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This paper reports a study of clicker use within an undergraduate course in Operating Systems. It is based on a controlled,

randomized experiment with a crossover design that measures learning outcomes by means of test questions at different

levels of cognitive difficulty. The study aims to investigate whether clicker use primarily promotes superficial learning,

whereby students reapply uncritically a previously seen solution in a new situation, or a more genuine learning whereby

they analyze new situations and solve new problems. The results suggest that students attending clicker-based lectures

obtain better exam scores than students attending corresponding traditional lectures in the same course. Moreover, the

superior scores achieved by the students attending the clicker-based lectures were most pronounced for exam questions

that required knowledge of the subject matter. The article concludes that clicker-supported lectures may be tried out

helpfully in engineering education to promote learning. Advice is given as to how one may proceed.
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1. Introduction

Immediacy and interactivity are recurring keywords

in contemporary educational research (e.g. [1–3] ).

Another theme that shines through the Higher
Education literature is that of budgets being under

pressure due to a variety of factors, including

reductions in state allowances and increased oper-

ating costs [4, 5]. In that context, there seems to be a

growing interest in introducing technology into the

classroom in order to allow for, among other things,

interactivity, large class sizes, better learning, and

increased student satisfaction.
Student active learning activities are at the core of

most engineering educational programs, which

typically have a strong focus on problem-based

learning [6], guided inquiry module instruction [7],

laboratory-based instruction [8], real-world experi-

mental projects [9] and other learning-by-doing

educational activities [10]. However, traditional

engineering education has been described as
having generally little focus on formative assess-

ment in the classroom [11] and relies more heavily

on summative assessment [12]. Although there are

normally a number of arenas where engineering

students receive feedback on their work, for exam-

ple within the realm of laboratory-based instruction

and project-based learning, it is less common to

have mechanisms for feedback during lectures.
Nevertheless, the recent literature points towards

an increased focus on alternative forms of assess-

ment in engineering education, such as continuous

assessment [13]. In some cases, technology is used to

support the processes of formative assessment.

Amongst the many technologies available, clickers
have been the object of some experimentation in

engineering education in order to promote active

learning in the classroom [14].

In the present study we shall focus on the follow-

ing research questions:

1. Do students attending clicker-based lectures

obtain better scores at their final examination

than students attending lectures without click-

ers?

2. If students attending clicker-based lectures
obtain better exam scores than students attend-

ing lectures without clickers, is the gain larger

for exam questions that require genuine subject

knowledge than for questions that can be

answered with more superficial knowledge?

3. Do important administrative conditions of

teaching and learning such as locating the

lectures in the morning or after lunch, or early
or later in the semester, affect the impact of

clicker use on students’ scores at their final

examination?

To establish a context for the research questions and

the way we address them, this article provides first

an overview of what is meant by the term ‘clickers’,
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then it gives a succinct review of the literature on

clickers.

Clickers are increasingly popular learning aids

that may differ in functional details and that may

carry different names. The notion of a ‘clicker

system’ generally refers to hardware along with a
software application that gathers and stores student

responses, and makes them available in aggregated

and synthesized form, either graphically or in a

tabular form to some or to all users. It may be

noted that there is a range of designations for such

systems, including ‘personal response system’,

‘classroom response systems’, ‘student response

systems’, ‘audience response systems’, or ‘electronic
response systems’, all of which refer to approxi-

mately the same concept.

The term ‘clickers’ is commonly used today to

refer to dedicated handheld devices equipped with a

set of buttons that can be pressed by users. They are

typically used to get a large number of people to

input, anonymously, their response to one or more

questions by ‘clicking’ or pushing a button on their
device, corresponding to what they consider to be

the correct answer. While such devices have been

used in classrooms since the 1960s [15], recent

developments of clicker systems have resulted in

the creation of ‘clicker applications’ that do not

require dedicated clicker equipment, but that can be

used via computers, mobile phones or tablets with a

network connection. In such a case, what is called a
‘clicker’ is not a dedicated physical artifact, but

rather a functionality that may be integrated in

familiar electronic tools that the learner already

uses for other purposes. In the pilot study reported

in the present article the students used their mobile

phones as platforms for the clicker applications.

The assumption underlying the use of clickers

during lectures is that they enable or encourage the
students and the teacher to carry out effective

learning activities that would have been impossible

during ‘traditional’ lectures or—perhaps more typi-

cally—to engage in a larger number of learning

behaviors, or do so in a pedagogically better way

or at a lower cost. Alternatively, the idea is that the

instructor is able to teach a larger number of

students at the same time than is possible in a
traditional lecture format, without sacrificing stu-

dent learning or increasing teaching costs.

In sum, the challenge for the teacher is to design

and execute clicker-supported lectures in such away

that the materials, the setting, and the nature and

timing of the teacher interventions really promote

student learning or reduce teaching costs beyond

what they are in the traditional case. An additional
challenge is to measure the learning outcomes in a

way that validly and reliably captures the learning

goals guiding the planning and execution of the

lectures, for example by constructing suitable

tasks for the final examination.

Clicker systems have largely be seen as a modern

technological and, therefore, exciting way of imple-

mentingmore or less traditional andwell-documen-

ted pedagogical methods, such as for example peer
instruction [16, 17], cooperative learning [18],

inquiry-based instruction [19], instruction based

on discussion [20], instruction based on feedback

[21], and instruction basedon visualizations [22].All

of these important pedagogical tools may be, and

indeed have been, applied in a traditional low-tech

classroom as well as with the aid of clicker technol-

ogy.
There is a large and varied body of research

addressing the effects of clicker use on a range of

factors including, among other things, exam grades,

student learning, student learning behavior, and

student learning motivation. It is typically con-

cluded that the effect is beneficial [23, 24]. However,

it has also been reported that the effect may be

detrimental [15, 25].
Interestingly, one experimental study found that

clicker use had a positive effect on exam scores but

that the effect was limited to exam questions similar

to those employed in the clicker sessions of the

lectures [26]. In general, the research literature

attributes any seemingly positive impacts of the

clicker technology on student learning, engagement

and satisfaction to the way in which it is used by the
teacher and the learners, that is, to the pedagogical

part of the total system [15, 27].

The study reported here aims to address the

research questions through a randomized experi-

ment with a crossover design. The article ends with

suggestions as to how new studies may improve the

evidence regarding the usefulness of clickers for

learning, including how to adapt the methods of
training and testing to make clicker use more

effective and to make exam score a more valid

measure of learning. For institutions that consider

the adoption of clickers, some ideas are put forward

as to how one may boost the prospects of successful

clicker trials, and in a systematic, stepwise manner

encourage the adoption of clicker-supported learn-

ing in evenmore courses using evenmorewell-tested
and better methods.

2. Method

2.1 The experiment

The experimental study reported here is designed to
test the hypothesis that the use of clickers may help

students to improve their exam scores and, in

particular, to see how our results relate to the

discussed earlier findings, which were few and
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were seemingly contradictory. The participants

were students attending an undergraduate 10

ECTS credits course in Operating Systems in the

spring semester of 2012 at the Oslo and Akershus

University College of Applied Sciences.

2.2 Design of the study

The lectures of the Operating Systems class at the

college are normally given two hours a week for 14

weeks to a single group of second-year B.Sc. stu-

dents. For the purpose of the present experimental

study, these students were randomly divided into

two groups, A and B, with the restriction that the
groups should be equal with respect to gender

composition, national background (local or for-

eign), and study path.

On the lecture day, there were two periods of

lectures, one from 8.30 to 10.15 and one from 12.30

to 14.15. During the first lecture the students were

introduced to the study and used the clickers for the

first time. The next seven weeks the clickers were
used in the lectures of groupA, and the last six week

the clickers were used in the lectures of group B. By

letting both group, A andB, attend both clicker and

traditional lectures, we may ensure that any differ-

ences between groups A and B are canceled out

(under certain assumptions). Such an experiment is

called a 262 crossover experiment [28].

The curriculum of the course was divided into
four subjects. Subject W was lectured for the first

three weeks, subject X for the next four weeks,

subject Y for the next three weeks and subject Z

for the last four weeks. The final written exam was

divided into four parts, corresponding to the same

subjects. Such a design made it possible to relate the

final exam results of the two groups to the teaching

method used in the lectures. Each of the four parts
of the final exam consisted of several questions.

Some of these questions were quite similar in form

and content to the questions given in class using the

clickers, merely requiring the student to remember

and reproduce facts and/or repeat procedures that

he or she used to solve the training questions

relating to the subject area taught in a certain part

of the course. This direct and ‘shallow’ relationship
between training tasks and exam questions is

denoted ‘E’ (meaning ‘equal’) in Table 1 below.

Other exam questions were also related to the

questions discussed in class, but in a more subtle

way, requiring a deeper level of understanding. The

student still needs to apply the knowledge required

to solve training questions pertaining to a certain

part of the course, but the application involvesmore
complex cognitive operations. He or she must think

more abstractly, recognize instances of more gen-

eral cases, assess the relevance of information,

retrieve additional required knowledge, combine

information, and arrive at logical conclusions.

This more challenging cognitive relationship

between training tasks and exam questions is

denoted ‘R’ (meaning ‘related’) in Table 1.

Finally, the knowledge required to answer certain

exam questions may have no identifiable relation-
ship to the knowledge demanded by the training

tasks in a given subject area. This state of ‘no

relationship’ is marked ‘NR’ in Table 1.

The lecturer delivered the same lecture twice each

day, once using clickers and once as a traditional

lecture. This might have caused a difference in the

quality; the second lecture might be better due to

one extra rehearsal. We tried to balance out this
effect by letting the lecture time of day be swapped

half-way into the period of clicker usage as shown in

Table 1. Then the students received lectures both

before and after lunch in each period (provided that

the attendance was the same in both parts of the

period).

Table 1 gives an overview of the design of the

experiment.

2.3 Comments on Table 1

2.3.1 Explanation of the relevance relationship

notation in Table 1 (cf. the next to the last row)

Consider, for example, the column for subject X.
There are 18 clicker training questions that the

instructor has asked and that the students have

answered and discussed in the course of the four

lessons devoted to this subject. Without going into

the content and the form of the individual training

questions, we note that they together are ‘equal’ to

exam questions a and c, that is, E: a, c. Moreover,

they are ‘related’ to the other three exam questions
b, d, and e; thus they require deeper understanding

of subject X, that is, R: b, d, e. Finally, there is no

examquestion in subject X, which has not somehow

been covered by the training tasks in subject X, i.e.

NR:—. And so on for the columns for other sub-

jects.

For a more detailed explanation of each of the

relationships R, E, and NR between training ques-
tions and exam questions, consider the example of

the first row: To what extent does the student need

to understand the subject matter of the clicker

training questions in subject W and the solution

methods used to arrive at the correct answers in

order to successfully answer the various exam ques-

tions a, b, . . . , f in subject W?

R=Related: The student needs to understand the
subject matter of the training tasks. He or she needs

to see that this understanding is relevant to answer-

ing the exam question a, despite the dissimilarity in

the form and content of this question relative to the

training questions. He or she must then be able to
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mobilize and apply this knowledge in the new

situation by logical arguments and calculations, in

order to answer exam question a. And so on for the

other subjects and exam questions.

E =Equal: The examquestion is similar to (called

‘equal’ to) the relevant training question in subject

area X. The student needs to recognize the relevant

earlier training situation, remember the procedure
used to solve the training task, and then merely to

repeat this procedure to solve the current task a.

In this case, no knowledge of the subject matter is

required, only an episodic memory of the training

situation.

NR = Not related: The clicker-based training

question is not relevant to solving the exam task.

Accordingly, clicker training with this question is

not expected to influence the correctness of the

submitted answer to the exam question. The inter-

pretation is similar for the other subjects and exam

questions.

2.3.2 The groups and the experimental treatments

The experimental treatment variable may assume

two values, C and N, indicating which of the two

conditions of learning that is relevant for the

students taking part in a given lecture. C means

Reidar Kvadsheim et al.508
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that the students are expected to use clickers to

answer questions posed by the instructor during

the lecture, and the lecturer offers the students a

dialogical process for doing so and for recording

and following up the answers. N indicates that the

students attend a traditional lecture without the use
of clickers.

The randomized, controlled crossover design of

this experiment served to ensure that all the mem-

bers of groups A and B in the course of the experi-

ment received both treatments, but in a reverse

order: The members of A attended clicker lectures

(C) in the first half of the experiment and traditional

lectures (N) in the secondhalf, whereas themembers
of B experienced the two kinds of lectures in the

opposite order, thus relying on traditional lectures

for the first half of the experiment and on clicker-

based lectures for the second half.

These differences between the members of A and

B with regard to the location within the course of the

C and the N lectures and the order in which the

groupmembers experience the two kinds of lectures
raises several concerns when it comes to comparing

clicker lectures and traditional lectures with regard

to effects on the learning or motivation of the

students. In addition to these challenges following

from the crossover design, we have the possible

impact of the fact that the weekly clicker-based

lecture and the corresponding traditional lecture

always took place at two different times of the
same day, one before lunch (AM) and the other

after lunch (PM). By using the same lecturer and the

same weekday for these two lectures instead of

resorting to different lecturers and/or different

weekdays, we have eliminated a variety of sources

of variation.

However, this advantage does come at a price,

since there may be differences in student learning
depending on the time of the day, in the present

experiment before and after lunch. A range of

examples of time of day effects on learning and

memory have been reported in the literature, sug-

gesting that learning may be influenced by, among

other things, the circadian rhythm in the students,

cf. [29–32]. Similarly, the performance of the teacher

in the lecture situation may conceivably also reflect
circadian variations, although we have not found

any published studies on this.

For each of the two lectures given by the instruc-

tor on a given day we have also registered whether it

is the first or the second one. This is relevant for at

least two reasons. First, the lecturer may presum-

ably improve his/her teaching between the first and

the second lecture due to the training and/or feed-
back received from the students during the first

lecture. Second, the lecturer may, deliberately or

not, change his behavior from the first to the second

performance as a consequence of other factors such

as boredom or fatigue.

In general, in order to argue persuasively for a

causal effect and not merely to demonstrate a

statistical association between teaching method

and learning outcomes, we need the crossover
design to be ‘balanced’ with regard to the students’

exposure to the design-related factors that can affect

learning. That is, all students in groups A and B

should take part in the same number of clicker

lectures (C) and traditional lectures (N), and the

amount and nature of the distinguishing character-

istics of these two kinds of lectures should remain

the same throughout the experiment. Table 1 reveals
that this balance is absent in the present experiment.

Moreover, although certain aspects of the imbal-

ance are readily visible in the table and can to some

extent be taken into account, the significance of

other aspects cannot be assessed for lackof informa-

tion. Let us add a brief systematic explication of the

imbalance:

1. The number of treatments

The number of clicker lectures was larger for group
A than for group B, 8 vs. 7. In consequence, the

number of traditional lectures was larger for group

B than for group A, 7 vs. 6. (The first lecture in the

course was a clicker-based training lecture for all

students in groupsA andB at the start of the course;

that is, C1 = N1. The purpose of this lecture was to

provide all students with a shared basis of under-

standing and motivation at the start of the experi-
ment). Additionally, the number of clicker-based

questionswas also larger for groupA than for group

B, 24 vs. 23.

2. The order of the treatments

The members of group A went on from the initial

clicker-based lecture to practice the samemethod in

the next seven lectures before they had to revert to

the traditional lecture mode for the remaining part

of the course. In an almost total reversal of this
pattern, the members of B also got an initial taste of

the clicker-based method in the first lecture before

they changed track to endure a sequence of seven

non-clicker lectures, after which they returned to

practicing the clicker method in the remaining

lectures in the course.

3. The timing of the treatments

Whereas the design of the experiment is balanced

with regard to time of day—that is, the number of
lectures before and after lunch is the same—various

other possibly relevant time-related factors are

imbalanced, for example the amount of time

between the lecture and the test of its effect on

learning (in particular the final course exam).
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4. The learning-relevant differences between the C

and the N treatments

Some potentially important aspects of the treat-

ments (i.e. learning-relevant events and processes

in the C and the N lectures) were designed to vary

over the experimental period or changed as a con-
sequence of designed variations. These treatment

variations and their effects (if any) on learning will

escape detection if we limit our attention to the

simple distinction between use and non-use of

clickers; the variations concern the details of how

the clickers and the traditional teaching techniques

are applied. First, Table 1 shows that the subject

matter taught in the lectures changed from one
phase to the next one in the four treatment phases

of the experiment. Second, the number of clicker

questions asked by the lecturer and dealt with by the

students and the instructor in the learning process

differed among the subjects, as did the number of

questions posed and dealt with per lecture. The last

number can easily be calculated from the numbers

in Table 1. Third, we do not know the amount of
time that the students and the instructor spent on

answering and discussing the different clicker ques-

tions; nor do we have data on the nature and the

duration of the student and instructor activities that

made up this process.

More generally, there has been no standardiza-

tion of the character of the clicker questions over the

project period, and no precisely defined standardi-
zation of the relationship between the tasks and the

pedagogical process in the clicker-based lectures

and the content and the form of the corresponding

traditional lectures. In order to mitigate the con-

sequences of this in the early stage of research, the

series of clicker-based lectures was planned specifi-

cally for the present experiment on the basis of an

existing series of traditional lectures tried out in the
same course in earlier semesters; the traditional

series of lectures was retained in the experiment

and served as the basis of comparison. Moreover,

since the new series of clicker-based weekly lectures

and the parallel comparison series of traditional

lectures were planned and conducted by the same

teacher, and as the aim was to maintain a week-to-

week correspondence between the knowledge con-
tents of the clicker-based and the traditional lec-

tures, we assumed this to offer some assurance of a

certain ‘normal’ relationship between clicker-based

and traditional teaching.

5. The treatments actually received by the students

The factors 1–4 are all potentially important influ-
ences on student learning due to the crossover

design of the present experiment; for us they are

sources of possible treatment imbalances between

groups A and B that may add to or detract from the

impact of the planned pedagogical differences

between the treatments of students in the groups

A and B.

An additional, but related, source of uncertainty

regarding the interpretation of the outcome of the

experiment is the oversimplified and primitive
nature of the binary distinction between clicker-

based and traditional lectures (C vs. N). The experi-

mental design outlined in Table 1 is a plan indicating

which treatment (CorN) is tobe administered to the

members of groups A and B, and at what time

during the experiment. The treatment data used in

the reported results below refer exclusively to these

planned, binary defined treatments. However, the
treatments actually received by each student may

have been different from the planned ones and,

moreover, deviate from each other in other ways

thatmay be unforeseen and their impact on learning

may not have been considered. First, the success of

each planned treatment depended on whether the

student in fact attended the relevant lecture as

opposed to staying away. Second, the student may
have chosen to attend the alternative lecture instead

of the planned one, or even to take part in both of

the lectures, the planned one as well as the alter-

native one.Third, andmost important, the learning-

relevant contents of any treatment lecture include

more than ‘mere presence’ during the lecture, parti-

cularly during the clicker-based lectures, where the

students are expected to be active problem solvers
by answering questions and taking part in the

subsequent discussions. Thus, the actual treatment

needs to be described in more precise aspects and in

the nuanced terms of the kinds and amounts of

behavior and other process aspects.

2.4 Test of the effect of the experimental treatment.

Two effect tests based on final examination scores
are alluded to in Table 1:

1. Do students who have attended clicker-based

lectures in a given subject obtain better final
examination scores in this subject than students

who have attended traditional lectures in the

samesubject? If so,howlarge is theclickereffect?

2. Does the clicker effect (if any) depend on the

relationship between the final exam questions

testing the students’ knowledge in a certain

subject and the training questions posed by

the lecturer in order to promote student learn-
ing in the subject?

Comment: Based on the earlier review of the litera-
ture, the hypothesis here is that the clicker-based

training advantage effect is larger for exam ques-

tions that presuppose genuine subject knowledge

than for questions that require none or only super-

ficial subject knowledge. Accordingly, we expect the
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clicker effect to be larger for examquestions that are

‘related to’ a certain earlier clicker-based training

question than for exam questions that are ‘equal to’

the clicker-based training question. For those exam

questions that do not require any knowledge of the

subject (the ‘equal’ category), the notion of a clicker

advantage effect is more complex. There might be a

clicker advantage effect, though a ‘fake’ one, if the
clicker-supported student has failed to acquire real

subject knowledge but luckily has picked up the

answer to a training question that happens to re-

emerge as an exam question. Or, conceivably, there

could be some general effect of clicker-based train-

ing that benefits all exam questions, if the training

somehow inspires the students to change the way

they study or to devote more time to learning.

3. Results and discussion

Table 2 shows mean exam scores, on a scale from 0

to 100, with standard deviations for the four main

parts of the experiment.

3.1 Comment on Table 2

The label (C) indicates that thegroup inquestionhad

attendedclicker lectures,whereas (N)means that the

group had attended a traditional lecture where

clickers were not used. For example, group A took
part in clicker lectures in periods 1.1 and 1.2, while

groupBdidnot.Thetable showsasasummaryresult

that the mean exam score in a given curriculum is

largest for those students who attended clicker

lectures in the periods when the curriculum was

taught. This result—viewed in isolation—suggests

a ‘yes’ answer to the first part of the main research

question 1 stated earlier: ‘Did the students attending
the clicker-based lectures in a given subject area

obtain better scores at the final examination in this

area than the students attending the parallel ‘con-

trol’ version of the lectures without clickers?’

The 26 2 crossover experiment can be analyzed

using the Student’s t-test. See Jones and Kenward

[28] chapter 2 for details. The results are summar-

ized in Table 3.

3.2 Comment on Table 3

The clicker effect is tested by computing for each

student the difference in exam score for the topics

when the student used the clicker in the lectures and

for the topics when the student did not use the

clicker. We see from Table 3 that the effect is

significant with p-value 0.031, meaning that exam

scores related to the clicker lectures are better than

for the traditional lectures. A 95% confidence inter-

val for the clicker effect is [1.2, 24.3] with the mean

value of 12.7,which corresponds to an improvement

in exam results of more than one grade (e.g. from E
to D or B to A).

By carry-over effect we mean the difference in

exam score as a result of the order in which the

students attended the traditional and clicker lec-

tures. In many crossover experiments we expect to

observe such an effect if, for example, the students’

use of clickers in the first part of the experiment

produce a change in learning behavior that endures
in the second part of the experiment. We see from

Table 3 that for this experiment we do not observe

any significant carry-over effect.

By period effect we mean the difference in exam

scores for periods 1 and 2 in the experimental set up,

for example because the curricula are different in the

two periods (i.e.W,X vs.Y, Z).We see fromTable 3

that we do not observe any significant period effect
for this experiment.

In sum, the results so far are compatible with the

hypothesis that the use of clickers during lectures

did help the students obtain better exam scores. This

hypothesis is a speculative and tentative conclusion,

however, that says nothing about why and how

clicker use influenced exam scores. A possible brief

answer to these questions is:

1. that the clickers helped the students learn more

than they would have done without clickers,

and

2. that the resulting increase in knowledge enabled

the students to give better answers to the exam

questions than theywouldotherwise have done.

We may assess the plausibility of this answer by

inspecting more detailed data about the exam
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Table 2.Mean exam scores for groups A and B on exam questions in subjects that were taught in periods 1.1, 1.2 and periods 2.1, 2.2

Periods 1.1, 1.2/Subjects W, X Periods 2.1, 2.2/Subjects Y, Z

Group A
(No. students: 27)

Mean exam score: 76.2 (C)
Stdev exam score: 23.4

Mean exam score: 66.4 (N)
Stdev exam score: 26.2

Group B
(No. students: 17)

Mean exam score: 74.4 (N)
Stdev exam score: 24.4

Mean exam score: 77.2 (C)
Stdev exam score: 23.4

Table 3. 26 2 crossover trial. Result

Degrees of
freedom Tobs p-value

Period effect 42 1.2439 0.220
Carry-over effect 42 –0.6502 0.519
Clicker effect 42 2.2315 0.031



scores, relating the data to the research and theory

reviewed in the Introduction to the present paper.

First, we note (cf. Table 1) that the exam ques-
tions differ with regard to the kind and extent of the

knowledge that the students need to have and be

able to use in order to answer correctly, the knowl-

edge referring to what was taught and trained for in

the relevant lectures. Some examquestions, denoted

NR (‘Not Relevant’) do not presuppose subject

knowledge taught in the course. In these cases

clicker training during the lectures does not seem
helpful. To answer other questions marked E

(‘Equal’), the student needs superficial understand-

ing of the subject. It is sufficient if he or she

remembers a solution procedure that was used in a

certain training task and has the good sense or luck

to feel that the exam question is of the same kind so

that the same procedure can be used. In fact, in the

present study, it was enough for the student to
remember the answer to the clicker question and

not the procedure originally needed to arrive at the

answer. In bothof these cases clicker training during

the relevant lectures may conceivably have aided

some kind of learning (cf. Carnaghan and Webb

[26] ), but to a lesser extent than in those cases when

the exam questions are labeled R (‘Related’). In

order to provide correct answers to such questions
the student needs real understanding of the subject

matter, so that he or she realizes that the subject

knowledge is applicable to the exam question and is

able to pick out the knowledge elements that are

needed and to apply them to the current task. In

support of this logic, we refer to the research and the

extensive literature review by Mayer et al. [24],

which suggest that clickers work by stimulating

deep cognitive processing of the subject content

taught and applied in the lectures.
Now, consider Tables 4–6, which have the same

general form as the summary overview of exam

scores and standard deviations in Table 2, with the

important difference that the exam scores and

standard deviations are calculated and displayed

separately for each of the three categories of exam

questions: Equal, Relevant, and Not Related.

Visual inspectionof the three tables does not suggest
anymajor differences among the results for the three

categories.

Table 7 provides a helpful statistical overview of

these data by showing p-values and 95% confidence

intervals for the clicker effect for the three categories

of exam questions.

Only for the question category ‘Related’ is there a

statistically significant effect of clicker use on exam
score (p-value = 0.045) on a 5% significance level,

with a mean improvement in score of 13.8. For the

categories of ‘Not related’ and ‘Equal’, the clicker

effects are not significant (with p-values of 0.099 and

0.49, and mean improvements in exam score of 16

and 6.7 respectively).
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Table 4. Descriptive data. Equal

Periods 1.1, 1.2/Subjects W, X Periods 2.1, 2.2/Subjects Y, Z

Group A
(No. students: 27)

Mean exam score: 78.7
Stdev exam score: 25.3

Mean exam score: 62.6
Stdev exam score: 35.4

Group B
(No. students: 17)

Mean exam score: 80.0
Stdev exam score: 23.3

Mean exam score: 70.6
Stdev exam score: 31.7

Table 5. Descriptive data. Related

Periods 1.1, 1.2/Subjects W, X Periods 2.1, 2.2/Subjects Y, Z

Group A
(No. students: 27)

Mean exam score: 76.6
Stdev exam score: 22.6

Mean exam score: 64.7
Stdev exam score: 27.1

Group B
(No. students: 17)

Mean exam score: 75.9
Stdev exam score: 23.4

Mean exam score: 77.8
Stdev exam score: 22.2

Table 6. Descriptive data. Not related

Periods 1.1, 1.2/Subjects W, X Periods 2.1, 2.2/Subjects Y, Z

Group A
(No. students: 27)

Mean exam score: 74.8
Stdev exam score: 33.4

Mean exam score: 68.3
Stdev exam score: 32.2

Group B
(No. students: 17)

Mean exam score: 67.1
Stdev exam score: 39.2

Mean exam score: 76.6
Stdev exam score: 32.2

Table 7. 26 2 Crossover trial. Clicker effects

Degrees
of freedom Tobs p-value

95%
confidence
interval

Equal 42 0.69 0.49 [–12.8 , 26.2]
Related 42 2.066 0.045 [0.3 , 27.2]
Not related 42 1.687 0.099 [–3.1 , 35.1]



Onemight speculate on the difference between the

results for these last two categories and the appar-

ently smaller difference between the categories of

‘Related’ and ‘Not related’, although we do not

have strong evidence that the improvements in

exam scores pertain only to one or two particular
question categories or that they are significantly

larger for some categories. In this situation, it

gives food for thought that the only significant

clicker effect has been observed for the exam ques-

tion category ‘Related’, which requires the students

to selectively retrieve and apply genuine knowledge

of the subject matter. This is consistent with the

earlier research and theory suggesting that the
benefit of clicker use above all has to do with

stimulation of student behavior and thinking

geared to understanding the arguments and steps

in the solution of problems. Consequently, it is not

surprising to find indications that clickers are of less

help in tasks that do not requiremuch reasoning but

merely that students are able to remember and

repeat a procedure or answer they have practiced
earlier. At this point, it is worth noting that the data

in Table 7, suggesting that clicker effect is smallest

for those exam questions that are similar to the

training questions, is contrary to the finding by

Carnaghan andWebb [26], who reported the largest

clicker effect in this case.

Let us add a note of caution. In the analysis and

discussion of the results we have for convenience we
assumed that the design of the experiment is

unbiased in the sense that it does not include

irrelevant factors that favor clicker lectures over

traditional lectures or the other way around, when it

comes to influencing final examination scores. We

have also, however, pointed out a number of

reasons suggesting that this assumption is unlikely

to be fully satisfied.
Table 8, below, illustrates one of these reasons.

The table shows two aspects of observed student

activity: ‘Actual’ student attendance in the tradi-

tional lectures and ‘actual’ student clicker activity in

the clicker-based lectures (as distinct from the

‘planned’ number of lectures to be attended and

the ‘planned’ number of questions to be answered

by the students as given in Table 1). In Table 8
attendance at the traditional lectures is summarized

by themean number of lectures actually attended by

the students in a given period, and the amount of

clicker activity in the clicker lectures is summarized

by the mean number of clicker questions actually

answered by the students during a given period.

Comment on Table 8. We see that we have

seasonal differences in both of these measures of

student activity. The number of traditional lectures
attended by the students in group B in periods 1.1,

1.2 in the winter season is notably larger than the

number of traditional lectures attended by the

students in group A in periods 2.1, 2.2 in the

spring season, i.e. 6.9 vs. 4.6. On the other hand,

there was a similarly unbalanced lecture plan of

eight lectures in the winter season as opposed to

only six in the spring season cf. the design of the trial
in Table 1. As for student clicker activity in the

clicker lectures, the imbalance between winter and

spring is similar: the mean number of clicker ques-

tions answered by the students in group A in the

winter season is notably larger than the number

answered by group B in the spring season, 26.7 vs.

22.2. There is a similar, but smaller, difference

between the total number of clicker-based training
questions in the two seasons, 24 vs. 23. We refrain

from speculating on if and how these activity data

can be expected to influence clicker effects on exam

scores.

We end the discussion of the results with two brief

comments.

1. The test used to look for a potential carry-over
effect (cf. Table 3) is rather weak, meaning that

we could have a carry-over effect even though

the test is non-significant. The test for clicker

effect is done under the assumption that we do

not have any carry-over effect.

2. The students are unlikely to have started their

participation in the experiment with an

unbiased attitude regarding the benefits of
clickers vs. traditional teaching-focused lec-

tures. Informal feedback from the students

suggests that they expected clickers to be a

useful tool to stimulate learning. It this is true,

it might bring about a positive clicker effect via

a mechanism of ‘self-fulfilling prophecy’.

3.3 Supplementary note on effect tests and

categorization of knowledge

Final examination scores are used as test instru-

ments because it is assumed that student differences
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Table 8. Student lecture attendance and student clicker activity

Periods 1.1, 1.2/Subjects W, X Periods 2.1, 2.2/Subjects Y, Z

Group A
(No. students: 27)

Mean no. clicks: 26.7
Stdev no. clicks: 6.3

Mean no. lectures: 4.6
Stdev no. lectures: 2.3

Group B
(No. students: 17)

Mean no. lectures: 6.9
Stdev no. lectures: 2.7

Mean no. clicks: 22.2
Stdev no. clicks: 6.6



in such scores, under certain conditions, validly and

reliably reflect differences in the amount of student

knowledge of the subject matter. The distinction

between examination questions that are respectively

‘related to’ and ‘equal to’ questions used for clicker-

based training serves to delimit one important
condition for the validity of exam score as ameasure

of student knowledge of the subject matter at the

end of the course. The reason for the introduction of

this distinction is that we are faced with the chal-

lenge ofmeasuring competence in an applied educa-

tional setting, with important research-relevant

constraints, and not in a laboratory.

The simple classification of exam questions used
in this study tries to capture one important factor,

correspondingly roughly to the commonsense dis-

tinction between ‘easy’ and ‘difficult’ exam tasks.

An easy task that is correctly answered will mislead

the person assessing the answer to credit the student

with more subject knowledge than he or she really

has and, accordingly, assigns the student a too high

grade. More optimistically, the measured impact
could turn out to be the positive one of improving

the student’s answers on difficult exam questions

and thus obtain a well-deserved higher grade. In

fact, both could be the case; that is, the clicker-based

lectures could turn out to improve true subject

knowledge as well as merely apparent knowledge.

3.4 Supplementary note on the reliability and

validity of the test instrument (i.e. the final

examination score as a measure of knowledge of the

subject matter taught)

The students’ knowledge at the end of the course

was measured by assessing their submitted answers

to the various questions constituting the final writ-

ten exam.The person conducting the assessment did
not know the identity of the students and, hence,

also did not know which students attended clicker-

based lectures and which students did not. Also, the

exam tasks in the software engineering subject

‘Operating Systems’ are such that the correct

answers typically enjoy agreement among experts

making this assessment. Accordingly, the reliability

of this measure (both in terms of the stability of
repeated assessments made by the same teacher and

in terms of the concordance between different

teachers assessing the same answer) is believed to

be high, although it has not beenmeasured.We also

regard the expert assignment of exam questions in

Operating Systems to the categories of ‘equal to’,

‘related to’ and ‘not relevant’ as a simple and reliable

judgment.
The validity of exam score as ameasure of student

subject knowledge at the end of the course is a more

complex issue. This is due to the fact that we cannot

know whether an exam question that is ‘equal’ to a

clicker-based training question merely incites the

student to copy the recalled answer to the training

question or if the student accesses his knowledge of

the subject matter and actively processes the rele-

vant parts of it to arrive at the answer to the

question. For those exam questions that are ‘related
to’ earlier clicker-based training questions, such

uncertainty does not exist. Hence, this subset of

exam questions makes for valid exam scores. In

consequence, total exam score may overrate the

subject knowledge possessed by some students in

the non-clicker group. The doubtful validity of the

set of ‘equal to’ questions implies that total exam

score in our study could be biased in favor of the
non-clicker group, thereby exaggerating the subject

knowledge demonstrated by these students relative

to the knowledge shown by the students attending

the clicker-supported lectures. While this is true in

principle, the pattern of student answers indicates

that such a bias may be small or non-existent in the

present study.

In order to see if there was a difference in validity
between the two categories of exam questions in our

data, we have calculated the difference in exam

scores between clicker students and traditional

students separately for each of the categories of

exam questions, in addition to computing the over-

all difference in exam scores between the two

student groups. The results are in the expected

direction, although the data does not permit definite
conclusions.

3.5 Summary of the discussion

In sum, the results suggest that the controlled

randomized experiment offers improved, but still

limited, evidence that the use of clickers to engage

students in problem solving and discussions during

lectures can stimulate long-term student learning
and help the students obtain better test scores in the

final examination.

The improvements in the evidence are due to two

aspects of the design of the study:

1. the study is a controlled, randomized trial with

a crossover design, and

2. measurements of learning outcomes relies on

different kinds of questions testing knowledge

with either much substantive content or con-

sisting merely in an episodic memory of the

correct answer to a particular clicker-based
training question.

The first design aspect, the controlled, rando-
mized crossover methodology, helps to reduce,

and assess statistically, the risk that the observed

effect of clicker use is really brought about by clicker

use and not by other factors that co-vary with it and

independently influence learning. The seconddesign
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aspect, the application of multiple dissimilar effect

measurements focusing on different kinds of learn-

ing outcomes, helps to see if the observed improve-

ment in learning (if any) is selective in the expected

direction. Does the improvement concern exclu-

sively, or mostly, measurement items that probe
the level of subject knowledge presumably gener-

ated through the clicker-related learning activities?

The uncertainty surrounding the size and the

interpretation of the results is related to several

aspects of the design and the execution of the study:

� The relatively small number of participants and

their possible biased initial attitudes and beliefs,

along with the practical difficulties associated

with delimiting the set of participants at the

start of the study and dividing this set into two

subsets by a random procedure.
� The small number of exam questions at different

levels of knowledge in the various subject cate-

gories. This limits the possibilities for studying

the possible effect of clicker use on the acquisition

of knowledge at different levels of depth.

� The lack of sufficiently detailed information

about the content of the traditional lectures and

the absence of a known, precise relationship
between these lectures and the clicker-based lec-

tures. This hinders comparison between the two

approaches and makes identification of likely

learning-relevant differences between the two

pedagogical processes difficult.

� The execution of the study in full accordance with

the planned design is hard to achieve in the

somewhat untidy setting of university teaching.
We have not assessed how far we have succeeded

in this. In particular, we have not explored data

on the actual activities of the individual students

in the various lectures, for example: Did he or she

attend the lecture? Did he or she answer the

clicker-based questions? Did he or she take part

in the discussions? If yes, how?

� The inherent limitations of controlled, rando-
mized experimental crossover studies of human

learning, including difficulties in determining and

interpreting carry-over effects and period effects.

Also, there is no subset of participants who took

part in a totally traditional version of the course,

with no use of clickers. Similarly, a subset of

participants experiencing a fully clicker-based

version of the course is not available for compar-
ison.

In future studies, therewill be a need to establish a
clear correspondence between the contents and

activities of the traditional lectures and those of

the alternative clicker-based learning sessions in

order to identify learning-relevant similarities and

differences between them.

4. Conclusions

Although the study was carried out in the subject of

Operating Systems, its potential usefulness is not

limited to this subject, nor to software engineering

or to engineering studies in general. The only

immediately evident limitation is that the subject

matter taught must be a structured body of knowl-
edge (in terms of concepts, relationships, tools, and

procedures) that enjoys a sufficiently high degree of

consensus among recognized experts, so that

actionable learning objectives can be formulated

and their attainment measured with validity and

reliability.

With this in mind, the reported study suggests the

following.

1. Clicker-supported lectures may helpfully be

tried out in one or more subjects as a tool for

achieving significant student gains in exam

scores as well as in knowledge of the subject
matter. (In the present study the average gain in

score corresponded to an advance from one

level to the next one on the usual six-level

scale from A through F, from for example E

to D, or C to B.)

2. Toprepare for effective clicker-supported train-

ing and thereby to strengthen the chances of

success, the institution and the teachers con-
cerned should check the current quality of the

framework for teaching and learning with

regard to the course (or courses) concerned:

(a) Are the learning objectives stated clearly in

terms of actions (tasks) that the students

are expected to be able to carry out? Can

the students’ ability to do so be assessed?

(b) Do the current procedures for preparing
and carrying out the final examination (or

any other tests for measuring the learning

outcome) ensure that the exam tasks

validly test the students’ ability to perform

the actions defining the learning objectives?

If the first or both of these questions cannot

unreservedly be answered with a ‘yes’, there is a

need to identify the reason and eliminate it.
Otherwise, the teacher(s) responsible for the

course will lack the direction and the quality

assurance needed to prepare and carry out an

effective clicker-aided course plan.

3. It may be prudent for an institution, in view of

the limited and uncertain available research-

based knowledge, to start with just one, or a few

courses, in order to gain experience, and then
proceed gradually. Trusted colleagues that

report positive results, and that can provide

practical advice, can increase the willingness

and the ability of others to make a try.
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4. Institutions that consider the possibility of

implementing a new, clicker-supported version

of an existing course and measuring its effec-

tiveness, may find the description and the dis-

cussion of themethodology of the present study

a helpful source of ideas and challenges.
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Appendices

A. Description of the clicker app

For the purpose of this study we have developed a mobile web application (web-app) in-house, i.e. involving

both students andmembers of the academic staff.Themotivation behind developing in-housewas to be able to

continuously adapt the app to the needs of the users. The rationale behind choosing to perform this studywith

an app rather than a traditional clicker was as follows:
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� The cost of traditional clickers was not insignificant, especially considering that this study was the first of a

much wider research project, intending to include several thousands of students, and that the exact number

of participants was unknown.

� The next stage of the research is supposed to be carried out in several countries, whichmade it impractical to

purchase physical clickers.

� A preliminary survey amongst the students of the faculty revealed that 95% of the students had an Internet
connected device with them during classes and lectures, albeit on a number of different platforms including

iPhone, Android, Mac and Windows.

� Asolution based on aweb-appwould solve the problems described as far as cost, availability and scalability

are concerned.

� Traditional clickers allow only for a limited set of question types, whereas a web-app allows for a much

wider range of uses.

After it became clear that traditional clickers were not to be used for this study, the question of what platform

to choose was an easy one, since there were no apparent advantages to developing separate platform-specific

applications. Web was the obvious multi-platform solution to the problem, i.e. targeting both mobile devices

and laptops, both of which were used in classrooms.

The functionalities of the app are as follows.

� It was built on a client–server model where the clients (mobile devices and laptops) send their answers to a

server, which stores the data and provides a web page allowing a visual presentation of the results as

diagrams.

� The client had a very simple user interface, based on a structure of channels, whereby each channel can
include an indefinite number of questions.

� All users (both teachers and students) had the possibility to create channels and create questions within

them. This functionality was created to give an incentive for students to use the app for extra-curricular

purposes.

B. Supplementary note on the method of the experiment

The experiment, using a cross-over design with the random assignment of students to clicker and non-clicker

(i.e. ‘traditional’) conditions, was run for the first time as a regular bachelor-level course that the students need
to pass to earn their degree. Clicker questions and clicker use had to be planned and coordinated with suitably

adapted lecture parts. All of this, in turn, had to be coordinated with the traditional non-clicker version of the

course, so that the two versions of the course could be run in parallel and could prepare the students for exactly

the same exam. This required a lot of work for the single person in charge of planning and running both of the

course versions.

Despite this effort, there is no simple full correspondence between the two versions of the course in this pilot

experiment. Still, the curriculum, the requirements, and the final exam tasks are identical, and the timing of

the lectures and their subject areas also overlap almost completely. Also, the questions that the instructor
asked the students, or the task solutions that he demonstrated, and the concepts that he explained, were also

mostly the same. However, not every question asked, solution demonstrated, or explanation given to one

group also turned up in some form for the other group. Or, if it occurred, it was for example offered as an

immediate and unasked for answer by the instructor to a question that he had posed himself as part of the

lecture. This complex relationship between the clicker (C) and non-clicker (N) versions of the coursemanifests

itself in Table 1 in the absence of specifications of the training tasks as well as their relevance for the final exam

tasks in the case of the non-clicker version. The result is that any difference (or similarity) in the final

examination scores of the students between the two course versions may be explained in more than one way:
Does it have to do with clicker use or is it due to other differences or similarities between the versions?

Precisely how?

As has been explained and exemplified in the quasi-experiment by Mayer et al. [24], it is difficult or

meaningless to conceive of a ‘clicker effect’ as such; the clicker system and the way it is applied are but a

particularmeans for realizing, for example, a certain pattern of communication between the instructor and the

students, a pattern that may also be realized by other, non-electronic means. Accordingly, the clicker method

not only needs to be described accurately but must be contrasted with a precisely defined alternative

instructional design.
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C. Examples of clicker-based training questions and exam questions

The following example questions are taken from subject Y: ‘Threads, synchronizing and internal memory’.

i. Example questions from the category equal

The first of these clicker questions is literally equal to the corresponding exam question, (b). In the second

example there are some small differences and the corresponding exam question, (h), is a bit more detailed.

However, the essence of the questions is equal and so is the essence of the answers. In the first example the

question concerns a quite complexmechanism thatmost students find hard to fully understand, but in order to
be able to answer the examquestion correctly, the student can base the answer on just remembering the answer

from the clicker test.

Clicker question:

What will happen if a process fails to signal a semaphore after a critical section?

Clicker response alternatives:

1. The process will be stopped by the operating system.

2. The operating system will, after a while, signal the semaphore.
3. No other processes will thereafter be able to enter the critical section.

4. The critical section will no longer be critical.

5. Two other processes will be able to enter the critical section simultaneously.

Exam question:
(b) What will happen if a process fails to signal a semaphore after a critical section? Explain briefly.

Exam answer:

Then the semaphore will remain locked and other processes (if they behave properly) will not be able to
enter the critical section.

Answer number 3 of the above clicker response alternatives is the correct one. The exam answer is a bit more

elaborate, but a student answering exactly the same as the given clicker answer would be given full score at the

exam.

Clicker question:

A program is running and uses 256 MB of internal memory. Where is the page table located when the

process is running?

Clicker response alternatives:

1. The entire table is in the MMU.

2. Some in the MMU, the rest in RAM.

3. The entire table is in RAM.
4. Some in RAM, the rest in swap.

Exam question:

(h) A program is running and uses 512 MB of internal memory. Where in the hardware is the page table
located when the process is running? Do if necessary include locations where parts of it may reside. Explain

briefly.

Exam answer:

Assuming a page size of 4KB there will be approximately 128 thousand entries in the page table. That is far
toomuch to be storedwithin theCPU in theMMUand the TLBand some parts of the page table will reside

in RAM. Parts of it may also reside in other parts of the cache than TLB, in L2 and L3.

Answer number 2 of the above clicker answers is the correct one. The exam answer is more elaborate, but a
student answering exactly the same as the given clicker answer would be given full score at the exam.

ii. Example questions from the category related

The first of these clicker questions is very similar to the corresponding examquestion (d). However, in order to

be able to answer correctly, the student cannot base the exam answer on just remembering the answer from the

clicker test; he or she needs to understand the algorithm. In the second example there are two clicker questions
corresponding to the single exam question (c). In this case the algorithm involved is much more complex and

the student needs also, in this case, to have a thorough understanding of it in order to be able to answer the

exam question correctly.



Clicker question:

A program uses 256 KB of internal memory. The page size is 4 KB. How many pages are there in the page

table?

1. 64

2. 128

3. 256

4. 512

5. 1024

Exam question:

(d)Aprogramuses 512KBof internalmemory.The page size is 4KB.Howmanypages are there in the page

table? Explain briefly.

Exam answer: There are 512 K / 4K = 128 pages.

Answer number 1 of the above clicker answers is the correct one and a student answering exactly the same as

the given clicker answer at the exam would be given a zero score.

Clicker questions:
A. In which case will the following mutex method for a file not work?

while(-f /tmp/lock) {}x

‘touch /tmp/lock’;

# Writing to a common file
‘rm /tmp/lock’;

1. If a context switch occurs immediately before the lock file is made and another process runs the same

code.
2. If a context switch occurs while the other process is writing to the common file and another process runs

the same code.

3. If a context switch occurs immediately before the lock file is removed and another process runs the same

code.

4. If a context switch occurs immediately after the lock file is made and another process runs the same code.

5. If a context switch occurs immediately after the lock file is removed and another process runs the same

code.

6. It will never work.

B. In which case will the following mutex method for a file not work?

‘touch /tmp/lock’;

while(-f /tmp/lock) {}

# Writing to a common file

‘rm /tmp/lock’;

1. If a context switchoccurs immediately before the lockfile ismadeandanother process runs the same code.

2. If a context switch occurs while the other process is writing to the common file and another process runs

the same code.

3. If a context switch occurs immediately before the lock file is removed and another process runs the same

code.

4. If a context switch occurs immediately after the lock file is made and another process runs the same code.
5. If a context switch occurs immediately after the lock file is removed and another process runs the same

code.

6. It will never work.

Exam question:

(c) Assume that a Perl program, which may be run simultaneously by several independent users, uses the

following method in order to avoid two users writing to the same file at the same time:

rm /tmp/lockfile ; # Removing /tmp/lockfile
while(-f /tmp/lockfile) {}

# Writing to a common file

touch /tmp/lockfile ; # making /tmp/lockfile
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In which case will this method not work? Explain briefly.

Exam answer: The method will never work. It removes the lock, checks that it is gone and then enters the

critical section. An outright intrusion. Afterwards a new lock is made.

For clicker questionA, answer number 1of the above clicker answers is the correct one and for clicker question

B, answer number 6 is the correct one. A student answering exactly the same way as any of the given clicker
answers at the examwouldbe given a zero score as an explanation is indispensablewhenanswering ‘Itwill never

work’. In the case of clicker question B, the algorithm will never work because of a deadlock situation, in the

exam question the algorithm never works for a completely different reason as explained above.

iii. Example questions from the category not related

During the lectures where clicker questions related to the same overall subject, but where no clicker questions

were directly related to the following example question of the category not related.

Exam question: A CPU executes an x86 instruction, which adds the numbers contained in two registers.

Will the MMU be involved when this instruction is executed? Explain briefly.

Examanswer:No, the instruction has already been fetched and since two registers are added therewill be no

need to fetch anything from the internal memory and the MMU will not be involved.
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