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Following concerns about the poor conceptual understanding shown by science
students, two US research groups (Mazur, 1997: Dufresne et al., 1996) have been
experimenting with the use of ‘classroom communication systems’ (CCSs) to promote
dialogue in large classes.  CCS technology makes it easier to give students immediate
feedback on concept tests and to manage peer and class discussions.  Improvements in
conceptual reasoning have been shown using these methods.  However, these research
groups have each piloted different discussion sequences.  Hence little is known about
which sequence is best and under what circumstances.  This study compares the
effects of each sequence on students’ experiences of learning in engineering in a UK
university.  The research methods included interviews, a survey and a critical incident
questionnaire.  The results demonstrated that the type of dialogue and the discussion
sequence have important effects on learning.  The findings are discussed in relation to
social constructivist theories of learning and in relation to the implications for
teaching in wired classrooms.
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Introduction
Many of the core concepts in science and engineering are complex and counter-
intuitive.  Hence, university students taking introductory classes in these disciplines,
even those with high entry qualifications, often have difficulty learning these concepts
and applying them to problem solving tasks (e.g., McDermott, 1984: Brumby: 1984:
Mazur, 1997: Halloun & Hestenes, 1985: West & Pines, 1985).  One way to tackle
this difficulty is to engage students in active discussion in situations where their
current understandings will be challenged and they can experiment with alternative
conceptualisations.  (Halloun & Hestenes, 1985: McDermott, 1984: Hake, 1998).
Learning environments that are dialogically rich – embodying teacher-student and/or
student-student dialogue – are known to develop critical thinking and deep conceptual
understanding in students (e.g. Anderson et al., 1996: Anderson et al., 2001: deCorte,
1996: Matthews, 1996: Reiter, 1994).  However, the growth of mass higher education
with increased numbers of students per class make it difficult for the teacher to
implement methods centred on dialogue and discussion.

Over the past decade, many higher education teachers have been experimenting with
ways of making large lecture classes more interactive (Bligh, 2000; MacGregor et al,
2000; Edwards et al, 2001).  Typical techniques involve stopping lectures at intervals
to engage students in question-answer sessions or in pair or small group discussions.
Yet, there are limitations with these methods and especially when class sizes are very
large (e.g. over 100); for example, it can be difficult and time-consuming to manage
alternations of lecturer input and discussion, to elicit systematic feedback on learning
or to ensure that all students are actively involved.

In an attempt to improve concept learning in the sciences, some higher education
researchers in the US have harnessed developments in information and
communications technology to help support the management of interaction and
discussion in large classes.  Using ‘Classroom Communication Systems’ (or
classroom feedback systems) the Physics Education Research Group (PERG) at the
University of Massachusetts (Dufresne et al, 1996) and researchers within the Galileo
Project at Harvard (Mazur, 1997: Crouch & Mazur, 2001) have modified the
traditional lecture format in science education.  They have re-focused teaching on core
concepts in the discipline using a sequence that involves cycles of short presentations
followed by concept questions (tests), immediate feedback and peer group and/or
class-wide discussion.

The main components of a Classroom Communication System (CCS) are a computer,
a data projector to present the concept tests (normally a multiple-choice question
aimed at testing a students’ understanding of a concept), a set of handsets
(transmitters similar to TV & Video remote controls), sensors (receivers) that allow
students to signal their responses to the concept test and software that allows class
responses to be collated and immediately displayed as a histogram for students to see
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(i.e. fed back to students).  This feedback is normally used as the trigger to initiate
small group or class-wide discussion.

While the intention of both the Harvard and Massachusetts researchers has been to
enhance the dialogue associated with learning, each research group have pioneered a
somewhat different discussion sequence. In ‘peer instruction’ (Mazur, 1997) the
students usually respond to the concept test individually then they discuss their
responses, and the underlying reasoning, in small groups before being retested (on the
same concept question).  In contrast, the PERG approach (Dufresne et al, 1996) called
‘class-wide discussion’ begins with small group discussion of the concept question
followed by an individual or group response.  The students then engage in class-wide
discussion facilitated by the teacher: for example, the teacher might encourage
discussion across peer groups by asking different students to explain to the class their
reasoning for an answer.

There is a great deal of research indicating that peer instruction and class-wide
discussion as implemented at Harvard and Massachusetts respectively lead to
improvements in students’ conceptual understanding (Mazur, 1997: Crouch & Mazur,
2001), in student motivation, and in the quality of classroom discussion (Dufresne et
al, 1996).  Mazur (1997) has shown that students who normally struggle below the
50% mark in traditional exams are lifted into a higher band with peer instruction: the
grade distribution shows a positive change.  Mazur’s research indicates that a student
who does not yet understand a concept is helped by talking the concept question
through with a student who is in the early stages of his or her own comprehension.

Crouch and Mazur (2001) analysed 10 years of teaching a single calculus-based
physics course at Harvard using peer instruction.  This longitudinal research
demonstrated improved student mastery of conceptual reasoning and quantitative
problem-solving over time and in a variety of contexts.  It also showed that after peer
discussion the number of students giving correct answers to a concept re-test
substantially increased.  According to Crouch and Mazur (2001), peer discussion is
critical to the success of peer instruction: it encourages active engagement by students
with the subject matter, a condition they feel is necessary for the development of
complex reasoning skills.

Dufresne, Gerace, Leonard, Mestre and Wenk (1996) held interviews with
mathematics and science teachers who were using classroom communications systems
(CCS) to enable class-wide discussion in these subjects.  They also interviewed
students.  The teachers reported that the classroom communication system was a
useful tool not only for engaging students in active learning but also for enhancing
overall communication within the classroom.  The students were also positive about
CCS-facilitated learning reporting that they learned more during a CCS class than
during a traditional lecture class.

Dufresne et al’s (1996) interpretation of the benefits of class-wide discussion is
consistent with, but more developed than, that of Crouch and Mazur.  They draw on
the theoretical assumptions underlying ‘constructivism’ and ‘social constructivism’.
From constructivism is the idea that conceptual understanding is primarily developed
through activity: the learner actively constructs their own understanding of concepts
and their inter-relationships (see, Chapter 1 in Resnick, 1989: Glaser, 1990).  Social
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constructivism emphasises the underlying social basis of knowledge construction:
most learning is socially mediated with individuals actively constructing their
knowledge through dialogue with others (e.g. Doise & Mugny, 1984: Brown, Collins
& Duguid, 1989: Lave & Wenger, 1991).   In effect, the PERG group believe that
class-wide discussion is effective because the sequence of activities it entails
‘challenges students to select, identify, and defend their choices of concepts and
principles’ in dialogue with other students and the teacher (Dufresne et al., 1996).
The PERG group also argue that class-wide discussion improves the attitudes of
students in class and their motivation to learn.

Despite the research showing that peer instruction and class-wide discussion lead to
learning benefits there are still some gaps in our understanding of the underlying
processes.  First, little is known about how students themselves experience these
methods of learning or about which aspects of the learning environment contribute to
their enhanced understanding.   Secondly, although both Mazur (1997) and Dufresne
et al. (1996) have demonstrated improvements in learning through dialogue it is
unclear from the literature which of the two discussion sequences – peer instruction or
class-wide discussion - might be best and under what circumstances.  A research
programme was initiated to investigate both these concerns.   In this paper we report
on the second issue – the comparison of students’ perceptions of the effects of the
different discussion sequences on their understanding and motivation.  The students
who took part in the investigation were studying Engineering Mechanics in a UK
university.  Given that all previous research in this area has been conducted in the US,
this research also allowed us to test the robustness of these discussion methods in a
different cultural context.  Elsewhere we report on other aspects of students’ and
teachers’ experiences with these interactive methods. (Boyle & Nicol, 2002).

The paper begins with some background context and an explanation of the design of
the study and its methods of the investigation.  This is followed by the results of the
comparison of the different discussion sequences.  This section includes actual
comments from students describing their experiences of, and attitudes to, these
sequences as well as quantitative survey data.  Finally, the findings are discussed in
relation to social constructivist theories and in terms of the implications for teaching
and learning in wired classrooms.  The issues raised in this paper while discussed in
terms of an engineering discipline are relevant to teaching and learning in all
disciplines.

The NATALIE Project
Background Context
In 1998 an initiative entitled ‘New Approaches to Teaching and Learning in
Engineering’ (NATALIE) was launched at the University of Strathclyde.  The
intention was to develop a new model for first year Mechanical Engineering that
would, over time, be rolled out across the undergraduate degree programme.
NATALIE was driven by a concern that the core engineering subjects, in particular
Mechanics and Thermo-Fluids had not been achieving their aims.  After a year of
study, students seemed to have acquired a poor understanding of basic concepts.  This
was despite the fact that these students are amongst the highest qualified (at entry) in
the University of Strathclyde and in engineering in the UK in general.  Furthermore,
these conceptual difficulties appeared to become amplified in later years of study.
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Two years of preparation preceded the implementation of NATALIE.  During that
time staff from the Department of Mechanical Engineering visited and observed how
engineering was taught in a range of US institutions and they became familiar with
recent research on teaching and learning in higher education. The basic model
developed through NATALIE draws on a decade of research in the US in the
sciences.  The pedagogical framework centres on idea of ‘interactive engagement’
(Hake, 1998) with the emphasis being on putting dialogue and active learning back
into engineering education.  This ranges from the use of ‘problem-based learning’ in
design, to workshop/studio teaching in custom-built classrooms to the re-introduction
of more laboratory-intensive work.  This paper examines one aspect of the NATALIE
initiative – the use of Classroom Communication Systems to support interaction and
dialogue in large classes. The specific focus was an Engineering Mechanics class (a
first year class) during the third year of the implementation of NATALIE.

Technical Description of the Classroom Communication System
In 1998 the Department of Mechanical Engineering modified a traditional lecture
theatre so that it could accommodate up to 118 students sitting in groups of four.
Originally the Better Education Inc. Classtalk wired system was used (Abrahamson,
1998) as the CCS but this was replaced by Varitronics’ Personal Response System
(PRS) (now distributed by Avantec), a fairly simple but cheap and effective system
based on infrared transmitters and receivers.  Typically PRS is used to poll the class
using multiple-choice questions.  It also allows students to indicate their level of
confidence although this feature was not examined in this evaluation. The results of
the poll are collated in the lecturer’s computer and displayed as a histogram using a
data projector.  The lecture theatre, called the InterActive ClassRoom, also has
advanced multi-media facilities.  A more detailed technical description is available in
Comlekci et al (1999).

Student intake and first year curriculum
The intake to first year Mechanical Engineering at the University of Strathclyde is
typically between 110 and 120 students with around 10-15% female.  The first year
curriculum consists of 12 credits.  Two of these credits are electives that allow the
students to take any class they are interested in.  Of the remaining 10 credits, there are
3 core credits (engineering mechanics and thermo-fluids), 3 credits for design, 2
credits for mathematics, 1 for computing & engineering analysis and 1 for electronics.

Description of the Engineering Mechanics Class
The Engineering Mechanics class is a two-credit first-year class run over two 12-week
semesters consisting of two two-hour sessions per week.  The study took place during
the first semester.  The first three weeks of the class comprise a review of the teaching
and learning methodologies to be used and of (high) school material.  This review
allows the classroom communication system to be introduced using school-based
subject material with which students feel fairly comfortable.  As part of this review
students are encouraged to reflect on their own learning and this emphasis continues
throughout the semester.  The intention is that students quickly realise that their
previous understanding of basic concepts is deficient; it is hoped that this will
motivate them to actively participate in the classes.  During the semester new topics
are introduced in two-week sequences (Weeks 4 & 5, 6 & 7 and 9 & 10) separated by
tutorials for problem solving.  The problem solving is highly structured using a
multiple-representation heuristic (problems are solved using a detailed procedure
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which requires the students to think in different ways – pictorially, conceptually and
mathematically).   The class is based around an established, introductory mechanics
textbook supplemented by overheads that are made available on the web.

Questions 1 and 2 give examples of the concept tests that are used to introduce the
notion of ‘tension’ in a rope in the first few weeks (see Figure 1).  Although most
students have a common sense understanding of tension from everyday experience,
using the concept in applications where values have to be deduced often causes major
difficulty.  The first question (Figure 1a) sets the scene.  The mass is 10kg, so the
weight of the mass is approximately 10kgx10m/s2 = 100Newtons (N).  Since the mass
is stationary the tension in the rope must balance the weight of the mass, so the correct
answer is 2 in this question.  Typically over 95% of the students will get this. This
concept test is then followed by that shown in Figure 1b with two 100kg masses. The
majority of students will choose answer 4, that is, the tension is now doubled, and will
be astonished to find that the tension is still 100N. The discussion that follows is
aimed at getting the students to understand the use of a simple ‘force diagram’, rather
than ‘common sense’, to argue through this situation. Most will understand the force
diagram argument and begin to start questioning common sense in the use of
Newton’s Laws of Motion.

[Figures 1a and 1b about here]

The Engineering Mechanics class sessions are all taught in the InterActive
ClassRoom. Each session comprises a mixture of mini-lectures, question and answer
sessions using PRS, demonstrations, technical videos, computer simulations and
problem solving.  Active and collaborative learning are actively encouraged both in
and out of class.  In the InterActive ClassRoom students are organised into peer
groups of four and they sit in these groups throughout the year.  Class differences in
responses to concept questions (displayed by histogram) are used as the trigger for
discussion amongst students in their peer groups (peer instruction) and to initiate
teacher-facilitated discussions across groups (class-wide discussion).  A relaxed
atmosphere is encouraged in class and music is sometimes played.

Students are also expected to work in their group outside class and to encourage this
group homework exercises and simple design studies are used.  The peer groupings
are decided at the start of the academic year from a simple questionnaire: this attempts
to match students who stay in the same halls of residence, to mix students who have
different computing skills and to mix students who have entered from 5th or 6th year of
school, or from further education.  In terms of gender, the resulting groups are
normally ‘all male’, ‘all female’ or ‘mixed’ (but always with two male and two female
members).  On the first day of the semester students are introduced to their groups and
together take part in a full day of ice-breakers and team-building exercises around the
campus.

The interactive sessions are normally facilitated by two lecturers who each take a
topic in turn.  Both lecturers are present at all times – this has been found to be very
helpful.  The intake in 2000-2001 consisted of 117 students initially, with three
dropping out during the first semester.
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Study Design and Methodology
Design
The main aim of this study was to explore students’ perceptions of the effects of two
different classroom discussion sequences on their understanding and motivation.
Table 1 clarifies the learning and discussion sequences as used by Mazur and the
PERG respectively.

[TABLE 1 ABOUT HERE]

The main differences in the question/discussion methods are that Mazur starts with
individual thinking and responses to concept tests followed by peer discussion.  He
does not usually utilise class-wide discussion.  In contrast, PERG usually start with
peer discussion and end with class-wide discussion.  Although we have taken these
discussion sequences from the writings of these researchers it should be noted that
these are ‘ideal types’ and that Mazur, and certainly PERG, do not stick rigidly to a
specific sequence.

In order to evaluate the effects of these differences the first semester Engineering
Mechanics class was divided up so that in certain two-week blocks only the PERG
sequence was used and in other two-week blocks only peer instruction was used.

Weeks 1-3: Overview and Revision: both discussion sequences.
Weeks 4 & 5: New material: both discussion sequences.
Weeks 6 & 7: Class-wide Discussion (the PERG sequence)
Week 8: Extra tutorials for problem-solving
Weeks 9 & 10: Peer Instruction (the Mazur sequence)
Weeks 11 & 12: Extra tutorials for problem-solving

Investigative Methods
Three methods were used to explore students’ perceptions and motivations.  Firstly,
semi-structured interviews were held with 5 focus groups of six students (30
students).  This gave a sample size of 25% of the class enrolment.  Two groups (male)
were interviewed immediately after an interactive classroom session and two groups
(female) were interviewed later in the same week that the interactive session occurred.
These groups were all UK students and the ‘all male’ and ‘all female’ selection was
intended to reveal any gender differences in students’ perceptions.  The fifth group
comprised both foreign and UK students and it was of mixed gender.  Each group was
interviewed twice – once while class-wide discussion was being used (week 7) and
once during the peer instruction (week 10).  Three interviewers conducted the
interviews.  One of the authors (DJN) carried out interviews and co-ordinated the
interviews conducted by the other two interviewers.  The other author (JTB), who
lectured on the class, did not take part in the interviews or in the evaluation.

The second evaluation method was a survey that comprised 36 statements.  The
statements were derived from an analysis of the semi-structured interview data.
Important issues raised by students in the interviews were identified and formulated
into single sentence statements and a five-point likert scale was linked to each
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statement.  The range descriptors of the scale were: strongly agree: agree: neither
agree nor disagree: disagree: strongly disagree.  While most of the statements were
phrased in the positive sense some were also phrased in the negative to discourage
rote responses.  At the end of the semester, while in class, students were given a (two-
page) form with the statements and the rating scale.  They were asked to fill out the
form individually indicating agreement or disagreement with the each of the
statements.  They did not put their names on the form although they did give some
biographical data –prior educational experience and gender.  Five of the most
important statements asked students to provide, in addition to a rating, a short reason
for the answer they gave.  The aim of the survey was to be able to quantify the views
expressed in the interviews and to ascertain what was a minority opinion or indicative
of general class agreement.  Only the data from 15 of the survey statements are
reported in this study (see Table II in Results section).

The third evaluation method involved the use of a critical incident questionnaire. This
was adapted from Brookfield (1995) and comprised a single sheet of A4 with 5
questions and space for comments.  This was distributed to students in week 5.  In that
week both discussion sequences were in use in class.  An interactive session in that
week was stopped 10 minutes early and students were asked to fill in the
questionnaire without writing their name.  A typical question was: At what moment in
the class did you feel most engaged with what was happening? Why?  The intention
of this evaluation was to find out about students’ immediate experiences in a typical
class.

Results
In the interviews and survey, all students reported that the teaching methods used in
the wired classroom helped them improve their understanding of difficult concepts
when compared with conventional lecture classes.  The reasons they gave included
more active involvement in learning, more time to think and reflect in class (i.e. when
given a concept test), the motivational effects of receiving immediate feedback (the
histogram display) and the feeling that the teacher was adapting instruction in
response to their learning needs.  These findings are reported in detail elsewhere
(Boyle & Nicol, 2002).   The main focus of this paper is with how students perceived
the effects of the different discussion sequences – peer instruction and class-wide
discussion - on their conceptual learning and motivation.    Hence, we begin with an
examination of the influence of peer discussion on learning.

Peer Discussion
Peer discussion was common to both peer instruction and class-wide discussion.  In
the interviews all students reported that this dialogue with other students in peer
groups was central to the development of their understanding of concepts and ideas.
Peer discussion provided opportunities to think about the problem in more detail, to
explore alternative viewpoints and problem solving approaches and to ask for and
hear different explanations.  When students were asked ‘how peer discussion actually
leads to a choice of answer’ most students talked about the choice being based on the
best argument.
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Different people put forward different ideas and then maybe one of them will
say – ‘well that can’t work because of this...’ – it’s exchanging ideas, we
usually get an answer and discuss it... you’ve got to be able to put forward a
good argument for why your answer is better than his...you can’t just guess
because you’ll get picked on to explain it....you’ve got to think about it...the
one that’s most convincing is usually selected...the argument has to be strong
and logical

In general, the students reported that peer discussion resulted in their re-
conceptualising important principles as well as learning about new methods and
approaches to problem solving.   Some students also noted that it was easier to admit
lack of understanding of a concept to peers rather than to the teacher and this opened
up the opportunity for discussion.

If a peer understands it and you don’t, you can discuss it and come to a
solution ...it saves you having to stick your hand up and say to the lecturer...I
have no idea what you are talking about.

A significant number of students in the focus groups made classic psychology
textbook responses when talking about the value of peer discussion by referring to a
form of ‘scaffolding’ by fellow learners (e.g. as described by Vygotsky, 1978).  They
talked about how it was easier to understand a concept explained by a fellow student
who had just grasped it than the same concept explained by the lecturer who was on a
‘much higher plane’.

I think you can learn a lot easier from the people that are the same age as
you...if they’ve just grasped it then they can explain it in sort of easier terms
than the lecturer...you suddenly understand it when a minute before it was
difficult.

The language used by other students was often cited as the critical component in
fostering new insight and understanding.  Students maintained that peer explanations
were often more accessible than teacher explanations.

It’s a language that you can understand between two students...whereas if its put
forward by the professor he knows the deep meaning behind everything – he
might make it more complicated than it needs to be.

The survey data confirmed that the effects of peer discussion on learning were not just
experienced by the students in the focus groups.  Nearly all the students agreed with
the statement that ‘discussing PRS [personal response system] questions with other
students in class helps me to understand better the subject matter’ (92% agree: 0%
disagree) and that ‘that hearing other students explain problems in their own words
when working in small groups helps me to learn’ (82% agree: 4% disagree).   Table II
presents data for all the survey statements.  [Note: There were no significant male-
female differences across the survey data].

[TABLE II ABOUT HERE]
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Discussing concept questions in small groups not only enhanced students’ conceptual
understanding but it also proved to be a powerful motivating force.  In week 5
students were asked the question (Critical Incident questionnaire): At what moment in
the class did you feel most engaged with what was happening? Why?  Over 100
students were in the class that day and over 90% wrote that they felt most engaged
when they were interacting and discussing problems with other students.  Where
students provided a reason for their answers they invariably mentioned that through
discussion they became more involved, or learned from others or that discussion
helped them to think through a problem or discover alternative approaches to solving
problem.  The following are some typical responses to this question:

Using PRS to talk...it is interactive...we put forward our own thoughts but if
we are wrong we can learn from other students.

I felt most engaged when answering the PRS questions.  This is because I
didn’t fully understand what was going on and this gave me a chance to talk
and think about the problem with those in my group.

When people in the group have strong opinions on a PRS answer but answers
are different and you have to explain your thought processes to the others.

The data reported above support the argument that, at least from the student
perspective, peer discussion helps them develop their understanding of concepts and
ideas.  Nonetheless, despite the general enthusiasm, a number of the students
identified difficulties with peer discussion.  In the survey a number of the statements
were constructed to throw light on how students perceived the workings of their small
group.  The data from these statements is quite revealing.  Whereas the majority of
students agreed with the statement that ‘everyone in our group usually has an
opportunity to express their opinion on the question being discussed’ (83% agree: 2%
disagree) around one-quarter of the students also agreed with the statement that ‘some
students always dominate the discussion in small groups’ (27% agree: 44% disagree).
Moreover, a similar number agreed ‘that having a number of different viewpoints in
the small group often leads to confusion’ (31% agree: 37% disagree).

The next section tries to throw some light on these points by teasing apart the effects
of peer discussion as it occurred within the different discussion sequences.  This is
followed by an examination of the effects on learning of class-wide discussion.

The Initial Discussion Sequence
Almost all the students interviewed expressed a preference for starting the concept
test with individual thinking and an individual response rather than with peer
discussion.  Students cited two reasons for this.  First, the requirement to make an
individual response meant that they were forced to think about the problem, and to
formulate their own reason for their selected answer, prior to the group discussion.  In
contrast, with an initial peer discussion the students felt that they might be more likely
to be passive, and be influenced by the more confident students, and to unthinkingly
accept the answer that these students suggested.  Secondly, having constructed their
own answer, students felt they benefited more from the subsequent peer discussion.
They would be more likely to engage in dialogue and to provide reasons for, and
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defend, their ideas and they would be more likely to be able to identify gaps in their
thinking.

The survey at the end of the semester substantiated, and elaborated upon, the general
findings of the interview data.   The majority of students agreed that it ‘is better to
answer the (concept) question individually before discussing the question in small
groups’ (82% agree: 5% disagree).  Students were asked to write a reason for their
response to this survey statement.  From the 90% who responded, 80% made
comments that were consistent with those expressed by the students interviewed in the
focus groups. The following is a representative sample of the written responses:

By the time you discuss it you all have your own opinions so you are less likely
to just agree with other people.

You can see where you have gone wrong in your original answer and learn
from it.

It can help you identify misconceptions if you think individually first.

It gives you different opinions rather than one group member knowing the
answer and telling you.

It makes you reason your point of view before explaining it to others.

In the survey most students also agreed that ‘a group discussion after an individual
response leads to deeper thinking about the topic’ (90% agreed: 2% disagreed).

As a cross-check on which interaction method was preferred, students were also asked
in the survey to respond to the statement: ‘using PRS it is better to start with a small
group discussion before making an individual response’.  As one would expect the
majority disagreed with this statement (13% agreed: 60% disagreed); and when
students were asked to provide a written reason for their response the reasons adduced
were very consistent with the comments made above.  A typical comment was:

I don’t think that everyone would think about the question properly... some
people would go with other people’s answers.

Despite the general agreement that it is better to start the concept test with an
individual response a small number of students in the interviews argued that for very
difficult concept questions it might be better to start with group discussion.  The
rationale was that if you couldn’t make much, or any, progress on your own then
discussion with peers might allow a pooling of intellectual resources which might
help students get started on the problem.  As a check on the generality of this view the
end of semester survey included the following statement: ‘the best interaction method
depends on the difficulty of the question’.   There was a mixed response to this
statement with more agreeing than disagreeing (43% agreed: 17% disagreed).
Students were also asked to give a reason for their response to this statement.  From
those who commented, the majority maintained that it was always better to start with
an individual response but again a small minority argued that if the question was



Published in Studies in Higher Education (2003), 28(4), 458-473

- 12 -

really difficult then an individual response may not be possible and a group discussion
might help to unpack the question.

Sometimes you don’t know where to start with a question on your own and you
just guess

Some questions are too difficult to be handled alone on the first attempt

Class-wide Discussion

In class-wide discussion, the normal procedure is for the tutor to use the computer to
identify an individual or a group and then to ask that individual or group member to
explain the reasoning behind their answer to a concept question using a microphone.
The tutor then tries to facilitate dialogue across the peer groups.  Students are
encouraged to ask questions of other students or the tutor during this time and both
correct and incorrect answers might be discussed.

In the focus group interviews students expressed mixed views regarding class-wide
discussion and this was reflected in the survey data where there was a mixed reaction
to the statement ‘a class discussion using the microphone is an important aspect of the
PRS class’ (40% agree: 26% disagree).  On the positive side, many students said that
they liked hearing explanations – for correct and incorrect answers - from those
outside their own group.

You are learning from people round you...maybe someone at the other side of
the room that understands a lot better than you, or the members of your group,
and that [person] starts explaining it.

As with the peer group discussions these students felt that other students’ explanations
helped them grasp difficult concepts and that this was especially helpful when the
students that were presenting used language that was more accessible (than that used
by the teacher).

The class discussions are generally good and it is very useful to hear other
students describing and justifying the reasons for their answer.  It is useful to
hear others at our own level rather than just the lecturer all of the time.

Also, some students maintained that knowing that one might be called upon to explain
the thinking behind a response encouraged them to formulate explanations in advance
and that this increased attention levels during the class.  Over half of the students
agreed with this point in the survey: ‘I pay more attention in class when I know I
might have to answer questions with the microphone’ (52% agree: 15% disagree).

Despite identifying the benefits, the students interviewed were quick to point out the
drawbacks to class-wide discussion.   Some students felt it took too much time and
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that it was easy to drift away from the question or get confused about the answers
under discussion.

The answers to the problems can sometimes get lost during class discussion
particularly when there are a number of potential answers being discussed.  If
the discussion goes on for too long then interest can diminish it can also lead
to confusion... it is easy to lose track of the main arguments.

Others felt that the students presenting an explanation often did ‘not know what they
were talking about’ and that this led to confusion ‘we get confused and lost in the
arguments’.  The effectiveness of class wide discussion, according to these students,
depended on which students were selected by the teacher.

It relies on the individual being able to explain their ideas clearly.  A student
with a correct answer but a poor explanation, or a student with the incorrect
answer but with a convincing explanation, could cause confusion or lead
others to disagree with the correct answer.

The survey data confirmed that confusion was a problem in class-wide discussion
with a significant proportion of students agreeing with the statement ‘hearing other
students’ explanations by microphone often confuses me’ (37% agree: 31% disagree).

In the interviews, many students reported that class-wide discussion was in some way
threatening and some felt that it significantly increased their anxiety levels.  The
requirement to explain your answer to the class using a microphone was not liked by
some students and especially if you had not volunteered.  This was reinforced by the
survey where most students disagreed with the statement ‘I like having to explain the
answers to PRS questions using the microphone’ (10% agree: 61% disagree).

When in the focus groups the students themselves were asked to compare the peer
group discussion with the class discussion, the majority indicated a preference for the
former.  The reasons for this were generally related to the better opportunity for
dialogue afforded by the small group situation.

It [small group discussion] is more of a discussion rather than just hearing
various people airing a number of possibly correct or incorrect opinions.  If
someone does make an incorrect statement using the microphone it is not as
easy to discuss, correct or understand the statement as it would be in a
smaller group discussion.

It is better without whole class discussion... it is not really a discussion but an
(interesting) opportunity to hear other people’s points of view.

When students were asked ‘when is the best time to use class-wide discussion’ many
maintained that it was most useful when the histogram feedback showed that the class
was clearly divided between two competing answers.  This was contrasted with the
situation where class responses were distributed across a number of the multiple-
choice alternatives.  The latter situation was considered more likely to lead to
confusion especially if each alternative was subsequently explored in the class
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discussion.   Other students argued that it was better used with very difficult concepts.
In both cases – where there was a clear division of opinion and in cases of difficult
problems - class-wide discussion extended the time available to explore and elaborate
the topic through hearing different viewpoints.

The main recommendation made by students with regard to class-wide discussion in
the interviews and unanimously confirmed by the survey is that ‘the teacher clearly
explains which is the right answer and why after a class discussion using the
microphone’ (100% agree):

It is important to get the final answer after having your own understanding
and given your own answer and had the class discussion...you’ve thought
about it in so many different ways and you’ve heard the logic of different
answers...but which one is right?

Class-wide discussion is helpful but as long as they [the lecturers]... give the
right answer at the end and explain how it works and what the thinking behind
it is, what the logic is.

It is very important that the lecturer gives a clear summing up to the problem
stating clearly the correct answer along with the reasons why.  For example,
confusion may arise if a student in the class discussion has the correct answer
but can only offer a very poor explanation as to why that is the correct
answer.

Finally, a more general finding from the survey data was the students’ belief that
‘using PRS helps the teacher become more aware of students difficulties with the
subject matter’ (80% agree: 4% disagree).

Discussion
The main goal of this paper was to report on the comparison of the discussion
sequences used at Harvard with those used at Massachusetts.  This comparison
indicated that peer instruction was perceived by students to be more beneficial to
learning than class-wide discussion.  In addition, peer instruction proved less prone to
some of the difficulties associated with class-wide discussion.  With class-wide
discussion, students could easily become confused if the class responses were
distributed across a number of multiple-choice alternatives and each of these
alternatives became the subject of class discussion; and if the class discussion was
prolonged for too long students were more likely to lose interest and motivation.  Peer
instruction is also less demanding on the teacher than class-wide discussion.  With
class-wide discussion the teacher must facilitate interaction across numerous small
groups and this requires considerable skills in classroom management.

Despite the overall preference for peer instruction, some students still valued hearing
different peer groups publicly discuss their conceptual reasoning; and there were
situations where students felt that class-wide discussion might have advantages over
peer instruction.  For example, an early peer discussion was seen as valuable when the
concept question was very complex and students had difficulty in selecting from the
multiple-choice alternatives.  In this situation, hearing, discussing and reacting to
other viewpoints helped students to formulate an initial interpretation of the concept
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question.  However, identifying in advance which concept questions will pose
sufficient difficulty to warrant starting the sequence with a peer discussion (rather
than individual reflection) will prove challenging to teachers.  Students also
recommended strategies to guard against some of the difficulties associated with
class-wide discussion.  For example, making sure that the correct solution is clarified
at the end of the class-discussion and only using this method when the class is divided
across a few response alternatives.

The students’ own analyses of their experiences of learning through peer instruction
are remarkably consistent with (and, at times, even descriptive of) the research
literature on social constructivism (e.g. see, Anderson et al., 1996: Doise & Mugny,
1984).  Most students maintain that the initial step in peer instruction provides an
opportunity to formulate an individual interpretation of the concept in relation to the
test question.  In this first step, students begin to ‘construct’ their own mental model,
or interpretation, of the concept.  According to the students, the next step, peer
discussion, enhances this constructive process.  The students are told: ‘convince your
neighbours that you have the correct answer’.  The students bring differing
interpretations, and ways of approaching the concept question, to the peer discussions.
They report trying to reach a position about the correct answer through a critical
analysis of the thinking behind these different interpretations.

Many of the published papers that take a social constructivist perspective in relation to
peer interaction invoke ‘socio-cognitive conflict’ as the mechanism to explain how
superior conceptual understanding is brought about (see Palinscar, 1998: Anderson et
al, 1996: Anderson et al., 2001).  In peer discussion, points of disagreement and
agreement emerge as students assert, challenge and justify different points of view.
This results in students jointly negotiating or constructing an improved
conceptualisation based on a reconciliation of their different interpretations
(conceptualisations) (Anderson et al., 1996: Doise and Mugny, 1984). These
improved conceptualisations are internalised and then tested out again in subsequent
tasks.

This model might explain why class-wide discussion is less effective than peer
instruction. In class-wide discussion students aren’t given an opportunity to generate
their own conceptualisation (or mental model) in relation to the concept test.  Hence,
there is less conceptual conflict when peer discussion begins.  As students report, they
are more likely to acquiesce and accept the dominant interpretation.  Further research
is required, however, to confirm this hypothesis.  This research might entail
examining samples of actual dialogue generated within peer groups as they discuss a
concept test (e.g. under conditions where they either have or don’t have an
opportunity to formulate an initial position).

As well as the joint negotiation of improved conceptualisations there is also evidence
from the student interviews of ‘scaffolding’ where the more advanced, or more
knowledgeable, students help those less advanced to achieve higher levels of
conceptual acquisition (see, Bruner, 1985).  The language used by students in
discussion appears to play a crucial role here.  In the research literature, socio-
cognitive conflict and scaffolding are often proposed as alternative explanations for
peer learning (Palinscar, 1998: Anderson et al., 1996: Doise and Mugny, 1984).  The
fact that these processes appear to co-exist in this study is promising although it
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requires further investigation.  What is also interesting is that both these processes are
triggered using simple multiple-choice tests that are normally associated with surface
rather than deep learning.

In this study, class-wide discussion (weeks 6 & 7) preceded peer instruction (weeks 9
& 10) in the teaching programme.  This might lead one to suspect that this ordering
influenced the results.  While this is possible, it should be remembered that students
had experience of both discussion methods over the first five weeks of teaching so
they were quite familiar with both methods.  Also, an order effect could hardly
account for the range of differences across discussion methods discovered here.   A
more interesting issue is how an increase in class size might influence the results.  In
this study there were around 100 students per class.  The above findings suggest that,
if numbers increased, students would be more likely to disengage and it would
become progressively more difficult for the teacher to manage class-wide discussion.
Therefore, it is arguable that the advantages of using peer instruction would be even
greater with larger classes.

A key question remains: what role does the CCS technology play in these processes?
There are obvious practical benefits associated with CCS technology when student
numbers are large.  Firstly, students can make an independent response to a concept
test, using the handsets, without knowing the nature of other students’ responses.  A
show of hands (or flash cards to signal responses) would normally be less effective in
concealing others’ responses; and this study has shown that when students know the
responses of others (before they have settled on their own answer) peer discussion is
less effective.  Secondly, the feedback that is displayed after a concept test is
immediate and public and involves a poll of all students.   Without CCS these
conditions would be difficult to achieve; collating responses would certainly be more
time-consuming and in large classes some students might remain hidden and passive.
Thirdly, CCS produces a permanent record of student responses to concept tests.
These logs, if analysed, could be used to help teachers to map out recurrent concept
difficulties in the discipline together with appropriate teaching strategies.  Fourthly,
CCS is believed to make it easier to manage cycles of input and discussion in a time
efficient way (Dufresne et al, 1996).

Despite the practical benefits of CCS technology, it is clear that the learning gains
reported in this study were not the result of the technology alone.  Rather these gains
were the result of the application in class of teaching and learning principles centred
on active engagement and dialogue which were supported by CCS technology.   Many
of the advantages of this style of learning could therefore be retained (but perhaps less
easily) even without a classroom communication system.   Indeed, this study might be
seen to provide further evidence for, and to reinforce, much of what Bligh (1972)
advocated with regard to effective lecturing using interactive methods over thirty
years ago.
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Caption to Figure 1

Typical concept question
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What is approximately the tension in
the rope?

1. 0 N

2. 100N

3. Depends how flexible the rope is

10kg

Figure 1(a)



Published in Studies in Higher Education (2003), 28(4), 458-473

- 21 -

What is approximately the tension in
the rope?

1. 0 N

2. 50 N

3. 100 N

4. 200 N

Figure 1(b)

10kg 10kg
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TABLE I: THE SEQUENCE OF ACTIVITIES FOR PEER INSTRUCTION & CLASS-WIDE
DISCUSSION

Peer Instruction: Mazur Sequence Class-wide Discussion: PERG
Sequence

1. Concept question posed
2. Individual Thinking: students given

time to think individually (1-2
minutes)

3. Students provide individual
responses

4. Students receive feedback – poll of
responses presented as histogram
display

5. Peer Discussion: students instructed
to convince their neighbours that
they have the right answer.

6. Retesting of same concept
7. Students provide individual

responses (revised answer)
8. Students receive feedback – poll of

responses presented as histogram
display

9. Lecturer summarises and explains
‘correct’ response

1. Concept question posed
2. Peer Discussion: small groups

discuss the concept question (3-5
mins)

3. Students provide individual or group
responses

4. Students receive feedback - poll of
responses presented as histogram
display.

5. Class wide discussion: students
explain their answers and listen to the
explanations of others (facilitated by
tutor)

6. Lecturer summarises and explains
‘correct’ response
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TABLE II. STUDENT RESPONSES TO END OF SEMESTER SURVEY

Number Survey Statement
Students

agree
(%)

Students
diasagree

(%)

1. Discussing PRS questions with other students in the class
helps me to understand better the subject matter

92 0

2. Hearing the students explain problems in their own words
when working in our small groups helps me to learn

82 4

3. Everyone in our group usually has an opportunity to express
their opinion on the question being discussed

83 2

4. Some students always dominate the discussion in small groups 27 44

5. Having a number of different viewpoints in the small groups
often leads to confusion

31 37

6. Using PRS, it is better to answer the concept question
individually before discussing the question in small groups

82 5

7. Group discussion after making an individual response leads to
deeper thinking about the topic

90 2

8. Using PRS, it is better to start with a small group discussion
before making an individual response

13 60

9. The best interaction method depends on the difficulty of the
question

43 17

10. A class discussion using a microphone is an important aspect
of the PRS class

40 26

11. I pay more attention in class when I know I might have to
answer questions with the microphone

52 15

12. Hearing other students’ explanations by microphone often
confuses me

37 31

13. I like having to explain the answers to the PRS questions using
the microphone

10 61

14. It is important that the teacher clearly explains which is the right
answer and why after a class discussion using the microphone

100 0

15. Using PRS helps the teacher become more aware of student
difficulties with the subject matter.

80 4

 Note: Figures are derived from responses to a 5 point Likert scale (1-5 with 1=strongly agree and
5=strongly disagree).  Responses 1 and 2 have been combined to represent the percentage of students
‘agreeing’ with each statement and similarly responses 4 and 5 represent the percentage ‘disagreeing’.
The ordering of statements in the table follows the text and was not the order of presentation to students.


