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Abstract — This study is a part of our research on remedial process for Negative Numbers subtraction operation. It was based on our
previous study which involved 124 students aged 14 years old and five Mathematics teachers from secondary schools from a district in
Malaysia which identified a diagnostic assessment for subject domain. It was found that conventionally to implement such diagnostic
assessment in school setting was possible but the time and work load to analyse and make visual the misconceptions information was
impossible as the sample size increases for mathematics teachers. Thus, this study was about computerization of that diagnostic
assessment which would enable students to analyse their own ability in subject domain at anytime and anyplace. This system provides
immediate analysis result which would save time and work load of remediation process and repeated as many times as each students
wants to and be more responsible in monitoring their own misconception based on the analysis result obtained.
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[. INTRODUCTION

According to [1], the Lower Secondary Examination
(PMR) report from the Malaysian Examination Board shows
that students were unable to master the skills and
understanding the abstract concepts that involves negative
number operation in fraction, transformation and algebra.
Moreover, in the 2002 among the Malaysian student who sat
for the PMR examination, 47% showed clear weaknesses in
operation involving negative number such as (-17+14), (-
17+22+8), (-17-14) and (-17+30) [2]. Such that, a study with
124 students aged 14 year from two secondary schools in
Malaysia was carried out by [3] which revealed the existence
of difficulties in solving negative numbers subtraction
operation involving two integers. This phenomenon is
explained by [4] as situations whereby negative numbers
extend our number line and greatly simplify our calculations,
but sometimes students struggle with the concepts.
Nevertheless, according to [S5], it is also important for
students to determine what things are as well as what they
are not, if we are to help them avoid arising at incorrect
assumptions,  conclusions, thought processes and
generalization. Nevertheless, [6] asserted that by focusing on
how and what learners need to assimilate instead of what we
need to teach has implications for the design of learning
environments and the nature of instructional practices.

As stipulated, the fundamental principle of remediation is
equality of opportunity and one definitive manner in which
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this can be demonstrated is equality of outcomes and we
have comparatively little dependable information about
whether remediation is accomplishing the purpose for which
it is intended, however majority of remedial math students
do not remediate successfully, and the outcomes of these
students are not favourable [7]. Although critics of
remediation might continue to argue that this ‘‘second
chance’ is a “‘waste’’ of resources [8], following from these
critiques, some have argued for a major restructuring of
remediation or even the elimination of remedial programs
altogether but they may not argue that remedial math
programs are failing to meet their objective for students who
remediate successfully [7]. These aspects of remedial
education present a needed research agenda [9] to elaborate
the obstacles that are hindering successful remediation for so
many because when mathematics remediation works, it
works extremely well [7].

Nevertheless, as conventional assessments are limited in
their utility for assessing knowledge, cognitive processes,
and learning results in authentic and complex learning and
problem-solving environments [10] and only by following
diagnosis, a remedial plan can either capitalize on the
learner’s strengths or strengthen the areas of weakness [11].
This way, they can catch potential mistakes of confusions
before they lead to problematic errors and one way to help
children to self-monitor is to put them in situations that will
lead to cognitive conflicts [12]. In such environments,
diagnostic information about the components of a student’s



knowledge and skill is important to provide appropriate
feedback and tracking of learning, both of which are needed
to make learning efficient and effective [10].

A diagnostic assessment aims to dynamically observe a
student’s performance and semantic products to make
inferences about mastery of knowledge and skills in a
problem-solving process [10] and such in sights into
children's epistemological actions is essential for the teacher
attempting to implement mathematics education reform [13].
Furthermore, diagnosis is an integral part of instructional
decision-making and as the bridge between identification of
students who may be at-risk for failure and delivery of
carefully designed supplemental interventions, diagnosis
provides valuable information about students’ persistent
misconceptions in the targeted domain. In conjunction, a
diagnostic assessment was needed to be carried out in order
to identify the specific remediation area of each students as
the will vary among students [14].

With that, a study conducted by [3], identified 24
questions (Table 1) suitable to be used as diagnostic
assessment in identifying misconception of students in
solving negative numbers subtraction operation sentence
questions involving single and double digit integers only,
which revealed as an instrument that was able to discover
the misconception students emulate unconsciously. Such
assessments are needed to help students learn and succeed in
school which can make as clear as possible the nature of
their accomplishments and the progress of their learning [6],
in this case students misconceptions in negative numbers
subtraction operation. Moreover, [15] continuity study
revealed that those misconceptions were able to be
visualized into four different categories mentioned in
methodology section. As a result, conventionally, the
diagnostic assessment administered manually based on the
following four steps:

i. Step 1: A single printed material consist of diagnostic
assessment questions will be given to students.

ii. Step 2: Students will answer the diagnostic questions

randomly as they wish and able to change their answers

as many times as they want to.

Step 3: Teacher will analyse and decide the

misconception of each student with respect to its

categories (A, B, C, D).

Step 4: Inform the students the types of misconceptions

in which remediation are needed.

iil.

iv.

Nevertheless, according to five mathematics teachers
from secondary schools from a district in Malaysia,
conventionally to implement such diagnostic assessment in
school setting is possible but the time and work load to
analyse and make visual the misconceptions information
would be impossible. It was found that the process of
identifying and categorizing the result into its respective
categories (step 3 and step 4) would be tedious and time
consuming as the sample size increases. In such it may cause
many educators to avoid using diagnostic tests to guide
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instructional decisions because of the time involved in
administering, interpreting, and implementing changes based
on these approaches [16]. Thus, a computerized diagnostic
assessment for Negative Numbers subtraction operation
remedial process was developed and this paper is about
sharing that finding.

II. RELATED WORKS

The study conducted by [17] on diagnostic learning
activities includes a discussion about a method of
implementing the computer algebra system Derive for
diagnosis and remediation of basic difficulties in
mathematics. Learning activities for junior high school
students were developed, each activity directed at a different
area of difficulty. The basic pedagogical strategy
implemented in these activities is replicating and completing
examples. Using partly solved examples and replication of
tasks on Derive enables students to predict missing elements
in a problem, even if they have not mastered the relevant
mathematics. In this way they learn not just through trial and
error, but by understanding how one part of an algebraic
expression relates to the whole. Experiments with students
and teachers indicate that the developed activities provide
the teacher with a diagnostic tool for interacting with the
student.

Meanwhile, the study by [18] focused on the effects of
the CAI system constructed using cognitive conflict of
decimal numbers for the sixth graders. The research took a
Quasi-experimental approach using pre-test, post-test and
non equivalent-group design. The pre-test, post-test and
postponed-test were conducted on two groups of students to
understand the effects of the system. Students were also
interviewed in order to further understand the change of their
concepts. This study found that although most of the sixth
graders don't understand the basic concepts of decimal
numbers very well and their misconceptions are similar to
those found by other studies, the result of the experiments
showed obvious improvement after the pre-test, post-test and
postponed-test using the computer-aided learning system.
The learning system helped students to obtain a “retaining
effect” of decimal concepts.

According to [10], development of web-based learning
(WBL) tools, courses and programs, interactive
environments are increasingly prevalent in and even
dominating higher education. This type of delivery poses a
challenge to traditional assessment. Knowledge acquisition
and skill development in a WBL environment demand
alternative assessment strategies and techniques to provide
information in cognitive explanations about mastery of
knowledge and skill. Their study explores diagnostic
cognitive assessment using Bayesian networks (BN) and an
evidence centered design. Simulated data have been used to
examine the functions of these models which can be used to
infer students’ mastery of domain knowledge and problem-
solving skills, such that evidence variables developed are
linked to performance components of cognitive tasks.



Findings indicate that BNs enable assessment within WBL
to: (1) provide valid and interpretable diagnostic feedback
on performance, and (2) track progress in mastering complex
domains of cognitive knowledge and problem-solving
competency.

III. METHOD

This study is based on our previous findings in [3];[15]
whereby the demographic information of this study was 124
respondents aged 14 years old and among them was 53 boys
and 71 girls. The number of respondent achieved a grade A
is 26 (20.97%), grade B 58 (46.77%) and grade C
40(32.26%) for their Primary School Evaluation
Examination (UPSR) in mathematics subject. The
questionnaires were divided into two sections. The first
section consists of demography data to understand the
respondent profile. The second section consists of 24
negative numbers subtraction operation test items and only
one correct answer for each item as in Table I. Face validity
was done with five Mathematics teachers from five schools
from a district in Malaysia. Those teachers had an
experience of teaching Negative Number topic for at least
five years. The questionnaire for this research was created by
[3]. A pilot test was carried out [3] with a subject of 35
school students aged 14 years old from a secondary school
in Malaysia. The calculation of reliability coefficient using
Kuder-Richardson formula is use for dichotomy question

with right wrong answer such as the objective questions [19].

The Kuder-Richardson (KR20) reliability estimation value
of this instrument is 0.919544. The reliability is calculated
using the KR20 formula [20] with Microsoft Office Excel
2007. According to [20], when the test format has only one
correct answer then KR20 is algebraically equivalent to
Cronbach alpha. Therefore, in this case the KR20 reliability
estimation value of this pilot test is equivalent to Cronbach
alpha coefficient.

TABLE 1
NEGATIVE NUMBER SUBTRACTION OPERATION TEST ITEMS

No Item No Item

1 5-2= 13 -8-13=

2 S5-2= 14 8-13=

3 5-(-2)= 15 -8 —(-13)=
4 5-(-2)= 16 | 8—(-13)=
5 2-5= 17 16 -23 =

6 2-5= 18 -16 -23 =

7 2-(-5= 19 | -16-(-23)=
8 2—(-5)= 20 16 —(-23)=
9 13-8= 21 23-16=
10 -13-8= 22 | 23-16=

11 -13—(-8)= 23 23 —(-16)=
12 13- (-8)= 24 | 23— (-16)=

According to Ager, as a platform, perhaps teachers need
to look at what to teach and how technology can most
effectively and interestingly be delivered [21]. Moreover,
[22] added that the extensive development of new
technologies has marked influence on education by
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facilitating the design of new learning and teaching material
that can improve the attitude of learners towards
mathematics and the plausibility of advanced interactive
personalised learning process. Nevertheless, the important
thing is that each strategy addresses a specific learning or
teaching need and in general the most effective approach is
one of solving instructional problems, that is, technology
should be viewed as one means of some of the problems
which teachers face in their teaching and which learners face
in their learning and that integration can occur on a small
scale, in a fairly modest fashion or it can occupy a very large
and complex position in an instructional unit [23]. In relation,
the function of computer integration in this study is
primarily to help enhance teaching and learning remedial
process in Negative Numbers subtraction operation by
determining where and how it can help to enhance the
exiting conditions. Thus, the diagnostic assessment was
computerized based on the following principles:

i. Create a single frame which consists of all the diagnostic
questions.
ii. Students can answer the diagnostic questions randomly
as they wish and able to change their answers as many
time as they want to.
Computer system will analyse and decide the
misconception of each student with respect to its
categories (A, B, C, D) whereby Type A category —
Subtraction Operation Involving Two Positive Integers,
Type B category — Subtraction Operation Involving
Negative with Positive Integers, Type C category —
Subtraction Operation Involving Negative with Negative
Integers and Type D category — Subtraction Operation
Involving Positive with Negative Integers.
Computer System will inform the students the types of
misconceptions in which remediation are needed and
with such information given to teachers would be of
great help to proceed for remedial activities for each
remedial student as they might vary.

iii.

iv.

IV.FINDINGS

The finding of this study is to develop a computerized
diagnostics assessment that is based on the four principles
remarked above. In fig. 1, the Home button is used to return
to the systems’ main menu. Then, student will begin to
answer all the questions displayed randomly as they wish
without and sequence. After the student is satisfied with the
answer he or she gave, the Submit button is clicked and the
system will analyse to provide a report as in fig. 2. In fig. 2,
at the bottom of the screen, a report is given for further
action by the student. The student will be given some
advises on which type of question he or she need to carry out
and the next step. For example the student who answered as
in fig. 2 needs remedial for sentence question type A, B and
D. As you can see on the right side is a report about the
types of questions answered correctly is displayed. For this
example as in fig. 2, we can see that that student answered
correctly 3 questions of type A, 6 questions of type ¢ and



none of questions type B and D. Meanwhile, the Reset
button is used to redo the diagnostics assessment and student
can do it as many time as they want to.

o

Fig. 2 Diagnostic Assessment System Report

V. DISCUSSION

As significant investments in educational technology
continue, the need to ask ourselves whether or not
technology use in the classroom directly benefits student
learning and added that it cannot be assumed that once
educational technology tools are available, teachers will
integrate them into their daily classroom instruction, then
suggested that on the contrary, teachers need to go beyond
the common task of just providing more machines in the
classroom [24]. Furthermore, computers and computer
programs are being used with increased frequency in
classrooms [25] and with the rapid advancement and
accessibility of technology have opened up literally worlds
of possibilities for mathematics education [26]. With this
increased use, comes the challenge to provide young
children with developmentally appropriate programs that
meet their unique needs [27].

Moreover, “The No Child Left Behind Act” [28]
emphasized the importance of leveraging the power of
technology in all areas of K-12 education and for these goals
to be attained, it is imperative that mathematics teachers
possess the knowledge and skills to determine when and
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how their students can use these tools appropriately and
effectively. In addition, children’s learning should be
supported by thoughtfully and continually assessing their
mathematical knowledge, skills, and employed strategies
and identifying learners’ strengths and needs, and adjusting
instruction based on that information, is critical to helping
children build mathematical competence and confidence [27]
and innovation in mathematics education can be
substantially enhanced through technology and use computer
for enhancing feedback [13]. While [12] says that in all
activities, including learning, mistakes can cause trouble and
one way to minimize mistakes is for people to monitor their
thinking and activity.

In conjunction, [14] pointed to cognitive diagnostic
assessments as an emerging solution for providing detailed
and precise information about students’ thinking that is
needed to provide appropriate educational opportunities for
students struggling in mathematics. Moreover, educators and
different actors from the educational system share a similar
perspective on the goals for learning and teaching for the
21st century [6] that is learners need to “develop their
abilities to think, solve problems, and become independent
learners” [29].

In such, this computerized diagnostic assessment enable
students to analyse their own ability in subject domain at
anytime and anyplace. It also provides immediate analysis
result which would save time and work load of remediation
process and most unique aspect would be that it can be
repeated as many times as each students wants to without
have to be worried about anything such as teachers presents.
With that, remedial students will be more responsible in
monitoring their own misconception based on the analysis
result obtained from the computerized diagnostic assessment.

VI. CONCLUSIONS

This paper will help lay the foundation for a significant
leap forward in the field of computerization of mathematics
remedial education. As recognized by Clements that
innovation in mathematics education can be substantially
enhanced through technology and use computer for
providing environments for "doing mathematics" [13].
Furthermore, according to [14], identifying bugs, i.e.,
persistent errors in student thinking, is the primary interest
of diagnostic assessment. Thus, this critical analysis attempts
to inform designers of mathematics remedial software by
examining the critical attributes of mathematical diagnostic
assessment intended for use by that specific population.
Now, in such diagnostic assessment system, remedial
students will be responsible for their own remedial process.

VII. FUTURE WORKS

The usefulness of such remedial software that promotes
learning will be a challenging aspect and how remedial
student construct their knowledge through a process of
learning by doing and reflecting with the software in
adapting the knowledge in subject domain [30]. Thus, how



well such system can be adapted by teachers and students in
their remediation process in subject domain will be an
interesting aspect to study.

[10]

[11]

[12]

[13]

[14]

[15]

REFERENCES

Lembaga Peperiksaan Malaysia. 1993. Laporan Prestasi PMR 1993.
Kuala Lumpur: Kementerian Pendidikan Malaysia.

Lembaga Peperiksaan Malaysia. 2002. Laporan Prestasi PMR 2002.
Kuala Lumpur: Kementerian Pendidikan Malaysia.

Elango Periasamy and Halimah Badioze Zaman. 2009. Augmented
Reality as a Remedial Paradigm for Negative Numbers: Content
Aspect. First International Visual Informatics Conference, IVIC
2009, Series of Springer (LNCS) 371-381.

Naylor M. 2006. Integrating Math in Your Classroom. Accentuate
the Negative. Teaching Pre K-8. ERIC 36(4): 34-35.
Brumbaugh,K.,D. and Rock, D. 2006. Teaching secondary
Mathematics.(Ed 3). Lawrence Erlbaum Associates: New Jersey.
Gauthier, G., Lajoie, S., Richard, S. & Wiseman, J. (2007). Mapping
and Validating Diagnostic Reasoning through Interactive Case
Creation. In T. Bastiaens & S. Carliner (Eds.), Proceedings of World
Conference on E-Learning in Corporate, Government, Healthcare,
and Higher Education 2007 (pp. 2553-2562). Chesapeake, VA:
AACE.

Bahr, P. (2008). Does Mathematics Remediation Work? : A
Comparative Analysis of Academic Attainment among Community
College Students. Research in Higher Education, 49(5), 420-450.
Reising, B. (1997). What’s new in post secondary remediation? The
Clearing House, 70, 172-173.

Harper, J.(2007). "The use of computer algebra systems in a
procedural algebra course to facilitate a framework for procedural
understanding". Ph.D. diss., Montana State University ,2007. In
Dissertations & Theses: Full Text [databaseon-line];availablefrom
http://www.proquest.com.newdc.oum.edu.my (publication number
AAT 3273482; accessed February 4, 2010).

Zhang, Z. & Leung, K. (2007). Design of Diagnostic Cognitive
Assessment for Web-Based Learning Environments with Bayesian
Network Models. In T. Bastiaens & S. Carliner (Eds.), Proceedings
of World Conference on E-Learning in Corporate, Government,
Healthcare, and Higher Education 2007 (pp. 6701-6706).
Chesapeake, VA: AACE.

Underhill, Uprichard & Heddens, 1980 Underhill, B., Uprichard, E.
and Heddens, J. 1980. Diagnosing Mathematical Difficulties. Charles
E. Merrill Publishing Company: Columbus, Ohio.

Okita, S. Y. (2008). Learn wisdom by the folly of others: Children
learning to self correct by monitoring the reasoning of projective
pedagogical agents. Ph.D. dissertation, Stanford University, United
States -- California. Retrieved February 17, 2009, from Dissertations
& Theses: Full Text database.

Clements, D. H. (1998). Computers in Mathematics Education
Assessment. Bright, G. W. & Joyner, J.N., Classroom Assessment in
Mathematics: Views from a National Science Foundation Working
Conference, Pages 153-159. Lanham, MD: University Press of
Anmerica.http://investigations.terc.edu/library/bookpapers/computers_
in_mathematics.cfm 22 April 2011

Ketterlin-Geller, Leanne R. and Yovanoff, Paul (2009). Diagnostic
Assessments in Mathematics to Support Instructional Decision
Making. Practical Assessment, Research & Evaluation, 14(16).
Elango Periasamy and Halimah Badioze Zaman. 2011. Predict
Incorrect Thinking Process: Negative Numbers Subtraction

66

[16]

[17]

(18]

[19]

(20]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Operation Second Category. International Journal on Advanced
Science, Engineering and Information Technology. 1(2): 145 — 149.
Oosterhof, A. (2003). Developing and Using Classroom Assessments
(3rd edition). Upper Saddle River, NJ: Pearson Education Ltd.
Zehavi, N. (1997). Diagnostic Learning Activities Using DERIVE.
Journal of Computers in Mathematics and Science Teaching, 16(1),
37-59. Charlottesville, VA: AACE.

Liu, Y.C. (2005). Using cognitive conflict to construct a learning
system for decimal numbers. In G. Richards (Ed.), Proceedings of
World Conference on E-Learning in Corporate, Government,
Healthcare, and Higher Education 2005 (pp. 3004-3010).
Chesapeake, VA: AACE.

Alias Baba. 1999. Statistik Penyeludikan dalam Pendidikan dan
Sains Sosial. Bangi: Penerbit Universiti Kebangsaan Malaysia.
Mervis, L. & Spagnolo, J. 1995. Assessment Book: A Guide for
Developing Assessment programs in Illinois
Schools.http://www.gower.k12.il.us/Staff/ ASSESS/index.htm#assess
ment [4 September 2008]

Ager, R.2002. The Art of Information and Communications
Technology for Teachers. David Fulton Publishers: London.

Halimah Badioze Zaman, Norashiken Bakar, Azlina Ahmad, Riza
Sulaiman, Haslina Arshad & Nor Faezah Mohd. Yatim. (2009).
Virtual Visualization Laboratory for Science and Mathematics
Content (V1ab-SMC) with special reference to teaching and learning
of chemistry. First International Visual Informatics Conference, IVIC
2009, (LNCS) 356 - 370.

Williams, M.D.2000. Introduction: What is Technology Integration?
in Williams, M.D. (eds) Integrating Technology into Teaching and
Learning: Concepts and Applications, An Asia-Pacific Perspective, 3
— 17. Prentice Hall: Singapore.

Keengwe, J., Onchwari, G., & Wachira, P. (2008). The use of
computer tools to support meaningful learning. A4ACE Journal, 16(1),
77-92.

Azevedo, R. (2005). Computer environments as metacognitive tools
for enhancing learning. Educational Psychologist, 40(4), 193-197. In
Varol, F., & Colburn, L.K. (2007).

Wachira, P., Keengwe, J., & Onchwari., G. (2008). Mathematics
preservice teachers’ beliefs and conceptions of appropriate
technology use. A4CE Journal, 16(3), 293-306.

Varol, F., & Colburn, L.K. (2007). Investigation of critical attributes
of mathematics software intended for use by young children. A4CE
Journal, 15(2), 159-181.

No Child Left Behind Act of 2001, Pub. L. No. 107-110, 115 Stat.
1425 (2002).Retrieved October 31, 2006, from
http://www.ed.gov/legislation/ESEA02/A4ssociation for the
Advancement of Computing In Education Journal, 16(3)

Pellegrino, J. W., Chudowsky, N., & Glaser, R. (2001). Rethinking
the foundations of assessment. In J. W. Pellegrino, N. Chudowsky &
R. Glaser (Eds.), Knowing What Students Know: The Science and
Design of Educational Assessment (pp. 17-37). Washington, D.C:
The National Academic Press.

Elango Periasamy and Halimah Badioze Zaman. 2011. Remedial
Software for Negative Numbers Subtraction Operation: Meta-
Cognitive/ Constructivism Approach. International Conference on
Pattern Analysis and Intelligent Robotics ICPAIR2011: Special
Track on Human Centered Multimedia Analysis, 192 —196.





