SRS and
usually do not mind that time is taken away from
the ordinary lecture in order to be used for discuss-
ing and teacher explanation of quiz alternatives
(Hansen, 2008). However, there are negative to
dead-time, usage of lecture time that does not
benefit to learning (waiting for the system to start,
handing out clickers, technical problems and so
on) (Caldwell, 2007; Hansen, 2008).

Most common commercial SRSs have con-
sisted of systems that use either infrared- or radio
senders and receivers, and some form of dedicated
software. This is either stand-alone software or
a plugin in common presentation software like
PowerPoint, the latter being the most common
solution. Infrared- and radio-based SRSs have
several cost- and practical disadvantages. Receiv-
ers have to be installed in each classroom using
the system, or at least a mobile receiver has to
be brought each time the system is going to be
used. These systems are often expensive when
both receivers and clickers have to be bought, and

57



Designing and Developing a Student Response System for Mobile Internet Devices

some also have expenses for technical support.
Some universities have made it obligatory for
the students to buy their own clicker; however,
the lack of standardization has resulted in some
universities using more than one commercial
SRS. Often the designated clicker only works for
that particular system and consequently, students
have to buy one clicker for each SRS used at the
university (Duncan, 2006).

The introduction of Apple iPhone and iPod
Touch in summer 2007 spawned a new trend of
smart-phones and mobile devices. There have
been many mobile phones with Wi-Fi before the
iPhone, but they were often difficult to use because
of small screens with low resolution and cumber-
some navigation. They were not built for effec-
tive web browsing. With modern smart-phones
with large touch-sensitive screens, Internet use
is more practical, leading to a new generation of
Student Response Systems (sometimes referred
to 3rd generation Student Response Systems). In
the last few years several Internet-based systems
have emerged. Turning Point Technologies in
the US has developed a system for iPod Touch
and Blackberry (http://www.turningtechnologies.
com/), while the university of Austin developed
a system for Blackberries, netbooks and iPod
Touch (Moca, 2009). Also iClicker have a system
compatible with several devices, including mobile
devices with Android 1.5 or later (http:/www.
iclicker.com/dnn/).

As a part of the Edumecca project (http:/
prosjekt.hist.no/edumecca), which was co-funded
by the European Commission during the period
of 2009-2010, we have designed and tested an
casy, fastand flexible web-based SRS for modern
mobile devices and PC/MAC. In this article, we
will first present our design and development phi-
losophy and what we wanted to achieve with our
software. We then present our Student Response
System where the basic functionality is explained,
followed by a discussion and conclusion.

58

DESIGN AND DEVELOPMENT
PHILOSOPHY

There are numerous examples throughout history
ofnew technologies that were supposed to revolu-
tionize education, but that failed to do so (Cuban,
1986). For instance, the radio was predicted to
be as common in classrooms as blackboards and
motion pictures were going to replace most of the
textbooks (Mayer, 2005). The main reason why
these inventions did not live up to the predictions
is that the focus was on the technology itself and
noton how students think and learn (Mayer, 2005).
Technology by itself does not facilitate learning,
but can act as a helpful tool for teachers to make
their lectures more effective. Chandler (2009)
summarized the consequences of a technology-
based approach rather fittingly:

If we have learned anything from the history of
the use of technology in education in the past 20
years, it is that as soon as learning processes are
not a core consideration and pure technological
capabilities, functionality, and the “wow” factor
are made central, then chaos inevitably ensues

(0. 392).

We wanted to move away from a technology-
based approach when developing our Student
Response System. It should not be about how
much the system can do, but rather how effective
it can be as a tool for the teacher and students in
the classroom. We have designed the system for
speed, ease of use and flexibility. It should be
very fast and time efficient, intuitive and easy to
adapt to different lecture- and teaching methods.
Another goal was to have it as software- and
hardware independent as possible, both for the
teacher as well as the students, making the system
almost “invisible” and fitting together seamlessly
with whatever lecture format the teacher prefers.
Although we chose the iPod Touch for testing of
the SRS addressed in this article, our goal is to
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have a system independent of whichever Internet-
capable device used by the students. During our
testing periods, we used SRS mainly in prepara-
tory physics courses for engineering students at
HiST, mathematics and society & technology as
well as physics for building engineers, in classes
ranging from 40-60 students. We relied heavily
on student feedback through surveys and group
interviews, dialogue with teachers and observa-
tions of the SRS being used in class to find the
optimal system for effective classroom use. An
overview of experiences and students’ feedbacks
during these testing periods will be presented in a
later paper. For methodological guidelines for use
of SRS in teaching, see Nygéard-Hansen, Nielsen,
Thorseth, and Stav (2011).

Time constraint can be an important limitation
when trying to incorporate new elements into
an already tight lecture-schedule. This makes
it inevitable for compromises to be made when
incorporating an SRS as part of a lecture, either
it being using less time on each part of the cur-
riculum or removing parts of it (Mazur, 1997).
Speed is therefore essential for an SRS in order
to minimize compromises to the curriculum. In
order to make the system as fast and effective as
possible, we have to ask: what is the main purpose
of a Student Response System? There are several
commercial systems that have a lot of different
functionality, but in our view, the main purpose
of an SRS is to enable the teacher to present
problems/tasks with alternatives to the students,
and enable the students to present the teacher
with their answer, and doing so as fast and in as
few steps as possible. The teacher should be able
to start a vote within seconds without having to
open up a lot of menus and submenus, and even
be able to make up a question spontaneously “on-
the-fly”” without having to use a lot of time within
the system. As well as being time efficient during
class, the system should also be time efficient
before class. Many commercial systems often
need a lot of preparation before class, including
having to make the questions in a specific format

required by the software, registering students’
devices and so on. We wanted an SRS where as
little as possible preparation connected to the
system was required; the teacher should be able
to enter the class, start the program and be ready
for class without additional system preparation.

In order to have a flexible system capable of
being adapted into numerous lecture formats and
methods, we wanted our SRS to be independent
of the presentation software used by the teacher.
Having it confined to PowerPoint (or similar soft-
ware) could alienate teachers used to other lecture
formats like smart-book notebook or just ordinary
blackboard. We wanted the teacher tobe able touse
whatever format he/she is comfortable with and
to enable the teacher to use the SRS without leav-
ing this format. For instance, the teacher should
be able to have a PowerPoint presentation in full
screen and be able to start a vote without having
to leave the full screen presentation. As well as
being independent of presentation software, we
also want it to be independent of which operation
systemused; it should work on Microsoft Windows
and Mac OS X as well as on GNU/Linux.

The use of digital blackboards, or smart-
boards, is becoming more and more common, and
we therefore wanted the SRS to be designed for
effective use in digital blackboards (although a
smart-board is not required). In order to minimize
steps and maximize efficiency, the teacher should
be able to operate the SRS without having to walk
away from the digital blackboard. Any unneces-
sary steps away from the digital blackboard, to
a computer mouse or keyboard, are disturbing
and not optimal when teaching is in focus. The
SRS must be fast and intuitive to call up when
needed without having to interrupt the flow of the
presentation. When called up, the SRS should not
be in the way of the lecture presentation and the
teacher should be able to show the results together
with the question.

In order to achieve this, we chose a minimal-
istic approach. As well as being minimalistic in
visual appearance, having the system use as little
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of the screen as possible, the teacher should also
not be overcome with options and choices. This
can quickly become more of a disturbance than a
benefit, and one also risks alienating teachers not
used to advanced computer programs. As stated
before, the main functionality of the system should
be to send out buttons to the students’ devices and
collect responses. More advanced options, which
the teacher is less inclined to use, should therefore
notbe intrusive and be hidden inunderlying menus.

A summary of our design philosophy regard-
ing the SRS can be listed in the following points:

. The SRS should be designed for speed, be-
ing easy, intuitive and time efficient to use
in teaching situations.

. The SRS should be flexible towards differ-
ent lecture methods and formats.

. The teacher should be able to present the
questions in the format he/she sees fit.

. The teacher should be able to make ques-
tions “on-the-fly” during class and start
votes within seconds.

. The SRS should be easy to use from a digi-
tal blackboard without having to leave the
blackboard.

*  The SRS should require minimum system
preparation before class.

. Students should be able to use their own
mobile device, PC/MAC or any combina-
tion of those.

THE STUDENT RESPONSE SYSTEM

The SRS has been developed for web and uses
the HTTP protocol to handle all Internet com-
munication both from the student perspective
and teacher perspective. The technical details are
presented elsewhere (Pein, Lu, Stav, & Thorseth,
2011). The initial SRS was designed purely as a
web interface that had two sides, a teacher control
interface and the student responder interface.
The teacher interface was later redesigned as an
Adobe AIR (Flash) application (while the student
interface remained a web page) for reasons that
will be discussed later in this article. Figure 1
shows a simplified overview of the information

Figure 1. Simplified overview of information flow in the SRS (© 2011, Sor-Trondelag University College)

Controller
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flow in the system. The teacher (controller) and
the students (responders) are connected to a server
that handles requests from the teacher and sets
up the web page that the students use. Modern
mobile devices have the ability for easy access to
bookmarked web pages, like on the iPhone where
bookmarks can be placed on the home screen,
similarly to apps. The student interface can be
seen in Figure 2.

Each time the teacher starts the SRS, a three-
letter session code is generated. The students have
to enter this session code in the web page and an
optional name. If a name is not entered, the vote
is anonymous. By entering this code, the students
are linked to the given session, prohibiting inter-
ference from other classes using SRS at the same
time. Beyond this no other registration of de-
vices are needed.

In a nutshell, the teacher is able to send out
alternatives to the students’ devices in the form
of generic buttons. The teacher is presenting the
questions in the format he/she sees fit. The but-
tons could be “’A”, ’B”, “’C”... (at the default
the teacher chooses from 3 to 6 alternatives, but
there is also a possibility to expand up to 20 al-
ternatives), “’yes/no/don’tknow” or “’true/false”.
Figure 3 shows the student interface during a vote
with fouralternatives. Students get visual feedback
when their vote is confirmed by change of back-
ground color. Students can change their mind by
pressing another alternative as long as the vote is
open. The SRS register the students’ answers and
results are shown in a histogram on the teacher’s
computer screen or digital blackboard when the
vote is closed. The results are not shown on the
students’ devices. Students only have to consider
generic buttons on the voting device; all other
activity is centered on the teacher’s presentation.

The teacher interface is a stand-alone program
designed as a transparent film that is always on
top of other programs. Since the SRS is always
on top, it can be accessed at any time without
having to leave the presentation format of the
lecture, be it PowerPoint, PDF, Smart Board

Notebook or any other presentation software. At
the default state the SRS is mostly hidden from
the user with only a hidden toolbar on the right
side of the screen visible. The toolbar can be made
visible by hitting the visible top part as seen in
Figure 4. Making the toolbar visible also makes
the session code visible in the top left corner as
seen in Figure 5 (note that the session code is also
visible on the student interface at all times after
it has been entered). The SRS still takes up only
a small part of the screen in order to have most
of the lecture presentation still visible.

The teacher can now start a new vote by press-
ing “Run Vote”. This will make a menu appear in
a separate window as seen in Figure 6. This win-
dow can be moved and scaled as the teacher sees
fit. There are several options from which the
teacher can customize the vote, but the teacher
can choose to ignore these options and just go
with the default state. By default the results are
shown automatically when the vote is closed. This
can turned off, so that the results are not shown
automatically. A ticking sound is used to tell
students that the voting period is open. This sound
can be disabled. The system has a time limitation
in voting period, this time limit can be changed
or disabled. By default the system gives the stu-
dents a chance to choose only one alternative, but
this can be changed to accept multiple choices.

When the teacher chooses the amount of but-
tons he/she wants to send out to the students’
devices, a small control interface appears as seen
in Figure 7. The teacher can start, pause or stop
the vote (either manually or by waiting for the
timer to run out), making the results appear as
seen in Figure 8. The results are displayed as a
histogram where bars can be highlighted by click-
ing on them. The teacher can also perform two
votes where the results of both votes are only
shown after the second vote. This is done by
unchecking the “show results” option, starting a
vote, checking the “show results” option and
starting an identical vote. The results are then
shown side by side for comparison.
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Results from all votes are stored and can be
retrieved from the SRS by going into a separate
menu with the “History” button. Every student
vote is registered with a timestamp and the alter-
native chosen. The system also registers if the
student changed his/her mind during the voting
process. However, it should be stated that this
functionality of our SRS is under development.
With the “Redirect” button, the teacher can forward

the students to an external web page. The students
will then receive a link instead of buttons. This
can, for instance, be used for evaluation by send-
ing the students to surveys made with services
like Google Forms or to any web page relevant.
Last, the teacher has the opportunity to configure
the appearance of the control interface, changing
color, opacity and so on.

Figure 2. The student interface. In the right figure, the session code, here as “ncf”, can be seen in the
lower left corner (© 2011, Sor-Trondelag University College)
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Figure 3. The student interface while voting (© 2011, Sor-Trondelag University College)
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Figure 4. The SRS toolbar when called out (left)
and when hidden (right) (© 2011, Sor-Trondelag
University College)

DISCUSSION

One of the earliest questions that arose when
designing our SRS was if questions and results
should be presented on the students’ devices.
There was a version of our SRS where alterna-
tives with picture and text could be presented, and
the possibility of showing video on the devices
was also discussed. Most 2nd generation clickers
(with infrared/radio-senders) do not have a large,
high-resolution screen (many do not even have
screens) and itis therefore not practical or possible
to show the question on the device. When starting
touse modern mobile devices, like smart-phones,
as “clickers,” it may seem like a logical step to
show the question and results on the students’
devices since we now have the technology to
do so. However, this assumption is problematic
because it puts the technology in focus. There is
a methodical as well as a practical argument that
were the basis for the decision not to show the
results and question on the devices.

We want the teacher to keep full control of the
students’ attention. By sending out the questions
and results on the devices, the students’ attention

is taken away from the teacher and lecture and
brought down towards the voting device. The
teacher will risk losing the attention of the students,
and have problems getting the students to switch
their focus forward again after a discussion. We
observed the importance of having full control over
the students’ attention when we first started using
the system. The first version of the SRS did not
have a timer and a ticking sound during voting.
The students would start discussing during a quiz,
but because of the volume of the discussion, the
teacher had a difficult time getting the students’
attention towards the blackboard. Many students
even missed the vote because they did not real-
ize that a vote had taken place. By keeping the
focus directed forward, the teacher can maintain
contact with the students and more easily assess
if the question was understood. We see it as even
more important not to show the results on the
devices. The focus should be directed towards
the teacher and his/her explanation after voting
and not at the device.

There is, however, one major disadvantage by
only sending out generic buttons on the devices and
nothaving the questions and the responses linked.
The system does not know what the question was
when storing the results. If the teacher wants to
examine the results for an earlier question, he/she
has to remember what question was asked when
and make that connection to the results manually
(i.e., by hand). This is one advantage of SRSs
connected to specific software like PowerPoint
where the questions have to be made in a specific
format and registered. There are similar SRSs
where the questions and responses are not linked
that, but where this is compensated for by having
the program take a screenshot of the question with
the responses (Barber & Njus, 2007). A logical
next step for our SRS is to include a database
for storing questions. Our system is a great and
simple tool for the teacher who wants to use a
SRS in class, but some teachers might find it
difficult finding good questions and cumbersome
to always have to search and prepare questions,
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Figure 5. The SRS as seen on the teachers’ computer screen when the toolbar is made visible (© 2011,

Sor-Trondelag University College)

‘

Presentation

Figure 6. The voting menu in the default state (left) and after “more” is clicked (right). The teacher
chooses the type of buttons that will be sent out to the students’ devices. The numbers (right figure)
refer to the number of buttons that will be sent to the students voting device (© 2011, Sor-Trondelag

University College)

and would much rather like to search a database.
This way we would also have a link between the
question and the results stored in the program.
However, implementing database functionality
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should be an addition and not replace the simple
functionality of the SRS as it works today in order
not to compromise the ease of use and flexibility
of the system.
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Figure 7. Voting controller. The teacher can start,
pause or stop the vote (© 2011, Sor-Trondelag
University College)

When using Student Response Systems with
Wi-Fi, the network is an Achilles heel. It is
therefore a good idea to minimize the traffic on
the network when a large amount of students are
connected and receive information at the same
time. Data traffic is an issue if one wants to send
out large images or video to a large amount of
devices, butwe have experienced thateven a small
amount of data can also cause network problems
if the number of students are high. Surveys and
focus interviews of the students showed that
classes with network problems were significantly
less satisfied with SRS than other classes that did
not have network problems. To keep data traffic
ata minimum and to maximize the stability of the
system (and the maximum amount of students the
system can handle), it is beneficiary to send out
a minimum amount of data to the units. Another
benefit is if the students have to use their mobile
networks in the absence of a Wi-Fi connection.
Having data traffic at a minimum will then also
minimize the cost for the students.

Although it seemed logical in the beginning
to have both the teacher and students using the
system through a web page, to be as independent
oftechnology as possible, we experienced that us-
ing a web interface for the teacher creates several
flow problems during a vote. For the teacher to
start a vote and present the results, he/she must
have a web browser on top of all other software
used by him/her. This means leaving the format of
the original lecture, which acts as a disturbance.
The web page will cover the lecture material that
the teacher is presenting and it will be difficult

Figure 8. Results after a vote. Each bar can
be highlighted by a single click (© 2011, Sor-
Trondelag University College)

vote_147

Totally voted,1st 5 2nd:(0)

to show the results together with the lecture pre-
sentation. The teacher can of course scale down
the web page to a small window, but this can be
cumbersome when having to constantly readjust
the window to either start a vote or show the
results. Using a dedicated control application (as
opposed to a web page) gives several advantages
in the possibilities for the design of the software,
and the applications can communicate easily with
web services.

Technical problems are a very common source
of'dead-time when using a Student Response Sys-
tem, but time can also be lost by the SRS being
cumbersome to use. [f the teacher has to leave the
original presentation format or if a large number
of clicks and choices are needed to start a vote,
precious seconds will be lost. The cumulative
effect during a whole lecture can make students’
satisfaction drop significantly. Not many seconds
are needed before students become dissatisfied.
A cumbersome program, needing several clicks
and choices, also raises the threshold of teachers
actually using a SRS in class. With our SRS, the
teacher can start a vote with as few as 3-4 clicks
(4 if the toolbar is hidden). The buttons are big
and can easily be used with the touch of a finger

65



Designing and Developing a Student Response System for Mobile Internet Devices

from the digital blackboard as well as from a
mouse. The layout of the menus and buttons
makes it very fast to start a vote since the teacher
does not need to go into submenus or drop-down
menus. His/her options will be clearly shown and
within reach, making it easy to start a vote within
seconds. Making the session code visible on the
top, and on every device at all times, makes it also
more practical for students showing up late to
class since it is unnecessary to stop the lecture to
bring forth the code, saving additional seconds. By
using only three letters and not mix numbers and
letters, the session code is easy and fast to enter
using the virtual keyboard on the voting devices.

Since we used iPod Touch for testing our SRS,
it might have seemed logical to make the student
interface as an app in app-store. However, this
solution would limit the system to Apple products.
One solution would have been to make a version
for each OS (i0S, Android, S60 and so on), but
this can cause logistical problems. Some students
may still have a device for which the system was
not designed and the teacher is dependent on the
students having the latest version of the system.
With a web-based interface, OS does not limit
which device students can use. However, it raises
the question, how many students have a modern
mobile device where Internet use is practical? In
our testing of the SRS, we lent out an iPod Touch
to each student to make sure that everyone was
able of participation. However, in a survey in two
classes using the SRS, asking how many students
had an own device they could have used for vot-
ing (including laptops), 68% out of 57 answered
that they had a capable device like a smart phone
or laptop. In a few years most students will most
likely have a smart phone or similar that could be
used for SRS. By using their own smart phone,
students have one less device to think about. In a
study by Draper & Brown (2004) the researchers
experienced 25-35% of students forgetting their
clicker. As students are very unlikely to forget their
own mobile phone, this problem will be almost
non-existent. There have also been reports where
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5-10% of the students never bought or registered
their clickers (Hatch & Jensen, 2005).

Ease ofuse and flexibility are two properties of
a system that often is hard to make to coexist, as
ease of use compromises the flexibility and vice
versa. We have already shown that the system
is flexible by having the SRS be software inde-
pendent, but we also wanted a system flexible in
different methodical SRS uses. For instance, the
teacher should be able to use the Peer Instruction
method (which includes two votes for each quiz,
one before and after group discussion) without
compromising the method. Our surveys and
interviews showed that the students preferred
having an individual vote before group discus-
sion. They felt that showing the results of the
first vote, however, could negatively influence
the group discussion, that the focus of the discus-
sion becomes centered around the alternative that
had the majority of votes and not a discussion on
each alternative to find out which was right or
wrong (these findings will be discussed in a later
article). The teacher should therefore be able to
show both results of the votes at the end of the
second vote and not show the results of the first
vote without compromising the ease of use. Our
SRS is also flexible to use outside of regular
classroom lectures, for instance, distance learn-
ing and guest lectures (where the attendants are
only present once). The teacher/speaker can easily
use our SRS in these and similar situations with
ease because of the lack of pre-class preparation
needed for our SRS. The attendants do not need
to download any software or register devices.
They could just be presented with the link to the
student page and given the session code in order
to participate in votes.

CONCLUSION

We have presented a Student Response System
made for mobile Internet capable devices that
is easy, intuitive and flexible to use in teaching
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situations. The system was designed for speed,
making itideal for large-scale lectures where time
constraints are of the essence. The student interface
is designed as a web page enabling students to use
any device capable of showing web pages and
not being required to buy commercial clickers.
The teacher uses a dedicated control interface not
connected to a specific program like PowerPoint,
enabling him/her to use whatever presentation tool
comfortable to the teacher. The SRS was designed
for effective use with digital blackboards and the
teacher can operate the system with ease from the
blackboard without having to use a keyboard and
mouse. The SRS enables the teacher to present
questions in the format of his/her choice and start
avote within seconds without any need to prepare
the question in the software, also making the SRS
ideal for quick spontaneous “on-the-fly” questions
during class. Although there is a limitation in that
the question posed by the teacher is not linked to
the responses collected by the SRS, the system
allows for an extremely simple and effective
means to receive feedback from the students and
test their knowledge during class. Since only a
computer with an Internet connection is required
for the teacher and students may use their own
web-capable device, this system provides a cost
effective solution to educational institutions want-
ing to utilize a SRS. It is very likely that most
students will have a modern web-capable device
like smart phones within a few years, which will
lower the threshold forusing an SRS within a wide
variety of educational institutes, some of which
may not afford commercial systems.
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ABSTRACT

This article presents methodological experiences and evaluation results obtained during introduction
and testing of a new online student response system (SRS) for modern mobile devices at Sor-Trondelag
University College, in Norway. The aim of the test period was methodological development, based on
student evaluation. Using in-depth interviews with students, awareness of how SRS was comprehended
by the students in their learning process increased. Several methodological choices and practical
challenges were faced when introducing SRS. The procedures and methodological choices were based
on published experience and the authors’ assumptions. However, what was believed to be important
pedagogical, were among the students perceived as positive but not in the way expected. The students
have a clear perspective on their own learning process and gave insight into how SRS fit into their own
learning process. Students’ perceptions regarding methodology, in combination with their own experi-
ence of learning, appear as a necessary ingredient for an appropriate implementation and use of SRS
in teaching.
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INTRODUCTION

Key challenges associated with traditional teach-
ing in higher education include low level of
involvement among students, difficulties with
implementation of various feedback activities and
encouragement ofactive learning strategies such as
in group discussions and larger class discussions.
In an attempt to find possible solutions to such
challenges several researchers and teachers have
focused their attention to different technological
tools. One of the tools that have received increas-
ing attention over the past few years is student
response systems (SRS).

SRS can shortly be described as a type of
wireless technology aimed at promoting better
communication, response and interactivity in large
classrooms (Beaty, 2004). It is a technology that
allows teachers to present a question or problem to
aclass and let students respond by using response
devices. Responses are quickly summarized and
aggregated for the teacher and students to see
(Beaty, 2004). Based on the response data, both
students and the teacher can get an idea whether
key concepts are understood or misunderstood.

Research has identified several important
advantages from use of SRS in teaching (Beaty,
2004). With the use of SRS students receive a
clear confirmation on whether or not they actu-
ally have learned something and a clarification
in relation to what they may have misunderstood
(Rice & Bunz, 2006). Several studies show that
student engagement increases significantly when
SRS is implemented as part of their teaching
(Horowitz, 1988; Dufrense et al., 1996; Gilbert
et al., 1998; Everett & Ranker, 2002; Draper &
Brown, 2004; Roschelle et al., 2004; Stuart et al.,
2004; Masikunas et al., 2007). SRS also stands as
a successful approach for managing discussions
in large classes (Dufrense et al., 1996; Mazur,
1997; Draper & Brown, 2004; Masikunas et al,.
2007). Research shows that SRS can help create
active discussion among students, which further

can promote more active learning in the classroom
(Boyle & Nicol, 2003).

Use of technology in education is by no means
anew phenomenon (Rice & Bunz, 2006). History
is full of attempts and subsequent failures in rela-
tion to introduction and implementation of various
technological innovations designed to improve
ordinary teaching and students’ learning (Cuban,
1986). In light of this rather gloomy trend, it is
perhaps appropriate to ask: what about the use of
SRS? Or as Duncan (2006) asks: “are SRS just
another educational fad?”(Duncan, 2006, p. 16).
In other words, can use of SRS be classified as
an instructional trend that will fade away as soon
as the excitement has subsided? Considering that
the majority of research shows several positive
effects fromuse of SRS in classrooms, one cannot
help but wonder what determines this technology
“survival” from the fate of its failed predecessors,
which leads to the following question: what sepa-
rates a successful implementation of a response
system from a less successful implementation?

Research shows that implementation and use
of SRS, as a part of teaching, can act in many dif-
ferent ways. The system can be a supplement to
teaching, or be a main pedagogical tool (Trees &
Jackson, 2007). According to Beaty (2004), it is
all about using the suitable pedagogical method.
One example of a pedagogical choice regarding
use of SRS is the questions (Duncan, 2006). The
choice of questions in relation to the subject has
to be considered, since the effect may vary with
the subject (Stuart et al., 2004). Beaty (2004)
recommends teachers to avoid simple questions
that are based on memorizing, and rather use
questions that call for careful appreciation and
evaluation. Another pedagogical choice is the
number of questions asked. It is recommended to
create questions of good quality, rather than hav-
ing a large quantity (Beaty, 2004; Duncan, 2006).
According to Beaty (2004), SRS should not be
used to fill the lecture with questions, but rather
useit carefully with less questions of good quality.
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One way to create student engagement is for the
teacher to avoid reading the questions aloud, and
hence avoid a teacher centric instruction (Beaty,
2004). Teachers often include group discussions
as a part of the pedagogical method (Horowitz,
1988; Dufrense et al., 1996; Mazur, 1997; Gilbert
et al., 1998; Crouch & Mazur, 2001; Boyle &
Nicol, 2003; Nicol & Boyle, 2003; Beaty, 2004;
Draper & Brown, 2004; Stuart et al., 2004; Kam
& Sommer, 2005; Masikunas et al., 2007; Trees
& Jackson, 2007). The discussion can be made in
small groups after a question is given, but before
the results are shown, either individually or in
groups (Gilbert et al., 1998; Draper & Brown,
2004; Trees & Jackson, 2007). Alternatively, the
responses are given individually first and then
the collective response is discussed in groups.
Anotherapproach is the “peer instruction” (Mazur,
1997; Crouch & Mazur, 2001) that allow students
to first respond individually to a question, then
discuss with a peer student, before the response
is given again.

Asuccessful implementation of SRS isnotonly
a matter of the teacher and pedagogical choice,
but also very much the students (Dufrense et al.,
1996; Duncan, 2006; Trees & Jackson, 2007).
For some students, the transformation from a
passive to an active participating student might
cause a challenge (Dufrense et al., 1996). Given
the potential that SRS has in the classroom, the
possibility to move from passive towards active
students, the way to success is dependent upon
the students susceptibility, whether the students
“by it” (Trees & Jackson, 2007).

A recently completed project, EQuMECCA
(2008-2010), an EU-funded KA3-ICT Lifelong
Learning Project that consisted of 7 partners
from different European countries, attempted to
address the issues above. In this project an open,
web-based response system for PC, MAC, iPod
Touch, iPhone or any mobile devices that can
read HTML, has been developed and tested. A
description of the system and its functionality is
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given by (Nielsen et al., 2011). A significant part
of the project has been to focus on how to imple-
ment and use the web based system in vocational
training, as an integrated part of teaching and to
develop a methodological guideline.

This article presents the first methodological
experiences and evaluation results obtained dur-
ing the fall of 2009 in physics and engineering
education, when testing out a new type of SRS for
next generation mobile handheld devices at Ser-
Trendelag University College, in Norway. During
a testing period of five weeks, in a preparatory
class for engineering with about 50 students, we
gained initial experiences in relation to usage and
method development. The overall goal for this
trial was method development based on student
evaluation. The student evaluation was carried out
at the end of the testing period, and consisted of
two focus group interviews.

METHODOLOGICAL
IMPLEMENTATION

In October 0f 2009 the system was, from a techni-
cal point of view, ready for the first test in class.
The practical trial of the SRS began in Trondheim
early that month. The trial was conducted in a
preparatory class for engineering with 50 students,
in the subject of physics, and lasted over a period
of 4 weeks with7-hour teaching peer week. Dur-
ing this period, we developed initial experiences
regarding the usage and methodological guideline
and evaluated through interviews with students.

Following is a description of six methodologi-
cal procedures we used during our implementation
of SRS.

1. Introducing of SRS to the Students
The first time students were introduced to SRS, we

arranged an approximately 20 minute introduction
to the system, in which the students learned what
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the SRS was, why it was introduced and how we
expected that the lessons with SRS would run
during the course. The goal was to make students
familiar with the system and explain why it was
adopted. There was also a practical review dem-
onstrating how an iPod works, how it is turned
on, how enter SRS, how to vote, and how do they
know that they have actually voted.

After the introduction, the students were
placed in groups of three. Each group was given
an iPod and a couple of test votes were given,
so that students would get a picture of how the
system worked.

2. Start Up

Normally, students picked up an iPod when they
arrived in the classroom. The iPods were placed
in front of the classroom, so that the teacher had
an overview over them. When the teacher started
thelecture, he/she presented the session code at the
beginning. The students logged on with the given
code and received confirmation that the iPod was
linked to the session when the message “please
wait” appeared. We decided to present the code
at the start of the class period in order to reduce
time-loss later when the focus zeroes in on the
quizquestions. The procedure took approximately
one minute and gave both teacher and students
a confirmation that everything was functioning
as it should before teaching started. After this
procedure the teacher started teaching as usual.

3. The Quiz Questions: When and
How to Present the Questions?

After approximately 20-30 minutes the first quiz
was presented to the class. It can be difficult for
students to pay attention throughouta class period
of 45 minutes (Horowitz 1998), and that is why
the first quiz question was posed at a time when
the students can begin to lose their concentration.
The teacher presented the quiz question by reading

both the question with alternatives aloud to the
students. If the question seemed difficult, time
was taken to explain the question. The reason
why both the question and its alternatives were
read aloud, was to ensure that as many students as
possible understood the question. Some students
may have reading and writing difficulties and will
have difficulty in grasping the question if they
were to read it silently.

4. Small-Group Discussions

After the question was presented, the teacher en-
couraged the students to discuss the quiz question
and its alternatives in small groups for a couple of
minutes. Time was not spent on placing the stu-
dents in groups; they discussed with the person/s
beside them. The aim of the group discussion was
to give the students a chance to be more involved
in the actual teaching, as well as enable them to
learn from one another by hearing other students’
opinions and arguments.

5. Polling with a Timer and a Clock

Before the voting proper began the teacher must
decide whether the voting was to be with a timer
andaclock sound. Weran all polling’s with a timer
and clock sound. The timer was set to 30 seconds,
but could be adjusted if necessary. The iPods
can use up to five seconds to get the alternatives,
which means that the students had 25 seconds to
cast their vote, which we considered sufficient.

Our experience has been that both the timer
and the sound of the clock are essential in order to
create order and attention in the classroom during
the polling. The sound reminds students that now
is the time to vote and they have a limited time to
respond. After the group discussions the students
may be very involved and exited. The sound and
time-pressure exerted by the timer, help the stu-
dents to become quiet and get them to focus on
the board and the coming results.
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6. Teachers’ Explanations Afterwards

When the polling closes the results appeared
automatically. The teacher then walked through
the results, highlighted the correct alternative and
explained thoroughly why the various alternatives
were correct or not.

After this, teaching proceeded as usual. The
whole procedure —from the time when the question
was posed, the students discussion, the voting itself
and the teacher’s explanation afterwards—usually
took no more than five minutes.

It is important to emphasize the fact that our
starting point regarding the use of SRS has been
ordinary teaching. During a teaching period that
lasts 45 minutes we have never presented more
than a maximum of two quiz questions. The use
of SRS has not, for us, been about filling a class
period with quiz questions. Rather it has been
aboutusing the technology to give students amuch
desired break in which they get the opportunity
to think for themselves, use their knowledge, and
discuss and take part in a vote which again gives
them concrete feedback on their own learning.
Our goal has never been to turn the way teachers
teach upside-down, but to try to make ordinary
teaching more interactive.

RESEARCH METHOD

After the trial, two student interviews were con-
ducted. The interviews were performed as focus
group interviews. The main reason for the choice
of interview method is that focus interviews are
recognized as anindependent method of revealing
the informants ‘own perspectives about various
topics (Johannesen, Tufte, & Kristoffersen, 2004).

A focus group interview constitutes a form
a group interview where the conservation and
discussion process is essential. One of the main
advantages of focus group interviews is that, if
properly managed, it can be extremely dynamic
(Bergh, 2007). Interaction between informants
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can stimulate discussion in which informants
respond to each other's comments. Such a group
dynamic if often described as a synergistic group
effect, an effect that allows informants to build
on what others have said or to enter into a col-
lective “brainstorming” process. The idea is that
the whole contribution to the process is more than
the sum of its parts.

The interviews were analyzed using a type of
analysis called thematic analysis, a wildly used
approach to qualitative analysis (Boyatzis, 1998).
Thematic analysis is a method for identifying,
analyzing and reporting patterns (themes) within
data (Braun & Clark, 2006). It organizes and
describes your data set in detail, and interprets
various aspects of the research topic (Boyatzis,
1998). The aim of the current evaluation was to
bring out the experiences, views and opinions
expressed by our students in relation to the use
of SRS in physics’ classes. Thematic analysis
was considered an appropriate tool for achieving
that goal.

RESULTS

Overall students experienced the SRS as an in-
tegrated part of their classes — it was not seen as
some additional element which disrupted normal
classes. They saw great benefits of the system in
relation to receiving feedback on their learning
progress; experiencing increased involvement and
engaging in academic discussions. The system
became a natural part of physics teaching. Ac-
cording to students, this can largely be explained
by the fact that the system did not take time away
from regular classes. Regular routines of how the
system would be used were implemented, and the
students quickly got into these routines, which
streamlined SRS usage. Student quotes;

“The student response system doesn't interfere
withnormal classes, butratherintegrates nicely.”
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“It was very well integrated into the classes. Not
something that took a long time and dragged out
time spent in classes. It simply worked — a subject
was taught; then we did a quiz, and it just went
smoothly. It was very good.”

Regarding the six methodological procedures,
which were followed during the test period, stu-
dents had following opinions and viewpoints:

1. “l Don’t Think It Would
Have Worked Without the
Introduction, Really”

The first time students were introduced to the
SRS, there was an approx. 20-minute introduction
where students got an introduction to what the
SRS is, why it was introduced in physics teach-
ing, and sow the lessons with SRS were to run
in their course. Then there followed a hands-on
demonstration of the system. Students were asked
afewnon-academic quiz questions and responded
with the use of the iPods. This was done to give
them training in how use of the SRS, in particular
how the iPods are operated. From the student side,
this was an effective way to be introduced to the
system, and they assessed the knowledge gained
inthe introduction as valuable. By getting to know
what would happen and how SRS would be used
in classes, they built some expectations that they
felt gave them a more considered opinion about
the pros and cons of the SRS. Their first impres-
sion was that it sounded interesting, and they
looked forward to using it. No one had changed
their minds after the system was used in classes.
Student quotes:

“[ think it was very nice to get to know what's
going to happen. The presentation was nice. You
understood alittle bit more of what was going on.”

“I don t think it would have worked without the
introduction, really.”

“I was positive from the start, and I'm positive
now. I see that this is a beginning of a system that
can only get better. So I think it’s good. For me it
has something to say for motivation in teaching.
1 think it’s fun. It is bit more exciting than normal
teaching.”

2. Handing Out and Returning
iPods: Where to Place the iPods?

During the introduction, the teacher handed out
iPods to students. For the remaining classes in
which SRS was used, the iPods were placed in
two suitcases by the blackboard. Students were
told to pick up a unit from the suitcase on their
arrival into the room. According to students, this
scheme worked fine, their only comments being
about the placement of the suitcases. For them it
would have been better ifthe suitcases were placed
by the entrance to the classroom, rather than the
blackboard. If they were late for class, they found
it embarrassing to go up to the board to collect an
iPod while the teacher was teaching. Additionally,
they were nervous about disrupting classes. The
upshot was students arriving late would only pick
up an iPod when the vote was about to start. This
causes some stress since they had to quickly enter
the session code, and if they typed the wrong code
or took too long, they couldn’t participate in the
vote. Students’ recommendation was to place the
iPods by the door where they enter the room; it
would be much simpler.

The students reported few problems with
the iPods themselves. The iPods were found
to be simple to use, it was intuitive and easy
to understand the different aspects of the SRS
elements which appeared on their iPods; session
code, “please wait” and “thanks for your vote”.
The page that required the most work from the
students was the page with the session code. For
the students, this quickly became a routine task
at the beginning of classes. Student quote:
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“It became a routine, because once the SMART
Board was up and running, the code was shown
on the screen, so yes, I think it worked very well.”

3. Efficiency through
Reading Out Loud

Another routine students highlighted was that the
teacherread the quiz questions and its alternatives
out loud. That the teacher took the time to do this
was valued as extremely important by the students.
Through this procedure the teacher clarified and
explained the question to the students, and thus
prevented or cleared up any misunderstandings.
According to students, italso helped to streamline
the usage of SRS. If the students were to read
through the questions themselves, they believe
it would take longer than if the teacher read
aloud — especially considering that students have
different reading speeds. By having the teacher
reading the question and alternatives, the students
felt that they gained extra time to consider the
question, and they could start making up their
minds about the subject even as the teacher was
reading. Some students also suffer from reading
and writing difficulties and could not participate
in classes with SRS unless the teacher read the
question out loud. Student quotes;

“I have a poor understanding of sentences and
therefore need long time to read. I often have to
read the same thing several times. So for me it
was very nice that the teacher read it out loud.”

“[ think it was a great way to have it spoon-fed.
We need that”

“It s very good andimportant that the teacher does
it. It captures our attention, in a way. [ don t think
Iwould have bothered to read it if the teacher had
simply said, “Read this yourselves.” We listen
to the teacher when he reads it, we want to hear
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what he says. I think it would have taken longer
if we had to read it ourselves.”

4. Student Discussion: A
Good Way to Learn

Before each vote, the students were encouraged
to discuss the quiz questions and its alternatives
among themselves for a couple of minutes. An
opportunity the students valued. Working with
other students are for them an effective way to
learn. Hearing the perspectives, opinions and
viewpoints of other students, are highlighted as
important to achieve a better understanding of the
subject matter. The students described the group
discussions in following way:

Group 1

Per: “I think I learned something from them,
absolutely ...”

Ole: “It’s always nice to get the opinion of the
person sitting next to you”

Jens: “Yes, when you see the questions, you
form an opinion that goes one way, and then
along comes the person next to you with a
different opinion. Thus, you get input from
somebody who may think in a completely
different way, and you just realize, “I never
thought about that”. Yes, you get a chance
to discuss what the correct option is.”

Group 2

Lise: “It’s very nice to be given the opportunity to
speak with someone, especially since we’re
covering subject areas that are new to us. It’s
good to hear what others think, and together
try to achieve a common understanding.”

Emma: “Yeah I think it worked really well. We
tried to reach an agreement on the correct
answer. So, if we disagreed there would be
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avery good discussion. You knew that both
sides couldn’t possibly beright, so you’d turn
the material a bit upside down and discuss
it. Very good.”

The discussion among peers was thus perceived
as a valuable procedure in relation to the use of
SRS. One reason for this is that the discussion had
aclear goal, as it would end in a vote which gave
them an immediate feedback on their learning.
They didn’t discuss for the sake of the discussion
per se; rather they discussed to be better prepared
to answer the quiz question. The goal was to find
the correct answer that would further give them
a positive feedback, and the discussion could
increase their chances of achieving that goal. The
feedback students would receive when using the
SRS was thus a “bonus” that stimulated them to
participate actively in the discussion. According
to the students, this made the discussions focused
and efficient. They only had a couple of minutes
to discuss, and therefore had to work efficiently.
One student group had the following comments
about this;

Emma: “The point of the discussions that we
had, was to figure out an exact answer.
Otherwise, when we are discussing, I think
the discussion very quickly loses focus, or
at least becomes a rather “free-roaming”
discussion.”

Lise: “Yeah true, I think the voting is very impor-
tant! I don’t think we would have bothered
to discuss with the person sitting next to us
if it would have been for nothing; if I didn’t
cast a vote afterwards”

Emma: “You motivation increases.”

Ingrid: “You put more into the discussion, to find
the right answer.”

Lise: “Yeah, you can really see the benefit of it!”

5. The Ticking Clock

The nextroutine that was discussed by the students
was the ticking clock sound which was played
back during voting. When the vote started, a
timer was shown on the digital whiteboard which
counted down from 30 seconds. Additionally, a
ticking clock sound would be played back though
the speakers. The students saw this as a positive
aspect of the system, especially the ticking clock
sound. For them, it served as a reminder that they
had a limited amount of time to cast their vote.
After a few minutes of discussion in preparation
for a vote, the noise level in the class could be
quite excessive, and their focus was not directed
towards the blackboard, but against each other. A
countdown timer without a sound would therefore
have been of little use, and the students themselves
reported that they could easily forget to vote unless
the ticking sound was there. For them, it served
as a signal that the discussions had now ended,
and their attention should be directed towards the
board. In addition, the combined countdown and
ticking sound added time pressure, created an
element of excitement, in terms of anticipation
for the results of the vote. Student quotes;

“When the sound comes on, you know that you
have 30 seconds to cast a vote. Do not remove
the ticking sound!”

“I think it worked really well.”

“It became a bit of a quiz show atmosphere; we
were all waiting with anticipation, hehe”

6. Learning through Feedback
According to students, the use of SRS gave them
valuable feedback on their learning and progres-

sion. To answer ta quiz questions and receive an
immediate feedback, was for them a way to test
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themselves. By getting feedback on whether they
had understood what the teacher had tried to con-
vey, they got to test their knowledge in practice.
Two ofthe students had the following to say about
the feedback that the SRS gave them;

Per: “You get feedback on how well you have
understood the topic. If you got the quiz
question right, you received feedback that
you’d actually understood the subject. You
get feedback that you’re able to use the right
formulas and laws, and, yes, the material
that the teacher has presented.”

Ole: “Yes, you get feedback on whether you have
understood it. It’s about your own learning
process, really. You get to see if you’ve
learned something.”

For the students, feedback is an important
part of their learning. Feedback gives them an
indication of their own learning progress. Normal
feedback activities for these students include writ-
ten tests and assignments. Feedback activities are
normally not included as an in-class activity. The
only opportunity students have to receive feed-
back during lectures is by raising their hand and
either ask or answer questions from the teacher, a
procedure they rarely do, since most of they find
it very uncomfortable to raise their hand and talk
aloud in front of a dozen other students. When
asked whether feedback activities are included
in normal classes, one of the students responded;

“No, theteachers may ask, “doyouunderstand?”
and then they just look sheepishly at us and move
on. None of us that dare to raise our hand and
respond. In that sense, it s our own responsibility,
but no, I certainly don t. Feedback activities are
normally not included, which is a bit of a shame.”

Students want something they call constructive
feedback in their academic life. This is feedback
which, in addition to indicating if they’re on the
right track or not, explain why something is right
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or possibly wrong. From the student side, this
feedback point out what they need to work on, as it
highlights areas where they’re struggling and need
to focus on. Without such feedback, the students
feel very much left to themselves, which makes
it difficult for them to get an accurate assessment
of their own learning and progression. One of the
students said it quite clearly;

“Without constructive feedback, how can we hope
to improve?”

In light of the students’ desire for more con-
structive feedback, the SRS came as along-awaited
and most welcome addition to classes. Firstly,
the system gave them an immediate feedback on
their vote, in that they got to see if they had voted
right or wrong. Furthermore, the teacher would
go through each alternative after the vote and
thoroughly explain why it was correct or incor-
rect. For the students, the teacher’s explanation
was perceived as a constructive feedback, and
was highlighted as critically important for their
own experience of learning. Through the teacher’s
explanation, the students got an understanding of
why the various options were correct or incor-
rect. One thing is to cast a vote that turns out to
be right or wrong; another matter entirely is to
be able to understand why it is right or wrong.
If they achieve such an understanding, they feel
that they really learn something through the quiz
questions. The students are keen to point out that
the teacher should give adequate explanations
for why the wrong options are incorrect. For the
students, this is a way for those who answered
incorrectly to understand why they got it wrong.
One of the student groups explained it this way;

Emma: “Those of us who got the answer wrong
have to be given to chance to understand that
was wrong. Some part of the class usually
got it wrong, and then it must be explained
in such a way that we can understand where
we went wrong. Because we obviously don’t
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know if an option is wrong — otherwise we
wouldn’t have voted for it!”

Lise: “Yes, I feel it gives me a chance to understand
what the subject is really about.”

The second group had the following to say;

Per: “There’s areason why people have answered
incorrectly, it’s because they have misun-
derstood something, and then they have to
be explained why the answer was wrong.”

Ole: “YeahIthink the explanation from the teacher
is very important. I think it is necessary that
he explains why he uses certain laws, or other
parts of the curriculum, and that he shows
us why it is right or wrong.”

Jens: “Spending some time to explain or discuss
the different options in this way is; well, I
feel that the quizbecomes abituselessifyou
don’t do that - if you don’t spend enough
time on it and do it thoroughly. The quiz
then becomes — maybe not useless, but the
quiz has a much greater effect on learning
if you get an explanation why the answers
are right or wrong.”

Room for Improvement;
How to Get Feedback on
“Actual Understanding”

From the student side, there is little doubt that
the use of SRS can provide them with valuable
feedback on their learning, particularly if the
teacher gives them a thorough explanation after
the vote. At the same time, however, they leave
no doubt that the SRS may have a much greater
potential than was used in their teaching.
Physics classes for these students are made up
of two or three successive lessons. The teacher
would begin by introducing new topics from the
subject curriculum, and then give the students a
quiz questions based on what had recently been
presented, after approximately 20 minutes. Ac-
cording to students, this was a straightforward

way to implement SRS in teaching, as they felt
that the teacher’s explanation after the vote con-
tributed to their learning. As far as measuring their
understanding, however, it was not optimal. Quiz
questions simply came too early. Whether you
test understanding or not depends, according to
the students, on the time when the quiz question
is asked — in particular, whether they’ve actually
had time to learn something before the question
is asked. In other words, if the teacher wants to
use the SRS to measure students’ understanding,
the students must first be given time to work with
the subject matter and acquire the academic skills
needed to answer the quiz question. If the quiz
question is presented too early in the session, the
students may not have had time to acquire these
prerequisites. In other words, instead of measuring
their understanding or ability to apply knowledge
to solve a problem, by using the SRS, the teacher
gives them an understanding by giving a thorough
explanation after the vote. Student quotes:

Group 1

Per: “T would like to get a quiz at the end of the
day too, in order to check if we’ve really
understood it. After we’ve worked with the
exercises for a period of time, and had time
to process the material.”

Jens: “Yes, [ agree.”

Per: “That would give a very good indication as
to whether you’ve understood something or
not. That would be a proper test!”

Ole: “Then we would have worked with it for
a bit, and then we’ll get to see if we’ve
understood it.”

Group 2

Emma: “I somehow ... need time to understand
it, in a way. Sometimes I think that the quiz
questions seemed to come too early for me,
in a way ... There were times when I just
made a guess. | had somehow not received
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the scientific basis for properly discussing
it. I felt that it was a bit unnecessary.”

Ingrid: “Yes, we’d almost have to liec ahead, if we
are to do it that way. The questions tend to
be from the new subject area that we’ve just
been through. So really, it might be best if
he took us through the curriculum first, and
included questions at the end of the class.”

Lise: “Yes, to see that people had actually un-
derstood it.”

From the students’ side, this is really about what
the teacher wants to use the SRS for, i.e., does the
teacher want to give the student an understand-
ing, by giving them a quiz question followed by
a thorough explanation, or does the teacher want
to measure their understanding. The students did
not say that we’d selected a wrong way to use the
SRS, they merely point out that to really measure
their understanding, they must first be given a
chance to an understand the subject matter, which
is rarely the case after only 20 minutes. Proper
understanding usually comes after the material has
had time to mature — by doing exercises or assign-
ments related to the subject matter, for instance.

DISCUSSION

The interviews tell us that the students have a
clear opinion on how to use the SRS system. The
students explain profoundly the importance and
possible outcomes from different pedagogical
choices, and how this influences their learning.
For us, the students’ experiences and points of
view increased our own understanding of con-
sciousness in choice of pedagogical approach.
Some choices were of more importance than we
assumed, while others were not. We could not
predict that the location in the classroom where
we gave the iPods to the students could be an issue
for the students. Some of our pedagogical choices
were made according to published recommenda-
tions and other was not. Through the interview,
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we got an explanation from the users of SRS, the
students, why different pedagogical approaches
were experienced as important or not.

One of the methodical choices that received
much attention from the students in relation touse
of SRS, were the questions. Here there are many
choices to be made; what type of question to ask
and to what subject. For some subjects a simple
“Yes” “No” type is suitable, while for others the
question is suitable as a “brain teaser”, a ques-
tion meant to prompt discussion among students
(Stuart et al., 2004). Another important aspect
is how many questions to ask? In literature the
recommendations are clear, don’t ask too many
questions (Beaty 2004), but focus on the quality
of the question (Duncan, 2006). It is also recom-
mended that teachers don’t read the questions out
loudto the students (Beaty, 2004). Letting students
read it themselves, or discussing its meaning with
their peers, is thought to prevent the classroom
from being centered on teacher (Beaty, 2004).
During our trial of the SRS, we chose to do the
opposite; the teacher read the questions and the
alternatives aloud to the students. Our initial
reason for doing this was to clarify the questions
and ensure that everybody got it, including those
thatmighthave reading or/and writing difficulties.
The students on the other hand, perceived this as
a routine that streamlined the use of SRS. When
the teacher read the question, they read along with
him/her and were thus ready to enter discussion
immediately after the question was presented.
Whether this procedure made the teaching more
centered on the teacher, as suggested by Beaty
(2004), we are not sure of. We received no signals
from the students that they felt less involved due
to this procedure, on the contrary, they pointed
out that it provided all students an opportunity to
participate. Some of the students had reading and
writing difficulties, and felt that they would not
have been able to participate without this teacher
led procedure. Of course, in order to maintain
student-centered activity, you can leave it to the
students as a group to organize a way to make sure
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that everyone understands the question, but this
requires that everyone feels comfortable exposing
their own difficulties.

Teachers also have to consider when in the
lecture the questionis to be asked. Horowitz (1988)
recommends asking questions approximately ev-
ery 15 to 20 minutes, since the students attention
normally drops significantly after this timespan.
Our approach was to follow this recommendation
and hence, we gave a question normally 20 min-
utes into the lecture. For every hour, lasting for
45 minutes, we normally prepared one or maybe
two questions. Our focus was students’ attention.
What we did not consider, was the consequences
this had for the students when they considered
their own learning process.

When the quiz question should be introduced,
was for the students a question about what the
teacher wants to obtain with the question. The
teacher may want to target measuring knowledge,
and give the students a chance test themselves on
the subject, or use the question as a tool to create
anunderstanding ofthe subject. The students have
a clear picture of this. If the question intend to
measure knowledge, they first have to be given
time to acquire an understanding of the subject. If
the question is presented to early in the introduc-
tion of a new subject, the students’ preconditions
to answer is not right. They don’t test their own
understanding, because they haven’t had time to
build their ownunderstanding ofthe subject. They
guess the answer. The question did however help
build an understanding, mainly due to the teach-
ers procedure of going through the alternatives;
which were correct, which were wrong, and why.
Ifthe students are given time to digest the subject,
the scenario change. Under such conditions, SRS
can be used to measure acquired knowledge. The
pedagogical approach where we had this proce-
dure of carefully summarizing the question and
the alternatives, did not work as intended. While
we thought that we gave the students a possibility
to get feedback on their own understanding and
help clearing up misunderstandings, we helped

students build an understanding of the subject. For
the students this was crucial, this was the point
where they experienced learning.

If the teacher just points out the correct alter-
native and then continues with the lecture, the
experience of learning is minimal. Itis not through
the immediate feedback from the SRS system that
the students learn. If the teacher however, care-
fully sum up all alternatives and gives a detailed
explanation for each alternative, they significantly
improve their learning experience. For them, the
confirmation that an alternative is right or wrong
itis not important, but when they understand why
one alternative is correct or wrong, this gives
them an experience of a deeper understanding of
the subject. The students experience is according
to Kulhavy and Stock (1989), who distinguish
between verifying versus elaborating feedback.
Verifying feedback according to Kulhavy and
Stock is when the wrong and correct alternatives
are given. Elaborating feedback is when the rea-
son for why the alternative is correct or wrong
is explained. Kulhavy and Stock says that both
kinds of feedback have to be present, I order for
the students to have a positive learning process.

One pedagogical choice that has had a lot of
focus in the SRS literature is implementation of
small group discussions (Dufrense et al., 1996;
Gilbert et al., 1998; Boyle & Nicol, 2003; Nicol
& Boyle, 2003; Beaty, 2004; Draper & Brown,
2004; Masikunas et al., 2007; Trees & Jackson,
2007). Creating peer discussions is a challenge
that teachers normally face in classrooms holding
alarge group of students (Kam & Sommer, 2005).
Theteacher canuse SRS to create peer discussions,
especially in large groups of students where gos-
sip and social events often dominate (Masikunas
et al., 2007). Creating a discussion can be time
consuming and steal time from the teaching. The
introduction of SRS does not guarantee active
participation in group discussions, but can act as
a tool to help the process (Dufrense et al., 1996;
Masikunas et al., 2007; Trees & Jackson, 2007).
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So what do the students say about this? Ac-
cording to our students, “the discussion had a final
goal.” The students were given a question, and
used the peer discussion as a tool to help decide on
the correct alternative. This gave the discussions
an extended context. The students could clearly
see why the discussion was there, and what they
could gain from it. In addition, the discussion had
a purpose and they felt rewarded by the elaborat-
ing feedback at the end. The peer comments and
arguments helped them gain understanding, and
explaining to others their own arguments was
recognized as a valuable part of the training. At
the same time, the peer groups consisted of stu-
dents who were trying to learn something new, a
fact which limited the confidence they put to in
the outcome. In regards to students’ experience
of learning, the final elaborating feedback from
the teacher was the one found most trustworthy.
But the peer discussions helped them prepare and
become more receptive to them.

CONCLUSION

This article has presented and discussed students’
experiences of methodological choices and pro-
cedures in relation to the use of an online SRS
for modern mobile devices. The system was well
received, even during the development phase of
the system. On the whole, students’ experiences
can be characterized as positive and constructive.

Through interviews with students, we devel-
oped a deeper pedagogical understanding of the
importance of different methodological choices.
An understanding we will take with us in our
further development and use of SRS. It became
very clear that seemingly minor methodological
changes can have big impact on students’ im-
pressions and learning experiences. All choices
teachers make can affect their overall impres-
sion, and determine whether students “buy the
concept” of SRS. An increased awareness of the
importance of practical choices combined with a
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close contact and communication with students,
may increase the chance for teachers to succeed
with use of SRS. In relation to the students who
were interviewed in this study, we feel that it is
correct to say that the key to their positive experi-
ences was that they “bought it”, in the sense that
they felt that it gave them something in return; a
valuable learning experience, based on different
methodological choices.

ACKNOWLEDGMENT

This projecthas been funded with support from the
European Commission. New Educational Models
that Encourage Creative transfer of Competence
and Acquaintance in Lifelong Learning (1.1.2009
—31.12.2010) Contract 143545-2008-LLP-NO-
KA3-KA3MP. This publication reflects the views
only of the authors, and the Commission cannot be
held responsible for any use, which may be made
of the information contained therein.

REFERENCES

Beaty, 1. (2004). Transforming student learning
with classroom communication system. Re-
search Bulletin (Sun Chiwawitthaya Thang Thale
Phuket), 3,2-13.

Berg, B. L. (2007). Focus group interviewing. In
Berg, B. L. (Ed.), Qualitative research methods
for the social sciences (pp. 144-170). Boston,
MA: Pearson Education.

Boyatzis, R. E. (1998). Transforming qualitative
information: thematic analysis and code develop-
ment. Thousand Oaks, CA: Sage.

Boyle,J. T., & Nicol, D.J.(2003). Using classroom
communication systems to supportinteractionand
discussion in large class settings. Association
for Learning Technology Journal, 11(3), 43-57.
doi:10.1080/0968776030110305



Developing and Evaluating Practical Methodological Guidelines

Braun, V., & Clarke, V. (2006). Using the-
matic analysis in psychology. Qualita-
tive Research in Psychology, 3, 77-101.
doi:10.1191/1478088706qp0630a

Clark, R. E. (Ed.). (2001). Learning from media:
Arguments, analysis, and evidence. Greenwich,
CT: Information Age.

Crouch, A. H., & Mazur, E. (2001). Peer in-
struction: Ten years of experience and results.
American Journal of Physics, 69(9), 970-977.
doi:10.1119/1.1374249

Cuban, L. (1986). Teachers and machines: The
classroom use of technology since 1920. New
York, NY: Teachers College Press.

Draper, S. W., & Brown, M. L. (2004). Increasing
interactivity in lectures using an electronic voting
system. Journal of Computer Assisted Learning,
20,81-94.d0i:10.1111/j.1365-2729.2004.00074.x

Dufrense, R. J., Gerace, W. J., Leonard, W. J.,
Mestre, J. P., & Wenk, L. (1996). Classtalk: A
classroom communication system for active learn-
ing. Journal of Computing in Higher Education,
7,3-47. doi:10.1007/BF 02948592

Duncan, D. (2006). Clickers: A new teaching aid
with exceptional promise. Astronomy Education
Review, 5, 70-88. doi:10.3847/AER2006005

Everett, M. D., & Ranker, R. A. (2002). Classroom
response system: An evaluation at an easy-access
regional university. Retrieved June 4, 2008,
from http://www.einstruction.com/News/index.
cfm?fuseaction=News.display&Meny=newsroo
mé&content=FormalPaper&id=125

Gilbert, M., Massen, C., Poulis, J., & Robens,
E. (1998). Physics lecturing with audience paces
system. American Journal of Physics, 66(1),
439-441.

Horowitz, H. M. (1988). Student response system:
Interactivity in a classroom environment. White
Plains, NY: IBM Corporate Education Center.

Johannessen, A., Tufte, P. A., & Kristoffersen, L.
(2004). Introduction to social science methods.
Oslo, Norway: Abstrakt Forlag.

Kam, C. D., & Sommer, B. (2006). Real-time
polling technology in a public opinion course.
Political Science and Politics, 39(1), 113-117.

Kulhavy, R. W., & Stock, W. A. (1989). Feedback
in written instruction: The place of response cer-
titude. Educational Psychology Review, 1(4),
279-308. doi:10.1007/BF01320096

Masikunas, G., Panayiotidis, A., & Bruke, L.
(2007). The use of electronic voting systems in
lectures within business and marketing: a case
study of their impact on student learning. Research
in Learning Technology, 15(1),3-20.doi:10.3402/
rlt.v15i1.10903

Mayer, R. E. (2001). Multimedia learning. New
York, NY: Cambridge University Press.

Mazur, E. (1997). Peer instruction: A user’s
manual. Upper Saddle River, NJ: Prentice Hall.

Nicol,D.J., & Boyle, J. T. (2003). Peer instruction
versus class-wide discussion in large classes: A
comparison of two interaction methods in the wired
classroom. Studies in Higher Education, 28(4),
458-473. doi:10.1080/0307507032000122297

Nielsen, K. L., Stav, J. B., Hansen-Nygard, G., &
Thorseth, T. M. (2011). Designing and develop-
ing a student response system for mobile internet
devices. Paper presented at the International
Conference on Education & Learning in Mobile
Age, Lake District, UK.

103



Developing and Evaluating Practical Methodological Guidelines

Rice, R. E., & Bunz, U. (2006). Evaluating a
wireless course feedback system: The role of de-
mographics, expertise, fluency, competence, and
usage. Studies in Media & Information Literacy
Education, 6(3), 1-32. doi:10.3138/sim.6.3.002

Roschelle, J., Penuel, W. R., & Abrahamson, L.
(2004). The networked classroom: Electronic
classroom networks can enhance student par-
ticipation and achievement in mathematics and
science. Improving Achievement in Math and
Science, 61(5), 50-54.

104

Stuart, S. A. J., Brown, M. 1., & Draper, S. W.
(2004). Using an electronic voting system in logic
lectures: One practitioner's application. Journal
of Computer Assisted Learning, 20, 95-102.
doi:10.1111/j.1365-2729.2004.00075.x

Trees, A. R., & Jackson, M. H. (2007). The learn-
ing environment in clicker classrooms: Student
processes of learning and involvement in large
university-level courses using student response
systems. Learning, Media and Technology, 32(1),
21-40. doi:10.1080/17439880601141179






Paper C

Investigating Peer Instruction: How the Initial Vot-
ing Session Affects Students’ Experiences of Group
Discussion

Nielsen, K.L., G. Hansen-Nygard and J.B. Stav.
ISRN Education. Article ID: 290157. 2012.






International Scholarly Research Network
ISRN Education

Volume 2012, Article ID 290157, 8 pages
doi:10.5402/2012/290157

Research Article

Investigating Peer Instruction: How the Initial Voting Session
Affects Students’ Experiences of Group Discussion

Kjetil L. Nielsen, Gabrielle Hansen-Nygard, and John B. Stav
Sor-Trondelag University College, 7004 Trondheim, Norway

Correspondence should be addressed to Kjetil L. Nielsen, kjetil.L.nielsen@hist.no
Received 16 March 2012; Accepted 3 April 2012

Academic Editors: F. Jimenez, A. Kara, K. Kiewra, and K. Y. Kuo

Copyright © 2012 Kjetil L. Nielsen et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Peer Instruction is a popular method of implementation when using Student Response Systems (SRS) in classroom teaching.
The students engage in peer discussion to solve conceptual multiple choice problems. Before discussion, students are given time to
think and give individual responses with a voting device. In this paper, we investigate how this initial voting session affects students’
experiences of the following discussion. The data is based on student interviews which were analyzed using analytical tools from
grounded theory. The students emphasize the individual thinking period as crucial for constructing explanations, argumentation,
and participation during discussions, and hence for facilitating learning. However, displaying the results from the initial vote can
be devastating for the quality of the discussions, especially when there is a clear majority for a specific alternative. These findings

are discussed in light of recent quantitative studies on Peer Instruction.

1. Introduction

The traditional one-way teacher style of lecturing can be
effective when delivering factual content, but it is not as
effective for facilitating cognitive skills [1, 2]. Engaging
students in active-learning activities can be an important
factor for mastering skills such as critical thinking and
problem solving [1, 3], skills that are often lacking in novice
science students [4]. Although such skills are vital to evaluate
scientific evidence and theories, students also have to be able
to generate and present explanations and arguments for their
evaluations, that is, to be fluent in the scientific language
[5]. Novice students also suffer in that they are often unable
to put into words, or at least scientific words, how they
approach the use of theories to solve problems. Engaging
students in peer discussions can challenge them to generate
explanations and convincing arguments for their solution
and in this way also facilitate deeper understanding of the
scientific phenomena [5].

One way of engaging students in active-learning activities
is to use a Student Response System (SRS). Such systems
are often used during the lecture to present students with
multiple choice questions, which they will discuss with their

peers in small groups before answering with a voting device
[6-10]. The result from the voting session is displayed in
the form of a histogram which can give the teacher an
indication of the level of understanding among the students
and if they are able to follow the lecture [10, 11]. SRS use in
classroom teaching has been shown to increase learning [12—
15] including increased conceptual understanding in physics
courses [12, 16, 17].

Although SRS can be an outstanding tool for facilitating
peer discussion, different choices of implementation can
have a high impact on the quality of the discussions.
For instance, giving credits for SRS participation has been
shown to increase the overall participation in the class [18].
However, in a study by James [19], the researcher found
that if each individual student was “punished” for voting
incorrectly, that is, that he/she was not given as much
credit as voting correctly, the group discussions tended to be
dominated by students with greater knowledge while other
students remained passive. If the students were only credited
for participation, they would be more inclined to participate
and explore different explanations and ideas.

One popular methodological implementation of SRS
is with the Peer Instruction technique [17]. During the



lecture students are presented with a problem, often where
conceptual ideas are in focus, to challenge their knowledge
about the subject as opposed to simply looking up the answer
in the textbook. Students are given time to think on their
own for about 2-3 minutes and answer individually before
they are encouraged to engage in discussion with nearby
students. The discussions are concluded with a revote and
an explanation by the teacher. Dufresne et al. [11] describe
a similar method, but where the initial voting session is
omitted. Instead, students start discussing immediately after
the question is presented and the group discussions are
concluded with a class-wide discussion instead of teacher
explanation.

In a comparative study between Peer Instruction and
the method described by Dufresne et al. [11], students
felt that without the initial voting session they would be
more inclined to be passive in group discussions and that
the discussions would be more likely to be dominated by
confident and/or “stronger” students [20]. Students reported
that they used the initial voting session to formulate their
own answer, which they in turn could use in the following
discussion, and that they therefore would be more likely to
engage in dialogue and defend their views. The researchers
argued that the lack of an individual thinking period before
discussion would result in less cognitive conflict at the start
of discussion and thus students would be more inclined to
accept dominant explanations.

There have been several recent quantitative studies
on different aspects of Peer Instruction [21-24]. Previous
studies have shown that the amount of correct votes increases
after the discussion [16, 25]. One interpretation of these
results could be that students choose the same as stronger
students and not that they change their answer as a result
of learning. In a study by Smith et al. [23], the researchers
found evidence that the increase of correct votes is indeed
a result of increased learning and not primarily due to
the influence of other students. Even in groups where no
students initially had the right answer, they observed an
increase in learning. Smith et al. [24] showed that both the
peer discussion and teacher explanation are important for
facilitating learning with Peer Instruction. Excluding either
the discussion or teacher explanation showed less learning
than the combination of both.

A common practice when using Peer Instruction is to
show students the results from the initial voting session prior
to the group discussion [26]. Perez et al. [22] found that
the probability of students switching to the alternative with
the majority of votes increased by 30% if the results were
displayed to the students. The researchers provided several
interpretations for these findings. A clear majority could
function as a stimulus for focused discussions and students
might discover flaws in their original reasoning by trying to
identify why most students chose one particular alternative.
Another interpretation was that students simply switched to
this alternative based on the consensus of nearby students.
Confidence in their own choice has been shown to be
significantly higher if students can see that they initially voted
for an alternative in the majority [21]. This was persistent
whether the alternative was correct or not.
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The study in this paper was a part of EU-cofounded
projects (EduMecca, Do-it, Done-it and Global-SRS) at Ser-
Trendelag University College in Trondheim, Norway. One
goal of these projects was to develop an online SRS designed
for effective classroom teaching, where students can use
their own mobile device, such as smart-phones, as a voting
device as compared to the traditional “clickers” As well as
evaluating the system from a technical point of view, we
also investigated different methodological implementations.
More information about these projects can be found at our
web page (http://www.histproject.no/).

The inspiration for this study was the findings of Nicol
and Boyle [20]. We wanted to go deeper into, and try to
examine, the effects of the initial voting session (and thinking
period) with Peer Instruction. To do so, we divided the
study into two parts: a quantitative part based on survey
data and video of students engaged in peer discussion
during class and a pure qualitative part based on in-depth
analysis of student interviews. In this paper we focus on the
interviews and investigate students’ experiences regarding
use of Peer Instruction and the effect of the initial voting
session. The analysis of the video material is ongoing and
will be presented at a later date. The paper starts with a
description of study design and analysis methods followed by
a presentation of the results. We conclude with a discussion
of our findings; in particular, we discuss the results in light of
the recent quantitative studies on Peer Instruction.

2. Method

The study was conducted in an introductory physics course
for preparatory engineering students. The lectures usually
consisted of 2 X 45 min. sessions generally constructed so
that the first 45 min. dealt with new theory while the second
focused on practical work, mainly problem solving. Four
parallel classes with of a total of seven teachers (three classes
used two different teachers) used SRS for eight weeks. One
of the authors (K. L. Nielsen) was the teacher of the class
with a single teacher. The second author (G. Hansen-Nygéard)
was present in lectures where SRS was used to function as an
observer. Each class consisted of 50-70 students, the majority
being male students. The theoretical part of the lectures was
traditional teacher-style lectures (using digital blackboards)
except that the teacher would present the students with 1-4
quizzes consisting of conceptual multiple choice questions.
Each student borrowed an Apple iPod Touch which was
used as a voting device. When SRS was used, the iPods were
handed out at the beginning of the lecture and collected at
the end. SRS was used in two of a total of three lectures
each week due to some lectures running parallel timetables.
To minimize the amount of variables in our data, all classes
used the same set of multiple choice questions. We prepared
around 50 concept questions which the teachers used in the
course of the study.

In order to investigate the effects of the initial thinking
period with Peer Instruction, we also used another method
which we called “Classic” as the reference. This method
was similar to Peer Instruction apart from the initial voting
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session (and thinking period) being omitted; students started
discussing immediately after the question was presented. In
both methods, the discussions were concluded with a vote
and a teacher explanation. During this project, two classes
started with Peer Instruction while the other two started with
Classic. After four weeks, we switched the methods in all
classes.

In order to get as reliable feedback from the students
as possible, we did not emphasize that we were going
to compare different methods. The teacher would just
give different instructions based on the method used; for
instance, to think individually without speaking to their
fellow students in the case of the initial voting session of
Peer Instruction. In both methods, students were encouraged
to discuss the presented question in small groups for 2—4
minutes. The initial thinking period with Peer Instruction
usually lasted about 1-2 minutes.

The students were interviewed twice, once after Peer
Instruction and once after Classic. One exception was one
class which already had experience with SRS and the Classic
method. That particular class had already been interviewed
about SRS, and therefore was only interviewed once at
the end of the 8-week testing period. The interviews were
conducted by one of the authors (GHN). The first interview
was about three hours and consisted of questions regarding
students’ experiences with SRS in general. The second
interview was shorter (around 60 minutes) and focused
directly on the differences between the two methods. Many of
the topics and questions in the second interview were created
based on student feedback in the first interviews. The stu-
dent interviews were conducted as focused (semistructured)
group interviews, which is recognized as a reliable method
of revealing informants’ perspectives [27]. There were four
groups (one from each class) with four students per group
consisting of both male and female students.

The interviews were analyzed using analytical tools from
grounded theory. We want to emphasize that we have not
conducted a true grounded theory analysis, that is, with
theory sampling to achieve theoretical saturation, but rather
we have borrowed the analytical tools. These include a three-
step coding scheme (line-by-line coding, focused coding,
and categorization) adapted from Charmaz [28, 29]. This
method is an appropriate direction for analysis of topics such
as personal experiences, opinions, feelings, and attitudes
[28]. The first step is to examine each line of data material
and code it to define events that appear or are represented
[28, 29]. We relied heavily on “in vivo” codes, that is, using
the interviewers own words in the early stages of coding. This
was to avoid misinterpretations of students’ utterances and
assure that we maintained a close relationship between the
codes and what expressed by the students. The next phase
is to focus on several lines or paragraphs of the interviews
(focused coding) where the most significant line-by-line
codes are identified. Thus, we are left with a smaller number
of codes that give a more accurate description of the data.
In the last step, categorization, focused codes are treated
more analytical and conceptual [28]. Each focused code is
described in detail: its properties, its consequences, how they
relate to other focused codes, and conditions under which

they arise, is maintained, and changes [29]. This process
often led to several focused codes being merged when very
close relationships were discovered. In the end we have a
small number of categories that describe students’ most
significant experiences, in this case their experiences of the
two SRS-sequences, Peer Instruction, and Classic.

3. Results

The analysis of the interviews resulted in three categories:
(1) Argumentation and explanation, (2) Peer Instruction:
Opportunity for individual thinking, and (3) Seeing the results:
Authority of the majority. The first category deals with
the students’ experiences of generating explanations and
presenting arguments in group discussions, and how they
perceive explanations and arguments from fellow students
(and to some extent the teacher). It is not about the content
of the arguments and explanations per se, but rather about
the students’ own experiences of the process of generating
and presenting them and how this relates to their learning.
The second category is about thinking without the influence
of others and how Peer Instruction gives an opportunity
to reflect more deeply upon the questions and forming
one’s own opinion, resulting in increased participation and
confidence during discussion. The last category focuses on
seeing the results from the initial vote in Peer Instruction and
how a clear majority can influence students’ decision-making
and the group discussion.

Category 1: Argumentation and Explanation. Learning
physics is more than just memorizing formulas. Although
memorization is an important part of their learning process,
students also emphasize the importance of being able to
reflect upon and solve problems, preferably without the help
or influence of others (Category 2). However, according to
the students, the best confirmation that they have learned
physics is when they are able to explain the solution to other
students. Then they have to challenge themselves to explore
other ways of thinking in order to generate explanations
and arguments that will make the solution both convincing
and understandable. In addition, explanations from their
peers are often easier to understand because students
have the same foundation and speak “the same language.”
Students feel that the teacher is on a “higher level” and often
uses complex words and phrases which can make his/her
explanation hard to follow.

You have to sort of re-learn it when you are
going to explain it to others.

It becomes other words then [when peers
explain], because it is like-minded people who
repeat what the teacher said in a different way.

According to the students, good group discussions with
SRS start with an uncertainty or disagreement about the
answer and all students collaborate towards a consensus.



Different students remember different things, making it
important that everyone participates. Also, if a student
does not object or ask questions, it can be interpreted
as agreement and that he/she understands the arguments
being presented. In other words, being passive can result in
students not being given enough explanation to understand
the solution, and selecting the correct answer does not
benefit learning if they have not understood why it is
correct.

I think it is important that everyone participates
so that they can follow and understand why it is
not like this and why it is like this.

If T do not say what I think, then maybe they just
expect me to agree with them. And then no-one
cares to explain it. So even if I vote the same as
them and get the right answer, it does not help if
I do not understand it.

When students feel that they understand the question and
have a good argument, they are more likely to be active
during the discussion and try to convince their fellow
students. Being convinced or proven wrong is an important
part of their learning. As one student puts it:

I think you remember it better for later if you are
proven wrong.

On the other hand, if the students are uncertain about
the question or the solution, they are more inclined to be
passive and withdraw from the discussion. Another factor
that can increase passivity is sitting with students they do not
know well. They are afraid of making a fool of themselves
when they do not know how their fellow students will
react to their arguments. Passivity in group discussions is
also prominent if a student in the group is regarded as
being skillful or “strong.” The arguments and explanations
of stronger students are valued higher than those with equal
or lesser skills. Students are then more likely to only listen to
these explanations rather than try to find out the solution for
themselves, often accepting the others” conclusions without
fully understanding them.

You are more passive when you are uncertain,
because then you listen to what the others say.
And it might be the case that you did not
understand the question and the alternatives
the way you should have, and when the guy
next to me says that it is like this and this:
“OK, then maybe it is like this then”. And then
you look at it and “OK, I think this also”, so
without being certain of the answer I will vote
the same.

When we sit and discuss there are certain people
in the class you know are very skillful. So if
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someone in this group talks very loud or a
person you know is very skillful says “No, it
is B because...”, and then they start to talk,
then everyone else in the group will just shut
up and listen to what that person has to say.
Then it becomes like “Yeah, OK. So maybe it
is like this”, if you are uncertain. Then it is
easy that you just listen to the others in the
group rather than try and find the answer for
yourself.

The results from the voting session can thus give the teacher
a “false” image of the level of understanding among the
students. Even though the majority of students have voted for
the correct answer, it does not mean that the majority have
understood why it is correct. Students therefore emphasize
the importance of the explanation given by the teacher after
group discussions. The teacher should explain thoroughly
both the correct and incorrect alternatives. Learning is not
only gained by understanding why an alternative is correct.
Understanding why an alternative is incorrect can be just as
fruitful and often crucial, especially for students who have
voted for the incorrect alternative.

Even if the majority has voted correctly, I still
think a short explanation is needed. Because the
situation can be so that you just voted what the
guy next to you thinks is correct and you just
follow him. So it is good that we still get a short
explanation.

There was one question we sat and discussed
which we were absolutely sure was the correct
answer. Then it turned out that it was actually
wrong, and then I think that it is good that
they [the teachers] explain. That they do not
just say that “This is correct” and just explain
this alternative, but that they go through all the
alternatives and explain why they are wrong or
show us with illustrations. Because then it is
much clearer: “Yes, of course it is like this”

Category 2: Peer Instruction: Opportunity for Individual
Thinking. The SRS gives students an opportunity to engage
in solving problems in group discussions during lectures.
If this is to really benefit their learning, however, students
emphasize that it is important that they are able to reflect
more deeply upon the problem at hand and struggle with it.
Students feel that Peer Instruction, with its initial thinking
period, gives them an opportunity to actually involve
themselves in the question before discussions. This will not
only enhance learning during discussion, it will also make it
easier to remember the solution and explanation given by the
teacher after the discussion.

Yes, we have enough time to involve ourselves in
the question [with Peer Instruction], and that is
what’s important. That you have thought deeply
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about it. Because it’s first then you really have a
benefit of the answer.

If you first have pondered over something, and
maybe you did not find the solution, and then
you get the explanation, then it is much easier
to remember it [the solution]. When you first
had the opportunity to struggle with something,
and then you get the explanation, then you
remember much better.

For students to get involved in the questions, they feel that
it is very important that they are able to form their own
opinion without the influence of others. This can be difficult
to achieve when using the Classic method because they go
straight into group discussion after the question is presented.
They are not given the opportunity to think individually
without being “colored” by other students.

I think it was much better [with Peer Instruc-
tion], because you are allowed to think for your-
self and not having objections from everybody
else.

You get a chance to make up your own mind
before you get colored by what everybody else
thinks.

You do not have time to think before you
are influenced by the others’ opinions [with
Classic].

Students use the initial thinking period with Peer Instruction
to construct their own mental image of the problem
and an explanation which they can use in the following
discussion (Category 1). When using the Classic method,
explanations have to be generated during the discussion
period (or when the teacher is reading the question), but
often students experience that they barely have time to think
before someone takes control and starts talking. When these
students start to “think out loud”, other students will have
a difficult time thinking and working out logical arguments
(unless they step in and actively participate by uttering their
own thoughts). They can quickly be drawn towards the
arguments and conclusions of the students taking control
and vote the same alternative without having been able to
think for themselves and understand the answer.

I think that it blocks your own thoughts if you
first have to listen to other people’s ideas without
having thought about it yourself; that you in a
way forget to think for yourself.

With an explanation ready, students feel they have much
more to contribute to the discussions. Everyone in the group

is more likely to be heard because they can present more
convincing arguments for their opinions (Category 1). The
group consists of stronger individuals who are more inclined
to defend their views when they are given time to think for
themselves. This way, both stronger and weaker students can
benefit more from the Peer Instruction method since weaker
students have greater opportunities to construct and present
arguments, while stronger students have a higher probability
of having their arguments challenged.

After we have thought by ourselves, we have so
much more to say, rather than when we went
straight into discussion.

The initial thinking time you have, I think that
is great! Then you are able to reflect over what
you think so that you have a better basis for
participating in the discussion in your group.

I feel that there will always be someone who
dominates more, but now everyone had some-
thing to bring to the table, and everyone was
heard because you had a better explanation for
your opinions.

With Peer Instruction the students find using SRS more
serious and orderly. When using Classic it can be hard to
know, according to the students, when to stop thinking
for themselves and start discussing. With Peer Instruction,
however, they know that the discussion starts immediately
after the initial voting session. It thus becomes easier to
focus on what they should do, when they should think for
themselves and when they should discuss. There is more
time to come to a consensus and find a shared solution that
everyone is comfortable with. Since they are likely to have
formulated an explanation during the initial voting session,
more of the discussion time is used for actual discussion.

The latter was the absolute best, yes, really [Peer
Instruction]. It was a little more serious from
the start really, because you had to work alone
and had thought by yourself first. You put a little
more into it than if you went directly to the
group discussion, at least I think so. Also you got
started at once, you got a better focus.

We also noticed that it was difficult to reach a
good explanation [with Classic] that we agreed
and where we felt that “Yeah, it must be right.”
It was not always we were quite there yet, no,
because there was such a short time. It was better
when we had thought about it beforehand, and
we had an explanation ready. So when we started
to discuss there was more time to agree, and feel
that we had the answer.



Category 3: Seeing the Results: Authority of the Majority.
Students clearly prefer Peer Instruction and experience it as
the best method with regard to their own learning. However,
the method is not without its weaknesses. After the initial
vote the results are shown on a histogram. This last category
is about how seeing these results can affect the quality of the
discussions and how this in turn affects the students’ decision
making. If there is a clear majority that has chosen a specific
alternative, the discussion can often be guided towards this
alternative. It is very likely the students just assume that this
alternative is correct and try to work out why it is correct,
rather than go through all alternatives to work out what is
correct and what is not. With the Classic method they do not
see any results before discussion and so every alternative is
considered equal when they enter discussion.

You become guided, or misguided, and lose
focus of what you are supposed to discuss
because so many in the class have voted “B”.

If you just see that “B” has gotten most of the
votes, then you might just end up with trying to
explain why “B” is correct rather than trying to
find out what is the right answer.

Because if 80% have voted for one of the
alternatives, then there is a high probability that
it is correct, right? So then the discussion is
focused on finding out why it is correct. And
if we hadn’t chosen this [alternative], it would
have been better if we did not know about it.

Several students point out that it is not necessarily the
majority that has chosen the correct alternative. Despite
this, students feel that they still would be very likely to
choose the same as the majority no matter what arguments
are presented in the discussion, and without necessarily
understanding why it is “correct”.

If most have voted “B” and you answered “A’,
you're very inclined to answer “B” however the
others argue for or against it.

When students feel very uncertain they simply go for the
alternative they perceive as most likely, which in most cases
will be equal to the alternative which has got a clear majority
of the votes (if any). If they have chosen an alternative
with the majority of votes in the initial voting session,
students become more confident in their choice, lowering
their threshold for presenting arguments (Category 1). Even
though they may not have the best arguments for this
alternative, the students feel they are likely to be more certain
of its correctness and defend their choice. The picture is
reversed if their initial vote is in the minority. According
to the students, they have to be very confident in their
arguments to defend such an alternative.
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Interviewer: So the 20% of students who have
voted for alternative “C” might not fight as
hard to defend alternative “C” because 80% have
voted alternative “B”?

Everyone: Yes.

Student: It’s not even certain that people will
admit that they have answered “C”. It is likely
that you will just ask the group “OK, why is it
B?” That you just assume that it is “B” because
the majority has voted “B”. So then you will just
try to explain why this is correct, even though it
might not be the correct answer. It might be the
case that the majority voted incorrectly.

Seeing a clear majority displayed in the results from the initial
vote might have most effect on the group discussion when
everyone in the group has answered the same as the majority.
The students agree among themselves in the group and the
majority of the class agrees with them. Then they are likely to
lose interest in the question and talk about something else.

It just wasn’t interesting to talk about it then
[when they saw the results from the initial vote].

Therefore students feel that it would be much better to not
see the results of the initial vote until after the re vote. They
find it interesting to see if the class have changed their mind
during discussion, so several students point out that the best
method would be to use Peer Instruction, but to wait to show
the results of the initial vote until after the discussion to
minimize “damage” to the discussion. As one student puts
1t

If you remove it [the results from the initial
vote| there would have been better discussion
per person in the class.

4. Discussion and Conclusion

We have studied students’ experiences of Peer Instruction
with and without the initial voting session using focus group
interviews and a grounded theory-based analysis. Students
value the initial voting session as a means of delving more
deeply into the question, generating a mental image of the
problem and constructing an explanation with convincing
arguments to use in the following discussion. This is
consistent with findings of Nicol and Boyle [20]. In order
to generate good explanations, students need time to clarify
their thoughts and reflect more deeply upon the problem at
hand [5]. Without the initial voting session such a process
becomes very difficult because they will only be “allowed”
to think and reflect until the first student starts to speak or
“think aloud.” The consequence is often less participation
and higher probability of accepting explanations presented
by “stronger” students.

Although the students emphasize the need to construct
convincing arguments in order to defend their views, they
do not necessarily feel this merely to “win” the discussions. A
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simplistic view of argumentation is to view it as a battle where
one tries to defeat one’s opponent. Duschl and Osborne [5]
argue that argumentation is also an exploration to find and
fill out holes in one’s knowledge. This view is supported by
the students. They want to be convinced of the arguments
presented, and to be proven wrong can function as a high
facilitator of learning as it can challenge their thinking and
reveal flaws in their understanding. The initial voting session
results in more arguments and ideas being presented during
discussion and the students are more likely to come to a
consensus.

Another consequence of a greater number of ideas
presented at the start of discussion is an increase in the
probability of disagreement. Difference is an important part
of learning, as Duschl and Osborne [5] stated fittingly:
“without difference, there can be no argument, and without
argument, there can be no explanation” (p. 53). This is
not to say that initial conflict necessarily translates to
increased learning. It is also important that the students
actively engage in either trying to convince their neighbor
or to be convinced, that is, that they state their thoughts
and (dis)agreement. Passive compliance and/or insufficient
verbalization during group discussion can have a detrimental
effect on the learning outcome of discussions [2].

Our research is consistent with the findings of Perez et al.
[22] and Brooks and Koretsky [21] that displaying the results
of the initial voting session can affect students’ decision mak-
ing and confidence during discussion. As predicted by Perez
et al. [22], the students in our research experience that an
alternative with a clear majority of the votes becomes a center
of focus for the group discussion, although not in a positive
sense. Students point out that they will not necessarily try to
find out the reason why the majority has chosen one specific
alternative; they will automatically assume that it is correct.
The histogram becomes an argument in itself, an argument
much stronger than those presented in the discussion or
through individual reasoning. The focus becomes on finding
out why the alternative is correct and not if it is correct.

The bias from seeing the results from the initial voting
session was also shown to be stronger for more difficult
questions [22]. Although our students do not specify this
connection in particular, they do emphasize a stronger
influence when they feel uncertain, and it is likely there is
a high correlation between the difficulty of the question and
the level of uncertainty among the students. By not showing
the results prior to discussion, every alternative is initially
considered equal. Rather than trying to “force” a solution
upon an alternative with a clear majority, students are more
likely to evaluate each alternative more thoroughly.

Without a total evaluation of all alternatives, students
will be more dependent on the teacher in order to accept
the correctness of the alternative, rather than having it come
through their own argumentation [5]. This is a prominent
feature in novice students [25], and it is therefore not
surprising that the students in our research emphasize
the importance of the teacher explanations following the
discussions. Our students stress the importance of the
teacher carefully explaining the correct alternative and why
it is correct in order to be convinced of the solution. This

is consistent with the findings of Nicol and Boyle [20].
In addition, our students also emphasize the importance
of the teacher explaining why the incorrect alternatives are
incorrect. If they do not choose the correct alternative, or are
not sure of its correctness, they need an explanation to be
convinced and fully understand the solution.

Smith et al. [24] argued that there is a synergy effect
between peer discussion and the teacher explanation, making
the combination facilitate more learning than either on
its own. A majority of the students in their study also
agreed that the peer discussion made them more prepared
for the following explanation. The students’ experiences in
our study are consistent with these findings in that the
students feel that reflecting and struggling with a question
makes it easier to remember the following explanation from
the teacher. The initial voting session is crucial for this to
happen as deeper reflection is difficult to achieve during
peer discussion if they do not have time to formulate their
thoughts without the influence of others.

In the study by Smith et al. [24], many students even
reported frustration when the teacher explanation was
excluded when using Peer Instruction. An explanation for
this can be that the teacher explanation functions as a
closure for the SRS session and also removes any last doubts.
Our students feel that they are very seldom 100% sure
about the correctness of the answer, and therefore they need
the feedback that they have not only chosen the correct
answer, but have also understood the solution correctly. Not
receiving this feedback is likely to cause frustration.

In summary, the students in our research experience
Peer Instruction as more beneficial to learning when the
initial voting session is included, but where the voting results
are not shown until after the revote. Our study has shed
more light on recent findings on Peer Instruction from
the students’ point of view. Nevertheless, more research is
required to obtain a more complete picture of the effect of
the initial voting session; for instance, to verify students’
claims of more fruitful discussions, where more arguments
are presented. Our ongoing video analysis of students
engaged in peer discussion, both with and without the initial
voting session, should be able to give more insight to their
experiences.
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Instruction: Students’ Experiences versus Observations
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‘We have compared students discussing multiple choice quizzes during Peer Instruction with and
without the initial thinking period before discussion. Video clips of students engaged in peer dis-
cussion in groups of three of varying group combinations, a total of 140 different students in all,
were compared to students’ own experiences extracted from group interviews (16 students in groups
of four and a total of seven interviews) and survey results (109 responses). The initial thinking
period was found to increase argumentation time during discussion, consistent with students’ own
experiences. However, while students felt that the initial thinking period increased participation
and contribution of ideas among all group members, we only found significantly improved discussion
for two out of three group members, those already most active. We did not find any statistically
significant difference for the least active students with or without the inclusion of the initial thinking

period.

1. INTRODUCTION

For several decades researchers have explored the ben-
efits of using electronic voting systems, also referred to as
a Student Response System (SRS) in lectures (e.g. [1, 2]).
A common way of using such a system is to present stu-
dents with a multiple choice quiz, which they will discuss
in small groups before voting with a small handheld de-
vice. Using an SRS in class has been shown to have many
positive effects on lectures, for example, increasing stu-
dent engagement (e.g. [3]) and improving student perfor-
mance (e.g. [4]). In more recent years, more researchers
have studied various aspects of using SRS, comparing dif-
ferent ways of using such systems, rather than compar-
ing SRS to its not being used. For instance, the teacher
explanation of the solution after the discussion and vot-
ing session has been shown to be an important part of
increasing the learning gains of SRS-use [5]. Another ex-
ample is the study by James [6] who found that grading
SRS-participation, where more points are given to the
correct answer, can negatively influence group dynamics
during discussions.

A popular approach when using SRS is to include an
initial thinking period and voting session before entering
discussion, often referred to as the ‘Peer Instruction’ se-
quence [7]. Students are given about a minute to think
individually on the question without talking with fellow
students. After giving their vote, students enter group
discussion for a few minutes where they argue for their
choice. The session ends with a revote and the teacher
explaining the solution. Students value this initial think-
ing period as they use it to generate an explanation which
they can use in the following discussion, and are as a re-
sult less likely to be dominated by more skilled students
8].

In this paper, we explore this initial thinking period
in more depth and illustrate how it affects the follow-
ing discussion. In particular, we compare students’ own

experience of these effects to observations of students en-
gaged in peer discussion during SRS, with and without
the initial thinking period and voting session. We start
this paper with a description of study design and research
method. The results are divided into two sections: First
we give a short summary of the results from the interview
analysis, in particular those results directly covering the
effects on students being given time to think and reflect
before discussion. A more detailed presentation of the
results from the interviews can be found in [9]. The sec-
ond part presents the quantitative results from the video
analysis. The consistencies and inconsistencies between
part one and part two are discussed and we explore pos-
sible explanations for the results. The paper ends with a
summary and conclusions.

2. METHOD
2.1. Description of the classes

In Norway, students are required to have a certain level
of physics and mathematics (among other subjects) from
senior high school in order to start on an engineering de-
gree. At Sgr-Trendelag University College (HiST), in line
with other University Colleges in Norway, students with-
out these requirements can attend a preparatory course,
lasting a full year and consisting of the required curricu-
lum from senior high school. At the time of this study
there were four such classes at HiST with approximately
50 students per class, one of which was taught by the first
author. Apart from laboratory exercises and tests, there
is no mandatory attendance for the lectures, which usu-
ally consist of 2x45 min. sessions divided between tradi-
tional teacher-style lecturing (using digital blackboards)
and textbook problem solving.



2.2. Study design

During the spring semester of 2010, an in-house SRS
was used for a period of eight weeks in all four classes
in physics. There were no changes made to the lecture
format during this period, apart from the teachers pre-
senting students with 1-4 quizzes during the theoretical
part of the lectures. In order to investigate the effects
of the initial thinking period with Peer Instruction, we
introduced a similar method, ‘Classic’, as a reference.
The Classic sequence is similar to Peer Instruction, with
the only difference being omission of the initial think-
ing period and voting session. Instead, students engage
in discussion immediately after being presented with the
quiz. Students were usually given 2-4 minutes to dis-
cuss. We encouraged teachers to aim for a discussion
time of about three minutes, but teachers could adjust
the time if needed. Two classes started with the Classic
sequence while two started with Peer Instruction. After
four weeks we switched the methods in all classes. We
prepared around 50 concept questions which the teach-
ers used during the study. All teachers used the same
questions in order to reduce variables.

We interviewed four groups of students twice (one
group from each class), the first time right before we
switched SRS-sequences and the second at the end of the
testing period. Each group consisted of four students,
both male and female. During the first interview, we
did not emphasise that our main focus was to compare
different SRS-sequences in order to avoid biasing stu-
dents’ opinions for the next testing period. Consequently,
the first interviews consisted of questions regarding stu-
dents’ general experience with SRS, ranging from posi-
tive and negative aspects of SRS, the role of the teacher,
the quizzes, how they experienced group discussion and
so on. One class had already had experience with SRS
from the autumn semester (where the same students were
interviewed about their SRS-experience) and the group
from this class was only interviewed at the end of the
testing period. The last interviews were more specific,
directly targeting the differences between the two meth-
ods. The interviews were analysed using analytical tools
from Grounded Theory (see [9] for more details). In ad-
dition to interviews, we conducted a survey at the end of
the semester. The questions on the survey were mostly
based on themes that arose during the student interviews.

In order to gain a deeper understanding of the ef-
fects of the initial thinking period, we filmed students
discussing in groups during the lectures for four weeks,
two weeks before and two weeks after switching SRS-
sequences. Prior to filming, students signed permission
waivers. Two video cameras were positioned in the front
corners of the classrooms. In addition, we placed small
audio recorders with groups which were chosen at ran-
dom during each lecture. We opted for having students

in groups of three and encouraged them to sit together
to form such groups, but otherwise we did not interfere
with how students formed groups in order to have the
data material represent real life situations as closely as
possible. We filmed students discussing a total of 15 dif-
ferent quizzes. However, due to time constraints, only
six of these were analysed. The six quizzes were cho-
sen based on having at least one quiz from each week of
filming and the same amount before and after switching
methods.

2.3. Video analysis
Preparing the video material

The video material was organised in small video clips,
one for each group discussion. The video clips were syn-
chronised between the two camera angles, composited
to only show the relevant group, and audio from the
recorders. By using two different camera angles, stu-
dents’ faces in the group were visible during the discus-
sion, which simplified transcription. The video clips were
initially transcribed by four assistants, who were trained
to identify and transcribe only the parts of the discus-
sions relevant to the quiz (i.e. excluding small talk such
as plans after schools). They were also instructed to in-
clude a time code at the start and end of each utterance
by the students. After the transcriptions were complete,
a new assistant examined all videos marked for analysis
to make sure all times codes were accurate and that all
relevant discussion was included.

Coding

All utterances were coded based on a set of pre-
determined categories adapted from Kaartinen and
Kumpulainen [10] and James [6]. The codes were sepa-
rated into two main categories: argumentation and com-
ments. Argumentation was defined as utterances that
included an idea or explanation, i.e. utterances that in-
cluded conceptual information which was presented with
the intention of being related to the solution of the ques-
tion. The argumentation category included three sub-
categories which described the purpose of the argument,
the extent of the argument consisting of an idea that
was new or had already been presented, and a descrip-
tion of the language used. Comments also had a set of
sub-categories describing the nature of the comment, for
instance, asking for opinions or stating uncertainty. How-
ever, in this paper we only focus on the two main cate-
gories and not the different sub-categories.

What constituted as an idea or argument was often
context dependent. For instance, in a quiz about light
and interference, the student utterance ‘red light has the



longest wavelength’, could be interpreted as presenting
an idea. If this was the first utterance in the group, the
student was presenting the idea of longer wavelength be-
ing relevant to the answer to the quiz. On the other
hand, if this utterance was preceded by another student
asking ‘OK, so which has the longest wavelength?’; the
utterance ‘red light has the longest wavelength’ would
not be considered an argument since the intention was
not to present or justify longer wavelength as a con-
cept connected to the solution, for instance, by trying
to rephrase the original argument, nor does it contain
any new conceptual information. On the other hand,
if the student were to answer ‘red light has the longest
wavelength, which means that it has less energy’, (s)he is
expanding the idea of longer wavelength being relevant
by introducing the concept of energy and how the wave-
length relates to this. Consequently, the coding process
included careful considerations of what had previously
been said in the discussions in order to assess the correct
context. The coding process included several iterations
to make sure the codes represented the actual material.

Calculating Bias

An important part of our video analysis was to inves-
tigate the level of ‘dominance’ or ‘bias’ in the groups, i.e.
how much one student argued compared to others. This
notion of bias was also used by James [6], who investi-
gated students discussing in pairs. If one student in a
discussion pair presented 80% of the ideas, P1, while the
second presented the remaining 20%, P2, bias was calcu-
lated as P1-P2 = 60. We wanted a similar measurement
for our data, but having three students in each group,
the simple scheme of P1-P2 would not suffice. Instead
we used the equation:

STD(P1, P2, P3)

bias = 100
vas STD(100,0,0)

1
,where STD stands for population standard deviation, to
calculate the bias. A bias of 100 translates to discussions
where all ideas were presented by a single student, while
a bias of 0 translates to discussions where every student
in the group presented the same amount of ideas. This
equation gives the same results as the method described
by James [6] when used for two students instead of three.
However, in our study we did not count the number of
ideas, which was done in the study by James [6]. Instead,
we measured the argumentation time based on the time
codes placed during transcription. Students would often
start the discussion by presenting new ideas or by justify-
ing their opinions, but further into the discussions, argu-
mentation often consisted of either restating, rephrasing
or expanding on old ideas. This made counting individ-
ual ideas difficult. It has been shown that a word count

can be used instead of counting ideas with similar results
[11]. In our study we found that some students would
speak very softly, especially during the Classic method,
making it sometimes hard to identify specific words due
to ambience noise although the nature of the argument
could be identified as well as the length (in time). Speech
time was therefore considered as a more reliable option
in our study.

Statistical analysis

The video material presented a complex data set with
regard to statistical testing. The group combinations
would also change from day to day and not all students
were present in the video material during both Peer In-
struction and Classic. As a result, the material was sub-

jected to different levels of statistical dependence. We

chose to average the speech time for each student in iden-
tical group combinations and treated the two data sets
(student speech time with Peer Instruction and Classic)
as independent. In other words, two data points from the
same student were treated as independent if they came
from different group combinations. This way we had two
almost fully independent data sets, with 126 data points
from Classic and 153 from Peer Instruction, which sim-
plified the statistical testing.

There were two group combinations which were present
during both Peer Instruction and Classic. However,
removing the data points from these groups, in or-
der to maintain our definition of independence, did not
change any statistical significance (although removing
these slightly decreased the p-value in the cases with sta-
tistical significance (p < 0.05) and increased the p-value
in the case of no statistical significance (p > 0.05)), and
therefore we did not remove them from the calculations.
The data sets failed normality tests performed in SPSS
(version 19), and the Mann Whitney U test for nonpara-
metric data was therefore chosen as the main tool for
comparing the two samples. Non-normal distributions of-
ten include a high amount of skewness. Thus, we mainly
focus on the medians when presenting our results as it
may give the reader a more representative impression of
our findings. Nevertheless, we will also present the mean
values and standard deviations for comparison.

3. RESULTS
3.1. Student Experiences
Student experiences: argumentation
The initial thinking period with Peer Instruction was

seen as invaluable for good group discussions and clearly
preferred by the students (Figure 1). They could gather



What do you prefer of peer instruction and classic?

Classic
8%

Don’t know
5% g

Peer Instr.
70 %

Both
17 %

FIG. 1: Responses from the survey. N = 109.

their thoughts and reflect on the questions without the
influence of others. In other words, the students could de-
velop an opinion which had not been ‘coloured’ by other
students and which they therefore could call their own.
This was also reflected in the survey (Table 1, statement
S1). Feeling an ownership to their opinions and explana-
tions was one of the most emphasised aspects during the
student interviews.

I think it was much better [with Peer Instruction|, because
you are allowed to think for yourself and not having objections
from everybody else.

You get a chance to make up your own mind before you get
coloured by what everybody else thinks.

You don’t have time to think before you are influenced by the
others’ opinions [with Classic].

In the Classic method students were thrown straight
into discussion and, consequently, reflection about the
question had to be done during the discussion time. The
problem was, according to the students, that when other
students started to speak, it was very difficult to reflect
on the question. As one student put it:

I think that it blocks your own thoughts if you first have to
listen to other people’s ideas without having thought about
it yourself; that you in a way forget to think for yourself.

Student experiences: bias

Without the opportunity to reflect over the quiz before
discussion, students felt that they were more susceptible
to accepting arguments presented by ‘stronger’ students
(S5). Opinions from students with a reputation for high
skills are valued higher than those of lesser skills, which
could result in explanations being accepted by the rest of

the group even though they might not have fully under-
stood them. This was especially prominent if students
were uncertain about the solution. With the Peer In-
struction method, however, students felt they would be
more prepared for the discussions (S3) because they have
used the thinking period to reflect on the problem. Be-
ing more prepared, students would also be more likely
to participate in argumentation. According to the stu-
dents, they had more to say and the group as a whole
would contribute more (S4), and everyone was heard to
a higher degree since they could present more convincing
and thought out arguments. This also meant that the
‘actual’ discussions would begin sooner when students
had an explanation ready (S2).

After we have thought by ourselves, we have so much more
to say, rather than when we went straight into discussion.

The initial thinking time you have, I think that is great! Then
you are able to reflect over what you think so that you have a
better basis for participating in the discussion in your group.

I feel that there will always be someone who dominates more,
but now [with Peer Instruction] everyone had something to
bring to the table, and everyone was heard because you had
a better explanation for your opinions.

3.2. Video analysis
Video analysis: argumentation

Speech time relevant to the quiz during group dis-
cussion had a median of 15.7s per student for Classic
and 20.3s for Peer Instruction (PI). The difference was
found to be statistically significant (p=0.035). By divid-
ing speech time into argumentation and comments, we
see that the difference in speech time was mostly due
to argumentation, which had a 91% increase in medi-
ans from 3.9s on Classic to 7.4s on PI (p=0.007). There
was no statistical difference between commenting time
(p=0.300). The distribution of argumentation time for
Classic and PI can be seen in Figure 2. The medians,
mean values and standard deviations are summarised in
Table 2.

Video analysis: Bias

We found a statistically significant decrease in bias
from Classic to PI (p=0.031), with a median of 59.9 on
Classic and 50.2 on PI. The distribution of the bias can be
seen in Figure 3. Most noticeable is the high column be-
tween 90 and 100 on Classic, which represents discussions
where (almost) all arguments were presented by a single
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TABLE I: A selection of answers from the survey regarding the effects of the initial thinking period. The table shows the mean

value and standard deviation (in parenthesis) for the responses.

small degree. N = 109.

= totally agree/very strong degree, 1 = totally disagree/very

Statement

mean (standard deviation)

1. The individual vote with Peer Instruction gives me a better opportunity to

think for myself and generate my own opinion surrounding the question.

2. I feel the actual discussions start faster with Peer Instruction versus Classic.

4.00 (0.87)
3.72 (1.05)

3. The individual voting session makes me more prepared for participating in the

following discussion.

3.88 (0.93)

4. The group as a whole contributes more during group discussion

when we had an individual vote before discussion.

3.75 (0.88)

5. When we go straight into group discussion without the individual vote,

it is easier to be influenced by dominating parties in the group.

3.72 (0.90)

60

M Classic

50 O Peer Instr.

40

30

% of students

20

10

L L L L L BB L |

10 " 15" 20" 25 ' 30 ' 35
Argumentation (s)

40 " >40

FIG. 2: Comparison of argumentation time (s) between Peer
Instruction (N=153) and Classic (N=126).

TABLE II: Total speech time, argumentation time and com-
menting time compared between Classic (N=126) and Peer
Instruction (N=153)). The table shows the Median (Mean
value, Standard deviation) in seconds, as well as the p-value
from the Mann-Witney U test. Statistically significant differ-
ences have p-values marked in bold letters.

Discourse Classic Peer Instruction p-value
Speech time  15.7(19.7, 15.9) 20.3(23.0, 15.8)  0.035
Arguments 3.9(8.2, 10.1) 7.4(11.1, 11.1) 0.007
Comments 9.6(11.5, 8.9) 10.6(11.9, 7.8) 0.300

student. To get more insight into the bias, we divided
argumentation time between the most dominant student
(i.e. longest argumentation time), D1, the second most
dominant student, D2, and the least dominant student
in the group, D3. Although we see an increase in median
argumentation time for all group members from Classic
to PIL, only D2 is statistically significant (p=0.014) with

W
o

W Classic
O Peer Instr.

n N
o (6]

% of group discussions
o

L L L L L BB L |

10

5

0 10 20 "30 40 50 "60 70 80 90 100
Bias

FIG. 3: Comparison of bias between the Classic (N=41) and
Peer Instruction (N=50) method. One group during Peer
Instruction and one during Classic did not have any argu-
mentation and was therefore removed from the calculations
of bias.

a median of 4.2s for Classic and 6.9s for PI. These results
are summarised in Table 3.

This suggests that the decrease in bias is mostly due
to D2 students becoming more involved rather than D3.
This claim is further supported by comparing the share of
argumentation time between each member of the group
for Classic and PI, and also, by comparing the number of
students having no argumentation time. D1 students de-
crease their share of argumentation time with a median
of 72.4% for Classic and 57.4% for PI, the difference be-
ing statistically significant (p=0.046). For D2 students,
we find a statistically significant (p=0.048) increase from
19.9% with Classic to 30.1% with PI. Although we also
find an increase for D3 students, the difference was not
statistically significant (p=0.246).While both D2 and D3
saw a decrease in not having any argumentation time
from Classic to PI, only D2 is statistically significant



TABLE III: Calculation of bias as well as argumentation time
and share for the different dominance level. The table shows
the Median (Mean value, Standard deviation) in seconds,
as well as the p-value from the Mann-Witney U test. Sta-
tistically significant differences have p-values marked in bold
letters. One group during Peer Instruction (N=>51) and one
during Classic (N=42) did not have any argumentation and
was therefore removed from the calculations of bias and ar-
gumentation share.

TABLE IV: Student positioning for the different domi-
nance level. Statistically significant differences have p-values
marked in bold letters. *Note that this is the number of data
points used in the statistical calculations.

Dom. Mid. pos. Out. pos. x> p-value N*
D1 47 % 27 % 4.909 0.027 66
D2 36 % 32% 0.148 0.701 61
D3 47 % 27 % 8.321 0.004 53

Domination Classic Peer Instruction p-value
Bias 60.0(63.1, 28.3) 50.2(51.4, 24.3) 0.031

15.3(16.3, 12.2) 17.1(19.7, 11.3) 0.127
4.2(6.2,6.3)  6.9(10.1,9.0) 0.014
0.0(2.0,3.9)  1.0(3.4,51) 0.116

D1 arg. share (%) 72.4(72.5, 29.3) 57.4(63.8, 17.6) 0.046
D2 arg. share (%) 19.9(21.5, 16.1) 30.1(28.2, 13.3) 0.048

D1 arg. time (s)
D2 arg. time (s)
D3 arg time (s)

D3 arg. share (%) 0.0(6.0, 8.5) 5.1(8.1,9.3)  0.236
D2 arg. =0 (%) 24 6 0.017
D3 arg. = 0 (%) 57 45 0.300

(p=0.017 and 0.300 for D2 and D3 respectively using
Fisher’s exact test) with 27% with Classic and only 6%
with PI. A summary of the video analysis with respect to
bias and the different dominance levels is shown in Table
3.

As we can see in Table 3, D3 had very little of the ar-
gumentation time for both Classic and PI. However, this
does not mean that D3 students did not participate dur-
ing discussions. Although D3 students took little part
in the discussion with regard to presenting ideas and ex-
planations, they were still to a large degree active with
relevant comments. With Classic, D3 students had 22.6%
(median) of the commenting time in the group and 21.2%
with PL.

Student positions in the groups

Students were positioned in a linear manner in the
groups, so that one student sat to the left, one in the
middle and one to the right with all students facing the
teacher. We wanted to ascertain if there was any corre-
lation between student position and dominance level. To
test whether there was any statistically significant dif-
ference in seating position we used the Chi Square test
in SPSS. Since we do not differentiate between the left
and right position, we calculated the average number of
times students sat in either the left or right positions and
compared it to the number of times students sat in the
middle.

The results showed a significant difference for D1 and
D3 students, but not for D2. D1 had a higher tendency
to sit in the middle position of the groups, while D3 was
more inclined to sit in one of the outer positions. D1 sat

in the middle 47% of the time, with an average of 27% in
the outer positions (p = 0.027), while D2 was 36% in the
middle, with an average of 32% in the outer positions.
The difference for D2 was not statistically significant (p
= 0.701). D3 was in the middle 18% of the time with an
average of 41% in the outer positions (p = 0.004). The
results are summarized in Table 4.

4. DISCUSSION
4.1. Argumentation

With an increase of 91% in argumentation time me-
dians from Classic to Peer Instruction, students’ claim
of more productive discussions, where more ideas and
explanations were presented, is supported. With an op-
portunity to make up their own minds and generate an
explanation before engaging in discussions, more of the
discussion time can be used for presenting explanations
instead of generating them. Some aspects of students’
own descriptions of why there is less productivity with
the Classic method seem to closely resemble the notion
of ‘production blocking’, which is usually used to de-
scribe productivity loss in brainstorming groups ([12, 13].
Group discussions during SRS have several similarities
to brainstorming groups, such as having a limited time
to generate and present ideas and only one student be-
ing able to present ideas at a time (unless (s)he is in-
terrupted). Production blocking refers to the aspect of
students having to take turns in order to present ideas,
which can lessen the effectiveness of the groups.

Students found it distracting hearing others’ ideas as
it could either ‘block’ or ‘colour’ their own thought pro-
cess. This ‘thought distraction’ was presented as a pos-
sible explanation for why production blocking occurs in
brainstorming groups, but some researchers have failed
to find evidence of thought distraction and have argued
against it [13, 14]. Still, it may be a viable explanation in
our setting because of the differences between quiz dis-
cussions and brainstorming groups, the latter focusing on
presenting a large amount of ideas, with no requirements
on their validity, and which should not be subjected to
peer evaluation. Generating a more complete explana-
tion about the quiz solution requires a deeper cognitive



process and organisation of thoughts. Since the expla-
nations have to be convincing as well, the cognitive re-
quirements increase further. It is likely easier to distract
this deep cognitive process and thought organisation, and
consequently, ‘thought distraction’ might be a part of the
explanation why we find less argumentation during the
Classic method.

Another explanation of production blocking, which is
applicable in our setting, is simply due to students having
to wait for their turn to speak, creating a delay between
generating and presenting ideas. This has been found to
interfere with the cognitive process of generating ideas
[15]. The unpredictable nature of these delays can reduce
the flexibility of idea generation while long delays can in
addition disrupt thought organisation [15]. The initial
thinking period with Peer Instruction gives the students
a predictable time period where they know they can re-
flect on the solution without being interrupted, which
could lessen the degree of the effects described by Njis-
tad, Stroebe and Lodewijkx [15]. Although students still
have to wait for their turn to speak (unless they inter-
rupt the current speaker), the ideas and arguments are
to a larger degree already generated during the initial
thinking period and not during group discussion.

4.2. Bias

Researchers have argued that without the initial think-
ing period, there will be less ‘cognitive conflict’ at the
start of discussions and students are thereby more in-
clined to accept dominant explanations [8]. In addition,
the results from the interviews suggest that there is a
high presence of ‘evaluation comprehension’ during dis-
cussion, i.e. students refraining from sharing ideas be-
cause of fear of negative peer evaluation [12]. This effect
can be more prominent if some group members are re-
garded as experts [16]. Also, without having had the time
to work on a convincing explanation before discussion,
they are less confident in their arguments which could
increase the degree of evaluation apprehension present.
According to our students, opinions from stronger stu-
dents had a strong impact during group discussion, but
it should be noted that dominant students does not nec-
essarily correspond to those actually being most skilled.
Research have found that dominant group members can
appear more competent to the rest of the group, even
though they might lack competence, as a result of their
behaviour making them seem as experts [17].

We did observe less of a tendency of domination or
bias when using the Peer Instruction method compared
to Classic. However, our results suggest that this is due
to better communication between two group members,
those already active to a large degree, D1 and D2, rather
than all three. A possible explanation for this result
could be due to students sitting in a straight line in their

groups, all facing towards the teacher and digital black-
board. Studies have found that in groups with similar
seating positions there is significantly less communica-
tion than when group members are sitting face to face
(18, 19]. If the middle student speaks, for instance, to
the student to the left, it creates a communication bar-
rier towards the right. The middle student is facing away
from, and sometimes even turns his/her back on the stu-
dent to the right which makes it difficult for this student
to effectively communicate with the rest of the group.
The student in the middle position can reduce this bar-
rier, for instance, by leaning back so that there will be a
face to face connection between the left and right student,
but (s)he still has to shift his/her attention between the
right and left in order to effectively communicate with
both students. The only way for a common centre of at-
tention to occur is by focusing on the notebook in front
of the student in the middle position, or on the quiz at
the blackboard. The former is a possible scenario with
explanations that involve drawing illustrations and ma-
nipulating equations.

The effects of the communication barrier are proba-
bly increased further by the fact that the most dominant
students (with regard to argumentation) are often po-
sitioned in the middle, where communication is easier.
Although one could argue that the most dominant stu-
dents, D1, become D1 students simply by sitting in the
middle position, research has shown that students with
a dominant personality are more likely to choose such
‘high-talk’ positions [20]. Students that are shy, regard
themselves as ‘weaker’ or who do not wish to engage in
discussions, are then more likely to be seated in one of
the outer positions where communication can be more
difficult. The most obvious solution is to simply avoid
such linear positions, so that all group members can face
each other, but this might not be practical or even pos-
sible in certain situations such as some university lecture
halls. In such situations it might be more beneficial to
have students discuss in pairs to avoid ‘outliers’.

The most interesting question still remains: if the stu-
dents feel that the whole group participate more and ev-
eryone is more likely to present explanations with Peer
Instruction, why do we not find a significant difference
for both D2 and D3 students? Both the interviews and
surveys show that students felt that they were more likely
to participate in presenting arguments and explanations
when they had the time to think before discussion. Al-
though there was no question in the survey that specif-
ically stated ‘I contribute more during discussion with
Peer Instruction’, this seems likely to represent the expe-
riences of the majority of students when we look at the
survey results as a whole as well as comparing them to
the results from the interview analysis. At least half of
the interviewed students were present in the video anal-
ysis and we identified all dominance levels among the in-
terviewed students. This indicates that the results from



the interview analysis are not confined to one particular
dominance level.

One possible explanation of the contradictions between
students’ experiences and observation is that there might
have been an element of ‘illusion of group productivity’,
an effect where group members value the productivity of
the group higher than the measured outcome, as a result
of the group producing more than a single group member
would alone [12]. The increased collaboration and argu-
mentation between D1 and D2 students might give the
group members an illusion that the group as a whole, i.e.
all group members, see an increase in participation and
argumentation.

Furthermore, research has shown that group mem-
bers often fail to differentiate between ideas presented
by themselves and other group members, resulting in an
overestimation of their own performance (Stroebe and
Dielh 1994). The students in our study emphasised
strongly the notion of being able to have an opinion of
their own with Peer Instruction, i.e. an opinion that
had not been ‘coloured’ by other students. By having
thought more deeply about the questions, students are
to a greater extent able to judge the quality of presented
explanations. The feeling of having one’s own opinion as
well as being able to more confidently disagree or agree on
an explanation, may increase the feeling of participation
and contribution. Despite D3 students had very little of
the argumentation time, they were still to a large degree
active during discussion with commenting, for instance,
by asking other students to clarify their explanations. In
addition, students might have thought of the same ideas
as those being presented in the group and thus have felt
that they contributed to the group by agreeing on this
explanation: ‘yes, I thought exactly the same!’, without
actually having presented any ideas or explanations of
their own.

5. CONCLUSION

We have investigated the effects of the initial think-
ing period with Peer Instruction with regards to student
argumentation during group discussions. The data mate-
rial consisted of surveys and interviews which were com-
pared to video material of students, in groups of three,
discussing SRS-quizzes during lectures. The video ma-
terial supported students’ claims of more fruitful discus-
sions, where more arguments were presented, with an in-
crease of 91% of argumentation time medians. However,
although students claim the group as a whole contributed
more when the initial thinking period was included, the
video material indicated more productive discussion only
between the most and second most dominant student
(dominance based on share of argumentation time among
the group) and not among all group members. We ar-
gued that this could be due to students sitting in a linear

manner which could create a communication barrier to-
wards one of the students. Despite this, students still
felt that all members in the group were more inclined to
participate with argumentation when they had time to
think before discussion. We argued that this could be
due to an illusion of group productivity, where the stu-
dents either had a hard time differentiating between their
own contributions and those of other students, or that,
by seeing an increase in discussion between two students,
feel an increase in discussion in the group as a whole, i.e.
among all group members.
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Teaching with Student Response Systems: Teacher-Centric Aspects that Can
Negatively Affect Students’ Experience of Using SRS
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Spr-Trondelag University College, 7004 Trondheim, Norway

In this article we describe and discuss the most significant teacher-centric aspects of Student
Response Systems (SRS) which we have found to negatively affect students’ experience of using
SRS in their lectures. By doing so we hope to increase teachers’ awareness of how they use SRS
and how seemingly trivial choices or aspects when using SRS can have a significant negative impact
on students’ experiences, especially when these aspects are often repeated. We cover areas such
as consistency when using SRS, time usage, preparation, the experience level of the teachers with
regard to SRS, teacher commitment and attitudes, teacher explanation and how students fear voting
results can mislead the teacher. The data is based on three years of experience in developing and
using an online SRS in classroom lectures and consists of focused (semi-structured) student group
interviews, student surveys and personal observations.

1. INTRODUCTION

An SRS can be described as an electronic voting sys-
tem where students are presented with a multiple choice
question, often as a quiz to which they will answer with
a small handheld device (commonly referred to as ‘click-
ers’), usually after engaging in peer discussions. Benefits
from utilising such a system in lectures include: increased
student motivation and engagement [1, 2|; easier clar-
ification of misunderstandings [3]; promotion of active
learning [4] and increased student performance [5, 6] in-
cluding better conceptual understanding [7]. With such
a promising record it is easy to forget that SRS is only a
tool that, if not used correctly, can even be detrimental
to the lectures [8]. Focusing primarily on the technology,
with a belief that the technology will automatically im-
prove lectures instead of focusing on how students think
and learn, is the single most important reason for fail-
ure when implementing new technology into education
[9] and SRS is no exception.

There are several publications that give best practice
guidelines for using SRS (e.g. [10] in classroom lectures.
Most publications on SRS focus on its benefits, often
with guidelines for increased learning and effective SRS-
use. Some publications also report on teaching aspects
of SRS that have been shown to decrease student satis-
faction with the system. These include: inefficient use of
time with SRS [11, 12] by, for example, using too much
time setting up the system and handing out clickers [1, 2]
or having discussions drag on for too long [13]; responses
from SRS being graded [11, 12]; grading of SRS questions
resulting in mandatory attendance [14]; SRS used only
to keep attendance [15]; SRS being used just for the sake
of using it [16]; teachers having negative attitudes to-
wards SRS [16]; irrelevant clicker questions [17] and lack
of teacher explanation after the quiz [18].

Although this seems to be an elaborate list, negative
aspects are mostly briefly mentioned and not described in
depth in the literature. In-depth studies on these aspects

and how they affect students’ experience of SRS are, to
the authors’ knowledge, lacking. To fully understand and
appreciate best practice guides on SRS, it is important
to understand how and why different aspects of imple-
mentation can have a negative impact on the students.
In this paper we describe and discuss such aspects after
three years of experience (since 2009) in developing and
using an online SRS for modern handheld devices, such
as smartphones, at the Ser-Trgndelag University College
(HiST) in Norway. We start this paper with background
information, describing the classes where SRS was used
and the implementation choices for the different years of
testing. This is followed by a brief description of research
methods and a presentation of our results. We conclude
the article with a discussion and conclusions.

2. BACKGROUND
2.1. Description of the classes

Preparatory engineering classes at HiST consist of
students who wish to start on an engineering degree,
but who do not have the required subjects from se-
nior high school. There are four classes, with approxi-
mately 50-70 students per class, and five different courses:
physics, mathematics, social science, Norwegian and En-
glish. One of the classes, however, only has physics and
mathematics. The courses last for a full year and the cur-
riculum is close to that of the second and third year of
senior high school, but some changes are made to reflect
that the students are to start on an engineering degree.

2.2. Implementation

The lecture format with SRS during the testing was
the traditional teacher-style lectures (using digital black-
boards) normally used on the courses, as well as the
teacher presenting the students with 1-4 quizzes during



the session. The SRS-sequence could vary; for instance,
by using the Peer Instruction method [19], which con-
sists of an individual thinking period, followed by a vote,
group discussions and revote. Other examples could be
to exclude the first voting session and go straight into
the discussion of the alternatives, or have the students
discuss, but not show the alternatives until students are
ready to vote. In none of these three years of testing
did we have SRS responses affect students’ grades in
that SRS participation did not give extra credit, nor did
answering correctly on quizzes. Below we give a brief
overview of the implementation choices (technical choices
not included).

Semesters 2009-2010

In the autumn semester of 2009, SRS was used in one
class in physics, taught by one of the authors (KLN) for
four weeks. In the spring semester, 2010, SRS was used
for eight weeks in all four classes in physics. The eight
weeks of testing were part of a study to compare differ-
ent SRS-sequences [20]. We prepared around 50 quizzes
which the teachers used for the duration of the study. All
teachers used the same quizzes to minimize variables.

Semesters 2010-2011

SRS was implemented in two classes and three courses
(physics, mathematics, and society studies) for the whole
duration of the 2010-2011 semesters. Teachers were given
no restrictions on the use of SRS in their courses, or on
how much they wished to use it. Two teachers were as-
signed to make a pool of quizzes to be used in mathe-
matics and physics. However, all teachers were free to
ignore this pool and make their own questions. Before
and during the semester, we had regular meetings and
seminars with the teachers where they were given the
opportunity to use SRS, discuss methodological choices
and so on. One of the authors (GHN) acted as a con-
tact person whom the teachers could present questions
to about SRS or report bugs in the software.

Semesters 2011-2012

In the last year of testing, 2011-2012, SRS was made
available to all classes and teachers on the prepara-
tory engineering courses. Seminars were held to discuss
methodological choices with SRS before the start of the
semester, but there were no SRS meetings during the
semester due to time constraints among the researchers.

3. METHOD

The data consists of student interviews and surveys
from three years of SRS-testing. In total there were 13
focused (semi-structured) group interviews consisting of
around four students per group. The interviews were con-
ducted by one of the authors (GHN). During the first two
years of testing, GHN was present as an observer in the
lectures where SRS was used. There were nine interviews
from the 2009-2010 period, two of which were conducted
during the autumn semester of 2009, and the rest during
the spring semester of 2010. Four interviews were con-
ducted at the end of the spring semester of 2011. Surveys
were conducted during all three years of testing. Many
of the questions from the surveys were constructed based
on information that emerged from the interviews. Most
survey questions or statements used a 1-5 Likert scale
ranging from, for instance, ‘totally agree/very strong de-
gree’ to ‘totally disagree/very little degree’.

The interviews from the different semesters were part
of larger studies to investigate various aspects of SRS
implementation. Interview guides were constructed to
explore both students’ positive and negative experiences
with SRS, and later interview guides were modified based
on results from previous interviews and feedback from
teachers. Even though the different studies had differ-
ent focuses, the interviews covered a broad spectre of
themes, including various aspects on how the teachers
used SRS. The analytical tools consisted for the most
part of a three-step coding and analysing scheme adapted
from Charmaz [21, 22|, which is a method for identifying
experiences, feelings and attitudes. The results shown in
this article are in large measure an accumulation of the
most significant negative aspects that emerged from the
interview analysis.

4. RESULTS

Our students experience SRS in general as a very posi-
tive element in their lectures and a valuable tool for both
the teacher and students. In the 2011-2012 survey, 95.6%
of the students answered that they would have wanted
SRS to be used in their future education if they had the
chance (3.8% answered ‘don’t know’ and 0.6% answered
‘no’, n = 160). Although the students are in general
positive to SRS, there are several aspects that can nega-
tively affect students’ experiences of the system. Some of
these problems are due to technical difficulties, such as
voting devices not being able to connect to the service.
This was a noticeable problem during the first year of
testing and a source of frustration among the students.
As technical difficulties became negligible, and teachers
could use SRS as they saw fit, most criticism from stu-
dents shifted towards the way SRS was used by different
teachers, especially when they were in the position to



compare different teachers.

The results are divided into six different sections: 1)
Consistency when using SRS, 2) Difference in teachers’
SRS experience level, 3) Time usage, 4) Commitment: a
two-way street, 5) Preparation of the questions and 6)
Voting results: a false image of understanding. The last
section also contains two subsections on the importance
students place on the teacher’s explanation and including
‘don’t know’ as an alternative.

4.1. Consistency when using SRS

Before starting to use SRS in their lecture, teachers
should have a clear goal of why they want to use SRS and
be consistent in their choice. Inconsistency when using
SRS gives students the impression that the teacher does
not know why (s)he wants to use it and more or less uses
SRS for the sake of using it. The students value using
SRS to receive instant feedback, and give feedback to the
teacher, or to have a pause in the middle of the lectures
where they can engage in peer discussions. Inconsistency,
such as only using SRS now and then, creates an uncer-
tainty among the students in not knowing how long they
have to wait for these benefits and thus creates a source
of irritation and frustration. According to the students,
inconsistency is also a sign of low teacher commitment
(more on teacher commitment below). Students empha-
sise that if a teacher is going to use SRS, (s)he should use
it regularly or not at all. The following student quotes
are on why they did not value SRS in a specific course:

Student 1: Because it is so rarely used that... it should have
been more... that he either used it more or not at all.
Student 2: 1 feel that it is used so little that there’s like no
point.

Student 3: Yes, I agree with you on that. I feel that I don’t

get much out of it [using SRS] in that course because it is
used so little.

If SRS is rarely used, it will also feel less integrated as a
natural part of the lectures. As well as being expressed in
the interviews, it is also reflected in the surveys from the
2011-2012 classes, table 1, question/statement (QS) 6,
where the majority of students agree with this statement.
The teacher will not receive enough practice using SRS
which in turn results in more fumbling with the software
and SRS use feels less ‘smooth’ to the students.

4.2. Difference in teachers’ SRS experience level

The difference in experience level of the teachers is also
apparent from the survey. Some questions on the survey
were organised so that students could give different an-
swers based on different courses. We separated the re-
sponses into a group consisting of teachers with previous

experience with SRS and teachers who used SRS for the
first time during the 2011-2012 period. Teachers with
previous experience used SRS to a greater extent (QS4)
and SRS was also regarded as a more natural part of their
lectures (QS1). Students also felt that SRS helped them
learn the curriculum better when it was used by experi-
enced SRS-teachers (QS3). A Mann-Whitney U showed
a statistical significant difference between teachers with
and without previous SRS-experience for QS1, QS3 and
QS4 (p < 0.001 in all cases). There was no statistical
significant difference (p > 0.05) between the experience
levels of SRS on students feeling that SRS compromised
the lectures (QS2): in both cases the majority of students
did not regard SRS as compromising.

4.3. Time usage

Having SRS as a natural and integrated part of the
lecture is important as students are wary of how teach-
ers distribute time during lectures, especially regarding
SRS. This includes all aspects of SRS, such as how long
it takes to set up the system, present the quiz or even
how long the students have to vote. During the voting
session there is a 30-second timer during which students
can deliver a vote. Several students complained about 30
seconds being too long because ‘it doesn’t take more than
a few seconds to vote’, especially when they have already
made up their mind, showing that even a few seconds of
‘dead time’ can have a negative impact. Distribution of
time is especially important during discussions. The stu-
dents emphasise that relevant peer discussion is usually
only maintained until they come to an agreement about
the correct answer. If the discussion time drags on af-
ter a consensus is reached, it increases impatience and
irritation among the students.

Student 1: Tt gets boring when it takes too long.
Student 2: Yes, it should have been more effective [in a
particular course].

Student 1: It is much worse to sit doing nothing rather than
not having enough time to finish.

What constitutes as proper use of time during SRS-
quizzes, greatly depends on the nature of the questions.
Factual questions can be beneficial for quick repetition,
but are otherwise regarded as inefficient use of time with
little to no learning gains. According to the students,
with such questions they either know the answer or they
do not. Consequently, including an individual thinking
period before group discussion, which students’ normally
regard as an important factor for good discussions, has
little value since there are no reasoning skills involved
other than knowing where to look for the answer in the
textbook. The discussions themselves also have little
learning gains for the same reason. The students there-
fore emphasise conceptual questions, where the answer



TABLE I: A selection of answers from the 2011-2012 survey (160 responses). The table shows the mean value and standard
deviation (in parenthesis) for the responses. 5 = totally agree/very strong degree etc., 1= totally disagree/very small degree
etc. *Experience with SRS’ translates to teachers who used SRS in at least one of the previous years of testing, while ‘not
experienced’ translates to teachers using SRS for the first time in the 2011-2012 classes.

Question/Statement

Teacher experienced Teachers not experi-

with SRS* enced with SRS*
1. To what degree do you feel SRS is a natural and integrated part of 4.24(0.77) 3.34(1.19)
the lecture?
2. I feel SRS compromises the lectures. 1.62(0.89) 1.60(0.84)
3. To what degree does SRS help you learn the subject matter? 3.64(0.90) 3.19(1.12)
4. Do you feel SRS is used too much/too little in the lectures? 2.90(0.52) 2.39(0.80)
5. How important is the commitment of the teacher with regards to your 4.21(0.82)
experience of SRS?
6. If SRS is rarely used it will also feel little integrated with the lectures. 3.62(0.75)

is not obvious and a deeper level of reflection is required
(making the initial thinking period more valuable), as
more beneficial to their learning and therefore a better
use of SRS-time.

4.4. Commitment: a two-way street

The teachers who are regarded as the most proficient in
the use of SRS are also those who use it most frequently,
are well prepared and have a clear purpose for using it.
SRS is then regarded as a tool in their lectures. It is
also these teachers whom students perceive as most com-
mitted and enthusiastic. Commitment and attitudes are
extremely contagious; if the teacher shows low commit-
ment and enthusiasm towards using SRS, for example, by
regarding it as a chore or by being insufficiently prepared,
SRS is experienced as more or less meaningless. Commit-
ment is explained by the students as a ‘two-way street’,
in that SRS is dependent on two parts: the teacher and
the students. These two are dependent on each other
in order for a lecture with SRS to function properly. If
the students sense that the teacher does not care or does
not put an effort into making SRS work, their motiva-
tion towards participation during SRS-quizzes decreases.
Students find it motivating to see teachers using SRS ac-
tively as a tool to improve the quality of their lectures.

Student 1: The way [teacher]| uses SRS, it makes me feel that
it is something that [teacher] really wants to use to become
better. Yes, both as a teacher and for us to understand it
better. [Teacher] uses it really in a way that is supposed to
benefit us.

Student 2: Yes, and [teacher] seems very committed and
seems very certain of... yes like he said, prepares herself more.
And then you as a student come on the same level as a teacher,
really, in the way that when you see that someone who is
supposed to teach you something, prepares for the lectures,
then it has to be much more fun to be a teacher. And for you
as a student, it goes both ways as well. If you as a student
see that the teacher comes unprepared, then you lose a lot of

motivation around it, especially such things as SRS. If you
see that the teacher doesn’t care about it or hasn’t prepared
enough for it, for instance, if there are a lot of mistakes in the
questions and such.

Student 3: Plus that it is very motivating to see that
[teacher] uses SRS as a tool and not something that she has
to use. That is really good.

One student summarised his view of the importance
of teacher commitment and how it affects students by
drawing a parallel to a working environment, and the
authority of the supervisors:

I think that most of us regard this [the preparatory engi-
neering course] as our workplace. We have struggled and
worked for this and then we also take it very seriously. And
of course at such a workplace, the attitudes of your colleagues
and bosses spread to the other employees. And it is like this
here as well. So if you picture the teacher as your boss. And
then they are, at least in my eyes, looked upon as an author-
ity who we are supposed to look up to and learn from. So if
they then, maybe without really meaning it, give us a feeling
that they don’t really care about learning, or that they don’t
care about the result of their use of the SRS, then this will
spread to us.

4.5. Preparation of the questions

There are several factors that give students an impres-
sion of low teacher commitment, insufficient preparation
being one of them. Perhaps the most important aspect of
SRS preparation is the actual quizzes: an SRS-question
can pique students’ interest in the subject matter and
motivate them to engage in peer discussion, but it can
also be a source of irritation and frustration. According
to the students, the requirements for having a good SRS-
question are higher than other questions or problems. As
one student put it:

The questions have to be done properly; it is much easier to
regard an SRS-question as ridiculous in comparison to other
problems.



Questions have to be implemented as a natural part of
the lecture. Even if teachers have not made the questions
themselves, but have availed of those in a question bank
or from literature, they still have to make them their
own. Students familiarise themselves with the teacher’s
and textbook’s way of explaining and therefore it can
cause confusion if they are suddenly presented with a
question with a very unfamiliar presentation, i.e. differ-
ent wording or use of illustrations. The confusion can be
further increased if the teachers fail to properly explain
the context of the quiz because of lack of preparation.
However, this should not be confused with presenting
students with questions with an unfamiliar context or
setting, which can be an important part of conceptual
quizzes.

Also, students emphasise that there has to be a ratio-
nale or motivation behind the questions. In other words,
the quiz has to have a clear purpose. Is the question
testing newly acquired theory or is it checking if the stu-
dents remember yesterday’s lecture? Moreover, the ques-
tions themselves have to be clear. What is actually being
asked? If the questions are not clear, students use a lot of
time and energy trying to interpret the questions rather
than working towards finding the solution. This can be
a major source of frustration.

Student 1: Yes, like yesterday... lately there have been much
of... so much interpretation of the questions that I don’t even
want to bother. I want pure... I mean, I want questions that
I can read and understand immediately.

Student 2: Yes, that it is clear... a clear question that has
an answer, not where you have to sit and try to figure out
what the questions are asking you. You are supposed to mull
over the solution, not the question in itself!

4.6. Voting results: a false image of understanding

One of the benefits of SRS is the opportunity for the
teacher to see the level of understanding among the stu-
dents and use this information to tailor the lectures.
However, there are several factors that affect students’
decision-making during a discussion. One such factor is
opinions from ‘strong’ students (i.e. A-students), which
are valued higher than those of lesser skills. If students
feel uncertain, it is very easy to agree on a solution pre-
sented by stronger students. This can result in the rest
of the group accepting explanations whether they have
understood them or not, and the voting results are thus
not a correct representation of the level of understanding
among the students.

Teacher explanation

Consequently, the students emphasise the importance
of the teacher explaining all alternatives, both why the

correct alternative is correct and why the incorrect is
wrong, even though the majority of students have an-
swered the correct alternative. The teacher’s explanation
is in fact regarded by the students as the most impor-
tant aspect of SRS with regards to their learning. This
was shown on the 2011-2012 survey where 62% of stu-
dents answered ‘teacher’s explanation’ on this question
(the other alternatives being ‘group discussion before vot-
ing’ (7%), ‘experiencing increased engagement and mo-
tivation’ (9%), ‘the immediate feedback from the voting
results’ (14%), and ‘other’ (8%), N = 160).

Including ‘don’t know’ as an alternative

Students emphasise that they do not want to guess
blindly or vote on an alternative they do not understand
as they fear this can mislead the teacher and result in an
insufficient explanation of the solution. Therefore, there
is one aspect of the questions that has been repeatedly
brought up: the inclusion of an alternative called ‘don’t
know’. The students regard it as a consolation that the
teacher can see that there is a large number of the stu-
dents who are uncertain. Having ‘don’t know’ as an al-
ternative in the questions is regarded as a tool with which
they can ‘push’ the teacher into giving more in-depth ex-
planations following the discussions. For some students
having this tool is regarded as such an important factor
that they will refrain from answering if ‘don’t know’ does
not feature among the alternatives.

Student 1: 1 think that people are more inclined to avoid
voting if ‘don’t know’ is not present.

Student 2: Yes, we often see that there is a difficult question
when there are a lower number of people voting.

Student 1: It is natural that it becomes like this when we
don’t have the opportunity to answer ‘don’t know’. We don’t
want to answer just for the sake of answering, what is the
point of that?

5. DISCUSSIONS AND CONCLUSIONS

We have presented the most significant teacher-centric
aspects which we have found negatively affect students’
experience of SRS after three years of testing at the Sgr-
Tregndelag University College in Norway. The prepara-
tory engineering course students have a tight time sched-
ule, having to take approximately two years of senior high
school curriculum in one year, resulting in their being
extremely focused on what kind of activities lead to ef-
fective learning. While students can easily skip exercises
from the textbook, they do not have the same opportu-
nity with SRS-quizzes. When a quiz is presented, there
is a certain amount of the lecture time used on this quiz
irrespective of the quality of the questions. The require-
ments for the SRS-questions to be positively received,



compared to traditional textbook problems, probably in-
crease for this reason.

The tight time schedule also results in any activity that
is ineffective or where unnecessary time is spent with
SRS, for instance, by fumbling with the software, be-
ing prone to cause irritation. Effective use of SRS does
not, however, translate to ‘using less time on each quiz’.
During the first year of testing we compared the Peer In-
struction method with and without the initial thinking
period and voting session. Even though including this
initial session results in more time spent on each quiz,
70% of the students (N=109) still preferred having this
initial thinking period (with 19% preferring not having
it) since this would increase the quality of the discussions.

Students emphasise teacher commitment as the most
important factor for successful SRS-implementation.
Teacher commitment does not directly translate to teach-
ers being enthusiastic when using SRS, though this is a
major benefit. Poor preparation, inconsistent use of SRS,
not having a clear goal of SRS use, and bad question de-
sign, all give the students an impression of low teacher
commitment. This can result in a ‘vicious circle’ where
motivation and participation decreases among the stu-
dents, which, in turn, further decreases the teacher’s mo-
tivation for using SRS during class - the two-way street.

Teachers with more SRS-experience, either by having
previous experience with SRS or by simply using it more,
were rated higher by the students in our study. How-
ever, although the 2011-2012 survey showed those stu-
dents found SRS as a less natural and integrated part
of the lectures with inexperienced teachers, they did not
regard SRS as compromising to the lectures. This may
seem contradictory to the attitudes of ‘use it right or not
at all’ which were prominent during the interviews of the
previous year. A possible explanation for this result could
be that SRS was used to a lesser extent in these courses
(QS4 in table 1) and as a result not used enough to com-
promise the lectures. Also, most students who answered
the survey had participated in courses with and without
teachers with previous SRS-experience. Since the stu-
dents have seen the benefits of using SRS ‘the right way’,
it is possible that this has influenced the survey results
from the courses with inexperienced teachers.

The difference between teachers with and without pre-
vious SRS-experience may have been amplified by the
omission of the forum used in the previous year. Dur-
ing the 2010-2011 testing, teachers had regular meetings
with one or more of the researchers where all aspects of
SRS could be discussed and teachers shared experiences
in using it in their lectures. The new SRS-teachers of
2011-2012 did not have this opportunity, due to time con-
straints, and consequently did not have the same level of
guidance as the previous year. This could have hampered
the improvement of their SRS-skills, both on a pedagog-
ical and technical level. In addition, lack of technical
support could be a factor that contributes towards de-

creased teacher commitment [10]. We received feedback
from experienced teachers that they missed having the
forums of the previous year and that it was difficult to
follow up inexperienced teachers in an effective manner
without such an arena for discussion.

During the testing periods, some teachers reported a
noticeable amount of students not voting during quizzes.
One possibility could be that this was a result of technical
difficulties, but the students expressed omission of ‘don’t
know’ as an alternative as a major reason for less par-
ticipation for fear of misleading the teacher by guessing.
There was some discussion among the researchers (and to
some extent the teachers) on whether such an alternative
should be included. Although students have high regard
for such an alternative, some of the researchers feared
that including ‘don’t know’ would give students an ‘easy
way out’. Being uncertain about the answer is an im-
portant aspect of conceptual SRS-questions. The answer
should not be obvious and students have to challenge
themselves to use their knowledge about the curriculum
in an unfamiliar setting, a task that can be daunting for
those students who often rely on memorisation of familiar
situations. Including the ‘don’t know’ alternative could
result in students not making enough effort to challenge
themselves to find the solution since they have the option
to ‘give up’.

Another possible scenario, however, could be that,
when presented with a difficult quiz, the omission of
‘don’t know’ decreases students’ motivation to challenge
themselves. The more difficult the question, the higher
the probability of students not finding the correct solu-
tion or at least not understanding it. Since the students
do not wish to guess, they might refrain from trying to
find the solution because of the high probability of their
not voting at that session and thereby seeing the effort
of working out a solution as a waste. The act of giving
a vote can be a major motivation factor for participa-
tion during SRS as it gives both the participation and
group discussion a meaning [23], but much of this moti-
vation factor can be lost if students know they are likely
to refrain from voting.

Having ‘don’t know’ as an alternative is briefly dis-
cussed in the study by Draper and Brown [1] where they
reported that few students chose ‘don’t know’. The re-
searchers argued that the anonymity of answering with
SRS seemed to make students more inclined to choose
a definite answer despite being very uncertain, which is
contradictory to the reports of the students in our study.
The effects of including ‘don’t know’ as an alternative are
not clear and future research could entail comparison of
learning gains (or students’ experiences) from two groups
where the only difference in the questions is the inclusion
or omission of ‘don’t know’.

The problem of participation is most likely not an is-
sue if the students are rewarded for their participation
in the form of points on their grade. Participation in



SRS-quizzes at HiST during the testing periods did not
have any effects on students’ grades, and thus there was
no ‘punishment’ for not participating. However, as we
mentioned initially in this article, having SRS participa-
tion graded can result in less student satisfaction [11, 12].
There have even been results indicating that having ex-
tra points for correct quiz answers can lower the quality
of the group discussions [24] as opposed to only being
given points for participation. Some commercial SRS
brands give students the opportunity to follow up their
vote with a rate of confidence level [25]. Such an option
could negate the necessity for a ‘don’t know’ alternative
as the students have the opportunity to state their un-
certainty.
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Background: Student Response Systems (SRS) or ‘clickers’ are often used with quizzes during
lectures to identify misunderstandings and assess students’ understanding in order to tailor the
lectures accordingly. However, the reliability of SRS as an assessment tool is rarely addressed in
research on SRS.

Purpose: We have investigated the group discussions of two quizzes in physics which have
different contexts and require different levels of knowledge, despite both having solutions being
dependent on very similar aspects. In addition to identifying conceptual misunderstandings about
diffraction and refraction, the aim of the paper is to highlight aspects of using SRS as a tool for
assessing student understanding and addressing misunderstandings.

Sample: The sample consisted of video clips of 21 small student groups during the first quiz
and 22 during the second, a total of 69 different students in four different classes at a preparatory
engineering course in physics at a University College in Norway.

Design and methods: The paper includes a qualitative analysis of group discussions. Each
utterance was coded, and the ideas and arguments presented were categorised. Additionally, voting
results from the two quizzes are presented in order to evaluate the impact of the arguments presented.

Results and conclusions: Arguments presented by students revealed flawed understanding of
physical principles during both quizzes. While this led to the majority of students voting incorrectly
during the second quiz, 90% of the students voted correctly during the first quiz despite their
arguments showing conceptual misunderstandings of the underlying physics. Consequently, the
findings illustrate an example of how voting results with SRS can provide misleading feedback to
both the teacher and students on students’ level of understanding. The findings also emphasise the
importance of teachers having a critical awareness of limitations with the quizzes presented if SRS

is to be used as an assessment tool.

1. INTRODUCTION

Physics can be a very challenging subject for novice en-
gineering students. They are expected to learn to reason
qualitatively and logically about physics, but students of-
ten end up relying on memorisation and equation hunt-
ing [1]. Students are rarely given time to reflect upon
the subject matter in traditional lecture formats [2] and
it can be a challenge for teachers to assess if the students
have understood what is being taught [3]. Using a Stu-
dent Response System (SRS) in class is a popular way of
dealing with these challenges [4]. Teachers can present
students with multiple choice questions to which they an-
swer with a small voting device, often after engaging in
peer discussion [5]. Students’ knowledge of physics can be
challenged with SRS by teachers presenting students with
conceptual problems where students cannot rely on mere
memorisation, but have to use their knowledge about the
subject matter (Mazur 1997). Thus, SRS is used to give
both the students and teacher feedback about the level of
understanding among the students [6] by revealing mis-
understandings and gaps in students’ knowledge [7, 8].
Using such systems has been shown to increase both stu-
dent motivation and engagement (e.g. [2, 9]) as well as
increased student performance (e.g. [10, 11].

One of the key features of using SRS in class, is the
ability to use the feedback from voting results to tailor
the lectures [3], for instance by using less time on top-
ics where a vast majority of students answer correctly
on quizzes [12]. This raises an interesting question: do
voting results from SRS represent a correct image of stu-
dent understanding? There have been studies that have
shown, for instance, that students might accept explana-
tions presented by dominant students without fully un-
derstanding them [13]. Even if students feel that they
have understood the solution, and the vast majority of
students vote correctly on a quiz, does this mean that
there are few to no flaws on their understanding of the
solution?

The purpose of this paper is to investigate the group
discussions of two quizzes which have different contexts
and require different levels of knowledge about physics,
despite both having solutions being dependent on very
similar aspects. This way we aim to increase knowl-
edge about using SRS as a tool for revealing misunder-
standings and assessing student understanding, as well
as identifying some conceptual misunderstandings and
confusions about physics, in this case diffraction and re-
fraction. The paper starts with background information,
where the investigated quizzes are described as well as re-



search methods. This is followed by the presentation of
our results, a categorisation of students’ arguments dur-
ing the group discussion. These results are discussed with
two different focuses: first, we discuss students’ miscon-
ceptions and misunderstandings about the subject mat-
ter and how these might have affected students’ decision
making; last, we discuss our results with regard to impli-
cations for teaching with SRS.

2. BACKGROUND

This paper consists of an analysis of students dis-
cussing two multiple choice quizzes, in groups of three,
presented during the same physics lecture in four different
preparatory engineering classes at Sgr-Trgndelag Univer-
sity College (HiST) in Norway. These group discussions
were part of a larger study to investigate how the inclu-
sion of the individual thinking period before discussion, a
method commonly referred to as ‘Peer Instruction’ [14],
affected students’ argumentation during the discussions
[15]. Consequently, the data consist of groups which had
and groups which did not have the time to reflect before
discussion.

During the study we could examine the voting results
from the different quizzes. Two quiz questions piqued our
interest in particular: despite the answer of both ques-
tions in the end being dependent on the same aspect of
the same equation, a vast majority of the students were
able to find the correct answer in the first quiz, but were
more divided in the second. An additional factor was
that both questions were presented during the same lec-
ture, which inspired further investigation of the ideas and
arguments presented by the students in these discussions.

2.1. The quizzes

The preparatory courses include a curriculum close to
that of senior high school. The optics part of the cur-
riculum start with the geometrical model of refraction:
the change in direction when waves enter new mediums.
This is followed with a description of the basic nature of
waves before introducing the concept of interference and
diffraction: how waves can ‘bend’ or ‘spread out’ when
passing small obstacles or narrow slits, respectively. The
quizzes, shown in Figure 1, deal with interference of light
that passes through small slits. The first quiz (Q1) re-
quires students to identify whether the red or the yellow
light has the longest wavelength and how this affects the
interference pattern. This can be determined by using
the grating equation, defined in the textbook as:

dsin 0, = mA, (1)

where d is the distance between the slits, 6,, is the an-
gle between the centre and m’th maxima, and A is the
wavelength of the light. Since red light has a longer
wavelength than yellow, the distances between centre and
the maxima will be larger (alternative D). In the centre
there will be an orange spot due to the central maximum
(m = 0) being independent of wavelength (red + yellow
= orange). The second quiz (Q2) describes a double slit
experiment, but where the whole apparatus is submerged
in water. In addition to using the grating equation, stu-
dents have to find out how water affects the wavelength.
The wavelength in water is determined by the refractive
index, Nyater:

A

Nwater

(2)

Awater =

Since the refractive index in water, Nyater, 1S equal
to 1.33, the wavelength will be shorter than that of
air/vacuum, and the distance between the interference
maxima will decrease (alternative B).

3. RESEARCH METHOD

Students discussing the quizzes were captured on video
and audio. Prior to filming, students signed permission
waivers which also explained that the video material was
going to be used for research purposes. We encouraged
students to sit in groups of three, but otherwise did not
interfere with how students formed their groups during
discussion. There were 21 groups captured during the
first quiz and 22 during the second. Apart from one
group during the first quiz and two during the second,
the groups were identical during both quizzes. In order
to find a possible explanation for the differences in voting
results in the two quizzes, we wanted to investigate and
categorise the conceptual content of students’ argumen-
tation.

In the comparison study described earlier, the video
clips were subjected to a coding process where each ut-
terance was placed in pre-determined categories adapted
from Kaartinen and Kumpalainen [16] and James [17].
The categories were divided into two main sets: com-
ments and argumentation. The latter was defined as ut-
terances that included conceptual information which was
presented with the intention of being related to the solu-
tion of the question, i.e., utterances that included an idea,
explanation or simply an argument. It included three
sub-categories. The first described the purpose of the
argument, for instance, justifying an opinion or contra-
dicting a presented argument. The second described the
extent of the idea being new, an expansion or rephrasing
of an idea that had previously been presented or simply
a repetition. The last sub-category described the nature



A diffraction grating is illuminated with yellow light
at normal incidence. The pattern seen on a screen
behind the grating consists of three yellow spots, one
at zero degrees (straight through), one at +45°and
one at -45°. You now add red light of equal intensity,
coming in the same direction as the yellow light. The
new pattern consists of:

red spots at 05 +45°and -45°
yellow spots at 05 +45°and -45°
orange spots at 0% +45°and -45°.

*IE‘ an orange spot at 0°, yellow spots at +45%and -45,
and red spots slightly farther out.

an orange spot at 0°, yellow spots at +45%and -45°,
and red spots slightly closer in.

A double slit experiment is conducted in air with
monochromatic light. Later, the same equipment is
submerged in water and the we conduct the
experiment again. When the whole equipment is
submerged in water, the distance between maxima
will

increase
*
decrease
be the same as for air

FIG. 1: The investigated quizzes. The quizzes were presented to the students in Norwegian (the word ‘diffraction’ was not
present in the Norwegian translation). Quiz 1 (Q1) is adapted from Mazur [14]. * The correct alternative.

of the argument, for instance if it included formal scien-
tific language, more casual language or if it was mostly
based on gestures such as hand movements. The com-
ments category included sub-categories such as ‘asking
for opinion’, ‘agreeing/disagreeing’, ‘stating answer pref-
erence’, ‘reading the question out loud’, and so on.

Although the initial coding scheme did not include the
actual conceptual content of the arguments, it simplified
locating utterances that included such information. Each
utterance which included an argumentation-code was re-
coded with in-vivo codes based on the conceptual content
of the argument. In-vivo codes, i.e., codes based on stu-
dents’ own words, were used to minimise the risk of mis-
interpretation of students’ arguments at this early stage
of analysis. The codes were reviewed and categorised
based on the nature of the content. An example of such
categories is ‘blending of the lights’ which includes argu-
ments for the lights being ‘mixed’ or ‘blended’ to explain
why there is orange light in the middle in the first quiz.

The next step was to refine the categories to make sure
they were a correct representation of students’ arguments
during the discussions. Each category was summarised
(the number of utterances included) and described in
more detail, including possible connections to other cate-
gories. In addition to the conceptual codes, we also coded
larger sections of each discussion based on the discourse
codes detailed earlier in order to describe each discussion
as a whole with a smaller set of codes. These codes were
used to write a short summary of each group discussion,
emphasising both the conceptual information presented
as well as the dynamics of students’ argumentation, for
instance, how presented arguments were received and fol-
lowed up in the group discussions.

These summaries had two purposes. The first was to

simplify identification of connections between the cate-
gories. Through evaluation of the summaries, for ex-
ample, we could identify that some categories were used
in combination with other categories or as an introduc-
tion leading to other categories, which could result in
their being merged into a more general category. Sec-
ond, in combination with the voting results and number
of utterances, we could easier evaluate the impact or ‘im-
portance’ of each category. Larger categories were more
likely candidates for the final set of categories and were
thus often used as a starting point. Though an itera-
tive process, constantly reviewing and redefining, split-
ting and/or merging categories, we ended up with a set of
general categories representing students’ arguments dur-
ing discussion of the two quizzes.

4. RESULTS

The discussions during the first quiz were usually di-
vided between arguments for red light having a wider
interference pattern and explanations for there being or-
ange light in the middle. While some students used
the grating equation to justify the interference pattern,
a more common argument was the notion of more refrac-
tion with red light, despite refraction not being relevant
in this quiz. The orange light in the middle was ex-
plained by a blending of the lights. There were also a
few students who argued for there being no difference in
interference pattern, resulting in a small category. The
discussions would often be heavily focused on one of the
categories described above, but they were not mutually
exclusive with the most potentially inclusive categories
being the argumentations of wider interference pattern



and explanations of orange light in the middle.

Although students provided several different argu-
ments during the second quiz, they can be generally sep-
arated into two different categories. In the largest cat-
egory, no refraction - no difference, students argue that
there is no difference to the interference pattern since the
whole apparatus is submerged in water resulting in no re-
fraction. In the second category, maintaining equality of
the equations, students manipulate equations to find out
the speed of light in water or how the refractive index
of water affects the wavelength and thus how they affect
the angles to the maxima.

In the description of the categories we present quotes
from students during discussion as examples, where stud
m, stud | and stud r indicate a student in the middle of
a group, a student to the left or a student to the right
respectively.

4.1. Quiz 1

Students were quick to identify the wavelength as being
vital to the solution, and the majority also successfully
identified the longer wavelength resulting in a wider in-
terference pattern for red light. This is also indicated
in Figure 2, where 90% of students voted for the cor-
rect alternative (alt. D). Figure 2 also shows the voting
results from the classes using Peer Instruction (right his-
togram), where we see an increased consensus after dis-
cussion. While some students would simply state a wider
interference pattern for red light, without further expla-
nations other than the longer wavelength, others would
be more specific by providing a connection between wave-
length and the width of the interference pattern.

More refraction with red light

A few students would use the more correct argument
of longer wavelength resulting in light being bent more
(note that the Norwegian textbook uses the word ‘bend-
ing’ instead of ‘diffraction’) through the same opening,
but a far more common argument was to argue that red
light is subjected to more refraction resulting in red dots
appearing farther out than the yellow. With some ex-
ceptions where students referred to a ‘rainbow effect’, or
directly referred to the refractive index, refractive angle
or the chapter in the textbook about refraction, argu-
ments of refraction during the first quiz were not usually
explained or elaborated on other than simply stating that
red light refracts more.

The red light has to have more refraction, right? More wave-
length, more refraction.

While longer wavelengths result in a wider pattern,
there was also a broad consensus that some light always

goes ‘straight forward’ irrespective of wavelength. This
was commonly presented as a fact without further justifi-
cation. However, the example below shows a group more
specifically differentiating between refraction ‘occurring
at the angles’ while not at zero degrees. The example also
shows how a student, while initially a bit unsure about
the explanation, gradually becomes convinced.

Stud r: They [the red and yellow light] only blend at zero
degrees, but not at 45 degrees?

Stud m: No, because there they will refract.

Stud l: They refract differently. You get a rainbow effect.
Stud m: There will be no refraction at zero degrees. There
they will meet, you can say.

Stud r: [repeats after stud m] There they will meet... Yes.
Stud m: The red light has a higher refraction than the yellow.
Stud r: So that the first dot with red light starts farther out
than the yellow dot?

Stud m: Yes.

Stud 7: [nods] Ok, I agree.

Blending the lights

The quotes from the example above show the main,
and practically only, argument for why there will be or-
ange light at zero degrees. Since wavelength does not
matter at zero degrees, both light waves hit the same
spot and ‘blend’ together to form orange. Although most
students simply used the word ‘blends’ without elabora-
tion, some students tried to explore why. For instance,
one group argued that the two lights interfere to form
orange. The student quotes below show an example of
a group exploring different explanations of how the light
blends.

Stud r: Two different lights hit the same spot.

Stud m: Yes.

Stud l: So it is anyway... I was thinking... I was mulling
over, it has to be D or E, they [the red and yellow light] have
to be separated between orange. I'm thinking like... two dif-
ferent wavelengths meet, then it becomes [gestures a wavelike
motion], I was thinking that it automatically becomes orange.
Like when you are painting, you know? When you blend red
and yellow, it becomes orange, but I'm not sure if the same
applies here.

Stud m and r: Yes.

Stud r: Tt will become blended when it comes in the middle.
Stud l: Yes.

Stud m: Yes, it is only there that they blend.

Stud r: Yes.

Stud l: Tt has to be like that. [Pause] Maybe you see both
the red and yellow light at the same time, but they are so
close that...

Stud r: Yes, that it is the same as with white light, you see
all colours at the same time.
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FIG. 2: Voting results from the first quiz. The histogram to the left shows the collected N=114 responses from all four classes
while the histogram to the right shows the collected responses from the two classes using Peer Instruction (N=47 for the first

vote and N=52 for the second). * The correct alternative.

The grating equation

While the use of refraction represented the more phys-
ical (and most common) explanation of the connection
between wavelength and wider interference pattern, some
students concentrated on a mathematical explanation by
examining the grating equation and how different wave-
lengths affected the angles from the slits to the inter-
ference maxima. Higher wavelengths result in a larger
sine or ‘a larger number’ resulting in an increased an-
gle. The example below shows how a student used the
mathematical explanation to both explain the solution
and contradict another student’s argument.

Stud m: 1 voted B. I'm thinking that the yellow light has
more energy than the red, and then it overrides the red.
Stud l: So then it overrides the other?

Stud m: Yes, that is how I saw it.

Stud l: But if we look at the formula, then we see that the
yellow light has [a wavelength of] 570-590 [nanometers] and
the red light has 690-800, right? So if you use the formula,
they get different angles. If the opening of the slits is the
same [inaudible] if they are different. So, then according to
the formula the red dots will be farther out than the yellow
dots. They will not hit the same spot.

No difference in interference pattern

The contradicted argument shown above introduces a
small category representing arguments of there being no
differences to the interference pattern. The arguments ei-
ther consisted of one of the colours ‘overriding’ the other,
as seen in the example above, or that there is no differ-
ence in the width of interference pattern resulting in the

two lights always hitting the same spots, blending to form
orange. As we can see in figure 2, these opinions were in
a small minority.

4.2. Quiz 2

While students widely agreed on the correct alterna-
tive in the first quiz, students were more divided in the
second quiz. Figure 3 suggests that the students were
mostly divided between there being no difference to the
interference pattern with the apparatus submerged in wa-
ter and the interference pattern being narrower. Figure
3 shows the results from the classes using Peer Instruc-
tion (right histogram). We see an increase in votes in the
last alternative, ‘there being no difference’, suggesting
that arguments for this alternative had a higher impact
during group discussion.

No refraction - no difference

Arguments for there being no difference to the inter-
ference pattern were based on the absence of refraction.
Since all of the equipment is submerged in water, the
light does not cross a surface between two media. Stu-
dents acknowledged that a difference in interference pat-
tern would have occurred if the light emerged from air,
but with no refraction between air and water there will
be no change since water in itself has no effect on the
wavelength. Below are a few typical examples of such
arguments.

Stud r: Won't it just be the same?
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Stud l: Do you think so?

Stud r: Yes, it just goes in and out of the same material.

Stud m: The wavelength isn’t changed.

Stud l: Yes, I thought the same thing, there is nothing that
changes.

Stud m: Yes, there is no refraction because you are in water
the whole time. You don’t go from air into water, or water
into air. You are always in water.

There will be nothing that happens with the wavelength. Be-
cause I would think that... yellow light that you send from
air down into water is yellow under water as well.

The reasoning behind students’ claim of water hav-
ing no effect on the wavelength becomes more apparent
by students discussing the relationship between refrac-
tion and the refractive index. Since there is no refraction
between an air-to-water surface, the refractive index is
irrelevant. Furthermore, the refractive index does not
appear in the grating equation, which was also used as
an argument for its irrelevance. The first example be-
low shows students in consensus about the irrelevance of
the refractive index while the second example shows how
students would use it to contradict other group members
presenting the refractive index as vital to the solution.

Stud m: Won'’t it just be the same? Because it is the same
refraction. You don’t get any refractive index when every-
thing goes through water. You don’t have that, right? You
don’t get any refractive index when everything goes through
water, right?

Stud l: No, it doesn’t go from air to water, no.

Stud m: It is just water-water and then it should be the
same.

Stud r: So, if you have a higher refractive index then...

Stud m: Yeah, but you know, that is if you go from one
medium to another. Here it is in the same medium.

Stud I: [agrees]

Stud r: Yes, but it still has to be as when you do calculations
on light in water, that you divide by the refractive index.

Stud l: Yeah, but then it is from air to water.
Stud m (to stud r): No, but here the whole setup is in

water, so there will be no refraction. It is kind of in the same
medium.

Maintaining equality of the equations

As shown in Figure 2, there was also a large number
of students who voted for the interference pattern be-
coming narrower. Nevertheless, arguments towards this
alternative were not as ‘direct’ as for alternative C, i.e., a
direct cause and effect between the argument presented
and how it related to the solution. The arguments had
two starting points: the relevance of the refractive index
or, more commonly, the speed of light in water. Students
would often start with a claim of the speed of light be-
ing lower in water. The process towards reaching a con-
clusion about the interference pattern included students
trying to identify and use the relation between speed,
frequency and wavelength to find how the speed of light
affected the wavelength. The emphasis was constantly
on how they could manipulate the equations while still
maintaining equality, i.e., that both sides of the equality



sign ‘stay the same’. With the change in wavelength iden-
tified, students would either turn to the grating equation
or simply state that a lower wavelength results in a more
narrow pattern. The example below is one of the more
complete arguments of equality.

What I'm thinking is that the frequency of the waves is con-
stant. Since the frequency given by the speed divided by
lambda [the wavelength], then... The speed will be decreased,
it goes slower. Then lambda has to decrease in order for the
frequency to stay the same, and in order to decrease [inaudi-
ble]... If it decreases in this side [points to the notebook] then
it has to decrease the same on this side [points to the note-
book] in order for there to be equality. Then, I think that,
since this decreases [points to the notebook], then it has to
be, it has to become less.

Figure 3 shows that there were also students who voted
for a wider interference pattern (alt. A). All arguments
towards this alternative, which were found in the video
material, used the same logic of equality described above,
but where students would wrongly manipulate the equa-
tions. Below is an example of how a student is corrected
when making such a mistake.

Stud m: When you decrease the speed on one side of the sign,
then you have to increase on the other side - the frequency is
constant, so then the wavelength has to increase. Then you
get bigger width.

Stud l: No, that is not entirely correct. If you decrease
something on one side of the equality sign, then you have to
decrease it on the other side as well. The question is... the
thing is where you are relative to the fraction line. Because if
it is beneath the fraction line and you increase, then the total
will decrease.

5. DISCUSSIONS AND CONCLUSIONS
5.1. Misconceptions

The results indicate that many students misunder-
stood the concept of diffraction, despite being able to
find the correct alternative in the first quiz. Arguments
presented suggested a mental image and understanding
of diffraction, a physical optics phenomenon, being based
on the geometrical model of refraction. One could argue
that students’ use of the word ‘refraction’ likely was a
result of students being novices in using scientific lan-
guage instead of actually thinking of the concept of re-
fraction. Previous studies have shown that students of-
ten use scientific terms wrongly or without understanding
their meaning [18]. The argument of a simple word confu-
sion seems at first glance to be strengthened by students’
claim of more refraction with longer wavelength (which
is not the case).

However, this could be explained by examining the cur-
riculum and textbook used. The syllabus textbook on
the preparatory physics course, at the time of this study,

used the second edition of the Norwegian textbook ‘Rom,
Stoff, Tid” (Space, Matter, Time) by Jerstad, Sletbak
and Grimenes [19]. Students are presented with the ba-
sics of refraction at a single surface, but dispersion (how
refraction varies with wavelength) is only addressed (but
not referred to by name) in a brief paragraph at the end
of the refraction chapter. The only reference to which
wavelengths have a higher degree of refraction is a fig-
ure of different wavelengths refraction through a prism.
In other words, students’ knowledge of dispersion was
minimal. When students were introduced to the con-
cept of diffraction or ‘bending’ of different wavelengths,
many students might have mistaken this for dispersion.
The claim of students actually using a mental model of
refraction is further indicated by some students directly
referring to refraction concepts.

The second quiz also shows a confusion of the relation-
ship between refraction and the refractive index, i.e., that
the refractive index is not relevant since there is no air-
to-water surface where refraction occurs. It might seem
paradoxical to use the argument of no refraction because
the light ‘goes in and out of the same material’ while
still regarding refraction occurring at the slits. One pos-
sibility is that when discussing the quiz students thought
of actual, physical diffraction grating slits, which often
consist of a transparent material. Thus, the students
might have thought of diffraction as light changing direc-
tion because of refraction in the transparent material, not
considering the fact that any refraction occurring when
light enters the material would be ‘cancelled out’ when
the light leaves on the opposite side. There was one stu-
dent who argued for there being a glass material at the
slits. Although no other students used this argument, it
could be possible that more students shared this view,
in particular since students have seen and handled such
diffraction gratings in previous lectures.

Refraction because of a transparent material does not,
however, explain why the effect is stronger with more
narrow slits, a concept which is clearly emphasised in
the textbook with figures of diffraction through different
slit widths as well as being emphasised during lectures,
and therefore very likely a concept that the students re-
member. Consequently, a second possibility is that stu-
dents simply regarded light as rays changing direction as
it passes through narrow openings (i.e., using a geometri-
cal model). In both cases, there is no difference when the
apparatus is submerged in water because there is no addi-
tional refraction, only the refraction that already occurs
at the slits. Previous studies have also found conceptual
misunderstandings with regard to geometrical and phys-
ical optics, either by students not being able to separate
one from the other [20], or by using a hybrid model of
both physical and geometrical optics to explain physical
optics such as diffraction [21].

An example of this hybrid model was a differentiation
between light going through the middle of the slit, which



formed a geometrical image, and light being bent to form
other bright areas on the screen when striking the edges
of the slit. We see a similar tendency in our findings with
arguments of ‘no refraction at zero degrees’ suggesting
that students might believe that refraction (or diffrac-
tion) only occurs for light striking at the edges, while
light hitting the centre goes unchanged. Another possi-
bility is that they think of incoming light striking the slits
at different angles and that light striking 90 degrees on
the slits forms an incident angle of zero degrees resulting
in no refraction, i.e., no change in light direction.

5.2. Implications for teaching with SRS

Our results show an important aspect regarding teach-
ing with SRS. Many students were able to argue for the
correct answer in the first quiz, but most arguments were
not based on a correct understanding of the physical phe-
Therefore, teachers should be careful inter-
preting voting results from SRS as a correct represen-
tation of students’ understanding of the subject matter.
Students in our study could identify the relevant equa-
tion, and how to use it, but their arguments show that
they did not fully understand the subject matter. A sim-
ilar result can be found in the study by Hrepic, Zollman
and Rebello [18] where students with an incorrect men-
tal model of sound waves in some instances even received
higher test scores on the subject matter than students
with the correct mental model. Moreover, if the teacher
explanation following the discussions does not address
the misunderstandings, the whole SRS-session can give
both the teacher and students a wrong impression of the
level of understanding. For instance, in our case, the
teacher explanations of the first quiz were likely to focus
on the grating equation and how it is affected by different
wavelength. As this does not conflict with the miscon-
ception of more refraction with red light, it could have
resulted in students becoming more confident in this ar-
gument.

Students conceptual misunderstanding of diffraction
could have affected their decision making during the sec-
ond quiz. Refraction was established in the first quiz
by students as a vital part of the solution. This could
have increased the impact of arguments of no refraction
during the second quiz and Figure 3 shows that more
students were convinced of the incorrect alternative after
discussion. Although the second quiz probably cleared
the confusion between refraction and refractive index for
many students, their conceptual misunderstanding of us-
ing refraction to understand diffraction was probably not
cleared after the SRS-session. McDermott [21] argues
that ‘certain conceptual difficulties are not overcome by
traditional instructions. Persistent conceptual difficul-
ties must be explicitly addressed in multiple contexts’
(p.165), and our results are a clear example of this. If

nomenon.

SRS is going to be used as a tool to identify and clear
up misconceptions, it is important to present students
with several quizzes with significantly different settings
or contexts as this increases the probability of identifying
misconceptions. If students are not presented with new
and unfamiliar settings, it also increases the possibility
of SRS misleading both students and teachers about the
level of understanding of the subject matter. Neverthe-
less, teachers should be careful of presenting too many
quizzes during lectures as this can result in much of the
curriculum being dependent on self-study [8]. Unless the
lecture format is centred on SRS-quizzes, teachers should
strive for a balance between the numbers of quizzes to
present each lecture.
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