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Abstract—Organizational Training and Learning are 

among the 22 key process areas in CMM. These two 

processes are subject for improvement based on its 

framework and execution. In this paper, we have worked 

on project-based frameworks for organizational training 

and learning and have attempted to validate them in the 

software developmental organizations and in an 

institution teaching software engineering. 

The empirical validation is carried out with those case 

studies and significant results are obtained in assessing 

the improvement in the two process areas. Moreover, 

this work is also extended to accommodate improvement 

in the regular conventional OTL processes. 

 

Index Terms— Organizational Learning, Training, 

Project Based Learning, Teaching learning frameworks. 

 

I.  INTRODUCTION 

With many problems lying around in computer 

science and software engineering education and practice, 

we found this area of organizational teaching-learning 

much challenging and interesting [13], [16]. Many real-

time unsolved problems of project failures, risk 

management in project management, managers‟ failures 

to meet out the timeline and avoid budget runs, 

employees attitude and ability to work in team, and 

challenging technical problems, are all the areas in 

which the software development companies are striving 

hard to survive [1], [5], [13]. 

One of the reasons that software developing 

organizations lack is the appreciation for learning and 

self-improvement through learning and experience [20]. 

All they would concentrate is finishing projects in time, 

earn revenue and forget and do not document what has 

been learnt in the previous successfully finished project 

[11], [12].  

This lead us to contemplate over the area project-

based organizational teaching-learning, where 

conventional curriculum based teaching will not be in 

operation. It is not that only software development 

companies are facing such serious problems, but the 

institutions which teach software engineering are facing  

a bad scenario, due to the gap between the institution 

and the industry.  

A.  Research Problem 

On the motivation to take up this research work in 

organizational teaching and learning, the research 

problem is to “Evaluate the project-based Organizational 

Teaching-Learning (OTL) Process”. To take up this 

research work we framed three questions, which directed 

us to carry out this research work in the right direction. 

The research questions are: 

 What process areas commend teaching (or training) 

and learning? 

 What parameters are to be evaluated to assess 

project-based OTL? 

 Could there be real improvement in a project based 

organizational teaching-learning process? Validate. 

The project-based processes are to be validated for 

their real impact and influence in the improvement of 

the two processes. These questions drove the research 

work in a way it should need valid substantiation for an 

improvement framework.  

B.  Outline of the Paper 

This paper is organized as follows: Section II presents 

the oraganizational teaching-learning (OTL) framework 

and its assessment. Section III focuses on the Evaluation 

of the presented processes, with focus on research 

design, and assessment plans for the experminents. 

Section IV describes the experiments carried out based 

on the OTL frameworks and its validation. Section V 

concludes with a few points on the future directions of 

this work.  

 

II.  OTL FRAMEWORK AND ITS ASSESSMENT 

It shows that good training results in delivering 

customer goals, enhancement of individual performance, 

which in turn, helps the organization in achieving its 

business goals. 

A. Organizational Training System 

Definition: More formally speaking, „Training is a 

transforming process that requires some input and in 

turn it produces output in the form of knowledge, skills, 
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and attitudes (KSAs)‟ [6]. Two models of OT are 

discussed in this subsection. 

1) Individual Training Model (ITM) 

Individual Training Model (ITM) addresses the 

individual trainer‟s methodology for project-based 

teaching. Training objectives are defined on the basis of 

job responsibilities and job description, and on the basis 

of the defined objectives individual progress is measured. 

This model is the practiced model in most of the training 

organizations, specifically in software development 

companies that offer instant training to its employees. 

Since we were with the learning institutions for more 

than 12 years, we were able to draw this model of 

practice in Individual training and learning. 

The ITM comprises of five stages: 

1. REQUEST ANALYSIS – Training requests from 

development team are analyzed – training 

expectations, pre-requisites, target audiences skill 

level etc. 

2. DESIGN – Based on the request analysis and 

refining the needs, the curriculum is designed, with 

much focus on the project based training modules. 

Course objectives are set, instructional objectives 

that can measure the content‟s credibility, trainer‟s 

presentation and participants‟ understanding. Modes 

of training, study materials, sequence of contents 

are designed.  

3. DEVELOPMENT – The design decisions are 

converted into training material. It consists of 

developing course material including course 

materials, handouts, demos, audio-visual aids, 

lecture notes etc, for the trainer. Elaborated course 

material, summary files and shareable contents for 

the trainee are developed alongside.  

4. IMPLEMENTATION – All logistical arrangements, 

such as classroom venues, public address audio-

video systems, in-class facilities like chairs, tables, 

podium, boards,  and food facilities, parking, and 

other training accessories, that will make the 

training effective. 

5. EVALUATION – Ensures that the training program 

has met its objectives in terms of trainer‟s 

productivity and learners‟ understandability. The 

strengths and weaknesses of different components 

involved are indentified and steps are taken to 

improve the failed areas in the training module. 

2) Group Training Model (GTM) 

Group Training Model (GTM) focuses on the 

organization as a whole, while having the ITM model as 

its core. The outer loop describes the vision, mission and 

values of the organization on the basis of which 

individual training model (ITM) i.e. inner loop is 

executed. Observations were carried out in three IT 

companies and five academic institutions in India, where 

they all followed this model with customization done to 

their ITM. Some had two more components, 

experimentation and realization, in their outer loop. 

1. VISION – states the purpose of an organization‟s 

existence and what it would like to achieve after a 

defined point of time. A wider perception or look 

into the future of the organization and sees itself 

few years down the line. It may include setting a 

role mode, or internal/global objectives or 

promising to meet some defined deadlines.  

2. MISSION – explain the reason of organizational 

existence and its vision. The endeavors that it takes 

to reach the objectives and goals mentioned in the 

vision statements are clearly stated here. The 

mission statement tells about the identity that how 

the organization would like to be viewed by the 

customers, employees, and all other stakeholders. 

3. VALUES – is the translation of vision and mission 

into communicable ideals. It reflects the deeply held 

values of the organization and is independent of 

current industry environment 

B. The Organizational Learning Model 

Learning is formally defined as the process by which 

a person constructs new knowledge, skills and 

capabilities [14]. 

It is widely recognized that for an organization to be 

sustainable in the present climate, it is essential that it is 

equipped to adapt on a continual basis – and change is 

only useful if it is informed by learning. 

1) Transition to a Learning Culture 

As with any change to an organization‟s culture, the 

transition to a learning culture must be managed well. 

Learning ultimately improves the competencies in an 

individual employee, with respect to their skillsets and 

technical proficiency. Competencies can be described as, 

“the behavior that employees must have or must acquire 

to input into a situation in order to achieve high levels of 

performance” [18]. Staff needs to be aware of the skills 

and behavior that is necessary for them to fulfill their job 

requirements, and being made aware of shortcomings 

should encourage learning to close the gaps.  

We interviewed some 30 employees of two 

organizations about their preferred method of learning. 

Just over half cited learning „on-the-job‟. Although 

classroom learning was second, it was a long way 

behind. Employees feel that it is important not to lose 

sight of traditional learning, however everyday on-the-

job learning is treated with more significance and 

managed better. Technology explosion has let learning 

within the workplace, and in particular, the internet has 

opened up easy access to courses and sharing learning. 

E-learning is worth mentioning here specifically, as it 

has opened new ventures and perceptions, which appeals 

because it allows individuals to take responsibility for 

their learning and learn at their own pace. 

Sloman [22] argues that training and development 

circles are increasingly focused on the individual‟s 

responsibility for learning, where individuals start to 

question, “What difference could my learning make to 

my performance, and as a result, to the performance of 

the business?” Providing access to learning, without 

going through HR, is one way in which individuals 

could take ownership of their learning, for their own 

benefit, as well as that of the organization. But there is 
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greater risk of guarantee that self-e-learning contributes 

to improvement of the OTL process. Hence, it is subject 

to measurement. 

2) Measuring the Learning 

If individuals are to take more personal responsibility 

for their learning there is an increased onus on the 

organization to measure whether learning is taking place. 

The following are tools to aid this: 

1. Learning objectives need to be set from the start and 

follow a sequence of activities:  A defined increase 

in knowledge or skills, building a learning network, 

sharing experiences, witness a measurable change, 

and improving perceptions of employees. 

2. Personal Development Plans are crucial in objective 

setting. PDPs need to be owned by the individual 

and referred to and updated regularly. 

3. Learning logs are a way of recording less formal 

learning. 

4. Learning reviews with managers and peer groups 

are a way of reminding oneself what has been 

learned. 

Measurement of learning also needs to occur at an 

organizational level. Corporate strategies need an 

accompanying learning strategy to highlight new skills 

and expertise that are required to fulfill the plan 

effectively, and this requires a system of measurement. 

Furthermore, to create a true learning culture, learning 

must not be for the sake of the individual alone, but for 

the team and the wider organization.  

C. The Assessment Objectives for OTL 

The measurement process area aligns closely with the 

assessment of the key process area, organizational 

training [9], [15]. We frame our implementation with the 

conjunction of Six-Sigma and CMMI. Six-Sigma place 

primary emphasis on understanding and managing 

performance (outcomes), while CMMI (in practice if not 

in principle) places more emphasis on compliance 

(activities) [13]. Certainly both are necessary and 

important, but neither is sufficient by itself. 

The Six-Sigma roadmap provides a specific approach 

to establishing the overall objectives and identifying 

potential measures for an improvement project. As 

illustrated in Table I the assessment plan involves three 

defined steps: Chart, context understanding and 

assessments. The details and practical translations for 

each step are also provided in the table I. 

TABLE I.  THE ASSESSMENT PLAN 

Define Steps Step Details Practical Translation 

Develop Training Charter Training Statement Purpose of Training 

Statement with Success Measures What measures will be impacted? 

Team & Roles Identify team players and define roles 

Understand Learners & Context Review/Build Learning Objectives Given goal, scope and measure results, 
what does the trainer understand? 

Gather Data (trainer, learner, tests, 
skills) 

Gather data for understanding training 
context information 

Test the learner technically, maintain 
competency matrix for trainers 

Assess other process areas Define measurement strategies Quantify the measurable attributes 

Analyze the measurable terms for 

improvement 

Deem specific areas for improvement 

TABLE II.  THE MEASUREMENT PLAN 

Measurement Steps Step Details Practical Translation 

Plan Measure 

Results 

 Operationally define result measures 

 Result Performance Standards 

 Refine the training‟s key result measures 

 Performance targets for key measure 

Plan to Collect Data 

 Identify natural segmentation (Y) 

 Potential influence factors 

 Assess the measurement system 

 How is data segmented in availability? 

 What factors may influence Y? 

 Understand data accuracy 

Collect & Quantify 

Data 

 Collect the data 

 Assess data distribution & integrity 

 Collect data using tools 

 Check for completeness of data 

 

 

In Table II we provide plans for conducting 

measurements for evaluating the OTL and necessary 

improvements. Plan for measurement strategies for each 

training program and identify participating entities in the 
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training. Collect key result measures from the training 

program for assessing the result performance and 

learners‟ ability in absorbing the content of the 

technologies. Use an appropriate measurement tool to 

collect direct data that will be consistent in arriving at 

the factors that influence the training modules. Data 

segmentation may happen based on the influencing 

factors. The collected data is assessed and evaluated for 

data consistency and completeness which will then serve 

as indicator for suggesting improvement schemes. 

The two tables Table I and Table II discusses the plan 

and strategies that should be followed during the 

experimental process of training in organizations. 

 

III.  EVALUATING THE PROCESS IMPROVEMENT 

In this section we present the experimental 

environment and the methodologies with which the 

research is carried out. The evaluation of the OTL 

processes is performed in two stages: preliminary and 

main. 

A.  Research Design 

The evaluation of the project based organizational 

Teaching (Training)-learning processes and their scope 

for improvement in the practicing environment is our 

research goal. The investigation is carried out using 

experimental evaluation of the practice that is actually 

happening. The collected empirical results are 

interpreted, evaluated and submitted for discussion, to 

arrive at possible conclusion stating the appreciable 

improvement in the OTL processes.  

1) Data Collection 

This study carried out in two software development 

companies had its own complications in moving with the 

employees and trainers and heads of the 

modules/projects. We were with the organization for few 

months and conducted our experiments on assessing the 

training processes that were in practice there and we 

strived to implement the project-based OTL framework. 

We conducted personal interviews with the HR, and the 

training heads of the companies. Then we interviewed 

the trainers, who were in various domains, and gathered 

the present status of the training modules. We also 

closely monitored by attending few training sessions and 

observed the trainers way of handling our new training 

module and the learners reaction in adapting to the new 

way of understanding the concepts.  

We also included an institution offering software 

engineering as a program at the post-graduate level. To 

enter into the academic stream and getting them to 

cooperate with us in this research work needs lot of 

persuasion and patience. Finally, we did it and attended 

classes for two weeks, wherein we observed a different 

result from the one we had from the two software 

organizations. The results collected were the outcome of 

tests, and Group discussion conducted then and there 

during the course of this training program and at the end 

of each module.  

2) Experimental Setup 

We selected two companies that are involved in software 

development and an institution which is offering 

software engineering as a program at the post-graduate 

level. We found that the environment and the processes 

they adopt are a welcoming scene for our study. In order 

to protect the identity of the participants, the two 

companies were renamed as Company A and Company 

B, and the institution as Company C. The profiles of the 

companies are given in Table III. 

TABLE III.  PROFILE OF THE COMPANIES 

Name of 

the 

Company 

Location Employee 

Strength 

(Approx) 

Nature of the 

Organization  

Products/ 

Services 

Company 
A 

Metro 2500 Multinational  Software 
development/ 

Training 

Company 

B 

City 1250 Medium 

Business 

Web services/ 

training/ 
consulting 

Company 
C 

City Teaching 
Staff: 600 

Student: 

1940 

National 
Reputation 

Software 
Engineering 

Training 

B. Assessing the Teaching Learning Processes 

The experimental setups for the assessment and the 

preliminary work carried out in the given setup and the 

direction of the work are discussed in the section. 

1) Experimental setup for Assessment 

The assessment plan discussed in Table I, for the 

conduct of this experiment is followed up. The three-

step plan for the assessment is: Develop training charter, 

Understand learners & the context of learning, and 

assess other related process areas. 

Table IV gives the experimental setup of the three 

companies (two companies and one institution) and the 

assessment parameters for each of them. 

2) Organizational Teaching Process 

The framework of teaching process includes; 

Faculties, Professional Trainers, Heads of the 

Department/Institution and top management. The 

processes defined here are applicable to these teaching 

entities identified for this framework, but their level of 

implementation varies at different levels. 

The teaching processes given in Table V gradually 

increases in complexity, teaching the basics in computer 

science to the higher level promoting research projects 

and software projects. Also the responsibilities of the 

heads of the department and corporate/institution are 

aptly defined in such a way they should contribute to the 

teaching process which would be purely project based 

and are deemed for improvement in the teaching/training 

processes. 
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TABLE IV.  THE EXPERIMENTAL SETUP FOR ASSESSMENT 

Companies Success Factors No of 

Training 

Teams 

Learning 

Groups 

Quantifiable measures 

Company A Reachability of the 

training 

Improvement in 

Project endeavours 

4 12 No of contact hours 

No of practical sessions 

Test results 

Competency of the trainers 

Company B Usability of the 

Training modules 

Practicality of the 

theory 

Improvement in the 

trained subjects 

7 18 No. of contact hours 

No of practical session 

Understandability of the concepts 

Competency of the trainers 

Company C Usability of the 

training models in 

the view of 

understanding or 
Exams 

Project based 

teaching-learning 

2 6 No. of contact hours 

No. of internal tests/assignments 

Exam results 

Understandability of the concepts 

Competency of the teachers 

TABLE V.  TEACHING PROCESSES 

Teaching Entities Teaching Processes 

Faculties Teaching the basic computer science concepts 

Teaching the rudiments of technologies based on existing projects 

Identify real-time problems in existing software projects 

Provide guidance to mini-projects to solve the proposed problems 

Professional Trainers High level of exposure to computer concepts 

Expert level practical exposure to latest technologies/projects 

Provide Practical knowledge in software development 

Motivate the learner to corporate cultures 

Head of Departments Motivate faculties in research and development projects 

Facilitate external consultancy to the departments 

Administer the overall competencies of each faculty and trainer 

Head of Institutions Facilitate individual departments of undertake external projects and funding 

Appreciate faculties and trainers by appropriate appraisal based on performance 

Promote research and projects in individual departments in addition to regular academic works 

Top Management Provide excellent infrastructure facilities 

Promote research and projects 

 

3) Organizational Learning Process 

The most important part of success for the trainers lies 

with the process of learning. Since learners can be 

categorized into various levels, we have proposed the 

learning processes for each individual type of learners. 

Similar to the classification done for teaching module, 

we have identified five different groups of learners. The 

levels of learners begin from the most preliminary 

beginner-level learners to the domain experts who 

occupy the highest level in the group of learners. 

The complexity of the process of learning also 

increases from beginner to domain expert. These levels 

of  

learners are a general classification that they can be 

found in any  

group or team. The handling and role play of the 

levels of learners in software projects varies – from 

simulated environments to real-time environments. 

When an individual climbs up this ladder, he/she will be 

able to work with real-time projects. 
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TABLE VI.  LEARNING PROCESSES 

Types of Learners Learning Processes 

Beginner  Awareness of subject area 

Abstract concepts and ideas 

Basic of computer science concepts 

Advanced Beginner Marginal learning to an acceptable 

level 

Experience with mini projects 

Understands the scope of the 

subject or concept 

Proficient Exposure to and working 

knowledge in the relevant area of 
specialization 

Exposure to solving project based 

software problems 

Specialist Exposure to handle realtime 

software projects 

Able to provide consultancy in the 

relevant area of expertise 

Domain Expert Able to lead a software project team 

involved in real-time product 
development 

Interaction with experts in their 

relevant areas 

Expert consultancy in their domain 

area 

Source: Organizational Learning, 13th APSEC, 2006 

C. Preliminary Measures and Results 

The preliminary results were the measurement of the 

parameters for two months period of time. 

For Company A, the training on theory sessions is 

optimum enough to cope with the subject‟s 

understanding. The second week dipped so as to give 

sufficient room for practical sessions. During the third 

week, more theory and less practical sessions were good. 

And then as the training proceeded toward the end, a 

balanced approach is adopted. Tests were regularly 

conducted, and this could be the optimum approach for 

the training schedules. Figure 1, gives the preliminary 

measures of Company A. 

Preliminary measures for company B are given in 

Figure 2. The training division of the Company-B is 

focusing mainly on theory and practical sessions for 

their learners, and only less priority is given for the 

conduct of tests. The trainers work too hard, ie., 45 

hours a week in average, and contribute in full swing to 

both the ends. Theory and practical sessions are 

sometimes held in parallel. We could assess that the 

learners are much contend, because of the dual nature of 

training.  

Preliminary measures for Company C are given in 

Figure 3. The institution showed a different outlook 

from what was observed in the other two companies. 

The theory part was given much weightage than the 

practical based study. At the end of the eighth week, we 

found that the theory sessions were increasing from what 

was found less in the earlier weeks forcing the labs to 

get reduced substantially. Except for the practical 

sessions, the schedules were good enough to assess our 

measurement parameters in our next study. 

 

Figure 1.  Preliminary Measures for Company-A 

 

Figure 2.  Preliminary Measures for Company-B 

 

Figure 3.  Preliminary Results for Company-C 

 

IV. EXPERIMENTAL RESULTS AND INTERPRETATION 

This session discusses the main study of this research 

work, and presents the results in two phases – the 

understandability of the learners, and the teaching 

proficiency of the trainers. An improvement plan for 

the OTL framework is given at the end of this session. 
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A.  Experimental Design 

We collected data from interview sessions and 

participating in training sessions. Most of the 

experimental data interpretation is like before-after 

situation. To carry the experimental part of this research 

and make more authenticate, we have opted to follow 

two approaches, conventional Chi-Square Test for 

assessing the understandability of the learner, and 

regression method for evaluating the productivity of the 

trainer after implementing the project-based 

organizational teaching-learning framework. We will 

describe the two methods in this session. 

TABLE VII.  VARIABLES IDENTIFIED FOR THE EXPERIMENT 

Independent 

Variables 

Level2 Ability, 

Motivation 

Level1 Age, Sex, 

Qualification 

Dependent 

Variables 

Understandability of the learner 

Productivity of the Trainer 

The OTL framework is implemented in the three case-

studies, and the two dependent variables, 

Understandability of the students and the Productivity of 

the Teachers, are identified. These two dependent 

variables are assessed for their improvement after 

implementing the OTL framework. Table VII tells the 

variables identified for this investigation. 

We have drawn two levels of independent variables, 

in which the most preliminary variables, age, sex and 

qualification are classified as level1, and in level2 

independent variables are ability and self-motivation of 

the individual. These two variables are directly 

proportional to the dependent variable understandability 

and productivity. 

We chose the 60 individuals, 20 in each case study, in 

the age limit >25 and <45; no restrictions in sex; framed 

two groups based on the qualification - Undergraduates 

and Postgraduates. 

B. Chi-Square Test for Understandability 

We derived two hypotheses, to test the 

understandability of the students who have undergone 

the project-based OTL program. 

H0: U(!otl) ~ U(otl) <= 0             /*Not understood */ 

H1: U(!otl) ~ U(otl) > 0      /*Better Understanding*/ 

[1] Hypothesis H0 is if the difference in the 

understandability before and after implementing 

OTL of the learners is less than or equal of zero, 

then no effect of the project based OTL. 

[2] Hypothesis H1 is if the difference in the 

understandability before and after implementing 

OTL of the learners is greater than zero, then the 

project based OTL has effect on the 

understandability of the learners. 

We opted to test the understandability of the students 

using Chi-Square test. The 60 learners, who attended the 

project-based Training module conducted in the three 

companies, were asked to appear for a written exam. 

The number of individuals who passed the exam was 

taken as the observed value (o) and the expected value (e) 

is the number of individuals who passed the exams 

before implementing the project based OTL.  

The Chi-square value is arrived using the following 

formula 

e

eo 2
2 )( 
            (Eq. 1) 

The results are shown in Table VIII. 

TABLE VIII.  CHI-SQUARE TEST RESULTS 

Weeks Observed Expected (o-e)2 (o-e)2/e 

1 54 50 16 0.32000 

2 51 50 1 0.02000 

3 48 45 9 0.20000 

4 46 44 4 0.09091 

5 58 55 9 0.16364 

6 46 42 16 0.38095 

7 44 42 4 0.09524 

8 45 42 9 0.21429 

9 52 45 49 1.08889 

10 51 45 36 0.80000 

11 56 48 64 1.33333 

12 48 50 4 0.08000 

13 51 50 1 0.02000 

14 58 55 9 0.16364 

15 53 50 9 0.18000 

16 52 50 4 0.08000 

Chi-Square = 5.23088 

Source: Primary Data derived by applying Chi-Square Equation  

For degree of freedom equal to 1 and for the Chi-

square value 5.23088, the probability is estimated to be 

0.01, which means 1% deviation is encountered due to 

other dropped out factors which affect the learning 

process. However, we have a significant improvement in 

the understandability of the learners. 

This means the understandability of the learners after 

implementing the project-based learning framework has 

improved significantly, with one percent deviation that 

may be caused due to other factors which are not 

considered for this study. However this improvement is 

credited to the OTL framework of learning. 

C. Regression Method for Proficiency 

The productivity of teachers/trainers is another 

dependent variable with which we are so concerned in 

assessing the OTL framework. The productivity of a 

trainer is influenced by several factors, ranging from the 

teacher‟s ability, students‟ understandability, curriculum, 

environmental factors, examinations, evaluation 

methodologies etc. However we took into consideration 
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a few of these factors and attempted to define teaching 

productivity. 

Teaching Productivity = f (Basic teaching methodology, 

modern teaching equipment usage, 

demonstration-approach, prevention-

based approach, appraisal-based 

approach, research projects & 

publications, lecture-notes reuse) 

          (Eq. 2) 

These are the variables which are involved in 

assessing the productivity of a teacher. These parameters 

are evaluated based on the individual performance or 

usage of these methodologies to implement OTL, and 

then multiplied with regression parameters. Regression 

parameters are assigned weightage, constant values, 

which are already assessed based on environmental 

factors. 

The regression equation is given as 

Productivity = (α0 + (α1 * Basic teaching methodology) 

+ (α2 *modern teaching equipment usage) 

+ (α3 * demonstration-approach) + (α4 

*prevention-based approach) + (α5 

*appraisal-based approach) + (α6 * 

research projects & publications) + (α7 

*lecture-notes reuse) + R)  

                                                     (Eq. 3) 

Relevant data are collected from the two software 

countries and one institution over a period of four weeks. 

The detailed values of data collection are given in Table 

IX. 

TABLE IX.  SUMMARY STATISTICS OF THE VARIABLES 

USED IN ANALYSIS 

Variables Units Mean Std 

Dev 

Min Max 

Basic teaching 

methodology 

% of total 

contact hrs 

34.68 11.35 13.62 52.38 

Modern teaching 

equipment usage 

% of total 

contact hrs 

15.27 5.74 6.81 38.55 

Demonstration 

approach 

% of project 

based demo 

19.85 9.18 4.11 44.53 

Prevention-based 

approach 

% of Risk 

prevention 

4.57  4.56 1.00 25.67 

Appraisal-based 

approach 

% of 

contribution 

22.45 7.59 8.89 42.69 

Research 

Projects & 

Publications 

No. projects 

or 

publication 

7 2 1 12 

Lecture notes 

reuse 

No. of times 

reused 

3 2 2 15 

Source: Primary Data 

TABLE X.  REGRESSION RESULTS 

Variables Regression 

Constants 

Teaching 

Productivity 

Basic teaching 

methodology 

α1 0.893 (0.046) 

Modern teaching 

equipment usage 

α2 0.647 (0.032) 

Demonstration 

approach 

α3 0.324* (0.035) 

Prevention-based 

approach 

α4 0.059 (0.584) 

Appraisal-based 

approach 

α5 0.573* (0.014) 

Research Projects & 

Publications 

α6 0.182*** 

Lecture notes reuse α7 0.845*** 

Source: Primary Data 

Table X. shows the regression results of our data 

using the regression equation. Probability values are 

shown in parentheses; results significant at 5% are 

indicated by *; results significant at 1% are indicated by 

**.  

The summary statistics of our data set is presented in 

Table IX while the results of our regression tests on our 

data are presented in Table X. Overall, the results of our 

regression analysis indicate that our empirical models 

are valid. The Fisher statistic (F) values for the empirical 

model are significant at 1% and indicate that our 

regression results are statistically valid. The advantage 

of the regression model approach is that regression 

models take the effect of project size on the productivity 

of a project into account [21]. 

In the regression model, after several rigorous tests 

and experimentation we conclude that the productivity 

in hours estimated for the three organizations shows an 

appreciable value of 37% increase in productivity than 

the institute. The explained variance is observed as 

R2=0.60. That is 60% of variance in effort can be 

explained by project based teaching and learning. 

D.  Results and Interpretation 

The understandability is a dependent variable on the 

number of students passed in a given test (p). So,  p  is 

directly proportionality of the understandability of a 

student in the undertaken test. We have considered the 

observed values of p and plotted it against the tests 

conducted during every week. The scatter of plots show 

that 62% of the tests showed above the passing 

minimum of 50.8%. Though the failure rate of the 

remaining 38% may be due to several other reasons, we 

consider this as plain observed value, considering the 

hypotheses (H0 and H1). 

The graph shown in Figure 4 has two regions, where 

the unshaded region is accounted as the appreciable (p) 

value, supporting our thesis by 1% deviation caused due 

to other influencing factors.  

We evaluated the effort to understand the subject 

based on the duration taken to prepare for the exam and 
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get a pass in it. The formula to calculate the effort in 

hours to understand is  

U(Effort) = ((o-e)
2
/e) * ε ,              (Eq. 4) 

 

Figure 4.  Plots for Observed Understandability 

 

Figure 5.  Consistency in Understandability Effort 

where ε  is a constant effort factor.  

We plotted U(Effort) against the weeks during which 

the tests were conducted. Figure 5 shows the graph.  

Also we drew a normalized curve for the effort taken 

to understand, and found that three values of effort are 

close to normalized curve, shaded in grey. Five values 

are consistent in showing 8-9hrs of effort put in 

understanding the concepts in each subject applying our 

project based OTL. The results showed 32% of the 

consistent cases which is significant for a first time 

implementation. This would improve as weeks and 

semesters pass by. 

While understandability of the learners showed obvious 

improvement over the period of sixteen weeks, they are 

to be validated against the competency of the 

teachers/trainers. We derived a regression formula based 

on seven parameters, which influence the productivity of 

the trainer. We drew a graph with four parameters which 

showed 5% and 1% significant values for mean, 

standard deviation, Min and Max values. Figure 6 shows 

an equal change in values, for the four parameters. 

Appraisal based approach of teaching is taking the 

highest value of regression, whereas the research project 

& publications are less and shown least importance. This 

is one of the reasons, why our trainers are not up-to-date 

in their own field of specialization. Both the trainers, 

heads of the department and the managements are least 

bothered about this parameter which is why the project 

based learning has to be imparted as a new model of 

teaching and learning. 

 

 

Figure 6.  Regression Analysis: Values of Significance 1-

Demonstration approcah; 2-Appraisal based approach; 3-

Research projects & publications; 4-Lecture notes reuse 

TABLE XI.  IMPROVING PROCESS AREAS 

Measurement 

Steps 

Step Details Practical 

Translation 

Develop and 

Compare 

Solution 
Alternatives  

Develop alternate 

solutions 

Develop two-or-

more alternate 
solutions 

Strengthen Key 

solution areas 

Document the 

relationship of 

inputs & outputs in 

the context of 

solution areas 

Select and tune 

the best 
solution 

Select the best 

solution 

Weigh the top 

candidate solutions 

Tune and detail the 

solution 

Perform the critical 

evaluation on the 

improvement 
program 

Pilot the 

Solution 

Mistake proof the 

solution 

Assess “What could 

go wrong?” 

Evaluate Pilot 

Performance 

Document the 

measure results 

Refine solution for 

implementation 

The solution is 

ready to roll out 

Source: Use of IDEAL Model, ICSE 2000 

Research projects and software real-time projects lay 

a vital, non replaceable role in the teaching and learning 

processes of individuals, teams and organization as a 

whole. This is one such area where the learning 

institutions have to concentrate more in order to compete 

in the international research scenario.  

With these results in hand, we would like to draft the 

plan for improving the OTL. The three steps involved in 

analyzing the solution inorder to get improvement in 

long term are: 

 Develop and Compare Solution alternatives 

 Select and tune the best solution 

 Pilot the solution 

Table XI shows the steps and the practical 

implementation of the steps. The first two steps are 
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carried out in this research, and the last step is omitted, 

because we have worked on limited time slots and on 

controlled environment. This work on OTL can be 

implemented on a long time basis and the results thus 

obtained could be analyzed with more number of case 

studies. However, we find the results obtained through 

implementing the project-based organizational teaching-

learning are subject to improvement in future endeavors. 

This discussion on the results obtained was significant in 

focusing the improvement venues and will serve as a 

better indicator for process improvement. 

 

V. CONCLUSION & FUTURE WORKS 

The teaching learning process practices in software 

industry and institutions were more conventional than 

contemporary.  

Organizational teaching-learning process can be 

improved in two aspects, the learning power of the 

student and the productivity of the trainer. While we 

considered only three case studies, this framework can 

be extended to more cases and should be implemented in 

controlled and uncontrolled environments. Then the 

results of the two scenarios could be assessed and we are 

sure that appreciable improvement would be the 

outcome.  

Future Works 

There are open problems in OTL: 1) knowledge based 

technical teaching, and 2) experience based learning. 

These two issues are still in study and research. From 

this research work we inferred that the project based 

teaching-learning program is feasible in small and 

medium scale developmental units. Now the future of 

this study would be to extend the project based 

improved OTL program to large and very large 

organizations, and still more to consider cross cultural 

and continental factors.  

Finally, it would be interesting to do a quantitative 

survey and analysis of the different purposes for, and 

frequency of implementing the project based OTL in 

software development companies. This could help to 

find precisely in what domains our conclusions are 

applicable 
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