
Journal of International 
Academic Research for Multidisciplinary 

 

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.jiarm.com 



Editorial Board 
__________________________________________________________________________________________ 
 
 

Dr. Kari Jabbour, Ph.D   

Curriculum Developer, 

American College of Technology,  

Missouri, USA. 

 

Er.Chandramohan, M.S  

System Specialist - OGP  

ABB Australia Pvt. Ltd., Australia. 

 

Dr. S.K. Singh 

Chief Scientist 

Advanced Materials Technology Department 

Institute of Minerals & Materials Technology   

Bhubaneswar, India 

 

PROF.Dr. Sharath Babu,LLM Ph.D  

Dean. Faculty Of Law, 

Karnatak University Dharwad,  

Karnataka, India 

 

 

Dr.SM Kadri, MBBS,MPH/ICHD, 

FFP Fellow, Public Health Foundation of  India  

Epidemiologist Division of Epidemiology and Public Health, 

Kashmir, India 

 

Dr.Bhumika Talwar, BDS  

Research Officer 

State Institute of Health & Family Welfare 

Jaipur, India 

 

Dr. Tej Pratap Mall Ph.D  

Head, Postgraduate Department of Botany,  

Kisan P.G. College, Bahraich, India. 

 

Dr. Arup Kanti Konar, Ph.D 

Associate Professor of Economics Achhruram,   

Memorial College, 

SKB University, Jhalda,Purulia,  

West Bengal. India 

 

Dr. S.Raja Ph.D  

Research Associate, 

Madras Research Center of CMFR , 

Indian Council of Agricultural Research, 

Chennai, India 

 

Dr. Vijay Pithadia, Ph.D, 

Director - Sri Aurobindo Institute of Management 

Rajkot, India. 

 

 

 

 

 

 

 

 

Er. R. Bhuvanewari Devi M.Tech, MCIHT  

Highway Engineer, Infrastructure,  

Ramboll, Abu Dhabi, UAE 

 

Sanda Maican, Ph.D.  

Senior Researcher, 

Department of Ecology, Taxonomy and Nature Conservation 

Institute of Biology of the Romanian Academy,  

Bucharest, ROMANIA 

 

Dr.Damarla Bala Venkata Ramana 

Senior  Scientist 

Central Research Institute for Dryland Agriculture (CRIDA) 

Hyderabad, A.P, India 

 

PROF.Dr.S.V.Kshirsagar,M.B.B.S, M.S  

Head - Department of Anatomy, 

Bidar Institute of Medical Sciences, 

Karnataka, India. 

 

DR ASIFA NAZIR, M.B.B.S, MD 

Assistant Professor Dept of Microbiology 

Government Medical College, Srinagar, India. 

 

 

Dr.AmitaPuri, Ph.D  

Officiating Principal 

Army Inst. Of Education 

New Delhi, India 

 

Dr. Shobana Nelasco Ph.D  

Associate Professor, 

Fellow of Indian Council of Social Science 

Research (On Deputation},  

Department of Economics,  

Bharathidasan University, Trichirappalli. India 

 

M. Suresh Kumar, PHD  

Assistant Manager,  

Godrej Security Solution, 

India. 

 

Dr.T.Chandrasekarayya,Ph.D  

Assistant Professor, 

Dept Of Population Studies & Social Work, 

S.V.University, Tirupati, India. 

 



JIARM VOLUME 1           ISSUE 6             (JULY 2013)       ISSN : 2320 – 5083 
 

154 
www.jiarm.com 

ANALYSIS OF STUDENTS’ PERFORMANCE ON COMPLEX NUMBERS 

PRAKASH LANDGE* 
PRAVIN JOSHI** 

RAJENDRA VADNERE*** 
 

*Associate Professor, Dept. of Physics, R.N.C. Arts, J.D.B. Commerce & N.S.C. Science College, Nasik, 
Maharashtra, India 

**Associate Professor, Dept. of Physics, H.P.T. Arts & R.Y.K. Science College, Nasik, Maharashtra, India 
***Director, School of Continuing Education, Y.C.M. Open University, Nasik, Maharashtra, India 

 

ABSTRACT 
   While assessing the students’ performance, we tend to discard the wrong answers 

completely.  However, the wrong answers given by the students, if analysed properly, 

gives us the large amount of  valueable information, on the basis of  which we can 

improve performance of the students. One way to judge and analyse the wrong 

answers, which sometimes appear in terms of misconceptions, is to consciously 

develop the Mutiple Choice Single Response (MCSR) conceptual questions on the 

topic undertaken for study. The MCSR is to be so developed that it incorporates three 

states as the student’s responses, namely correct (or expert) state, misconception state 

and null state. A student will enter only one state based on his/her previous 

knowledge. Thus, using Student’s conceptualization of mathematics (including 

misconceptions, if any) as an input, a database of the student’s models has been 

created and this data has been used to analyze the effectiveness of the Interactive 

Computer Simulation Module (ICSM) especially designed to study complex numbers.  

In order to make thorough analysis of the data so collected, some of such tools 

developed by Physics Education Research Group (PERG) at University of Maryland 

(UMd) have been used.   

KEY WORDS: Interactive Computer Simulation Module (ICSM), Mental Model, 

Physical Models, Misconception, Density Matrix, Eigenvalue, Eigenvector.   

 1.  INTRODUCTION 

In analyzing the performance of students, many times during our 

investigations we have identified a gap between the physical principles that students 

use to solve the problem and the mathematical language that is used to represent 

them. Mastery of certain mathematical techniques is a prerequisite for the learning of 

advanced level Physics. It becomes sometimes very difficult to explain the beauty of 

the concepts/laws of Physics in a way that students can feel, without having a deep 
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and proper understanding of mathematical concepts. The symbolic manipulation 

involved in mathematical operations comes in the way of getting a feel of the 

phenomenon of physics under study. To a student of Physics, a course on 

mathematical methods in Physics at the beginning appears to be the necessary evil. 

This, however, need not be the case if the proper motivation for the learning of the 

subject is provided.  It is, therefore, felt necessary to understand difficulties of the 

students in mastering the required mathematical skill and then accordingly present the 

topic in much simpler way, with the help of computer animation/simulation program 

as a learning tool.  In order to help the students visualize the various mathematical 

concepts, the use of computers has been attempted and the students are made to 

interact with the Interactive Computer Simulation Module (ICSM) especially 

designed to study complex numbers, which is expected to help the students imbibe   

the difficult concepts related to mathematics.      

 2.  Research Methodology:   

One of the research activities includes the identification of various models 

prevailing in the minds of the students and in an attempt to study the models of 

conceptual learning in cognitive science, the study of different learning theories has 

been under taken. The term mental model is used by researchers as defined by Physics 

Education Research group (PERG) at Maryland University, USA. The technique of 

analysis with the help of eigenvalue equations   developed by the Physics Education 

Research Group (PERG) at University of Maryland has been used to make data 

analysis.   

2.1 Mental model 

In cognitive science research, many theories have been developed to model a 

conceptual learning process. Mental model is a term used by many researcher in 

cognitive science & Physics Education Research often with different meaning.  

The instructional design theory starts from the basic assumption that learning 

results from the organization of memory into structures.  The mental models are 

constructed from procedures provided by schema. Mental model theory can be viewed 

as an attempt to model and explain human understanding of objects and phenomena.     

Mental models are frequently the pictorial or image-like structures rather than 

symbolic representation. A mental model is a person’s conceptualization, or personal 
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theory, of some domain or environment. Mental models serve as both explanatory and 

predictive tools as we interact in a complex environment. Students structure mental 

models to help themselves understand and solve problems in domains of physics and 

other subjects too. In an approach that is being designed & used, learners fall back on 

existing knowledge, modify it, and reconstruct it into a new mental model according 

to the information they perceive while interacting with the computer system.  

2.2   Physical Models: 

The   two items namely phenomenological primitives & facets are the basic 

elements out of which physical reasoning is built. These ideas come from those 

developed by diSessa (1993) and Minstrell (1992).    

DiSessa investigated people’s sense of physical mechanism, that is, their 

understanding of why things work the way they do. It was found that many students, 

even after instructions in physics, often come up with simple statements that describe 

the way they think as to how things function in the real world. However, the students 

cannot give the reason to explain as to why a particular thing works in a particular 

way.  “That’s just the way things work,” is a typical response. DiSessa (1993) referred 

to such notions as phenomenological primitives or p-prims.  

When a particular p-prime is applied in a particular context, it is referred as 

facets. Thus, we use the term facet to refer to the mapping of a reasoning primitive 

into a physical situation. An example where we would separate differently from 

DiSessa is in the p-prim: “continuous push” — a constant effort is needed to maintain 

motion. We would refer to this as a facet which is a mapping of the reasoning 

primitive: a continued cause is needed to maintain a continued effect.  

 

2.3 Student model state:   

In order to make the analysis of the responses of the students to the multiple choice 

questions, we define a set of three physical models:  

1. The correct or expert model (E): Here, a student enters the correct answer to 

the question. 

2. The misconception model (M):  The term misconception is used to mean a 

knowledge structure that is activated in a wide variety of contexts, which is 

stable and resistant to change, and is in disagreement with accepted scientific 

knowledge.  Such responses may be correct in some scenario other than that 
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presented in the given problem. Thus, such responses are not completely 

‘nonsense’ or ‘baseless’ but seem to have emerged out of improper foundation.  

3. Null model (N):  For completeness, it is necessary to define a ‘null model’ to 

include any insignificant (unpopular) and/or irrelevant ideas that a student 

might come up with. Such ideas will often appear in ‘nonsense-like’ responses 

on open ended questions or arbitrary responses on multiple type questions.  

 

When a student is presented with a set of questions related to a single physics concept 

(a set of expert equivalent questions), two situations commonly occur. 

1. The student consistently uses one of these physical models to answer all   

    questions. 

2. The student uses different physical models to answer different questions, 

that is, a student is inconsistent in using them.  

The first case corresponds to a pure model state and the second case to a 

mixed model state. The different situations of the student’s use of models are 

described as student model states.   

It is necessary that, a set of questions should be carefully designed to probe a 

particular concept, so that we can measure the probability for a single student to 

activate the particular physical models in response to these questions. We can use 

these probabilities to represent student model state.  

 

3. Composition of the Question Paper: 

The pre-test and post-test paper mainly consisted of multiple choice single 

response questions having five choices and out of 5 choices, one is the correct answer 

& remaining 4 are distracters. Expert model represents the correct choice and the 

distracters mainly consist of the Misconception model & Null model in varied 

proportions. The equivalence in terms of difficulty level has been maintained for the 

questions framed for pre-test and post-test papers.  The post-test was administered to 

the students of control group and experimental group separately at the end of the 

respective sessions.   Further, the composition of the questions is made by taking into 

account the Bloom’s Taxonomy   as guidance.  The entire question paper is set with 

increasing difficulty level as per the break up given in Table1.  
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KNOWLEDGE   40 % 

COMPREHENSION 10 %   

APPLICATION 10 %   

ANALYSIS   15 %   

SYNTHESIS 25 %   

Table 1: Composition of paper 

 

4.  Data Collection & Data Analysis: 

Data collection:   In order to achieve an objective of testing the Interactive Computer 

Simulation Module (ICSM) on the topic complex numbers for the undergraduate 

students, a class of  S.Y.B.Sc. A (Physics, Electronics and Computer science) student 

from different colleges is selected. Total 112 students from four different colleges in 

Nashik district, Maharastra, participated in this activity.  

Pre-test: In total 112 students participated in the pre-test.  

Control group: Out of These 112 students, 56 students are taken in control group 

through a random selection process. These students were provided with instruction 

material specially design on the complex numbers and a regular teaching was carried 

through lectures.   

Experimental group: The remaining 56 students are selected for the experimental 

group to work on the computer. All these students individually worked on the 

interactive computer simulation module on Complex numbers for about three hours. 

These students showed enormous interest in Interactive Computer Simulation Module 

(ICSM) on complex numbers. After few days, the  students from both the group were 

again asked to assemble in a class room and the post-test was conducted for these 

students.  

5.  Method of analysis: 

For a particular physics concept, the multiple choice questions can be designed 

so that, these questions can activates a student to use different pieces of knowledge.  

In Model Analysis, we represent the student’s mental state as a vector in a 

“model space” spanned by a set of basis vectors, each basis vector representing a 

unique type of student reasoning (referred to as a model).  The vector representing a 
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single student’s state is often a linear combination of the basis vectors of the “model 

space”.  

6.   Formation of density matrix: 

The density matrix of the data to be analysed is found out. In order to find the 

density matrix following steps can be adopted:  

1. Firstly, an individual student model state is obtained from the data (responses 

entered by a student in all questions). From the student model state, a student 

model response matrix of each student is formed. This matrix is a row matrix. 

2. From the student response vector, the student model vector is obtained by 

taking the square-root of the elements of the normalized mode response 

vector.  

3. Then, a single student model density matrix is constructed. 

4. From a single student model density matrix, a class density matrix is obtained. 

 
                Figure 1: Model triggering by a student 

In Figure 1, q1 , q2 and q3 represent the probabilities for a student being triggered into  

activating the corresponding models.  We, then, represent the student’s response in 

the form of a column matrix. 

e1 =   [1 ; 0 ; 0 ]  

e2 =   [0 ; 1 ; 0 ]  

e3 =   [0 ; 0 ; 1 ] 

Thus, e1 , e2 and e3 form a set of orthogonal unitary vectors and we call them as 

physical model vectors.  The space spanned by all these physical model vectors is 

defined as model space. 

Now consider a kth student in a class. For this student, we choose to associate the 

student state with a vector consisting of the square root of the probabilities. We refer 

to these square roots as the probability amplitude.  

We, therefore, choose to represent the model state for the kth student in a class with a 

vector of unit length in the model space, uk : 
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This equation is the normalized form of student model response vector. 

Using a group of questions associated with a single physics concept, we can measure 

and represent the single student model state with equation (1). 

We choose to represent the vector using the “bra-ket” .  The ket state uk represents the 

column vector describing the state of the kth  student in the model space. The bra state 

uk is a row vector, the transpose of the ket state. 

Thus,   
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 By the standard rules of matrix multiplication, the two, put together in “bra-ket” 

form, creates a bracket, which is a number, as it is the dot product of the two vectors: 
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This is called a student model density matrix of the kth student. 

Further, it can be easily seen that Dk is a symmetrical matrix with all real values. Such 

a matrix is called a Hermitian matrix. It satisfies the condition that,  T
kk DD   

Thus, we can perform the eigenvalue decomposition on it to get its unique set of 

eigenvectors and eigenvalues.  We get 3 by 3 diagonal matrix, say, D. There are three 

eigenvalues which we can arrange into a 3 x 3 diagonal matrix, with the various eigen 

values lying upon the main diagonal. Hence, the eigen value problem is essentially a 

problem in diagonalizing the matrix. 
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After diagonalization, a matrix would look like this: 
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Form a class density matrix itself we can extract the required information. The 

Student Model Density Matrix Dk retains the structural information on individual 

student responses with respect to different physical models.  Similarly, the class 

model density matrix stores important structural information about the class of 

students. By analyzing this matrix, it is possible to study the features of models used 

by the students. Further, the student’s model states can be extracted from the class 

Density Matrix by the process of the Eigenvalues and Eigenvectors decomposition. 

The eigenvalues and the eigenvectors of a class density matrix can be easily found by 

MATH-LAB software.  

7. Interpretation of the data analysis:  

The percentages of expert, misconception and null model are found by 

squaring the corresponding elements of dominant eigenvector and then multiplying by 

hundred.  After examining the pre-test responses made before any in-class discussion, 

it appears, from Table 2, that, students possess significantly large component of 

misconceptions (nearly 50 %). The null component has been around 13 % and the 

expert component i.e. the correct responses are around 37 %.  The pre-test also serves 

the purpose of probing the pre-requisite of the students before going into further 

instructions.    

The primary model state of the control group (CG) undergoing the traditional 

class indicates a mixed model state, which shows that most students in the class are 

still inconsistent in using their models. On the other hand, the model state of the 

experimental group (EG), which is exposed to the Interactive Computer Simulation 

Module (ICSM), indicates that most students use the correct model rather 

consistently. Further, for this group, i.e. EG, the null component is negligible (2.4%) 

and the misconceptions are reduced significantly to around 23 % (refer Table 3). The 

high eigenvalue in the Table 3 indicates that, the students are fairly similar with 

respect to the models they exhibited. This result provides a piece of evidence that 

validates our treatment of computer simulation module with the representation of 
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fairly good model states with the enhancement of expert model in a population.  It can 

further be added that, MCSR questions on the topic complex number are well 

designed and are appropriate for the assessment of students’ conceptual knowledge.  

 

 
 
               Table 2: Pre-test result from model analysis 

 
Table 3: Post-test result from model analysis 

8.  Result and Conclusions:  

1. It is observed that even after a good classroom teaching imparted to the 

students, the students develop certain misconceptions by their own way of 

thinking. 

2. The misconceptions are so rigid that the students often do not give them up 

readily. The students show a tendency to stick to their misconception.   

3. Good interest shown by the student: Initially, the students were rather reluctant 

to give the test and work on the interactive computer simulation module. 
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However, when they are convinced about the importance of the module 

especially designed from them, the students agreed to work on the module and 

eventually showed the enormous interest in the interactive computer 

simulation module.  

4. The Eigenvalues & Eigenvector: For the entire class of S.Y.B.Sc. students 

from different colleges, the analysis of the data is also carried out College 

wise.    

The model analysis approach demands that, all the questions should have the 

alternative choices designed so as to cover the same mental models and before 

any further investigation, a qualitative study becomes vital to ensure that the 

questions meet the required standard and needs. It is observed that, the Eigen 

value & Eigenvector analysis shows the uniform result. The Eigen value 

worked out in all the case is in the range of 90 to 97 %.  Also, the 

corresponding eigenvector has nearly the same higher components for expert 

models for the Experimental groups and the same lower components for the 

misconception models. For the experimental group, the null component is 

almost negligible. The most of the students fall in the category of 

misconception model before going through interactive computer simulation 

module and after going through the module, students showed considerably 

high progress and thus, this shows that if a interactive computer simulation 

module is designed by taking deliberate effort, the learning becomes effective.  
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