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Abstract : It 15 observed that while delivering a
lecture m class 1t 15 good to ask questions to check
understanding of the students, but not all students are
able to answer the questions. It is also observe that
whenever instructor asks a particular student for
answer, other students stop processmng for thewr
answer. To keep all the students actively engaged in
the class one of the active teaching-leaming strategies
that 13 Think-Pair-Share (TP5) has been implemented.
TPS 1s a classroom-based active learming strategy, in
which students work on a problem posed by the
instructor, first mdividually, then in pairs, and finally
as aclass wide discussion. As the Operating System is
core subject of computer science engineering,
therefore the activity was conducted for the third vear
students to improve students’ conceptual
understanding. In this paper, one group Pre-Test and
Post-Test model 15 considered. The experimental
results and students feedback related to the activity are
alsopresented.
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1. Introduction

This 15 the common experience that, while
conducting the lecture in the class we find the students
are very unresponsive, except one or two who are
really mtelligent and attentive. This happens because
instructor 15 busy with delivening the contents and
students either passively listen to the teacher or make
some notes. Sometimes instructor make effort to keep
lecture interactive by asking some questions to the
students but still some students did not answer the
question as they were not concentrating. This
becomes very difficult for the instructor to get an 1dea
of howwell the class understood the concept. So there
13 a need of interaction between teacher and student.
(Komal and Kanchan  20153)

Operating System 15 the core subject of computer
science engmeenng as it 1s base for other subjects like
Unix operating svstem, Distributed operating svstem
etc. This subject is also important for GATE exam So
it 15 necessary to clear the concepts of this course.
Think-Pair-Share 15 a cooperative learning strategy
that can promote and support higher-level thinking.
TPS has its own benefits like, students are actively
engaged in thinking and thinking becomes more
focused when 1t 15 discussed with apartner Hence,
TPS activity 15 constdered to teach Operating System
Concepts. Sothe research questions are;

JEET



40 Joureal of Engimesiing Educationn Transformations | Voliene 30, No. 1. Juby 2006, ISSN 23402473, IS5 2394 1707

1) Are the students actively remaiming engaged in the
class while performing the activity?

2} Does this activity help students to clanfy their
concepts?

To find the answer to these research questions, one
group pre-test post-test expenmental study along with
feedback was carried out. Result showed that this
activity 18 usefil for this course. The feedback
analysis shows that 100% students were remam
engaged in the class and 75 % students say that the
activity improves their maximum conceptual
understanding.

2. Related Work

The authors (Adt1 et al, 2013) determined
patterns of student engagement in the three phases
using a real-time classroom observation protocol that
they developed and validated. They found that $3% of
students on average were fully or mostly engaged.
Predominant behaviours displayed were wniting the
solution to the problem (Think), discussing with
neighbour or writing (Pair), and following class
discussion (Share). They triangulated results with
survey data of student perceptions. They find that
students report being highly engaged for 62% dunng
Think phase and 70% during Pair phase.

The author (GargiBanerjee , 2013) presented a set
of instructional objectrves that mstructors have while
teaching with wvisualization in the classroom and
mapped them to instructional strategies with
visualization. A prelimmary wvahidation of this
mapping was done through a qualitative survey. We
also provide stepwise implementation plan for each
strategy.

The authors (Carss and Wendy., 2007)
demonstrated the versatility of the Think-Pair-Share
strategy as a tool to foster conversation, and one that
can be adapted to suit the learming focus and the needs
of particular groups of students.

3. Methodology Used

‘E Think ‘9? Pair 5‘: Share

Fig 1. TPS Activity
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Varation m TPS Activity: The use of Think-Pair-
Share unites the cognitive and soctal aspects of
learning, promoting the development of thinking and
the construction of knowledge (Carss and Wendy
Diane , 2007 , SumitaDol, 2015). The TPS activity1s a
little modified while conducting in the class. The think
phase 15 divided into read and write indrvidually
shown in figure 2. This provides mstructors with the
opportumty to see whether there are problems in
comprehension. instructors can create a Read-Write-
Pair-Share strategy in which students:

1. E:Readthe assigned material;

2. W: Write down their thoughts about the topic prior
to the discussions;

3. P:Pairupwithapartner.

4 5:Share their ideas with a partner and/ or the whole
class (http://www adlit org/strategies/23277/,
23/9/2015)

*Thmk 9? Pair x‘! Share

Fig 2 Modified TPS Actinaty

1) Think (Read-Write): Instructor starts the teaching-
learning process by seeking answers to specific
question about the topic. Students ‘think (read and
write) mdividually about what they know or have
learned aboutthe topic for a given specified tume slot.

2) Pair: Each student 15 paired with another student.
Students share their solution to the given problem in
think phase_ discuss 1deas, and ask questions to each
other. Instructor asks complex question related to
previously asked problem and students are asked to
solve the problem.

3) Share: Pair has adequate time to share their
thoughts and have a discussion; mstructor expands the
'share’ mto a whole-class discussion. Allow each
group to choose who will present their thoughts, 1deas,
and questions. After the class 'share’, may again ask
the pair to talk about how their thinking changed as a
result of the 'share’ element.

Figure 3 shows the activity performed by instructor
and students while conducting the think pair share
activity.
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Activity Performed By lRnstructor I

[Aﬂwity?erfnrmed By Student ]

| Think Pair Share|

Think Phase: Write a
problem Statement on
Board

Pair Phase: Ask follow up
questions

Share Phase: Check the
solution of individual pair. Ask
student to share their solution.
Finally instructor should
conclude with final zolution.

Think Phase: (s
Read (R) : Read probler sl o
statement carefully and -—

think on it, “ 2,
Write (W) : Write the - :
answer individually in ﬂ cg\__.
Notebook.

Time: - 1-5 minuts

Pair Phase: Discuss thair
views related to the given
problem with their neighbor.
Time : 5-10 minuts

B
=

Share Phase: Discuss the
solution with class.
Time: 12-15 minuts

Fig 3_Actvity performad by instructor and studant

B. TPS for Scheduling Algorithm concept of Tpethree phasesin TPS are structured as follows:

Operating System Course

The topic covered for the study 1s introduction to
scheduling alsonthm- First Come First Serve (FCFS),
Shortest Job First (SJF), pre-emptive and non-pre-
emptive SIF. It consists of following steps for grven
example:

1. howto draw Gantt chart,

2. calculate warting time for each process,

3. calculate average waiting time._

4. calculate turnaround time for each process
5. And average turnaround time.

For TPS activity the problem statement was given as
shown in figure 4

Draw Gantt Chart for Shortest Job First

(Preemptive]algorithm for
Processes | Burst Time in | Arrival Time in

mill seconds

mili seconds

P2
P3

7 ms

4 ms

Fig 4 Given Example

1)} Think Phase -The instructor poses a question to
which students read 1t indrvidually, and write their
answers. In this case mstructor ask student to draw
Gantt chart for grven problem.

2} Pair Phase— In this phase_ instructor asked students
to discuss their answer with their neighbour and
try to convince each other regarding how therr
answer 15 correct.

As this example 1z related to shortest job first
scheduling algonthm, 80% students consider only
burst ime and draw Gantt chart as shown in figure 5.

As shown in figure 5, student thinks that Process P3 13
arrived at 2ms and 1t has burst time less than process
P1. s0Pre-empt process P1 and schedule process P3n
Gantt chart. This 15 the misconception faced by the
students. But 1n pair phase thev clear their idea with
their neighbour.

Figure § shows the shortest remaiming time firstafter 1
ms, and after 2 ms for each process. It is observed that
most of the student forget about the shortest remaining
burst time of the process, and they only check the burst

time of process grven in the problem statement.
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Think Phase :
P ﬁ M ] = tacution of Frocess
0 15%' Comgietian Time of Froce

But Students think thet

After Imy the it e Borst time |, 0 g
| Shortest remaining they draw gantt chart L)
| Tome for P1=1, % shawing Pl i Freempted

| PLimoud precend and P Proceeds

Fiz 53; Thmk phazs of some of the studants

Due to this they drew wrong Gantt chart in think
phase. After discussion with their neighbour they get
the clear idea about the process shortest remaining
burst ttme and now they can draw the correct Gantt
chart.

After this, mstructor asks the students to find out
waitting time and turnaround time for each process.

Palr Phase

-I{;l. -::}" 5]

As shown in figure 7 warting time, turnaround time 15
completely depends on Gantt chart. If students draw
wrong Gantt chart they get wrong watting time and
turnaround time for each process.

In pair phase students were able to draw correct Gantt
chart and they get correct answer for waiting time and
turnaround time.

1} Share Phase - Students engage in a class-wide
discussion, sharing their answers and reasoning, and
debating alternate solutions (Aditietal . 2013). Pair
phase gives enough time to share their thoughts and
have a discussion with each other; instructor allows
each group to choose who will present their thoughts,
ideas, and questions. This includes class-wide
discussion, after that instructor expand the "share”
into awhole-class discussion.

Figure 7 shows that due to wrong Gantt chart in Think
phase students calculated wrong average watting time
and average turnaround time.

After discussion i pair phase students were able to
calculate correct average watting tume and average
tumaround time After this activity Post Test was
conducted in the class and feedback form was
designed to collect immediate feedback from the
students on moodle.

4. Experimental Setup
Sample- Since Operating System Concepts 1s the

| \ ‘ Kbl course of third vear Computer Science and
\e s 4 § o R S Engineering. a group of 35 students was selected for
E e . -_L-L' Afims fel (S SSoitedd rermining ﬂuﬁf}@ﬂmﬂﬂ.ﬁ.
r ., Timnn for Bl= 4 o Pl shouid Frocees | i
~ arid aMar compietinen ol PLPY el get e
Bhog [Rugerpw Fae s bapm @ i Sy ey
i rel ena coenpare i F7
Fig 6. Par Phase
Waiting Time (WT) & Turn Arcund Time of Processes (TAT):
Pl P | .m o P3 P2
[¥] 2 ] a 16 o 5 ) 16
Think Phase Pair Phase

Turr Aroued Tieme
fma] = Waiting Teme
s Bugrei Tlme

P esies

Waitbng Time {ms)

= Complation Tenme
Buret Tieme
durtival Time

PL $30=4d d+3 g
Ly 16-7-1=48 B+7= 15
P3 &-4-2=0 :

WT = (8+8+0)/3  Awg. TAT = (84
= ms =3.3% mas

Pl 550=0 3wl
P2 16-7-1=8 B+7=15
3 9-4-1=1 7

Proceseds | Walling Tine (ms) Turn Aroanid Tirme {ms ) =
« Completian Time Waiting Time & Burit
Bt Tome T eme
Arrival Time

WT = [0+B+3)/3  Awg. TAT = (S+15+7]]
= L6 ma =9 ma

Fig 7. Calculation of Average Waiting Time and Tumaround time
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Five different TPS were conducted for five different
problem statements. Only one question were given at
atime to the students

Research Design - Figure 8 shows the architecture.
Before conducting the activity, simple black-board
teaching was done, after that one group post test of 25
marks was conducted in the class. While checking the
papers mstructor found that there was confusion while
drawing Gantt chart for shortest job first scheduling
algorithm

If Gantt chart was wrong then automatically it
results 1n wrong wating time and turnaround time of
so mstructor decided to conduct Think-Pair-Share
activity in the class and it was conducted. After that
immediate feedback and post test of 25 marks was
conducted. After evaluating the post test paper
wnstructor found the best result.

§ S — e
¥

¢ Think

Msnn L Wrils

"',Pnir x.sm

Fig & Rezearch Dezign

Tablel shows the course, sample, method,
mstruments used and learming domam used
experimental setup.

Benefits of Think-Pair-Share

0 When students have appropriate “think time”, the
quality oftheir responses improves.

Students are actively engaged in thinkmg.

0 Thinking becomes more focused when 1t 1z
discussed with apartner.

Course Operating System Concepts
A group of 40 students from

Second Yesr Computer Science
Sample ;

One Tgr?)%:;.ﬂﬁa pre. -fest post -test
midel

1. Pre-test

2. Post-test

3. Survey questionnaire and
4 feedback from open ended
questions

Method

Instruments Used

Bloom's Taxonomy -

y Analysis
level of Cognitive domain

Learning Domain Uzed

More eritical thinking 1s retamed after a lesson in
which students have had an opportunity to discuss
and reflect on the topic.

Many students find 1t easier or safer to enter into a
dizcussion with another classmate. rather than with a
large group.

Mo specific matenials are needed for this strategy, so 1t
can be easily incorporated into lessons.

Building on the 1deas of others is an important skill for
students to learn. (http - // www. eworkshop.on.ca /
edu/pdiMod36 coop think-pair-share.pdf,
24/9:2015)

Teacher has an opportumity to hear from many
students.

It engages the entire class and allows quiet students to
answer guestions without having to stand out from
their classmates.

Feedback - To get the student's perception regarding
this activity, the feedback was conducted after the
activity using moodle. Figure 9 shows the feedback
analysis. The feedback form contains the questions
related to the engagement of the students while
conducting the activity and how the activity helped
students to clarify their concepts. Analysis shows that
maximum students  actively participated m the
activity and this activity helped them to clear their
concept about the scheduling algorithm in detail.
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Feedback Form o
L’ Satl ol Ean gqueibani Tl e s An-l'p“ Show Meiponies Shioer RO TS Drondents

) 1. Actively Paripated n The activity
= Swongly eragres - 194 W)
- ezagres
= Heiither Dizagres nor Agree
- A (68 43 %)
= Swongly Agres (29 41 %)

i) 2. Parcipated i G odnn DisCws S boen it M sgilsor

- Swongly Divigres - (39T %)

- Diiagiee - 01 98 )

- Naithet Agres nof Doisgres

O .t (80 TA W)
- Swongly Agree (3333 %)

i 3. Ac trwity Falp yous grou o kess on lask

- Swongly hiAgres - 1302 %)
= Dgagtee
- Mermher Agree nor Desagree - 1 06 )
- A a8 T W)
= Swongly Agres (2T 45 %)
[} 4. How roauc i The ac trvity elped you 1o Clarnfy your concepis abDout s.cheduling algos i 7
[BFRE o ¥yl iTd 51 )
= IS — (1T TH W)
EAS IF T2 ] — (13T %)
Baiow Average
Wi ak

0} 5. We finiah our task on tame ancd we i Qoo polb.

- Wl B OB ")
=
i) 6. We encour age sach other and we Coopssfate with each other
- Yes 155 OB %)
= [ - i1 el N

() 7. ¥We used QuUle vOI ¢ & N Ol C OITITRINEC 8 TR0
- Yas (88 2T =)
= P PE— (11 TE %)

il B We sach Shared cur dleas _ then bsterned sl vabesd esc h olfeer aless
= Wan il 12 %)

) 8. This activity helped us 1o reman sngagesd in the class
Yas 94 12 )

i} The activity was a Qoo vy o mee Do ks n el O orubend

Swongly essgres - T D8 )

Cazsagreae

rastral - 01 6 )

Agres (82 TS W)
Swongly Agres (3333 W)

Fig 0. Feedback Analyziz
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5. Result

Students’ understanding about the topic was
analysed using pre-post test marks as shown m figure
10. Graph in figure 10 shows that students performed
better 1n post-test as compared to pre-test. t-Test 15
used to determine if two sets of data differ
sipnificantly from each other. It compares the means
oftwo groups. Fort-Test to be significant statistically,
t value must be 2.145 and p value must be less than or
equal to 0.05. t-Test result 15 shown n table 2. t-Test
result also shows statistical significant difference
between pre-test and post-test conducted for this
activity.

Table 2.t-Test Result
Diegres of freedom Standerd tvelhe p valua
Drevviation
68 5.70 6.1% 00001
1

(]
"
"
s
n
(]

LI B4 T H FUHUBHDEDBMITBERIRAN AT ENDNENEW

— b Y e — B Feil Wi

Fig 10. Pre-Post Test Marks Companzon

Pre-Tes! g of Post-Tes! Maoan of |Averape
Range s, of Protes) |70 o Post-test | Gain
sluidts, stucdents
High
corony |9 2122 |27 227|148
IMeciurn [S0-
AO%) T 15 5 158 on
vy
ey |® 716 |3 110 446

Fig 11. Average pain according to pre-test and post-test level

Figure 11 shows the average gain according to pre test
and post test level 1e. high, medmm and low As
average gain 1s maximum for students whose range 15
lessthan 50%, 1t can be said that, TPS activity 13 useful
for low performer students.

Figure 12 shows the mean for pre-test and post test
marks of the students. The graph shows for High
range (>= 70%) and medium range (50-69%) students

there 15 slight difference m improvement, but for low
range (<30%) students is maximum difference in
improvement of marks. Thus, TPS activities pose a
question to students that thev must consider alone and
then discuss with a netghbour before settling on a final
answer. This 15 a great way to motivate students and
promote higher-level thinking of the
students (http://serc.carleton edu/mntrogeo interactiv

e/tpshare html,  16/9/2015)

2%

o raan of i eiest = mean of post-te st

20

15 ¢
7 B II
o

Pdwd i (50-59%)

-

Hhigls [ == T I |« B0%)

Fig 12. Mean for Pre-Test, Post Test Marks of the stodents

6. Conclusion

This strategy allows students for thinking on a
given topic, enable them to formulate indrvidual 1deas
and share these ideas with a peer. This learming
strategy promotes classroom participation by
encouraging a high degree of student response. The
feedback analvsis shows that 98% students actively
participated 1n the TPS actvity, 94% students
participated in group discussion with their neighbour,

2 % students felt that the activity help their group to
keep on task_ activity helped 75% students to clanify
their concepts about scheduling algorithm. 100%
students say that the activity 1s a good way to learn the
content. TPS activity can be applicable for any
subject. Creating an interactive classroom
environment 15 very important to the success of
students. Think-Pair-Share activity proved vseful in
cleaning the doubts of the course. This TPS activity
makes class interactive and involves all the students in
the teachmg-leaming process.
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