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Abstract: Empirical research aims to understand data trends and draw conclusions regarding the phenomena under 
study. Aim of this paper is to present and understand various steps and stages of data analysis which are performed 
at the initial stage of Grounded Theory (GT) process. The ultimate objective of this research is to understand effect 
of teaching and instruction on the learning outcome of software engineering students. To understand this 
phenomenon a number of variables have been identified. Associations among different variables of interest are 
explained by applying Chi-square test on primary data collected using questionnaires. The results have been 
interpreted at 5% level of probability. The data analysis shows a significant association between teachings of 
theoretical concepts along with practical implementation level exercises covering all different phases of software 
engineering process; from analysis to implementation. Results are also drawn to show learning outcome of students 
at different phases of the said course. Furthermore, it reflects areas of software engineering course which are weaker 
from the point of view of learning outcome of students or lacking attention in teaching. In addition this research can 
be extended to understand problems relating to different aspects of any field of study. 
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1. Introduction 

Qualitative research methods are applicable in 
numerous diverse academic disciplines. Its main aim 
is to provide insight into phenomena relating to areas 
of study where human behavior has to be judged and 
understood. Grounded Theory (GT) in itself is a 
qualitative research method in which research theory 
is generated and acquired from the data through a 
systematic procedure (Glaser, 1978, Glaser 1998). 
This theory (GT) focuses on generation of a new 
theory based on collection and analysis of data during 
the research process. For validity of the newly 
emerged theory it is important to avoid pre-conceived 
ideas and mindset which results in a thorough 
literature review before starting the study (Goulding, 
2002). Grounded theory process is generally being 
used successfully to study and observe relationships 
among people and different phenomena with in a 
society. It is successfully used in diverse fields of 
study; in social sciences (Parry,1998; Weed 2009 and 
Holt,2010), in medical sciences (Thomson et al., 
2013) and in engineering sciences (Adolph et 
al.,2012; Kroeger et al., 2014). In the field of 
information and education sciences grounded theory 
approach has been used to investigate student 
behavior in graduate and undergraduate study 
programs. Various studies have been conducted by 
instructors as well as by the researchers to analyze 
the output of teaching computer science related 

subjects for understanding students’ behavior, 
learning satisfaction, and educational gain from 
graduate and undergraduate courses. Wellons and 
Johnson (Wellons & Johnson, 2011) used grounded 
theory to analyze student learning problems in order 
to plan how the course should be structured and 
organized. The objective of the overall research is 
aimed at analyzing a fundamental software 
engineering course and to make sure that the students 
are learning the necessary theory and skills about 
software development process; which they need as a 
basis of their training as professional software 
engineers. 

A number of empirical studies have been 
presented by researchers which are conducted on the 
platform of software development industry to 
investigate the various aspects of software 
engineering. De la Vara et al. (De la Vara, 2011) 
presented an empirical study on the significance of 
software quality requirements in an industry. The 
study emphasized important and diverse managing 
and constructive roles in a development team and 
their respective duties. The study is based on data 
collected through questionnaire based survey 
feedback. The study also helped in measuring the 
importance of the quality requirements for each 
concerned role, nature of project, and the intensity for 
application realm is also defined. Similar studies 
have been conducted by many other researchers 
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including Sadraei et al. (2007) investigated the effort 
sharing phenomena within projects. Curtis et al. 
(1988) conducted a study in different organizations to 
take an insight into the design process which is used 
in software projects. Damian et al. (2004) presented 
various changes in the practices of requirement 
engineering and scrutinized its effects on overall 
software development activities. But studies which 
are conducted on academic grounds like the one 
presented by (Wellons & Johnson, 2011) are very 
less. Even in this study only programming skill and 
problems have been identified, it is not covering the 
overall spectrum of software engineering including 
the theory behind software engineering practices. 

This research study looks at software 
engineering education from a broader perspective, 
giving importance to the theory of software 
engineering process and its practical use, which is 
necessary to give an organized and structured view to 
perspective software engineers. The research starts 
with adopting Glaser’s grounded theory (GT) 
approach (Glaser and Strauss, 2009) to find out the 
deficiencies and weakness in the organization and 
curriculum design of an undergraduate software 
engineering foundation course. The presence of such 
deficiencies and weakness result in failing to meet 
the objectives to be achieved from teaching of these 
courses to perspective software engineers 
 
2. Materials and Methods 

The study uses primary data that were collected 
through a well-structured questionnaire from 
undergraduate students majoring in computer science 
at a public sector university. The goal of this research 
was to evaluate the students’ learning outcome and 
the effectiveness of the teaching approach 
(Kyriakides et al., 2013) for a SE foundation course. 
The research was prompted due to an informal 
understanding, through final year capstone project 
reports, that the students were having problem in 
understanding the basics of SE processes 
(Schmidt,2013), and hence were unable to correlate 
theory with practice. The questionnaires were 
distributed among a group of undergraduate students 
who recently attended a foundation course of SE. The 
questionnaire contained eleven main questions, 
designed as multiple choice questions and scaled on 
rank order. The major emphasis of the course was on 
teaching general SE skills, software development. 
The data were collected in order to check the 
effectiveness of the teaching and the learning 
outcome of the course and were analyzed using 
Statistical Package for Social Sciences (SPSS v.20). 

The current study uses qualitative variables so 
all the results are presented in terms of counts and 
percentages (Siegel, 2011). To test the hypotheses in 

empirical studies in SE research the worth of 
statistical testing plays an important role (Dybå et al., 
2006). In this connection, Chi-square test was 
employed to test the associations (Curtis and 
Youngquist,2013) of SE concepts with other related 
attributes. 

For the convenience of the reader, a Chi-square 
test is defined as: 
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 indicates 
the observed and expected frequencies respectively 
(Nachmias and Nachmias,1992). 
2.1 Research Hypothesis 

Following are the hypotheses selected for the 
research under study. In statistical terms, the null (H0) 
and alternative (H1) hypotheses can be expressed as: 

H0: there is no significant association between 
theoretical and practical concepts of SE course, 

H1: there is significant association between 
theoretical and practical concepts of SE course. 

The following points of interest (variables) were 
considered while testing the hypotheses: 

 Depth of teaching in theoretical concepts of 
software development process 

 Depth of teaching in practical 
implementation of the theoretical concepts 

 Learning outcome from the teaching of 
theoretical concepts 

 Learning outcome and depth of 
understanding regarding practical exercises 

 Knowledge grading about SE course 
 Various process models knowledge and 

implementation ability 
 Extent of practical exercises supporting the 

theoretical class assignment. 
 Level of confidence of students about 

knowledge gained relating to software development 
process 

 Level of confidence of students about 
knowledge gained relating to team work. 

 Rate of knowledge to conduct good tests 
against developed software/any module. 

 Respondent perception about any changes in 
current SE course. 
2.2 Research Problem 

There is a continuous need to learn and enhance 
SE techniques to deal with the advancing computer 
technology and the dynamic software business 
market needs. This understanding makes it more 
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crucial to have a proper college and university level 
training of perspective software engineers. The young 
graduates of SE should have core knowledge and 
concepts of different dimensions of the SE. For this 
purpose it is important to find out if the required SE 
related knowledge is being dispersed properly by the 
instructors and the concepts are being grasped by the 
students. 

To investigate the problem under study, this 
research was conducted to study a number of 
variables of interest addressing both the practical and 
theoretical concepts of SE, in addition to establish an 
association among these variables. 

 
3. Results and Discussion 

The study aimed to find out statistical 
associations among different variables that are 
selected for achieving the required objectives of the 
study. The variables are tested using Chi square test 
(Nachmias and Nachmias,1992) and the associations 
are calculated among the defined variables. The 
following section provides the details of the whole 
process of data analysis and results interpretation. 
The results are presented in two separate sections: 
one category showing the significant results while the 
other one representing non-significant results in 
terms of association. All the results were presented in 
contingency tables in terms of counts and 
percentages, and are presented with the help of 
simple bar diagrams. All the results are interpreted at 
5% level of significance. 
3.1 Significant Associations 
3.1.1 Knowledge grading, work ability, 
confidence level and teaching depths in different 
dimensions of the software engineering course 

Students’ perceptions were recorded about the 
SE course that was taught to them during regular 
academic session. Teaching sessions included 
theoretical concepts, practical work class 
assignments, and project base hand-on practices. 
Additionally, the students’ feedback was also 
recorded about the knowledge level, their practical 
work ability and confidence they have in different 

sub-area of SE. Association test is applied and the 
associative results are shown in Table 1 and Figure 1 
(A, B). The results suggest that any change in 
knowledge about SE course will significantly affect 
the participant’s practices in its different dimensions. 
It was recorded that maximum percentage of the 
respondents (22.2%) in bi-variate analysis about the 
knowledge grading and practices in different 
dimensions of SE course falls in “average” category. 
It further suggests (Figure1A) that the theory 
teaching and practical teaching in requirement 
engineering (RE) taught to graduate students during 
semester are significantly (P < 0.01) related to each 
other and in the long run by increasing the sample 
size, a significant association could be established 
between those two parameters. Furthermore, it was 
observed (from the bivariate analysis) that maximum 
feedback (27.8%) of the total students lies in “more 
detail” category of the teaching depth. Similarly, 
Figure1B indicates the perception of students 
regarding Teaching depth in both theory and practical 
analysis and design methods, and there is highly 
significant (P < 0.01) relationship between the two 
attributes. These results suggests that any change in 
teaching depth in theory of analysis and design 
methods will bring significant change in teaching 
depth in practical of analysis and design methods. 
Maximum Associative response (33.3%) of the total 
students regarding teaching depth in both variables 
falls in the category of “enough to have general 
concept”. A highly significant (P < 0.01) association 
was recorded between SE course knowledge grading, 
and Software development ability & confidence 
which suggests that knowledge and ability to work on 
real projects developments are directly related to each 
other. Therefore, it is concluded that if knowledge 
about SE course is increased then the student’s ability 
in software development will also be increased. 
Maximum associative responses at average level of 
knowledge (38.9%) of the total students are confident 
about their practical work ability on software projects 
but look forward for more guidance in software 
development activities. 

 
Table 1. Associations in different dimensions of the software engineering course 

S.No Variable-A Variable-B 2
 

P-
value 

Association 
Status 

1. Knowledge grading about SE course 
Practices in different dimensions of SE 
course 

22.5 0.032 Significant 

2. Teaching depth in theory of RE Teaching depth in practical of RE 29.184 0.001 
Highly 
significant 

3. 
Teaching depth in theory of analysis 
and design methods 

Teaching depth in practical of analysis 
and design methods 

22.767 0.007 
Highly 
significant 

4. SE course knowledge grading 
Software development ability and 
confidence 

25.104 0.003 
Highly 
significant 
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Figure 1. Associative responses of the graduates about teaching depth of SE course 

 
3.1.2 Learning capability about SE Course 

Learning capability of the students about 
various sub-area of the SE course was computed. 
This capability is concerned about theoretical 
concepts leads to its respective practical area. Chi-
square test is applied between theory and practical 
learning about the various sub-parts of the SE course 
and the results are displayed in Table 2 and Figure 2 
(A  D). 

It is evident that a significant (P < 0.05) 
association was recorded between the theory and 
practical learning in requirement engineering (RE). 
The graduate’s students as individual learning in 
theoretical concepts are same as they learned during 
practical work. It was recorded that maximum 
associative response (16.7%) of the total students 
falls in “learn a lot” category (Figure 2A) suggesting 
that any increase in theory learning of requirement 
engineering will significantly enhance the practical 
capability of students in RE. Similarly, it depicts that 
theory and practical learning in process models are 
dependent (P < 0.05) indicating that the learning 

performance of SE students will be significantly 
affected when there is any change in the practical 
learning of process model and vice versa. It further 
reveals that maximum associative response (22.2%) 
of the total students about their learning as well as 
practical abilities of the process models falls in 
“moderate working knowledge” (Figure 2B). In 
addition, Student’s perceptions regarding learning in 
both theory and practical in object oriented concepts 
and technology are same (Figure 2C) while the 
association between theory and practical is highly 
significant (P < 0.01) suggesting that both the 
attributes of SE course are dependent on each other. 
Furthermore, a highly significant (P < 0.01) 
relationship between theory and practical learning in 
software project management implying that any 
change in the two factors of the management 
activities (software project management) will 
significantly affect its value in terms of learning 
capabilities. Maximum associate response about the 
software project management was recorded in the 
“expert” category of learning (Figure 2D). 

 
Table 2. Learning Outcomes (theory and practical) of the Software Engineering course in its different dimensions 

S.No Variable-A Variable-B 2  
P-
value 

Association 
Status 

1. Theory Learning in RE Practical Learning in RE 18.360 0.031 Significant 

2. 
Theory Learning in process 
Models 

Practical learning in Process 
Model 

18.360 0.031 Significant 

3. 
Theory Learning in object 
oriented concept and technology 

Practical Learning in object 
oriented concept and technology 

20.143 0.003 

Highly 
significant 
 
 

4. 
Theory Learning in software 
project management 

Practical Learning in software 
project management 

22.185 0.008 
Highly 
significant 

Practical Practical 
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Figure 2. Associative responses of the graduates about learning of the SE course 

 
3.1.3 Process models implementation ability 
and confidence on the basis of knowledge gained 
during study SE course 

The ability of the graduates to work on software 
development based on knowledge they evoke while 
study the SE course and use of different traditional 
process models implementation confidence in 
practical environment. The association test is applied 
and the perceptions of the participated graduates are 
recorded. Table 3 indicate the results of the ability of 
the graduates to work on software development based 
on knowledge they evoke while studying the SE 
course and use of different traditional process models 
implementation confidence in practical environment. 
The results show that a highly significant (P < 0.01) 
association exists between waterfall model and the 
gained knowledge and software development 
confidence and ability, suggesting that if the 
knowledge increase the confidence about model 
implementation will also be increased. In total, 
associative perception (27.8%) of the total graduates 
having a lot of knowledge was observed. This 
increase their confidence and have the ability to 
implement the under study model (Waterfall model) 
in practical environment. Similarly, according to the 

results of the total graduates (27.8%) having 
moderate knowledge and have the ability to endorse 
the spiral model in real software development 
projects but they were also demanding more control 
to empower the implementation skills. Improvement 
in any factor will positively affect each other as 
evident from the P-value (0.016) of a Chi-square test 
suggesting highly significant association between the 
two attributes under study. In addition, the same and 
maximum percentage (27.8%) of the total graduates 
showing that they have no clear knowledge about the 
current processes but have the ability to implement 
agile concept in real software development, 
additionally they added that if more guidance are 
provided then it will increase their confidence as 
evident from the significant (P < 0.05) Chi-square 
test. Furthermore, a highly significant (P < 0.01) 
association was observed for other related concepts 
and the gained knowledge and software development 
confidence and ability, which suggest that these are 
dependent on each other and its further suggested that 
if the knowledge increases about model 
implementation then it will also increase the ability 
and confidence of respondents to endorse the models 
implementation in real environment. 

 
Table 3. Different process models implementation ability in real world environment on the basis of knowledge gained during study SE 
course. 

S.No Variable-A Variable-B 
2

 

P-
value 

Association 
Status 

1. 
Gained knowledge and software development confidence and 
ability 

Waterfall Model 26.786 0.008 Highly significant 

2. -do- Spiral Model 20.241 0.016 Significant 

3. -do- 
Agile Software 
process 

19.623 0.020 Significant 

4. -do- 
Other related 
concepts 

19.607 0.003 Highly significant 
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3.2 Non-Significant Associations 
This section presents non-significant results in 

graphical form. Insignificance was calculated using 

Chi square test. Calculated Chi-square along with p-
values are also shown in the graphs. 

 
Teaching details in different sub-area of Software Engineering course 

 

 
Figure 3. Perceptions regarding detail of teaching and practical of SE course: [A] Software testing, [B] software 
development process models, [C] object oriented concept and technology, [D] software project management. 

 
Learning outcomes in different sub-areas of Software Engineering course 

 
Figure 4. Perceptions regarding learning detail in theory and practical of SE course: [A] Analysis and Design 
methods [B] Software Testing. 
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3.2.1 Class assignments support to practical 
learning and change suggested about SE course 
for effective teaching 

The rest of the part of the SE course about class 
assignments support to practical learning in 
association with team work activities having 
insignificant results. It suggests that both variables 
are not affecting each other’s and may not supporting 

learning performance of the graduates. While Figure 
5 shows the perception of graduate students about a 
better change for effective learning about the SE 
course. It is evident that maximum percentage 
(61.1%) of the respondents suggests that SE contents 
should be more practical to educate the academia 
graduates when delivering SE contents.  

 

 
Figure 5. Change suggested by gradates to teach SE course 

 
3.2.2 Ability to conduct test after learning 
testing techniques 

The results showing (Figure 6) the respondent’s 
perception about to perform a test on the basis of 
gained knowledge during study the testing 
techniques. It is evident that for each and every 
statement describing the testing knowledge of the 
respondents, maximum percentage (38.9%) of the 

total responses falling in conducting good testing 
ability against any developed software. Similarly 
(16.7%) of the total respondents having an average 
and (11.1%) having the ability to conduct very good 
test on developed software. These results suggest that 
the respondents having knowledge can handle the 
testing procedures easily. 

 

 
Figure 6. Testing knowledge to conduct test against developed software 

 
4. Conclusion and recommendation 

This study describes the relationships among 
various aspects of a graduate level SE course. The 
students’ feedbacks were gathered based on their 
personal experience of learning and understanding 
SE through the said SE course. Based on the obtained 
results, it is concluded that there is a significant 
association among the various SE theoretical aspects 
and related practical exercises. Students show more 
learning outcome, understandability and 

implementation confidence in real world environment 
for all those concepts which are taught along with 
practical exercises. There are also some concepts 
which are not well understood by the students, or the 
students are not sure about the practical effectiveness 
in learning and its implementations. These are the 
areas of the part of the SE course which need more 
attention, including redesigning the course contents 
and structure and should be backed with effective 
pedagogy techniques and with more hands-on 
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practices. These changes may provide significant and 
more pragmatic results in the study area. 

This data analysis and interpretation is 
performed as part of a GT process. These 
interpretations and results will provide a major input 
for generating the required theory. This effort is only 
the part of the first cycle of the overall GT process. 
Reporting the details of this process is aimed to 
provide a general understanding on how one can 
analyze data collected using questionnaires and how 
it is to be interpreted. 
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