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GALT
Group Assessment of Logical Thinking

http:/faculty.cua.edu/bunce/BCCE/GALT test.doc

Developed by:

Roadrangka, Yeany,
and Padilla
University of Georgia,
1982
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stion 1 (1 point)
Piece of Clay

1 has two balls of clay. They are the same size and shape. When he places them on the balance, they weigh the
8

Clay 1 Clay 2

balance pan balance pan

Balance

balls of clay are removéd from the balance pans. Clay 2 is flattened like a pancake.

Clay 1 Clay 2
[CH OF THESE STATEMENTS IS TRUE?
A. The pancake-shaped clay weighs more.
B. The two pieces weigh the same.
C. The ball weighs more.
ECT THE REASON FOR YOUR ANSWER:
I.  You did not add or take away any clay.
2. When clay 2 was flattened like a pancake, it had greater area.
3. When something is flattened, it loses weight.

1. Because of its density, the round ball had more clay in it.
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on 2 (1 point)
Metal Weights

as two jars. They are the same size and shape. Each is filled with the same amount of water.

[=]
(=]

Jar 1 Jar 2

NBA oo
NbA O

0 has two metal weights of the same volume. One weight is light. The other is heavy.

(heavy metal weight  light metal weight
L

vers the light weight into jar 1. The water level in the jar rises and looks like this:

—
o

AR
maascn;

Jar 1 Jar 2

.HEAVY WEIGHT IS LOWERED INTO JAR 2, WHAT WILL HAPPEN?
The water will rise to a higher level than in jar 1.

The water will rise to a lower level than in jar 1.

The water will rise to the same level as in jar 1.
T THE REASON FOR YOUR ANSWER:

The weights are the same size so they will take up equal amounts of space.
The heavier the metal weight, the higher the water will rise.

The heavy metal weight has more pressure, therefore the water will rise.

The heavier the metal weight, the lessr the water will rise.
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uestion 3 (1 point)

Glass Size #2

he drawing shows two glasses, a small one and a large one. It also shows two jars, a small one and a large one.

il ]

small glass large glass large jar small jar

takes 15 small glasses of water or 9 large glasses of water to fill the large jar. It takes 10 small glasses of water to
| the small jar.

OW MANY LARGE G(LASSES DOES IT TAKE TO FILL THE SAME SMALL JAR?
A. 4 k
B. 5
C. 6
D. other
ELECT THE REASON FOR YOUR ANSWER:

1. It takes five less small glasses of water to fill the small jar. So it will take five less large glasses of water to
fill the same jar.

2. The ratio of small to large will always be 5 to 3.

3. The small glass is half the size of the large glass. So it will take about half the number of small glasses to
fill up the same small jar.

4. There is no way of predicting.
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Juestion 4 (1 point)
Scale #1

oe has a scale like the one below.

A BCODE
Lo L' o

— =

7]
— =
N
— =
-
— 3

Scale

10-unit weight
'HERE WOULD HE HANG A 5-UNIT WEIGHT TO MAKE THE SCALE BALANCE AGAIN?
A. atpointJ
B. between K and L
C. atpointL
D. between L and M
E. atpoint M
ELECT THE REASON FOR YOUR ANSWER:
1. It is half the weight so it should be put at twice the distance.
2. The same distance as 10-unit weight, but in the opposite direction.
3. Hang the 5-unit weight further out, to make up for its being smaller.
4. All the way at the end gives more power to make the scale balance.

5. The lighter the weight, the further out it should be hung.
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uestion 5 (1 point)

Pendulum Length

ree strings are hung from a bar. String #1 and #3 are of equal length. String #2 is longer. Charlie attaches a 5-
lit weight at the end of string #2 and at the end of string #3. A 10-unit weight is attached at the end of string #1.
ich string with a weight can be swung.

#1 #2 #3
[ ]

‘ 10-unit weight 5-unit weight
\

S5-unit weight

aarlie wants to find out if the length of the string has an effect on the amount of time it takes the string to swing
ick and forth.

'HICH STRING AND WEIGHT WOULD HE USE FOR HIS EXPERIMENT?

A.

B.

C.

D.

E.

string #1 and #2
string #1 and #3
string #2 and #3
string #1, #2 and #3

string #2 only

:LECT THE REASON FOR YOUR ANSWER:

1

2.

The length of the strings should be the same. The weights should be different.

Different lengths with different weights should be tested.

All strings and their weights should be tested against all others.

Only the longest string should be tested. The experiment is concerned with length not weight.

Everything needs to be the same except the length so you can tell if length makes a difference.
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Juestion 6 (1 point)
Ball #1

.ddie has a curved ramp. At the bottom of the ramp, there is one ball called the target ball.

target ball

%

curved ramp

‘here are two other balls, a heavy one and a light one. He can roll one ball down the ramp and hit the target ball.
‘his causes the target ball to move up the other side of the ramp. He can roll the balls from two different points, a
>w point and a high point.

high point

f target ball
low point +

heavy ball
L
light ball

.ddie released the light ball from the low point. It rolled down the ramp. It hit and pushed the target ball up the
ther side of the ramp.

curved ramp

light ball
+ target ball

%

curved ramp

target ball

e

light ball

%
curved ramp
1e wants to find out if the point a ball is released from makes a difference in how far the target ball goes.
"0 TEST, THIS WHICH BALL WOULD HE NOW RELEASE FROM THE HIGH POINT?

A. the heavy ball

B. the light ball
SELECT THE REASON FOR YOUR ANSWER:

1. He started with the light ball, he should finish with it.

2. He used the light ball the first time. The next time he should use the heavy ball.

3. The heavy ball would have more force to hit the target farther.

4. The light ball would have to be released from the high point in order to make a fair comparison.

5. The same ball must be used as the weight of the ball does not count.
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Question 7 (1 point)
Squares and Diamonds #1

In a cloth sack, there are

%%

All of the square pieces are the same size and shape. The diamond pieces are also the same size and shape. One
piece is pulled out of the sack.

WHAT ARE THE CHANCES THAT IT IS A SPOTTED PIECE?
A. 1outof3
B. 1 outof4
C. 1outof7
D. 1outof21
E. other
SELECT THE REASON FOR YOUR ANSWER:
1. There are twenty-one pieces in the cloth sack. One spotted piece must be chosen from these.
2. One spotted piece needs to be selected from a total of seven spotted pieces.
3. Seven of the twenty-one pieces are spotted pieces.
4. There are three sets in the cloth sack. One of them is spotted.

5. 1/4 of the square pieces and 4/9 of the diamond pieces are spotted.

/
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Question 8 (1 point)
Squares and Diamonds #2

[n a cloth sack, there are

oW

All of the square pieces are the same size and shape. The diamond pieces are also the same size and shape. Reach in
and take the first piece you touch.

WHAT ARE THE CHANCES OF PULLING OUT A SPOTTED DIAMOND OR A WHITE DIAMOND?
A. 1outof3
B. 1outof9
C. 1outof2l
D. 9 outof21
E. other
SELECT THE REASON FOR YOUR ANSWER:
1. Seven of the twenty-one pieces are spotted or white diamonds.
2. 4/7 of the spotted and 3/8 of the white pieces are diamonds.
3. Nine of the twenty-one pieces are diamonds.
4. One diamond piece needs to be selected from a total of twenty-one pieces in the cloth sack.

5. There are 9 diamond pieces in the cloth sack. One piece must be chosen from these.
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Question 9 (1 point)
The Mice

A farmer observed the mice that live in his field. He found that the mice were either fat or thin. Also, the mice had
either black tails or white tails.

This made him wonder if there might be a relation between the size of a mouse and the color of its tail. So he
decided to capture all of the mice in one part of his field and observe them. The mice that he captured are shown

| peeo
SOHOD © o
SODOE, © ©

DO YOU THINK THERE IS A RELATION BETWEEN THE SIZE OF THE MICE AND THE COLOR OF
THEIR TAILS (THAT IS, IS ONE SIZE OF MOUSE MORE LIKELY TO HAVE A CERTAIN COLOR TAIL
AND VICE VERSA)?

A. Yes

B. No
SELECT THE REASON FOR YOUR ANSWER:

1. 5/7 of the fat mice have black tails and 3/4 of the thin mice have white tails.

2. Fat and thin mice can have either a white tail or a black tail.

3. Not all fat mice have black tails. Not all thin mice have white tails.

4. 17 mice have black tails and 12 have white tails.

5. 21 mice are fat and 8 mice are thin.
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Question 10 (1 point)

The Fish

Some of the fish below are big and some are small. Also some of the fish have wide stripes on their sides. Others
have narrow stripes.

IS THERE A RELATIONSHIP BETWEEN THE SIZE OF THE FISH AND THE KIND OF STRIPES IT HAS

(THAT IS, IS ONE SIZE OF FISH MORE LIKELY TO HAVE A CERTAIN TYPE OF STRIPES AND VICE
VERSA)?

A. Yes

B.

No

SELECT THE REASON FOR YOUR ANSWER:

1.

2,

Big fish and small fish can have either wide or narrow stripes.

3/7 of the big fish and 9/21 of the small fish have wide stripes.

7 of the fish are big and 21 are small.

Not all big fish have wide stripes and not all small fish have narrow stripes.

12/28 of fish have wide stripes and 16/28 of fish have narrow stripes.
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Question 11 (1 point)
The Dance

After dinner, some students decide to go dancing. There are three boys: Albert (A), Bob (B), and Charles (C), and
three girls: Louise (L), Mary (M) and Nancy (N).

|

\—/

Charles Albert

One possible pair of dance partners is A-L, which means ALBERT and LOUISE.

LIST ALL OTHER POSSIBLE PAIRS OF DANCE PARTNERS. TO REDUCE THE NUMBER OF POSSIBLE
ANSWERS TO THIS QUESTION, YOU CAN RESTRICT THE POSSIBLE COMBINATIONS TO BOYS AND
GIRLS DANCING WITH EACH OTHER.
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Question 12 (1 point)
The Shopping Center

In a new shopping center, 4 stores are going to be placed on the ground floor. A BARBER SHOP (B), a
DISCOUNT STORE (D), a GROCERY STORE (G), and a COFFEE SHOP (C) want to locate there.

||||||||||||
|||||||||||||
uuuuuuuuuuuu
|||||||||||||
|||||||||||||
||||||||
||||||

Barber Shop (B) Discount Store (D) Coffee Shop (C)

Grocery Store (G)

One possible way that the stores could be arranged in the 4 locations is BDGC. Which means the BARBER SHOP
first, the DISCOUNT STORE next, then the GROCERY STORE and the COFFEE SHOP last.

LIST ALL THE POSSIBLE WAYS THAT THE STORES CAN BE LINED UP IN THE FOUR LOCATIONS.
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Name: Date:

School:

Age: Current grade in school (9, 10, 11, 12):

GALT: Group Assessment of Logical Thinking Teacher Use Only
ID #

TEM BEST ANSWER REASON

L. Piece of Clay

. Metal Weights

5. Glass Size #2

L Scale #1

. Pendulum Léngth

) Ball #1

Squares and Diamonds #1

Squares and Diamonds #2

k The Mice

0. The Fish

1. The Dance Record your answer below:
A-L

2. The Shopping Center  Record your answer below:

BDGC




GALT: Group Assessment of Logical Thinking

Questions 1 — 10 are each worth one point. In order to get the one point, the

subject must get both the Best Answer and the Reason correct. There is no partial credit.

ITEM
Le

© 0 N v A W

=

Piece of Clay

Metal Weights

Glass Size #2

Scale #1

Pendulum Length

Ball #1

Squares arid Djamonds #1
Squares and Diamonds #2
The Mice

The Fish
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Teacher Use Only

ID #

BEST ANSWER REASON
B 1
C 1
C 2
E 1
C 5
B 4
A 3
A 1
A 1
B 2

Questions 11 and 12 are each worth one point. In order to get 1 point (no partial credit) the subjects answer must:

11.

1. Be presented in a logical manner

2. Contain no fewer than 1 error/omission for question 11 and 3 errors/omissions for question 12

A-L

The Dance

9 items total

C—
C—
(=

Z| 2 |

12, The Shopping Center 24 items total
BDGC DBCG CBDG GBCD
BDCG DBGC CBQD GBDC
BCGD DCBG CDBG GCBD
BCDG DCGB CDGB GCDB
BGDC DGBC CGBD GCBC
BGCD DGCB CGDB GDCB
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Test of Logical Thinking (TOLT TEST)

Item 1; Orange Juice#1
Four large organs are squeezed to make six glasses of juice. How much juice can be
made from six oranges?

Reason

Sow »

1

moaow>

7 glasses
8 glasses
9 glasses
10 glasses
other

The number of glasses compared to the number of organs will always be in
ratio 3 to 2.

With more oranges, the difference will be less.

The difference in the numbers will always be two.

With four oranges the difference was 2. With six oranges the difference
would be two more.

There is no way of predicting.

Item 2; Orange Juice#2
Given the information in Item 1, how many oranges are needed to make 13 glasses of

juice?

Reason

>

HOO®

monwp

6 1/2 glasses
8 2/3 glasses
9 glasses

11 glasses
other

The number of oranges compared to the number of glasses will always be
in ratio 3 to 2.

If there are seven more glasses, then five more oranges are needed.

The difference in the numbers will always be two.

The number of oranges will be half the number of glasses.

There is no way of predicting the number of oranges.

Item 3; The Pendulum’s Length

Suppose you wanted to do an experiment to find out if changing the length of a
pendulum changed the amount of time it takes to swing bank and forth. Which
pendulums would you use for the experiment?

Reason

A.

moOw

1 and 4
2 and 4
1 and 3
2and 5
all

The longest pendulum should be tested against the shortest pendulum.



cow

=

All pendulum need to be tested against one another.

As the length is increased the number of washers should be decreased.
The pendulum should be the same length but the number of washers
should be different.

The pendulums should be different lengths but the number of washers
should be the same.

Item 4; The Pendulum’s Weight

Suppose you want to do an experiment to find out if changing the weight on the end
of the string changed the amount of the time the pendulum takes to swing back and
forth. Which pendulum would you use for the experiment?

Reason

Sowp

o

Mmoo wp

1 and 4
2 and 4
1 and 3
2and 5
all

[
\

The heaviest weight should be compared to the lightest weight.

All pendulum need to be tested against one another.

As the number of washer is increased the pendulum should be shortened.
The number of washers should be different but the pendulum should be the
same length.

The number of washer should be the same but the pendulum should be
different lengths.

Item S; The Vegetable Seeds
A gardener bought a package containing 3 squash seeds and 3 bean seeds. If just one
seed is selected from the package what are the changes that it is a bean seed?

moQwp>

Reason

>

mo 0w

1 out of 2
1 out of 3
1 out of 4
1 out of 6
4 out of 6

Four selections are needed because the three squash seeds could have been
chosen in a row.

There are six seed from which one bean seed must be chosen.

One bean seed needs to be selected from a total of three.

One half of the seeds are bean seeds.

In addition to a bean seed, three squash seeds could be selected from a
total of six.

Item 6; The Flower Seeds
A gardener bought a package of 21 mixed seeds. The package content listed:
3 short red flowers
4 short yellow flowers
5 short orange flowers
4 tall red flowers

171
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2 tall yellow flowers

3 tall orange flowers
If just one seed is planted, what are the chances that the plant that grows will have
red flowers?

Mo oW

Reason

e

QW

D.
E

1 out of 2
2 out of 3
1 out of 7
1 out of 21
other

One seed has to be chosen from among those that grow red, yellow or
orange flowers.

1/4 of the short and 4/9 of the talls are red.

It does not matter whether a tall or a short is picked. One red seed needs to
be picked from a total of seven red seeds.

One red seed must be selected from a total of 21 seeds.

. Sevén of the twenty one seeds will produce red flowers.

Item 7; The Mice
The mice shown represent a sample of mice captured from a part of a field. Are fat
mice likely to have black tails and thin mice more likely to have white tails?

A.
B.

Reason

E.

oo w >

Yes
No

8/11 of the fat mice have black tails and 3/4 of the thin mice have white
tails.

Some of the fat mice have white tails and some of the thin mice have white
tails.

18 mice out of thirty have black tails and 12 have white tails.

Not all of the fat mice have black tails and not all of the thin mice have
white tails.

6/12 of the white tailed mice are fat.

Item 8; The Fish
Are fat more likely to have broad stripes than thin fish?

A.
B.

Reason

Sawp»

e

Yes
No

Some fat fish have broad stripes and some have narrow stripes.

3/7 of the fat fish have broad stripes.

12/28 are broad striped and 16/28 are narrow striped.

3/7 of the fat fish have broad stripes and 9/21 of the thin fish have broad
stripes.

Some fish with broad stripes are thin and some are fat.
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Item 9; The Student Council

Three students from each of grades 10, 11, and 12 were elected to the student council.
A three member committee is to be formed with one person from each grade. All
possible combinations must be considered before a decision can be made. Two
possible combinations are Tom, Jerry and Dan (TJD) and Sally, Anne and Martha
(SAM). List all other possible combinations in the space provided. More spaces are
provided than you will need.

STUDENT COUNSIL
Grade 10 Grade 11 Grade 12
Tom (T) Jerry (J) Dan (D)
Sally (S) Anne (A) Martha (M)
Bill (B) Connie (C) Gwen (G)
TJD Sl it W 1........A
3

............................................
............................................
............................................
............................................
............................................

--------------------------------------------

Item 10; The Shopping Center

In a new shopping center, 4 stores are going to be placed on the ground floor. A
BARBER SHOP (B), A DISCOUNT STORE (D), A GROCERY STORE (G), and A
COFFEE SHOP (C) want to locate there. Once possible way the stores could be
arranged in the four locations is BDGC. This means the BARBER SHOP first, the
DISCOUT STORE next, then the GROCERY STORE and the COFFEE SHOP late.
List all the other possible ways that the stores can be lined up in the four locations.
You are provided with more spaces that you will need.

.................................
............................................
............................................
............................................
............................................
.............................................
............................................
............................................
............................................

............................................



ANSWER SHEET;

2 - < T e —— = R,

Item Answer Reason

1

R Y|N [N | |WIN

.................................
.................................
.................................
.................................
.................................
.................................

.................................

BDGC

......................
.................................
.................................
.................................
.................................
.................................
.................................
.................................
.................................

---------------------------------

ooooooooooo

-----------

...........

...........

...........

-----------

ooooooooooo

-----------

ooooooooooo
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Abstract

The purpose of this research was to study programmer’s competency model in Thailand. Using
“grounded theory methodology”, the researchers interviewed a group of manager level of software
development sector in both publi;: and private organization in Bangkok and then used NVivo
software to code and analyze responses. The result of this research concludes with discussion of

four themes that define the mental models of competencies deemed necessary by professionals:

“competency for self-development” such as continuous learning, “competency for career
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development” such as understands business process, “competency for corporation” such as

teamwork, and “competency for management” such as time management.

Keywords: Competency / Competency for Programmer / Grounded Theory / Qualitative Analysis
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Abstract: “Competencies are culture-specific and, hence, bound by the culture in which
they are acted out . . . behaviors that are understood as reflection of competency in one
culture are not necessarily understood as competent in another culture” (Cooley &
Roach, 1984, pg. 13). This is a brief description of an ongoing qualitative study on
social, cultural and organizational dimensions of competencies for the computer
programming industry in Thailand. The goal of the study is to produce a culturally
relevant model of competency for programmers. The researchers are using grounded
theory methodology to collect, analyze and report the results of interviews with
managers working in a public software development organization in Bangkok.

Background
Competent behaviors reflect core competencies that are common to all employees in an
organization and job competencies that are specific to each position (Hofstede, 1980;
Lawler et. al., 1989; Komin, 1990; McGill, 1995; Sorod, 1991). Competency studies
benefit the improvement of job description, employee selection, staff development,
performance evaluation and promotion. Competency studies also benefit the
development of academic program guidelines and curricular design. Most models of
competency currently in use in Thailand, however, have been imported from western
countries or have been formulated with western conceptualizations of the meaning of
competency (Sriussadaporn-Charoenngam & Jablin, 1999). Quantitative methodologies
(e.g., surveys, Delphi techniques) have dominated the research conducted on
competency. Qualitative analysis of qualitative data on competency has received far

less attention.

Grounded theory methodology and competency theory
It is difficult to generate theory with most qualitative methods because they are
descriptive in nature. Ground theory methodology is different. It is an inductive

method; theory emerges from data. Grounded theory methodology emphasizes the
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importance of a systematic collection of data which leads to the development of a
multivariate conceptual theory (Glaser & Strauss, 1967; Glaser, 1992; Strauss &
Corbin, 1990; 1994). Grounded theory methodology can be used to study human
behavior in organizations, groups, and other social configurations (Glaser, 1992) and

can therefore assist in the development of a culturally relevant model of competency.

Procedure
We are interviewing six programmers working in a public organization in Bangkok,
Thailand. We are asking the following questions in our incident-based approach to the
interviews: “Can you describe one or two incidents in your career that you have
experienced in the job that are “high-points” or “major successes” in your career?”
“Can youﬁdesbribe one or two incidents in your career that you have experienced in the
job that are “low-points or “major failures” in your career?” “What was the
incident?” “What did you learn from this experience?” We are gathering and
analyzing data, and comparing ongoing analysis to past analyses to clarify emerging
theoretical relationships. The interplay between data collection, data analysis and
conceptualization/theorizing is iterative. Interplay involves making three types of
comparisons: 1) “Incidents” are compared with “incidents” to establish underlying
uniformity in “concepts” and hypotheses; 2) “Concepts™ are compared to more
“incidents” to generate additional theoretical properties of concepts and more
hypotheses; and 3) “Concepts” are compared to “concepts” to arrive at core variables
central to a culturally relevant model of competency. The developing model represents
similarities and variations in the mental models of six programmers’ perceptions of

competent behavior for the programming industry.

References

Brislin, R. W, Lonner, W. J., & Thornkike, R. M. (1973). Cross-cultural research methods.
New York: Wiley.

Embree, J. F. (1950). Thailand—A loosely structured social system. American Anthropologist,
52, 181-193.

Fieg, J. P. (1989). A common core: Thais and Americans. Intercultural Press.

Geertz, C. (1973). The interpretation of cultures. New York: Basic Books.

Glaser, B. G. & Strauss, A. (1967). The Discovery of Grounded Theory: Strategies for
Qualitative Research. Chicago, IL: Aldine Publishing Company.




187

Glaser, B. G. (1992). Emergence vs. Forcing: Basics of Grounded Theory Analysis. Mill

Valley, CA: Sociology Press.
Hofstede, G. (1980). Culture’s consequences: International differences in work-related values.

Beverly Hills, CA: Sage.

Komin, S. (1990). Culture and work-related values in Thai organizations. International Journal

of Psychology. 25, 681-704.

Komin, S. (1991). Psychology of the Thai people: Values and behavioral patterns. Bangkok,

Thailand: Research Center, National Institute of Development Administration (NIDA)).

Lawler, J. A., Zaidi, M. A., & Atmiyanandana, V. (1989). Human resource strategies in
southeast Asia: The case of Thailand. In A. Need, G. Ferris, & K. Rowland (Eds.), Research in
Personnel and human resources management supplement 1 (pp. 201-221). Greenwich, CT: JAI
Press. )

McGill, A. L. (1995). American and Thai managers’ explanations for poor company

performance: Role perspective and culture in causal selection. Organizational Behavior and

Human Decision Processes, 61, 16-27.

Sorod, Bung-on (1991). The influence of national and organizational cultures on managerial

values, attitudes, and performance. Unpublished doctoral dissertation, University of Utah, Salt

Lake City.

Sriussadaporn-Charoenngam & Jablin, F. M. (1999). An exploratory study of communication
competence in Thai Organizations, The Journal of Business Communication, 36(4), 382-418.

Strauss, A. & Corbin, J. (1990). Basics of Qualitative Research: Grounded Theory Procedures

and Techniques. Newbury Park, CA: Sage Publications.
Strauss A. & Corbin J. (1994). Grounded Theory Methodology - An Overview, In Handbook of

Qualitative Research, N. K. Denzin and Y. S. Lincoln (Eds.), Sage Publications, Thousand
Oaks, pp. 273-285.



188
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Abstract. Competencies are used to assess the performance of workers and are
helpful for making recruitment, placement, retention, and promotion decisions in
organizations. The objective of this study is to develop the competency model for
software developers. Researchers interviewed working professionals (software
developer§ and managers) from government and private organizations in
Bangkok, Thailand. The researchers used behavioral event interview (BEI) to
collect data and used grounded theory methodology to analyze data. BEI
interviews focused on one or two job related situations that were “high
points/major successes” or “low points/major failures” in the careers of
professionals. The result of this research concludes with competency-related
incidents, themes and clusters of ideas that define the mental models of
professionals.

Keywords: Competencies, Software industry, Industrial Education, Grounded
Theory, Mental Models.

Introduction

Software industry is important for economics and social in each country and software
developer or programmer is the one component for success in this industry. In the 1990s this
profession need only “hard skill” but now it include “soft skill” (Friedman, 2005). The
competency research includes both of behavioral activities and technical activities of work
(Perdue, Ninemeier & Woods, 2002). It means software developers should have competency
(hard and soft skill) that helps them work with efficiency.

Competency studies benefit the improvement of job description, employee selection, staff
development, performance evaluation and promotion (Lucia & Lepsinger, 1999; Spencer &
Spencer, 1993). Competency studies also benefit the development of academic program
guidelines and curricular design. Most models of competency currently in use in Thailand,
however, have been imported from western countries or have been formulated with western
conceptualizations of the meaning of competency (Sriussadaporn-Charoenngam & Jablin, 1999).

The one approach for develop competency model is using grounded theory methodology
which is inductive method; theory emerges from data. Grounded theory methodology emphasizes
the importance of a systematic collection of data which leads to the development of a
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multivariate conceptual theory (Glaser & Strauss, 1967; Glaser, 1992; Strauss & Corbin, 1990;
1994). Grounded theory methodology can be used to study human behavior in organizations,
groups, and other social configurations (Glaser, 1992) and can therefore assist in the
development of a culturally relevant model of competency.

Objective
The objective of this study is to develop the competency model for software developer in
Thailand.

Outcomes of the study

1) Students who want to be software developers in Thailand can prepare themselves to meet
requirement of professional competency

2) Software developers in Thailand can develop themselves to meet requirement of their
company )

3) Organizations can use the result from this research in recruitment, placement, retention, and
promotion decisions

4) Universities and institutes in Thailand can use the result from this research to develop
curriculum for training the students

Research Methodology

1) Procedure
The procedure for this research consisted of
(1) Construct behavioral event interview (BEI).
(2) Collect data from target group.
(3) Analyze data.

2) Instrument for Data Collection
The instrument for collect data was interview, it called behavioral event interview (BEI).
This interview following questions in our incident-based approach to the interviews:
® Can you describe one or two incidents in your career that you have experienced in the job
that are “high-points” or “major successes” in your career?
® Can you describe one or two incidents in your career that you have experienced in the job
that are “low-points” or “major failures” in your career?
* What was the incident?
* What did you learn from this experience?

3) Collect data

We collected data from working professionals (software developers and managers) from
government and private organizations in Bangkok, Thailand. Total number of interviewee is 15
people; compose of software developer 8 people (Male 3; Female 5) and manager 7 people (Male
5; Female 2). We used two times for each interviewee. First, we interviewed, transcribed data,
analyzed data. After that we did the same first time, interviewed, transcribed and analyzed data.
Mostly we used approximately1.5-2 hours per interview. The reason for interview two times in
each interviewee because in the first time if something that we did not cover after we analyzed
data we could continue in second time, and it can help interviewee reflected what they did not
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tell us in the first time.

4) Analysis of Data

The data were analyzed by grounded theory methodology. This method involves making
three types of comparison (1) “Incidents” are compared with “incidents” to establish underlying
uniformity in “concepts” and hypotheses; (2) “Concepts” are compared to more “incidents” to
generate additional theoretical properties of concepts and more hypotheses; and (3) “Concepts”
are compared to “concepts” to arrive at core variables central to a culturally relevant model of
competency.

Results of the Study

After we used BEI to collect data and used grounded theory methodology to analyze data
we found the competencies for Software Industry based on mental model of Software Developer
in Thailand compose of 1) Expertise 2) Teamwork 3) Relation and Communication 4) Service
Mind 5) Achievemgent 6) Flexibility 7) Leadership and Influence 8) Emotion and Ethics 9)
Logical Thinking 10) Future Thinking 11) Creative Thinking 12) System Thinking

Expertise involves knowledge, skill, apply knowledge, continuous learning, continuous
improve, follow up technology trend, follow by standard for software development, transfer
knowledge, understand requirement of client, understand business process, prioritize jobs.

Software developer should have knowledge in programming language, coding program,
and algorithm; they should have skill for develop software, skill for use tools to develop
software. Software developer may work in with many organizations they should apply knowledge
to with each organization. At the same time information technology change rapidly so they
should continuous improve their job and continues learning to update their knowledge and follow
up technology trend. In industrial software programmer work with standard they should follow
by standard such as software development life cycle (SDLC), Capability Maturity Model for
Software (CMM).

After software developer has knowledge, skill, they should transfer knowledge to team
member, subordinate. The one part of develop software is to get requirement from client; it is
better if programmer understand user’s requirement and then develop software base on user’s
requirement for support client’s business and understand business process. Normally software
developer work with multi-tasking, so they should prioritize the job and can manage what to do
in sequence or parallel.

Teamwork involves individual working, team working, cooperation, collaboration,
coordinate with other, follow by policy, and accept other’s idea.

Software development is the process that work with / collaborate with and cooperate with
team member, when they work in team they should follow by team policy and accept other’s
idea. When the head of team assign jobs to programmer, they should work by themselves.
Sometime programmer contact to user or client for get requirement or delivery the system to
user, so programmer should coordinate with user.

Relation and Communication involves communication with other, communication in
team, good relationship, and respect to older people.
When develop software, software developer must to contact many people such as user,
system analyst, project manager, they should establish good communication and good relation
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with theses people, in Thai context relation and communication are important part of success, it
help them to work smoothly and efficiently, for Thai context the important part is to respect to
older people that different from other context, the younger should respect and listen from older
people who have a lot of experience. That means the younger and older people can work or joint
together.

Service Mind software developer must service to client, so they must to have service mind
and appreciate to help their client and service mind can help them to understand user need so
they can serve to user need.

Achievement involves motivation, enthusiasm, diligence, patient, circumspect,
responsibility, time management
Software developer should have motivation to work or want to work, enthusiasm or
happy to work with, diligence, work hard or patient. Software development is the work that need
circumspect or careful in each process of developing. At the same time, each job depends on time
SO programmer must to manage time, and has responsibility to finish job on schedule.

L
Flexibility involves compromise, flexibility. The requirement for develop software can
change overtime, the development team should to ready to flexible or compromise for uncertain
condition such as when the policy change then software must change follow by that policy, so
programmer must to modify software.

Leadership and influence involves leadership, influence other, and control situation.
When software developer works with client, user needs them to suggest or advise because
they are expert in information technology. Software developer can suggest or give them advice to
solve the problem and can lead them. Sometime when user has his own way that not appropriate
to work, programmer should influence them based on the better way. It is possible to conflict in
among user, so programmer can control the situation and try to solve the conflict.

Emotion and Ethic involves emotional intelligence, sympathy, empathy, kind, fun-loving,

calm-hearted, considerate, willingly helpful, and honest
For work with many people it can be conflict among people, so programmer should have

emotional intelligence that they can control their emotion even though in stress situation. In Thai
style programmer should be sympathy, empathy or understand user feeling, kind person, fun-
loving and calm-hearted that user is not afraid when talk or give information to them.
Considerate is not cross other’s border, do thing follow by authority, willingly helpful is
appreciate to help user or other people. Software developer should also honest, do their job in the
right way not cheating.

Logical Thinking, System Thinking, Future T hinking, Creative Thinking Software
developer should has logical thinking that help them to design algorithm, solve the problem,
system thinking help programmer to think about whole system, and solve the problem for whole
system not for subsystem, for develop software, programmer should think about future, after
software launch it have a life of using software such as one year, two years, three year so
programmer should develop software that can use for future not for present. For advance of
develop software programmer should have creative thinking, it mean programmer should try to
find or solve the problem in different way, that mean they should have creative thinking.
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Conclusion and Discussion

This research explored the competency model for software developer based on mental
model of software developer in Thailand and we found total 12 competencies. It represents the
perception on Thai context. Most of competency models has been formulate with western
conceptualization such as competency model for “Technical and professional” by Spencer and
Spencer (Spencer & Spencer, 1993). This competency model studied includes software
developer, engineers, applied research scientists, and technical job in a bank trust department that
broader than our competency, our studied only focus on software developer in Thailand.

Table 1: Comparison between Spencer & Spencer Model and model for Software Developer in Thailand

Spencer & Spencer Model for

Technical and professional

Competency model for

Software Developer in Thailand

Achievement Orientation

Achievement

Impact and {nfluence
M

Leadership and Influence

Conceptual Thinking

Logical Thinking

Analytical Thinking

System Thinking

Initiative

Future Thinking

Self-Confident

Creative Thinking

Interpersonal Understanding

Relation and Communication

Concern for Order Service Mind
Information-Seeking Flexibility
Teamwork and Cooperation Teamwork
Expertise Expertise

Customer Service Orientation

Emotion and Ethic

Spencer & Spencer model has total 12 competencies; our model also has 12

competencies, both models has only 4 competencies that similar meaning
1) Achievement Orientation /Achievement
2) Impact and Influence / Leadership and Influence
3) Teamwork and Cooperation / Teamwork

4) Expertise

The way for finding competency model is general but the competency model for each
career and context is difference and unique characteristic. This model that we developed from
this study is appropriate for Thai context that suitable for Software developer in Thailand. From
our research we found the competency for software developer 12 competencies, we can use these
competencies for selection, training & development, succession planning, recruitment,
compensation and performance appraisal in organization. (Lucia & Lepsinger, 1999; Spencer &
Spencer, 1993) and it will benefit for student, software developer to prepare themselves or
develop their competency to meet requirement of professional, and university can develop
curriculum for training student that specific to Thai context.
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Abstract

The purpose of this study was to prioritize/rank 12 existing software developer competencies and to find
the pattern correlation among these competencies. A survey was designed to elicit responses from a
target group (N=350) of software developers, system analysts, lecturers in Information and
Communication Technology (ICT), ICT managers and others related to software industry (e.g.
informatton technologist, software architect, computer technicians) in 14 organizations in Thailand. The
return rate was 80.57% or 282 out of 350. Data were analyzed using descriptive statistics. Factor
analysis was used to identify correlations among the 12 competencies .The 12 competencies were
previously identified in a study of competencies for sofiware developers in Thailand. The ranking was as
follows: expertise; teamwork; logical thinking; system thinking; relation and communication; creative
thinking; achievement; future thinking; emotion and ethic; flexibility; service mind; leadership and
influence. In terms of correlations Future Thinking; System Thinking Relation & Communication;
Teamwork are correlated. The second set of correlated factors are as follows: Leadership & Influence;
Expertise; Emotion & Ethic; Flexibility. This research was limited to an investigation of competencies for
software developers in Thailand only.

Keywords
Competencies / Software industry / Software Developer / Thailand / Factor Analysis

INTRODUCTION

Software developers are important keys to success of the software industry. In fact, as Turley and Bieman
(1995) argue “Much effort has been placed in the development of engineering approaches to software
development such as software tools, coding practices, and test technology. But the over-whelming
determiner of software productivity and quality is still personnel and team capability” (p.19). Turley and
Bieman further argue that software developers possess unique skills or competencies to solve problems
related to software engineering. Boyatzis (1982, p.21) defined competency as “an underlying
characteristic of a person which results in superior and/or effective performance in a job.” The study of
competencies can improve job descriptions, employee selection, staff development, performance
evaluation and promotion (Lucia & Lepsinger, 1999; Spencer & Spencer, 1993).

A study by Booneka and Kiattikomol (2008) formulated a model of competencies for software developers
specifically for the unique cultural, social and economic context of Thailand. The model identifies 12
competencies as follows: Expertise; Teamwork; Relationship and Communication; Service mind;
Achievement; Flexibility; Leadership and influence; Emotion and ethic; Logical thinking; System
thinking; Future thinking and Creative thinking. Expertise involves knowledge, skill, knowledge
application, continuous learning, follow-up technology trends, standards for software development,
transfer knowledge, understanding of client’s requirements, understanding of the business process, and
prioritizing of tasks. Teamwork involves individual work as well as team work; cooperation,
collaboration, coordination with each other, follow-up policy-making and acceptation of other’s idea.
Relation and communication involve communication with others: communication in teams, good
relationships, and respect for older people. Service mind involves appreciation and understanding of
client’s/user’s needs. Achievement involves motivation, enthusiasm, diligence, patience, circumspection,
responsibility and time management. Flexibility involves compromise and flexibility. Leadership and
influence involve leadership, influence of others, and control of situations. Emotion and ethic involves
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emotional intelligence, sympathy, empathy, kindness, playfulness, calmness, consideration, willingness to
help and honesty. Logical thinking involves an ability to design algorithms. System thinking involves
being able to design for the whole system. Future thinking involves planning for the future. Creative
thinking involves an ability to solve problems in different ways.

Booneka and Kiattikomol’s (2008) study did not rank or prioritize these 12 competencies. Nor did their
study identify any correlations among the 12 competencies. The purpose of the study reported on in this
paper therefore was 1) to prioritize/rank competencies and 2) to identify the correlation among
competencies in their model. Result of this study will be useful to Thai students and software developers
to prepare and develop themselves to meet the requirements of companies and organizations. The results
can also be used for companies and organizations for purposes of recruitment, placement, retention and
promotion. Finally, the results will be of use to institutions to develop curriculum to train students.

METHODOLOGY

Participants

The target group consisted of 350 software developers, system analysts, lecturers in ICT, ICT managers
and the others (related to software industry) who work in 4 public (government) and 10 private
organizations (software houses, financial company, ICT service company) in Bangkok, Thailand.

L

We first contacted by telephone the heads of the organizations to tell them about the study and to
informally invite their participation. The heads then identified individuals within each organization to help
with recruitment. These individuals were contacted by telephone or in person. They chose the people.
Potential respondents were offered a small gift for participating. Next, letters of cooperation from the
coordinating institution of the researchers (King Mongkut’s University of Technology Thonburi, Faculty
of Industrial Education and Technology) were sent to the organizations to outline the purpose of the study
and to request their participation.

Instruments

Included with the letter was a survey. The survey was designed by the authors of this paper specifically for
the study. It consisted of one page and two parts. The first part focused on demographic information such

as gender, age, position and years of experience. The second part listed the 12 competencies and invited

respondents to rank all competencies from lowest to highest with the number 12 being the highest. The

survey listed the competencies in this order: expertise; teamwork; relation and communication; service

mind; achievement; flexibility; leadership and influence; emotion and ethic; logical thinking; system

thinking; future thinking; creative thinking. The survey included a brief (one or two lines) description of
each competency. We estimated the completion time for each survey at 10-15 minutes approximately.

We present a section of the survey here. The survey was presented to participants in the Thai language
with, in addition, labels in English for each competency.

Instruction: here is the list of Competencies for Software developer in Thailand; Please rank the
competency from highest to lowest (12=highest, I1=lowest)

Competency Rank

Expertise; Expertise involves knowledge, skill, knowledge application, continuous learning,
follow-up technology trends, standards for software development, transfer knowledge,
understanding of client’s requirements, understanding of the business process, and prioritize
of tasks

Teamwork; Teamwork involves individual work as well as team work cooperation,
collaboration, coordination with each other, follow-up policy-making and acceptation of
other’s idea.

Relation and communication; Relation and communication involve communication with
others: communication in teams, good relationships, and respect for older people.

Service mind; Service mind involves appreciation and understanding of client’s/user’s
needs.

Achievement; Achievement involves motivation, enthusiasm, diligence, patience,
circumspection, responsibility and time management..
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Competency

Rank

Flexibility; Flexibility involves compromise and flexibility

Leédership and influence; Leadership and influence involve leadership, influence of others,

and control of situations.

Emotion and ethic; Emotion and ethic involves emotional intelligence, sympathy, empathy,

kindness, playfulness, calmness, consideration, willingness to help and honesty.

Logical thinking; Logical thinking involvesan ability to design algorithms.

System thinking; System thinking involves being able to design for the whole system.

Future thinking; Future thinking involves planning for the future.

Creative thinking; Creative thinking involves an ability to solve problems in different ways.

Response rate and analysis

The response rate was 80.57%. Two hundred eighty two individuals returned questionnaire among the 350
potential respondents. We analyzed demographic data by descriptive statistics (sum, mean, and standard
deviation. To, determine the rankings, we totalled the numbers from 1-12 assigned by all 282 participants
for each competency. We also calculated the mean and standard deviation for each competency. We then
used factor analysis to identify the correlations among the 12 competencies.

FINDINGS

Table 1 provides a summary of the demographic or respondent profile, classified by gender, age, position
and year of experience. Table 2 provides descriptive data of 12 competencies as ranked by respondents.
Finally Table 3 provides factor analysis.

Table 1: Demographic information

Characteristic Item Frequency | Percent
Gender Male 130 46.1
Female 152 53.9
Age (years) 20-24 47 16.6
25-29 87 30.8
30-34 71 25.1
35-39 37 13.1
40-44 20 7
45-49 10 3.5
> 49 10 3.5
Position Software Developer 72 25.5
System Analyst 42 14.9
Lecturer in ICT 14 S
ICT Manager 14 ]
Other (related to ICT) 140 49.6
Year of experience 1-3 96 34
4-6 58 20.6
7-9 37 13.1
10-12 36 12.8
13-15 20 7.1
> 15 35 12.4
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Table 2: Descriptive data of 12 competencies as ranked by respondents

Competencies Total Mean Std. Deviation
Expertise 2,637 9135 3.215
Teamwork 2,347 8.32 2.979
Logical Thinking 2,247 7:97 2.923
System Thinking 2,131 7.56 2977
Relation and Communication 2,052 7.28 2.909
Creative Thinking 1,897 6.73 3.217
Achievement 1,855 6.58 2.900
Future Thinking 1,588 5.63 3.139
Emotion and Ethic 1,472 5:22 3.173
Flexibility 1,460 5.18 2.542
Service Mind 1,373 4.87 3.437
Leadership and Influence 941 3.34 3.019

Table 3: Factor Matrix — After Rotation

Variables Factors
F1: Teamwork thinking F2: Leadership professional
Future Thinking .823
Systém Thinking .800
Relation and Communication .766
Teamwork .679
Leadership and Influence 27131
Expertise .688
Emotion & Ethic 575
Flexibility 463

We used factor analysis (principal components analysis varimax with Kaiser Normalization, rotation
converged in 3 iterations) to determine the correlation among the 12 competencies. Factor loading of 12
items of the scale produced two factors. We labeled Factor 1 as “Teamwork Thinking”. We labeled Factor
2 as “Leadership Professional” as shown in Table 3.

DISCUSSION

The results indicate that software developers’ competencies should be professional worker, who has
experience, can work in team, show logical and systematic thinking and be able to communicate and
create relations within a team and with other people. This ranking reflects the perceptions of those
working in the software development industry in Thailand. Spencer and Spencer (1993) conducted a
similar study in which they ranked competencies of software developers, engineers, applied research
scientists, and technicians in a bank department in 24 countries. A comparison of ranked competencies
between our results and Spencer and Spencer’s isas follows

Table 4. Comparison between Spencer and Spencer (1993) and the present rankings (1=highest)

Spencer & Spencer Our Study
Competency Rank Rank Competency

Achievement Orientation 1 7 Achievement
Impact and Influence 2 12 Leadership and Influence
Conceptual Thinking 3 3 Logical Thinking
Analytical Thinking 4 4 System Thinking
Initiative 5 8 Future Thinking
Self-Confident 6 6 Creative Thinking
Interpersonal Understanding 7 5 Relation and Communication
Concern for Order 8 11 Service Mind
Information-Seeking 9 10 Flexibility
Teamwork and Cooperation 10 Teamwork
Expertise 11 1 Expertise
Customer Service Orientation 12 Emotion and Ethic
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Spencer and Spencer’s study was similar to ours in that we were both working with a similar set of 12
competencies. In terms of similarities between the results of their study and ours, we note for example that
they ranked Conceptual Thinking (3) Analytical Thinking (4) similarly to ours Logical Thinking (3) and
System Thinking (4). These types of thinking are not exactly the same howevers; it is interesting to note
that in both studies, these thinking skills were ranked at the same level. This would appear to indicate that
Thai software developers hold similar beliefs about the competencies related to thinking as do their
counterparts in other countries. It should not be surprising that thinking skills would rank so high (at a
level of 3 or 4) in this profession which involves working with algorithms and abstractions.

The similarities however are limited to those competencies. In fact, we observed more differences than
similarities between their results and ours. We observed for example, that whereas our respondents ranked
expertise at the top (# 1), in Spencer and Spencer’s study, it was ranked almost at the bottom (# 11).
Likewise, Teamwork and Cooperation ranked at the bottom (# 10) for Spencer and Spencer, yet it was
ranked at the top  (# 2) in our study. We note as a limitation in our study that expertise and teamwork
were listed as items 1 and 2 respectively in the survey. It is possible, therefore, that our respondents were
influenced by the position of the items in the survey. However, we also observe that items listed at the top
in the survey were also ranked at the bottom in the respondents ranking. For example, Creative thinking
was item 12 on our survey yet ranked as number 6 by respondents.

The difference between the importance of teamwork for Spencer and Spencer’s respondents versus ours
could p0551b1y be due to the fact that teamwork may be considered a more important competency in
general i all fields in 2008 whereas, in 1993, when Spencer and Spencer conducted their study,
teamwork may not have been as important. The fact that competencies may change over time and that they
are subject to larger social, cultural or economic trends is to be expected. However, we do not know why
teamwork ranked so differently in the two studies. We do not for example know if teamwork might be
more important in the Thai culture. Cooley and Roach (1984, p.13) argue that “Competencies are culturak
specific and, ... behaviors that are understood as reflection of competency in one culture are not
necessarily understood as competent in another culture”.

Other differences observed include the fact that while they ranked Impact and Influence at a high level (#
2), our respondents ranked Leadership and Influence at a low level (# 12). This difference may be due to a
difference in terminology. Their label did not include the word leadership. While their respondents ranked
achievement at the top, our respondents ranked it in the middle approximately. In general, the differences
in results between might Spencer and Spencer’s’ study and ours could be due to the fact that theirs was
conducted more than 10 years before ours. Also, they focused on many countries whereas we focused
specifically on Thailand. In addition, they included not only software developers but other related
professions and practices.

In terms of demographics, we note that we had a slightly larger group of men than women respondents
although we conjecture that the differences in gender are too small to account for any of the results. It was
beyond the scope of this study to differentiate rankings based on gender. However, it would be interesting
to observe whether, for example, females ranked higher than males the competencies such as emotion and
ethics or relation and communication. We do not know whether fact that the largest group in terms of
years of experience had only three year may have influenced the rankings. For example, it is possible that
those with fewer years or experience may rank differently than those with more years of experience. We
collected and provided demographic information on respondents in order to ensure that our group was not
too weighted towards a particular demographic e.g. all males and few females. Our demographic appears
fairly balanced we believe. However, in future studies, it may be of interest to study differences or
similarities in rankings between for example females versusmales or those with few versus a large number
of years of experience.

CONCLUSIONS, LIMITATIONS AND IMPLICATIONS

The purpose of this study was to prioritize/rank 12 existing software developer competencies and to find
the pattern correlation among these competencies. A survey was designed to elicit responses from a target
group (N=350) of software developers, system analysts, lecturers in Information and Communication
Technology (ICT), ICT managers and others related to software industry (e.g. information technologist,
software architect, computer technicians) in 14 organizations in Thailand. The return rate was 80.57% or
282 out of 350. Data were analyzed using descriptive statistics. Factor analysis was used to identify
correlations among the 12 competencies.

The 12 competencies were previously identified in a study of competencies for software developers in
Thailand. The ranking was as follows: expertise; teamwork; logical thinking; system thinking; relation and
communication; creative thinking; achievement; future thinking; emotion and ethic; flexibility; service
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mind; leadership and influence. In terms of correlations Future Thinking System Thinking Relation and
Communication Teamwork are correlated. The second set of correlated factors are as follows: Leadership
and Influence; Expertise; Emotion & Ethic; Flexibility. This research was limited to an investigation of
competencies for software developers in Thailand only.

Our study was limited to one country, Thailand. As Spencer and Spencer’s study has shown, results may
have been different if other countries has been included in the sample. We do not know if our results are
specific to Thailand. Other researchers may wish to use our survey in their countries to compare rankings.
Our results may have been different if our survey have been designed differently. For example the survey
listed expertise at the top and respondents ranked it at the top. We could have designed the survey so that
not all respondents received a survey with the items ordered the same way. This approach may have
yielded different results. The fact that we did not conduct our study to take into account the demographic
elements limits the breadth of our findings. Other researchers may wish to identify if competencies might
be ranked differently based on certain demographic factors.

In terms of implications for organizations, these competencies should be part of human resource
development, i.e. for selection, training and development, performance appraisal, and succession
planning. The correlation between competencies for software developer shows that software developer
should be competent in Teamwork Thinking (Factor 1) and be a Leadership professional (Factor 2). When
organizations or institutes in Thailand use competencies for staff development or training, they should
group related competencies. On the other hand, however, competencies that are not correlated (i.e.
Logical thinking, Creative thinking, Achievement, and Service mind) may be considered important in
contexts of staff development or training but not as important as the two factors. The same would be true
for in terms of implications for educators and curriculum content.
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Abstract

The objectives of this study relate to logical thinking skills for software developers. It identifies
the content and instructional process in developing logical thinking skills, and evaluates the content and
instructional process. Interviews with twenty participants revealed that the content of logical thinking
skills includes general problems, probability problems, arithmetic expressions, and arithmetic and logical
comparisons. The instructional process of developing logical thinking skills for software developers is
comprised of four steps. These include understanding, planning, executing, and evaluation. The
researchers then asked eighteen experts in logical thinking skills, learning and instruction to evaluate the
content of the logical thinking and instructional process. The results showed that the overall evaluation
was “Good” (4.28/5), the content evaluation was “Good” (4.21/5), and the instructional process
evaluation was “Good” (4.36/5). The results of this study may be of interest to institutes and to instructors

who wish to rely on the content and instructional process to develop curriculum focused on logical
thinking skills.
4

Key Words: l:)gical thinking skills, learning outcome, instructional process, software developer

Introduction

The skill of logical thinking is an important competency for software developers. Studies by
authors (2008a, 2008b) show that logical thinking skills is one of the twelve necessary competencies for
software developers in Thailand. They ranked logical thinking as number three out of 12 competencies.
Similarly, studies by Brady (1981) and Haines (1987) showed that logical thinking skills play an
important role in achievement in biology and in computer programming and mathematics for computing.
Logical thinking skills require abilities such as understanding the structure of problems adequately,
thinking reasonably about problems, and expressing logically (Kawamoto, 2008, p.327). With logical
thinking, the learner solves the problem by doing various mental practices or reaches principles or rules
by engaging in abstraction and generalization (Yaman, 2005, p.31). Greeno (1989, p.134) found that
successful thinking in specific subject-matter domains uses knowledge that is specific to the domains. In
addition, Beyer (2008, p.197) argues that thinking skills are not content-free or ill-defined phenomena.
This implies that logical thinking skills is a specific area of competence.

Tobin and Capie (1981) developed the Test of Logical Thinking Skills (TOLT) which has five
measures, namely proportional reasoning, the control of variables, probabilistic reasoning, correlational
reasoning, and combinatorial reasoning. Likewise, The Group Assessment of Logical Thinking (GALT),
developed by Roadranka, Yeany and Padilla (1982), measures six logical operations. These are
conservation, proportional reasoning, controlling variables, combinatorial reasoning, probabilistic
reasoning, and correlational reasoning. These two tests have the same five measures. Implied logical
thinking means to perform at least five measures, namely controlling variables, proportional reasoning,
probabilistic reasoning, combinatorial reasoning, and correlational reasoning. These two tests were used
to measure logical thinking skills in any area, whereas logical thinking skills that apply specifically for
software developers has not been identified in any research.

Mayer (2008) argues that learning in the content areas such as learning to read fluently, learning
to write, learning science, or learning mathematics is different. Each area has a different cognitive
process. Furthermore, logical thinking skills are similar to learning mathematics because as Ralston
(2005) argues, “the logical thinking inherent in all mathematical thought is so akin to the logical thinking
required in all software development” (p.6). Additionally, both TOLT and GALT also rely on
mathematical thinking.

Marcou and Lerman (2006, p.139), citing some of models of mathematical problem solving
(MPS), refer to the four- steps of Polya (1957) and the five-step cognitive self regulatory strategy of
Verschaffel et al. (1999). The four-steps of Polya (1957) has been adapted by Barnes, Fincher and
Thompson (1997) to a programming context and also investigated how it fits the imperative and
functional programming paradigms. These steps comprise understanding, design, writing and review.
Similarly, the study by Chang, Sung and Lin (2006) also designed a computer-assisted system named
MathCAL based on the four-steps of Polya and showed that the system improves the performance of
students with low problem-solving ability.
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The five-step cognitive self regulatory strategy of Verschaffel et al. (1999) implemented a
learning environment for teaching and learning how to model and solve mathematical application
problems for upper elementary school. The five-steps comprise 1) building a mental representation of
the problem by drawing a picture, making a list, making a scheme or a table, distinguishing relevant from
irrelevant data, using your real-world knowledge, 2) deciding how to solve the problem by making a
flowchart, guess and check, look for a pattern, and simplify the number, 3) execution of the necessary
calculations, 4) interpretation of the outcome and formulation of an answer, and 5) evaluation of the
solution.

The four-mental processes for solving mathematics problems of Mayer (2008) are similar.
Learners solve mathematical problems by means of problem translation, problem integration, solution
planning and monitoring and solution execution. The content and the strategy for solving problems by
logical thinking skills has not been identified in any research. The study reported on in this paper had
three objectives

1. Identification of the content of logical thinking for software developers.

2. Identification of an instructional process related to logical thinking skills

3. Evaluation of the content of logical thinking and the instructional process for developing
logical thinking skills.

Methods
Part 1: Identifying the content of logical thinking skills
Participants §

The research team interviewed 20 people working as software developers, system analysts,
Information Communications Technology (ICT) lecturers, and ICT managers from fifteen organizations,
nine government organizations, and six private organizations in Bangkok, Thailand. The first step
involved contacting by mail the heads of each organizations to inform them of the study and its purpose,
and to formally invite their participation. The organizations were also requested to select the superior or
most effective performers in the area of developing software. The organizations then identified
individuals who were qualified and who the researchers could interview. The outline of the interview was
forwarded to the participants and appointments were set up.

Instrument

The face-to-face interview form (Slavin, 2007) was made up of open ended questions as follows:

a) What is the content of logical thinking skills?

b) What is the content of logical thinking skills for software developers?

¢) Why are the contents that you propose so important?

d) Can you show examples of the problems that software developers without logical thinking skills face?
¢) How do you solve the problems that software developers face?

Each interview lasted from one to one and half hours and totaled 27 hours. The interviews were
audio recorded.

Data analysis

Six steps were used in analyzing the qualitative data (Creswell, 2008). Firstly, preparing and
organizing the data; secondly, exploring and coding the database; thirdly, describing the findings and
formulating themes; fourthly, representing and reporting the findings; fifthly interpreting the meaning of
the findings; and sixthly, validating the accuracy of the findings.

Part 2: Identify the instructional process of logical thinking skills

The purpose of this part was to identify the instructional process of logical thinking skills for
software developers. Three models of mathematical problem solving were adapted by the researchers.
These were: 1) the four processes of Polya (1957); 2) the five processes of Verschaffel et al. (1999); and
3) the four processes of Mayer (2008). The researchers then synthesized the instructional process of
logical thinking skills for software developers based upon aspects that were the best and the most suitable
for this study.

Part 3: Evaluate the content and the instructional process for developing logical thinking skills

The purpose of this part was to evaluate the content of logical thinking skills (results from part 1)
and the instructional process of logical thinking skills (results from part 2):

Participants

Eighteen experts who had more than 10 years experience in logical thinking skills, learning, and
instruction were asked to evaluate the logical thinking content and instructional process. Each expert was
contacted by mail with the letter of cooperation of the coordinating institution of the researchers.
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Instruments

The experts evaluated the content and instructional processes by completing an evaluation form
composed of two sections. The first section focused on demographic information such as gender, age,
position, years of experience. The researchers collected demographic information about the respondents
in order to ensure that experts had more than 10 years experience in logical thinking skills, learning, and
instruction.

In the second section, the experts were asked to evaluate two parts, namely the content and
instructional processes. The experts ranked each one on a scale of one to five. The content part comprised
four outcomes, namely a general problem, a probability problem, an arithmetic expression, and an
arithmetic and logical comparison. For each outcome, the researchers provided the objectives, a brief of
the content, and the learning outcome after finishing each module.

The instructional process part comprised four steps, namely understanding, planning, executing,
and evaluation. For each instructional process the researchers provided the concepts, guidelines,
procedures and sample activities that the instructors used to teach the learners.

Data analysis

Once the experts had completed their evaluation using their five-point scale, the researchers then
calculated the average of each learning outcome and the average of each instructional process. These
were then translated into descriptive measures as shown in Table 1. The overall average of both the

learning outcomes and instructional process were also calculated.

[
\

Table 1: Rating Scale for Evaluation

Numerical Rating Descriptive Rating
4.50-5.00 Very Good
3.50-4.49 Good
2.50 —3.49 Fair
1.50-2.49 Poor
1.00-1.49 Very Poor

Results

Part 1: The content of logical thinking skills

Outcome 1. The interviewees focused on general mathematical problems such as ratio, percentage,
interest. These are the kind of problems everyone faces in daily life. The interviewees also argued that if
the learners can solve these problems, it is easy for them to design algorithms.

In relation to this outcome, the interviewees commented as follows:

“When I taught the programming course, some of students could not solve simple problem such as
percentage, interest, ratio, or rate of work.”

“When I asked my students to determine if a number is an odd or even number, they could determine it
but they could not write an algorithm to solve this problem. I think basic mathematics is very important
for my students.”

“When I have new programmers or intern students, before starting work I ask them to develop a small
program such as calculating income and commission. It surprises me that some of them used wrong
formulas to calculate, some of them don’t know where to start. I think that it is the beginning steps that
are very important. After they finish, I also ask them to check the answer with each other and discuss
together whether they have similar or different answers. Next, I ask them to develop a small program
from daily life such as withdrawing cash from an ATM or shopping at a supermarket.”

After completing this outcome, learners will be able to understand and apply knowledge to solve general
problems including designing algorithms to solve the problem. Learners can apply knowledge to solve
programming problems.

Outcome 2. The interviewees focused on the probability of something happening. The chance that it will
happen is expressed as a fraction or percentage. The interviewees argued that learners should know all
possible events that will result from particular actions.

In relation to this outcome, the interviewees commented as follows:

“My students did not identify all possible events that could occur such as when I asked them, 'if there are
red, white, and yellow balls in the box, what is the likelihood that I will pick up a red ball?”

“One thing that I emphasize with my new staff when they design programs is to list all possible ways for
each case. For example, when people withdraw cash from an ATM the program must check all of the
possible conditions that could occur. For example, 1) people withdraw less than the balance, or 2) people
withdraw an amount equal to the balance, or 3) people withdraw more than balance. The program covers
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all possible cases and then sets criteria to allow what is permitted. Each bank may have a different of
conditions in place.

“[ think probability is important because when students design an algorithm they must identify the
possibility that it will occur. If students or developers do not identify a possible event it will result in the
design of the wrong algorithm.”

After completing this outcome, learners will be able to understand probability, express knowledge of the
fact that an event will occur or has occurred, apply probability to solve general problems, and apply
probability to a programming problem.

Outcome 3. The interviewees focused on how to convert problems to an arithmetic expression because
when learners face problems, they always do this in sentences. Learners must convert these sentences to
arithmetic expressions and then solve the problems. When learners solve arithmetic expressions, they
follow the order of arithmetic operators.

The interviewees emphasized that two consecutive steps are very important. First, it is necessary to
convert problems to an arithmetic expression. Second, the arithmetic expression needs to be solved by
following the order of arithmetic operators.

In relation to this outcome, the interviewees commented as follows:

“My students did not convert sentences to an arithmetic expression. For example, X is a number which
when added to 10 equals 45. Some of students could not convert this to an arithmetic expression.”
“When I asked my student to find the results of the arithmetic expression: X=20-2*372, half of them
got the wrong result. It means that the students did not know the order of the arithmetic process.”
“Students must know how to translate from a sentence to an arithmetic expression because most problems
are described in text. They must know the order of precedent or the order of arithmetic processing. For
example, construct an arithmetic expression to find out the area of a square if the width equals X and the
length equals Y. Not even half of the students could solve this problem.”

“Some of my new staff cannot convert a business process to computer programming or algorithm. Before
letting them design any algorithm we provide them with the business processes, rules, or regulations that
are related to the program and make sure that they understand. If they do not understand clearly it will
affect the algorithm that they design. One important thing is that business rules can change at anytime, so
developers must follow those changes and modified programs to align with business processes.”

The interviewees emphasized this outcome, and argued that this content is very important and is the basis
of any programming course. Some of interviewees suggested that this kind of content should be taught to
students before they are taught other programming languages.

After completing this outcome, learners will be able to convert the problem to an arithmetic expression,
understand the order of processing arithmetic operations, apply the arithmetic operation to solve related
problems, and construct an arithmetic expression.

Outcome 4. The interviewees focused on the how to set the criteria of an algorithm when it needs to make
a decision or involves looping. The basic criteria are comprised of only one arithmetic comparison such
as greater than, less than, equal, not equal, greater than or equal, less than or equal. The complex criteria
are comprised of more than one arithmetic comparison. Each arithmetic comparison is combined together
with a logical comparison such as AND, OR, NOT.

In relation to this outcome, the interviewees commented as follows:

“Some of my student confused arithmetic and logical comparison, especially when both arithmetic and
logical comparisons were combined together.”

“The arithmetic and logical comparisons are important parts when students design algorithms for
selection or decision and looping.”

“One problem faced by my junior programmers is that when they set compound or complex criteria in
programs they are sometimes confused and, when the programs run, they produce an error.”

Most of the interviewees emphasized that if students or programmers clearly understand both arithmetic
and logical comparisons it will benefit them when they design algorithms.

After completing this outcome, learners will be able to understand arithmetic comparisons, understand
logical comparisons, and apply knowledge of arithmetic and logical comparisons to solve related
problems.

Part 2: The instructional process of logical thinking skills

The instructional process of logical thinking skills have been adapted and synthesized from three models
of mathematical problem solving as described earlier. The learning process for the development of logical
thinking skills comprises four-steps, as detailed below:
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Step 1. Understanding. In this step, the instructor will teach learners to understand the problem by
translating and/or restating the sentence, highlighting the important point in the problem, identifying the
answer required, eliminating sentences that are not related to solving the problem and encouraging the
learners to solve the problem. In this step, the instructor may draw a picture, make a list, or make a
scheme or a table to assist the learners to understand.

Step 2. Planning. In this step the instructor will teach learners to recognize the problem types, look around
to find related problem that learners have already solved, distinguish the relevant and irrelevant
information for the solution, break the problem into sub-goals and monitor what the learners are doing. In
this step the learners will make a flowchart, guess and check, and seek a pattern to solve the problem.
Step 3. Executing. In this step the instructor will teach the learners to examine the solution obtained,
ensure that learners check and see clearly the purpose of each step of the design, and then apply the rule
of mathematics to execute the necessary calculations or parts of the result separately, put the parts of
result together, interpret the outcome, and formulate or find out the answer.

Step 4. Evaluation. In this step, the instructor will teach learners to reflect and look back on the finished
result, and then provide a means to build up the store of experience that is to be applied in future planning
steps, or derive the solution differently and then examine ways to improve the solution.

Part 3: Evaluation of the content and instructional process of logical thinking skills

The overall evaluation of the content and instructional process revealed an overall result of “Good”
(4.28). The content evaluation revealed “Good” (4.21). When each item that was part of the evaluation
was considered, it was found that each was at the “Good” and “Very Good” level, as shown in Table 2.

Table 2: Results of the Evaluation of Learning Outcomes

Outcome Mean Level of Evaluation
General problems 3.72 Good
Probability problems 3.94 Good
Arithmetic expressions 4.50 Very Good
Arithmetic and logical comparisons 4.67 Very Good
Average of Mean 4.21 Good

The result of the instructional process evaluation was at the Very Good level (4.36). When the
researchers considered each evaluation item they found that each evaluation item was at the Good and
Very Good level as shown in Table 3.

Table 3: Result of the Evaluation of Instructional Process

Instructional Process Mean Level of Evaluation
Understanding 4.50 Very Good
Planning 4.61 Very Good
Executing 4.28 Good
Evaluation 4.06 Good
Average of Mean 4.36 Good
Discussion

The content of logical thinking skills comprised four outcomes, namely, general problems,
probabilistic problems, arithmetic expressions, and arithmetic and logical comparisons. Both the TOLT
and GALT tests use the same five measures, namely: proportional reasoning, control of variables,
probabilistic reasoning, correlational reasoning and combinatorial reasoning.

The similarity between the content of this research and the TOLT and GALT tests is considered
in two parts. Outcome 1 (general problem) covers proportional reasoning. This outcome focuses on ratio,
percentage and interest, but proportional reasoning measures only ratio problems. Outcome 2 (probability
problem) is very close to probabilistic reasoning. Both outcome 2 and TOLT and GALT measure
probability. Additionally, proportionality was defined as a major concept because it is the basis for
fractions and unit-price analysis in arithmetic, percentages in algebra, slopes of lines and similar figures
in geometry (NCTM, 1989; Greenes, 1995, p.57).

The content of logical thinking skills for software developers is comprised of only four
outcomes, but both TOLT and GALT include the same five measures. The two outcomes of the content
that are different from both TOLT and GALT are arithmetic expressions and arithmetic and logical
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comparisons while TOLT and GALT measure control of variables, correlational reasoning, and
combinatorial reasoning.

In this study, we focused on logical thinking only for software developers and only on the
interviewee’s perspective. Some of the interviewees argued that people who want to be software
developers must understand basic mathematics and be able to solve problem or design algorithms. They
also emphasized that arithmetic expressions and arithmetic and logical comparisons are very important
concepts for learners when they design algorithms or study in any programming courses.

The result of the evaluation of the content was at the “Good” level (4.21), which indicates that
the content is related to construction and can improve logical thinking skills. It is also a pre-requisite for
software developers. Results of the evaluation of Outcome 3 (arithmetic expression) and outcome 4
(arithmetic and logical comparison) were “Very Good” (4.50 and 4.67) showing that these two outcomes
are very important and related to logical thinking skills. The result of the evaluation of Outcome 1
(general problem) and Outcome 2 (probability problem) was only “Good” (3.72 and 3.94), which implies
that these two outcomes may not be directly related to logical thinking skills.

The instructional process for the development of logical thinking for software developers
comprised the four steps of understanding, planning, executing and evaluation. The result of the
evaluation of the instructional process was at the “Good” level (4.36). The two steps of instructional
process (understanding and planning) were evaluated at the very good level (4.50 and 4.61). The other
two steps, executing and evaluation were evaluated at the good level (4.28 and 4.06).

« The evaluation of the understanding step was at the very good level and emphasized that learners
understand the problem by translating or restating the sentence of the problem. This step aligns with Ku
(2007, p.1196), citing the National Assessment of Educational Progress (2003) that mathematical word
problems are considered by students to be difficult at all age levels in elementary and secondary schools.
Moreover, citing Bernardo (1990), Mayer (1982) and Rosen (1984) stated that a major cause of the
difficulty appears to be the student’s ability to understand the problem structure that is embedded in the
problem text.

The planning step was evaluated at a very good level that focuses on planning to solve the
problem after the understanding step. This finding is similar to the study by Cifarelli (1998) that showed
the relationship between cognitive activity and higher-level mathematical activity. The solver’s cognitive
acts of interpreting new situations in terms of their own conceptual structures, and the ways that they
resolved problematic situations that they faced along the way, had a powerful influence on their
subsequent solution activity (p.262)

The last two steps, execution and evaluation, were evaluated only at the good level (4.28 and
4.06) whereas the first two steps, understanding and planning, were evaluated at the very good level (4.50
and 4.61). This implies that the experts placed more emphasis on the first two steps than on the last two
steps, and indicates that, in the experts’ view, if learners understand, and plan very well it easy to execute
and evaluate the result. Moreover, if the overall evaluation of the instructional process is only at the good
level, it means the instructional process is effective for the instruction of logical thinking skills for
software developers, but it is not the best instructional process.

This study was limited in that it focused on software developers only in Thailand and it
investigated the perspective of only twenty people for the content and only eighteen experts for the
evaluation of the content and the instructional process. Future studies might be conducted in other settings
and with more participants, especially in order to bring together both content and instructional processes
to implement the development of logical thinking skills.

Conclusion

Logical thinking skills are considered to be important for learners in various fields (Brady, 1981;
Haines, 1987; Greeno, 1989; Yaman, 2005; Kawamoto, 2008; Authors, 2008a, 2008b). The results of this
study indicate that the logical thinking skills of software developers may be divided into two parts;
namely the content and the instructional process. The content comprises four outcomes and similarly the
instructional process comprises four steps. Together these two parts impact directly on the development
of the learners' thinking ability

Institutes and instructors could make use of the results of this study to develop curriculum with a
focus on logical thinking skills for learners, especially for software developers, but that are also
applicable to other thinking skills. As instructors are conducting the course in logical thinking skills using
the instructional process that the researchers have proposed, they may add outcomes to the content if it is
believed that they will be of benefit the learners. Although outside of the scope of the present research,
future studies may focus both on the implementation of the content and instructional process of logical
thinking skills for software developers and on the evaluation of the learners’ performance.
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