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Abstract: While studying various engineering
courses, we often come across two types of problem
statements: Simple problems which are possible to
solve within two steps whereas Complex one are those
which required more than two steps to solve. Further
in complex type of problem statement, there are two
types: Type 1- Complexity is less initially and
increases as we proceed further and Type 2-
Complexity is more initially and it decreases for
further steps. In the present study, we considered the
active learning strategies to solve these types of
problem statement. For this study, Theory of
Computation course of Second Year Computer
Science and Engineering is considered.

Think-Pair-Share (TPS) is a well known active
learning strategy in which students work on a problem
posed by instructor, first individually (Think), then in
pairs (Pair) and finally together with the entire class
(Share). TPS is considered for Simple type of problem
statement.

After implementing TPS frequently, we have
modified the TPS activity in such a way that it can be
used to solve the Typel and Type2 problem statements
as mentioned above. The modified active learning
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strategies are renamed T24S (Think-Pair-Four in
Group-Share) and T21S (Team-Pair-Individual-
Share). T24S consist of four phases- Think, Pair, Four
in group and Share phase. In phase “four in group
phase”, two pair work together to complete the task.
So this T24S activity is considered to solve the Typel
examples.

In T218S, students work in the group of four to solve
the problem statement. Next, teams split into pair to
work on the same problem statement. Finally pair
breaks up and student work individually to complete
the task followed by sharing of the problem statement
solution with the class. Such T2IS activity is
employed for solving the Type 2 problem statements.

We conducted pre-post single group study for three
learning objectives (LOs) as (1) solve the simple
problem statement (LO1), (2) solve the complex
problem statement of Typel (LO2) and (3) solve the
complex problem statement of Type2 (LO3). It is
found that TPS, T24S and T21S methods are useful for
satisfying LO1, LO2 and LO3 respectively. The
objective of this study is to improve the problem
solving skill of students.

In this study, we are presenting the results obtained
along with feedback about TPS, T24S and T21S.

Keywords: TPS (Think-Pair-Share), T24S (Think-
Pair-Four in the group-Share), T21S (Team-Pair-
Individual-Share), t-Test, Likerts' Scale, Theory of
Computation.
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1. Introduction

In Engineering and Technology programs, various
courses studied are generally classified into the
following categories:

Applied Mathematical Courses e.g. Applied
Mathematics

Algorithm based courses e.g. System
Programming

Logical courses e.g. Theory of Computation

Many courses contain the complex problems.
Generally, students find such complex problems
difficult to learn and understand. Therefore, with a
view to make these course interesting, active learning
strategies need to be incorporated in teaching-learning
process.

Active learning strategies include a wide range of
activities that share the common element of
—involving students in doing things and thinking
about the things they are doing (Bonwell & Eison
1991). Michael Prince (2004) examined the evidence
for the effectiveness of active learning. Generally,
students' concentration during lectures decline after
10-15 minutes (Stuart & Rutherford, 1978). Active
learning strategies can be used to engage students in
(a) thinking critically or creatively, (b) speaking with a
partner, in a small group, or with the entire class, (c)
expressing ideas through writing, (d) exploring
personal attitudes and values, (e) giving and receiving
feedback, and (f) reflecting upon the learning process
(Jim Eison, 2010). When students are actively
involved in the learning task, they learn more (Cross,
P., 1987). Active learning instructional strategies may
not be used due to the large class size, but the authors
(Heppner, 2007; Stanley & Porter, 2002; Weimer,
1987) offer the ideas on how to teach large classes.
TPS is a suitable strategy to use in the large class
(Aditi Kothiyal et. al., 2013).

In this paper, we presented the result along with
feedback about TPS, T24S and T21S.

2. Related Work
There are various active learning strategies for

teaching this course Theory of Computation. Some of
these strategies are discussed in this section.

There are software tools freely available via the
Internet (Carlos I. Ches™nevar et al., 2003) and
Intelligent Tutoring System (ITS) called FLUTE (V.
Devedzic et. al., 2000) for teaching formal languages
and automata theory. Also the authors (Anna O. Bilska
et. Al, 1997) developed a collection of instructional
tools for experimenting with automata, grammars and
parsing for the formal languages course.

A number of didactic strategies based on a
constructivist approach like use of simulators, relating
subject to Programming Language, presenting and
discussing the technical article related to the
application of the subject and a stronger use of
technology, etc. (Carlos I. Ches™nevar et al., 2004) and
integrating this course with other courses learnt in
previous semesters and current semester of
engineering like Programming Language, Data
Structure, etc (Mukta Goyal and Shelly Sachdeva,
2009) were considered for Theory of Computation.

The authors (S. H. Rodger et. al., 2006) pointed out
the difficulty to teach formal languages and automata
on traditional approaches and presented a hands-on
approach to problem solving in the formal languages
and automata theory course.

Activity oriented teaching learning was attempted
in the course and a tutorial was introduced for this
course with an objective of increasing student
participation (Vijayalaskhmi, M., 2012).

Think-Pair-Share active learning strategy is useful
technique because of its benefits of allowing students
to express their reasoning, reflect on their thinking,
and obtain immediate feedback on their
understanding (Aditi Kothiyal et. al., 2013). This
activity is useful for the courses like Theory of
Computation (Sunita M Dol 2014), Operating System
(Komal R. Pardeshi, 2016). The modified TPS
activities like T24S (Dr. S. A. Halkude and Sunita M.
Dol, 2016) and TPFOSSS (Dr. S. A. Halkude and
Sunita M. Dol, 2015) are also useful for Theory of
Computation. TPFOSSS activity which is employed
only to those courses for which free open source
simulation softwares are available is also useful for
teaching Compiler Construction course (Sunita B.
Aher and Dattatray P Gandhmal, 2014).

The authors (San Tint and Ei Nyunt, 2015)
designed a model for Java Programming learning
system that facilitates the collaborative learning
activities TPS in a virtual classroom. The paper (N. A.
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Nik Azlina, 2010) introduced a collaborative
framework for CETLs which adapt the use of Think-
Pair-Share in a collaborative environment. TPS was
also conducted to improve students' English speaking
ability (Abdurrahman Hi. Usman, 2015). Even the
study (Sampsel, Ariana, 2013) addressed the Think-
Pair-Share cooperative learning technique and its
effects on students' confidence in their abilities to do
mathematics and their willingness to participate in
class discussion.

3. Methodology
A.Sample

Since this study was considered for mathematical
course like Theory of Computation of Second Year
Computer Science and Engineering, so a group of 40
students from second year is considered. This is one
group pre-post test method.

B.TPS

Think Pair Share is a well known active learning
strategy in which students work on a problem posed
by instructor, first individually (Think), then in pairs
(Pair) and finally together with the entire class (Share)
(Gargi Banerjee et.al ,2013). The research (Carss and
Wendy Diane, 2007) described the effects of Think-
Pair-Share strategies on reading achievement.

This activity develops soft skills, promotes
confidence, selflearning & critical thinking ability. So
this TPS consist of three phases, Think, Pair and Share
(Susan Ledlow, 2001 and http://www.
hydroville.org/system/files/team_thinkpairshare.pdf)

Here, we considered the problem statement from
Theory of Computation course - Write the context
free grammar for given regular expression. The steps
are shown for this problem statement in the following
Fig. 1.

Write the context free ‘Write the context free grammar for the regular
grammar for the regular - expression (a+b)*abb
expression [

How to solve this problem statement using TPS
activity is showninthe Fig. 2.

Step 2: Write the
grammar for finite
automata drawn in the
step 1

o

TS (rhin%éir-snnre)

R -

Checking of the solution of few
students by the instructor and
sharing the solution of the
problem statement by the students

Step 1: Draw the finite
automata for the given
regular expression

Fig. 2: Solving the problem statement using
Think-Pair-Share Activity

C.T24S

Since TPS consist of three phases- Think, Pair and
Share, for some complex examples, working in pairs
is not sufficient to solve the problems. So there is a
burden either on Think phase or Pair phase. Therefore,
more than two students in a group are required to
attempt and solve the problem. The TPS method is
modified and one more phase is added to it. The
modified TPS is titled as T24S. T24S consist of four
phases- Think, Pair, Four in group and Share phase. In
phase “four in group phase”, two pair work together to
complete the task. T24S activity is shown in the Fig. 3.

The 'four in group' phase in the T24S activity
works best for problem solving strategies and/or
complicated case studies.

This technique is used to get students to use higher
level thinking and justify their reasoning.

T24S (Think-Pair-Four in Group-Share) Activity

@» S~ %J;» 3‘

Think Pair

Fourin Group Share

. N
A\ f\

Step 1: Draw the finite - EO= O=020.

automata for the given regular ‘

expression
¥

Step 2: Write the grammar for -
finite automata drawn in the

6 A
step 1 D : ?.‘9. :

Fig. 1: Problem statement for Think-Pair-Share Activity
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Fig. 3: Think-Pair-Four in group-Share Activity

Topic considered from the course 'Theory of
Computation' for T24S is: Simplified forms and
normal forms

Problem statement: converting the given context free
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grammar to Chomsky Normal Form which consist of
four steps as shown in the following Fig. 4.

Convert the following context free
Converting the given context free - ::-;Ar"c..mm'_‘h_:
grammar to Chomsky Normal Form A>aAlA

B-=>DbB|A

'

Step 1: Eliminate null productions from S>ABA|AB|BA|AA|A|B
given context free grammar (CFG) if - ::::::
any. T

S->ABA|AB|BA|AA|aA|a|bB|b
Step 2: Eliminate unit productions from - A>aAla
given CFG if any. B>bB|b T
Step 3: Eliminate useless variable from - IN“.._",‘M,
the productions of given CFG if any.
. § S>AS|AB|BA|XA|a|YB|b
Step 4: Convert the CFG to Chomsky ‘ A>XAla
Normal Form (CNF) B=>YB|b

X>a

Y>Db

Fig. 4: Problem statement for
Think-Pair-Four in group-Share Activity

So in T24S activity, step 1 is considered in Think
phase, step 2 and 3 in Pair phase (as there may not be
any useless variables in the step 3) while step 4 is
considered in 'four in group' phase followed by Share
phase. Solving the problem statement using T24S is

Step 4: Convert
the CFG to CNF

la) o
o" T24S (Think-Pair-Four in Group-Share) A‘c’tivity

»é’}»*‘,» K‘

Think 6 Pair Fourin Group &Shau

Step 1: Eliminate
null  productions
from given CFG

Checking of the solution of
few students by the
instructor and sharing the
solution of the problem
statement by the students

Step 2: FEliminate unit
productions from given CFG
Step 3: Eliminate useless
variable from the
productions of given CFG

Fig. 5: Solving the problem statement using
Think-Pair-Four in group-Share Activity

shown in the Fig. 5.
D.T21S

T21S activity consists of four steps: Team, Pair,
Individual and Share. In T21S, students work in the
group of four to solve the problem statement. Next,
teams break into pairs to work on the same problem
statement. Finally, pair breaks up and students work
individually to complete the task followed by sharing
of the problem statement solution with the class. The
activity T21S works well for problems and concepts
that students would either be too intimidated or just
incapable of doing on their own.

Using T21S, students can often progress to working
individually on problem statement that they wouldn't
have been able to complete without using this
cooperative learning activity. T21S activity is shown
inFig. 6.

T21S (Team-Pair-Individual-Share )Activity

»ﬁh *é »xs

Individual Share

Team Pair

Fig. 6: Team-Pair-Individual-Share Activity

ForT218 activity, the topic from the course Theory
of Computation is — Conversion of Nondeterministic
Finite Automata with null (NFA-A) to Deterministic
Finite Automata (DFA) that is conversion of NFA with
nullto DFA.

Problem statement: Converting the given NFA-A
to DFA which consist of four steps is shown in Fig. 7.

In this problem statement, step 1 requires more

than two students to solve the problem and the
complexity decreases from step 2 to step 4.

— I

= ry
Step 1: Convert NFA-A to NFA ‘ =

Converting the following NFA-A
to DFA

Step 2: Draw the NFA

Step 3: Convert NFA to DFA.

Step 4: Draw the DFA.

Fig. 7: Problem statement for
Team-Pair-Individual-Share Activity

Now how to solve the problem statement is shown
in Fig. 8 using T21S activity. Step 1 is considered in
Team phase, step 2 and 3 in Pair phase while step 4 is
considered in individual phase followed by Share
phase.
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Step2: Draw the NFA Step 4: Draw the DFA.
Step 3: Convert NFA to DFA.
Ie) 0

T21S (TeamePair-Individual-Share )A&ivity

Checking of the solution of few students by
the instructor and sharing the solution of
the problem statement by the students

°
(o]
Step 1: Convert
NFA-A to NFA

Fig. 8: Solving the problem statement using
Team-Pair-Individual-Share Activity

4. Experimental Detail
A.Research Design for TPS, T24S and T21S

For all three activities TPS, T24S and T21S, one group
pre-post method is considered. In all these three
activities, first the students were taught corresponding
topic using traditional method that is blackboard
teaching. We conducted the pre-test for these three
topics. After this test, instructor conducted the first
topic using TPS, second topic using T24S and third
topic using T21S activity. The students were given
post-test with similar types of the problems with
different applications on these three topics.

The research design using for TPS, T24S and T21S
activityis givenin Fig. 9.

Blackboard Teaching Conduct Pre-Test

1. Conduct TPS for Simple
Problem Statement

2. T248 for Typel
Complex problem and

3. T21S for Type2 complex
problem statement

N

Conduct Post-test

Fig. 9: Research design for TPS, T24S and T21S

B. Learning Objectives (LOs), Research Question
(RQ) and Hypothesis of the Study

JEET

Learning Objectives (LOs) of this study is to teach
problem solving skill. These LOs are:

To solve the simple problem statement (LO1)

To solve the complex problem statement of Typel -
Complexity is less initially and it increases as the
number of steps increases (LO2)

To solve the complex problem statement of Type2 -
Complexity is more initially and it decreases as the
number of steps increases (LO3)

All examples considered in each LO are from the
course Theory of Computation of Second Year
Computer Science and Engineering

Ourresearch question (RQ) was

RQ: What is the difference between pre and post-test
scores of the students for the problem solving after
TPS,T24S and T21S?

Hypothesis of our study is

H1: Students' post test scores for LO1 are higher than
pre-testscore after teaching using TPS.

H2: Students' post test scores for LO2 are higher than
pre-testscore after teaching using T24S.

H3: Students' post test scores for LO3 are higher than
pre-testscore after teaching using T218S.

C.Pre and Post-Test Questions

Pre-Test and Post-Test were conducted on the
following three topics:

1. Write the context free grammar for given regular
expression

2. Conversion of the given context free grammar to
Chomsky Normal Form.

3. Conversion of Nondeterministic Finite Automata

with null (NFA-A) to Deterministic Finite
Automata (DFA)

The weightage of test 1was 25 marks while test 2
and test 3 was 30 marks.
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Bloom's taxonomy is a set of three hierarchical Tablel: Feedback about TPS activity
models used to classify educational learning Ne | Som | Ofte | Alw
objectives into levels of complexity and mastery ve | etim | n ays
. . . r es
(https://en.wikipedia.org/wiki/Bloom%27s_taxonom 1| How frequently did you write the 3% | 19% | 26% | 52%
y) solution to the problem given by the
instructor during the think phase?
A 2 | How frequently did you discuss your | 5% 17% | 22% | 57%
These questions cover Apply and Analyse level of solution with your partner during the
. 1 9
Bloom's Taxonomy. The sample question for test 1, pair phasc’
test 2 and test 3 is shown in the Fig. 10a, Fig. 10b and sp| b A |sa
Fig. 10c of Fig. 10 respectively.
3 | Istayed interested in the content of 2% 1% | 72% | 25%
the lecture because of the think-pair-
share activities.
4 | Thinking about the problem and 0% 5% | 61% | 36%
writing the solution during the think
phase helped me learn <topic>
i . i concepts.
Flg' 10a: Test questlon for TPS 5 | Discussing my solution with my 3% 4% | 48% | 45%
partner during the pair phase helped
me learn <topic> concepts
Cmeﬂ me ‘om'-g context w 6 | Listening to other students' solutions | 3% 4% | 43% | 50%
C'h ’ky m.l m: and discussion during the share phase
sl .mm.rto om No Fo . helped me learn <topic> concepts.
s DABA 7 | I'would not have learned as much 5% | 27% | 50% | 18%
from the lecture if there had been no
A"> .AI A think-pair-share Scale activities.
> 8 | Didyou like the Think-Pair—Share TPS Yes=100%
B bB I A activity: Yes/No Why?
Fig. 10b: Test question for T24S Table 2: Feedback about T24S activity
Ne | Som | Ofte | Alw
- - ve etim | n ays
Converting the following NFA- r | es
1 | How frequently did you write the 3% | 25% | 34% | 37%
A to DFA ﬁ) solution to the problem given by the
b ~e_ instructor during the think phase?
,t,@ 2 | How frequently did you discuss 2% 15% | 22% | 57%
“ - your solution with your partner
during the pair phase?
"y -¢G‘> s 3 | How frequently did you discuss 2% | 22% | 25% | 52%
L~ your solution with your partner
©); - during the four in group phase?
SD D A SA
. . 4 | Istayed interested in the content of | 2% 9% | 63% | 26%
Flg' 10c: Test queStmn for T21S the lecture because of the T24S
Fig. 10: Test question for TPS, T24S and T21S 5 | Thinking about the problem and 0% | 9% | 66% | 25%
writing the solution during the think
phase helped me learn <topic>
concepts.
D. Feedback 6 | Discussing my solution with my 0% 8% | 40% | 52%
partner during the pair phase helped
To understand students' perception about TPS, T24S - g_e learn <topic> l“’tf}cepts,th e e
.. iscussing my solution with m;
and T21S activity, the feedback was conducted at the partner du%.ingy the four n group. ’ ’ i et
end of each activity. The feedback about TPS, T24S phase helped me learn <topic>
- - concepts
and T21S is shown in the Table 1, Table 2 and Table 3 § | Listening to other students’ o | 8% T 62 | 28%
respectively. Itis found that solutions and discussion during the
share phase helped me learn
k o <topic> concepts.
100% students liked TPS activity, 9 [ Twouldnot have learnedasmuch | 2% | 35% | 52% | 11%
from the lecture if there had been no
) o T248.
100% students liked T24S activity and 10 | Did you like this T24S T24S Yes=100%
activity(Yes/No)? Why?

97% students liked T21S activity.
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Table 3: Feedback about T21S activity

Ne | So | Oft | Alw
ver | me | en | ays

tim
es
1 | How frequently did you discuss your 2 | 30
solution with your partner during team 2% |, o 43%
phase? & &
2 | How frequently did you discuss your 23 | 25
solution with your partner during the pair 3% | § N 48%
phase? o o
3 | How frequently did you write the solution 2 | 28
to the problem given by the instructor 0% Y Y 47%
during the individual phase? C L
SD | D A |SA
4 | Istayed interested in the content of the o o | 15 o
lecture because of the TPSS activity. 3% | 2% % 20%
5 | Discussing my solution with my partner 57
during the team phase helped me learn 2% | 0% 42%

0,
<topic> concepts &

6 | Discussing my solution with my partner 55
during the pair phase helped me learn 2% | 0% % 43%
<topic> concepts

7 | Thinking about the problem and writing 10 |50
the solution during the individual phase 2% Y Y 38%
helped me learn <topic> concepts. ¢ ¢

8 | Listening to other students' solutions and 57
discussion during the share phase helped 7% | 2% Y 35%
me learn <topic> concepts. ’

9 | I'have learned much about the topic from 52
TPSS activity and this activity clears 2% | 2% |, 45%
. %
doubt about topic.

10 | Did you like T21S (yes/no) and why? T215=97%

In above three table, SD-Strongly Disagree, D-
Disagree, A-Agree and SA-Strongly Agree.

5. Results

Students' problem solving skill was analysed using
pre-test and post-test marks. Test result is shown in
Fig. 11a for TPS activity, Fig. 11b for T24S activity
and Fig. 11c for T21S activity of Fig. 11. Graph in
Fig. 11a, 11b and 11c shows that students performed
better in post-test as compared to pre-test.

25

20

g
gl

Fig. 11a: Performance of Students in pre-test, post-test
for TPS activity in Theory of Computation

ngﬂbg—'

|

Il

4 56 7 8 91011121314151617 383940
u Pretest ®post-test1  Students—

e —

—

JEET

25

|

15
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1234567 89101112131415161
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Fig. 11b: Performance of Students in pre-test,
post-test for T24S activity in Theory of Computation

30

15

“mme g

|
|
o |
|
|

o

1234567 8 91011121314151617

M Pre-Test u Post-Test Students —

Fig. 11c: Performance of Students in pre-test, post-test
for T21S activity in Theory of Computation

Fig. 11: Performance of Students in pre-test, post-test for
TPS, T24S and T21S activity in Theory of Computation

Statistical analysis using t-Test and Mann-Whitney
Test is performed for pre-post test of TPS, T24S and
T218S activity. t-test is used to determine if two sets of
data are significantly different from each other. For t-
test to be significant statically, t must be at least 2.145
and p<=0.05. t-Test result also shows statistical
significant difference between pre and post-test result
of students' performance using TPS, T24S and T21S
activity.
Table 4: Statistical Analysis using t-Test Result for
pre-test and post-test of TPS, T24S and T21S activity

Degree of Standard ¢ value p value
Freedom Deviation
TPS
78 | 423 | 798 | <0.0001
T24S
| 124 | 5.22 | 12.5 | <0.0001
| T21S
| 76 | 5.16 | 12.1 | <0.0001

We have performed the statistical analysis using
Mann-Whitney test using IBM's SPSS tool
(https://www-01.ibm.com/marketing/iwm/iwmdocs
/tnd/data/web/en_US/trialprograms/W110742E0671
4B29.html). This test is used to compare two
population means which come from the same
population.

Statistical Analysis using Mann-Whitney Test is
done for pre-test and post-test of TPS. Table 5
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indicates that data has non-normal distribution.
Hence, the non-parametric Mann-Whitney test is

Table 5: Normality Test for pre-test and post-test of TPS

Tests of Normality
Kolmogorov-Smirnov*

Shapiro-Wilk

Group | Statistic| df Sig. | Statistic | df Sig.
Pre- 1.00 .101 40| .020 972 40 041
Test
Post-Test| 2.00 .148 40 .027 941 40 038

Table 6: Mann-Whitney Test for
pre-test and post-test of TPS

Test Statistics”
testMarks
Mann-Whitney U 157.500
Wilcoxon W 977.500
4 -6.195
Asymp. Sig. (2-tailed) .000

Table 7: Normality Test for pre-test and post-test of T24S

Tests of Normality
Kolmogorov-Smirnov*

Shapiro-Wilk

group | Statistic df Sig. | Statistic| df Sig.
Pre- 1.00 .149 40 025 945 40 .051
Test
Post-Test| 2.00 235 40 .000 .864 40 .000

Table 8: Mann-Whitney Test for
pre-test and post-test of T24S

Test Statistics®
testMarks
Mann-Whitney U 85.000
Wilcoxon W 905.000
Z -6.892
Asymp. Sig. (2-tailed) .000

Table 9: Normality Test for pre-test and post-test of T21S

Tests of Normality

Kolmogorov-Smirnov* Shapiro-Wilk

group | Statistic| df Sig. | Statistic | df Sig.

testMarks | 1.00 .099 40| .020 969 40| .032
2.00 205 40| .000 .891 40| .001

Table 10: Mann-Whitney Test for
pre-test and post-test of T21S

Test Statistics”
testMarks
Mann-Whitney U 61.500
Wilcoxon W 881.500
V4 -7.118
Asymp. Sig. (2-tailed) .000

for Simple type of problem statement satisfying
LOLl.

T24S, the modified TPS activity is used for solving
the Type 1 of Complex problem statement
satisfying LO2 while

T21S strategy is used to attempt and solve the
complex problem statement of Type 2 satisfying
LO3.

These strategies can be applied to any engineering
course which consists of these types of problem
statements.
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