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Abstract—Knowledge management [KM]domains offers 

diversified set of practices that helps to identify, collect, store 

and share the insights and experiences of individuals and 

organizations at work. Contemporary scenarios indicate that 

agile methodologies are deployed extensively by result driven 

organizations to deliver working software at a faster rate. 

Apparently the frequent dislocation of human capital has 

provoked these organizations to deploy more proactive tools 

for knowledge capturing, lessons learnt and best practices 

obtained during erstwhile processes. Properly stored, these 

agile retrospectives provides  a rich source of knowledge for 

managing  recurring and routine problems  on one hand and 

improvising existing software development process on the 

other. The study focuses to develop a prototype model to 

account the knowledge generation process of developing 

software through various modalities which include the 

experience shared by the experts and focus groups. This paper 

explores applying opinion mining and information retrieval 

techniques for testing the  data sets to classify the perspectives 

of the captured lessons containing such opinions and verbatim 

in it.  
Keywords— Knowledge Management, Agile software 

development, Opinion mining, Retrospectives   

I.  INTRODUCTION  

 Agile software development encompasses various 

methods and tactics where solutions are obtained from 

different cross sections of software developers who are 

focused on the given specific assignments. Agile software 

prevents rhetoric ideation and replaces  with flexible responses 

for a required change theme.  Even though agile software 

development generates considerable tacit knowledge due to its 

collaborative nature it needs to be converted into explicit form 

through a codification process, where the learning’s are to be 

retrieved and reused by an effective search mechanism. 

Ironically tacit knowledge sharing neither facilitates nor works 

well among distributed teams. Therefore, the agile software 

development teams need to adapt a vibrant knowledge sharing 

culture where the members adjoin to share their tacit 

knowledge via sharing of retrospective learning, needy 

documentation, intranet sources, wikis etc.   

II. KNOWLEDGE MANAGEMENT IN AGILE SOFTWARE 

DEVELOPMENT  

Seamless knowledge acquisition, improvised reusability, 

independent working, and enhancing overall team’s 

productivity are the key prerequisites to manage knowledge 

effectively for software development organizations [1][2][5]. 

The traditional software development methodologies viz., 

waterfall model primarily use documents to acquire 

knowledge.  Through Agile processes, knowledge sharing is 

encouraged by several concurrent practices [1][4]. It 

segregates the given job sequence into sizable small processes. 

These processes are executed by an exclusive  team which in 

turn reduces the risk occurrences. In addition it also facilitates 
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the development cycle to adopt changes amicably through 

various modalities viz., personal communication, knowledge 

management tools, pair programming, scrum meetings, project 

retrospectives and cross functional interventions. 

A. Knowledge Management and the agile manifesto - 

Issues of concern  

The Agile manifesto [3] ―individuals and interaction 

over process and tools,‖ insists upon to assign more attention 

towards knowledge management among agile projects 

effectively. One of the major issues contemplated at agile 

methodologies is that, they negligibly support documentation 

procedures comparatively with conventional document centric 

software methodologies. Hence there arises a need to scale 

agile development strategies in knowledge management to 

address the issues as mentioned below:  

 Unusual consumption of time period  in answering to 

the same queries  repeatedly 

 Cognizance about certain problems faced before, but 

cannot be remembered its solution by the members 

 Project time/schedule constraints 

 Generic and new projects are subject to  lack KM 

objectives  

 Constraints in capturing Incremental knowledge 

 Likelihood over degenerated productivity of an 

individual while transferring knowledge to small 

teams. 

 The probability of captivated knowledge getting lost 

as and when project is completed and their respective 

developers leave the company.  

 Less support for  reusability 

 

 The prime endeavor of agile software development is 

to churn out the implicit knowledge syndrome to an explicit 

environment where teams are expected to get benefitted to a 

wider extent [12][10][24]. Thus the acquired knowledge needs 

to be stored in a repository such that it can be accessed by 

developers amicably [28].  The commitment of the practitioner 

to share and use the generated knowledge is also greatly 

envisaged in this regard. 

B. Retrospectives  

 When organizations undergo different phases of 

changes, chances are large that project teams working under 

such circumstances would have gained sufficient knowledge 

and experience but have foregone an opportunity to express 

them. Retrospectives serve as a ground to share and pass the 

learning experiences and to plan changes for the next effort. A 

retrospective methodology is a formal means for assessing the 

performance of the project undertaken thereby extracting the 

lessons learnt and proposing recommendations for the future 

prospects [26][9]. A terminal meeting is usually held by a 

project team to discuss the retrospect and futuristic aspects of 

the projects just completed. A Retrospect is a necessary 

contribution to the KM perspective of the organization. 

Retrospectives serve as an important source of identifying 

lessons learned during agile project development. The 

expected outcomes of these retrospectives is to mitigate the 

mistakes that are recurring and share successful practices for 

the next iterated future projects [27][8]. After a retrospective 

session is over, reports will be prepared indicating what 

worked well and what to be done differently. A significant 

outcome of a retrospective is to improve processes of future 

projects which are identified through a set of lessons with 

associated actions and sharing lessons learnt in a sprint. Thus 

agile retrospective encompasses congruent learning and 

psyche for change among the team members for the 

betterment of software development in future. 

III. RELATED WORK  

Several frameworks are recommended and practiced 

for managing software knowledge using traditional 

methodologies. Hahn and Subramani [21] developed a 

framework for KM support which utilizes clustered factor sets 

to explore the knowledge base and structure. Tiwana [23] had 

proposed a KMS architecture which revolves around seven 

support layers viz., interface, access, collaborative, 

application, transport, integration and repositories. Meanwhile 

a Soft-System Knowledge Management approach to ensure a 

fit across organizational needs on new product development 

(NPD) and KM initiatives using three main components: 

Knowledge Sharing Methods, Organizational Level, Key 

Enablers was instrumentalized by Shankar, Acharia and 

Baveja [13] . Subsequently the KMSOS2oD Framework that 

supports software development life cycle for Open Source 

Systems coupled up by five main networked components: 

layers, components, process, knowledge, and CoP were 

emphasized by Modi Lakulu [7]. In addition, a theoretical 

reference framework for Knowledge Management (KM) and 

Information Technology (IT) system for the derived 

knowledge classes and knowledge entities of an organization 

[8] using agent technology was scribed by Martin S. Lacher 

and Michael Koch [22]. Further, improvisations using root 

cause analysis phase of  lightweight retrospective analyses 

method known as Post Mortem Analysis[PMA] was outlined 

by Finn Olav Bjørnson to integrate multidisciplinary 

engineering knowledge within  knowledge based engineering 

(KBE) framework; popularly known as  KNOMAD 

[Knowledge Nurture for Optimal Multidisciplinary Analysis 

and Design] methodology[3] for analytical utilization, 

development and evolution of multi-disciplinary engineering 

knowledge within the design and production realms. 

 

Researchers have voiced out several tools for a 

refined, collocated and distributed agile software development 

and application sharing. While real-time collaboration tools 

like audio/video conferencing and application facilitates 

informal and social interactions, e-mail, newsgroups, and 

instant messengers are used for communication and 

collaboration among team members for sharing tacit 

knowledge [11]. In addition asynchronous collaboration 

technology enabled by Wiki technology, also aids users to 

access, create, organize, and update any web pages in real-

time using a web browser to capture information in an 
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unstructured format like text and graphics. Plug-ins also 

provides the required support procedures for agile 

development teams. For example, JSPWiki and MASE 

provides environment tailored process support [16], while 

MILOS provide each developer with a basic to-do list 

application; and Jazz Sangam, the extended form  of Sangam, 

defined to be an Eclipse plug-in for distributed pair 

programming,  help pair programmers  to code effectively 

with built in  features including  defect tracking, instant chat 

etc. 

 

At present, related research protocols are been 

adopted in opinion mining. Developers engage in extracting 

the views of the customers obtained through blogs and mining 

techniques. Hu and Liu made summaries with positive and 

negative opinions about the features of product reviews [20]. 

During initial stages of research repeated verbatims were 

identified and subsequently opinion sentences with atleast one 

adjective for description were formed for meaningful 

deliberations. Esuli and Sebastiani dealt with a new method 

based on the assumption that terms with similar orientation 

tend to have similar glosses [19]. The suggested method used 

semi supervised learning in order to negatively or positively 

classifies terms. Ding and Liu improved the system proposed 

by Hu by assigning a score to opinion words [17].  

 
 Prabowo and Thelwall have applied Support Vector 

Machine (SVM) with combined methods to classify reviews 
from different corpora [14]. Magdalini Eirinaki has suggested 
an algorithm that not only analyses the overall sentiment of a 
review but also identifies the semantic orientation of specific 
components of the review that lead to a particular sentiment 
[4]. 

 

IV. PROPOSED METHODOLOGY AND FRAMEWORK  

A study   among software development companies 

signifies  that organizations are been made aware of the 

benefits of lessons learnt  from retrospect However, the 

derived lessons  are yet to be utilized fully to reveal patterns of 

information that could help organizational decision making 

regarding the project.  A retrospect normally generates certain 

documentable information which can be effectively buffered 

on a specified storage area. Nevertheless, a new research 

protocol to assess the effectiveness of the retrospect to analyze 

and disseminate throughout the organization has become 

inevitable during recent times. 

 
 A retrospect normally generates certain documentation 

which may be stored on a storage area. However research is 
still required to determine how to effectively analyze, 
disseminate and exploit retrospect throughout an organization. 
The proposed work explores the ways to capture and analyze 
information in an agile setting. The first part of the work 
focuses on developing a framework for knowledge capturing 
in agile software environment. The second part deals with the 
development of an opinion search engine that mines the 
opinions and extract relevant information from the captured 

lessons learned. It further classifies the lessons based on 
expressed views as positive, emotional and downside based on 
the metaphors enabling the users to quickly form a context and 
generalization about a lesson. 

A. Capturing Lessons Learned from Retrospect  

 The task of agile software development devolves 
complex interactions and reliance within the team. It includes 
lessons learned and experiences from individual project which 
are recorded, documented and addressed towards a particular 
knowledge ambit for specific recommendations in a prescribed 
format (Table 1) and stored in a database. These lessons can 
be applied to future projects as a measure for continuous up 
gradation and innovation. The major facilitating advantage of 
this work is to identify the different perspectives of the lessons 
learnt from the same project. It comes handy for architects, 
project managers, specialists and the team members to analyze 
reports, test, audit and refine the plans for new projects  with 
successful lessons learned and  vice versa[6]. 

B. KMAST Framework 

The projected Knowledge Management for Agile Software 

Teams (KMAST) framework [Fig.2] can be effectively 

accounted for capturing and distributing knowledge generated 

by agile software teams. 

TABLE I:  LESSONS LEARNED TEMPLATE CONTENTS 
 

Template items Description 

Lesson Id Lesson Identification number 

Lesson name Lesson title 

Project type Development / Others 

Model Model used for development  

Project name Project name  from which the lesson is learnt 

Role Role of the member in the team 

Lesson source Technical/ Process/ Domain/ Resource/ 
Infrastructure/Others 

Event description Recording and describing the outcomes while 

learning a  lesson 

Root cause Causal  factors  for a lesson learned 

Lesson learned Actual lesson learned out of the event 

Consequences Outcome of the event that had  affected the 
project factors 

Recommendations Action steps recommended to overcome an 

identical   situation in future 

Being given to understand, the software knowledge can 

undergo transformations as shown in Fig.1, the KMAST 

framework mainly focuses on capturing the domain expertise 

knowledge and the lessons learned from software projects. It 

offers a collaborative and conducive work environment thus 

empowering developers to access the framework with ease, 

from anywhere within the organization. This process assists in 

developing learning organizations to fetch and maintain 

knowledge pockets with requisite information. Thus the model 

facilitates the usage of integrated tools and techniques which 

facilitates knowledge capture and dissemination of the same. 
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Through this framework, the experts can record and share 

their experiences and technical advices while solving an 

assigned problem.  

 

KMAST also maintains a directory of experts. In 

succession of each project retrospective, the developers can 

record the lessons learned from the project concerned thus 

notifying the specific phase from which the lessons are learnt 

with recommendations, through an interface driven experience 

recorder. The developer can share his project experiences in 

the form of stories and scripts. A discussion forum is also 

made available for the members to discuss and comment on 

conspicuous issues. The framework also allows developers to 

share and submit their presentations, publications etc., 

voluntarily. Information collected thereof is stored in a 

database that can be processed for eliciting new knowledge for 

process improvements, future references and fresh 

applications. 

 

 
 

Fig.1. Knowledge transformation cycle 
 

 
Fig. 2.  KMAST Framework 

C. Applying Opinion Mining on Lessons Learned data 

Text analysis and classification helps to identify key 

issues that play an effective role in the future organizational 

decision making process in many industrial contexts [25]. 

Opinion mining refers to the application of natural language 

processing, computational linguistics, and text analytics to 

identify and extract subjective information from source 

materials. Opinion mining has been used widely in analyzing 

movie and product reviews so far [15]. The lessons learned 

database may contain thousands of lessons involving details of 

several projects carried out in the organization. Applying 

opinion mining to lessons learned aims to determine the 

overall contextual polarity of a document. For opinion 

classification, a lesson learnt is searched for opinion bearing 

words like adjectives and domain specific technical words. 

With the help of lexical resources, the words can be classified 

as emotional, positive and downside. This detail comes handy 

for developers to refer to the erstwhile best practices from the 

learned repository during their trouble shooting exercise that 

can be applied to their present work.  

The normal search facility displays the relevant 

lessons matched by the keyword supplied by the user. This 

may consume more time to understand and interpret all the 

related lessons and to identify a relevant solution. When 

opinion mining is applied on the search results, it will classify 

the lessons based on the orientation of the words [fig. 3]. It 

also becomes possible to extract project features about which 

the lessons are recorded. This helps the users to quickly select 

the lesson that interests them within a short span of time.  

Analysis can be expedited to study how many lessons are 

generated from different roles like analyst, developer, tester, 

scrum master in different projects and to classify the lessons 

as related to process, technical resource, and infrastructure.  

Also using opinion mining techniques, the lessons can be 

classified into different views. Positive view expresses how 

things can be carried out; emotional view expresses the 

feelings and reactions of the team members and downside 

view says what prevents, risks, critics and potential problems. 

However, if any similarity in the action points / 

recommendations exists, it can be converted into a pattern and 

stored in the experience base for references and process 

improvements. 

We perform opinion mining on a lessons learned 

database in the following way: 

 

Fig. 3.  Orientation identification of a lesson 

for the lessons in the lessons learned database 

      determine the  lesson source 

if (it contains a frequent role) 

      for each role  
           extract opinion words by Part Of Speech tagging  

           determine and analyze word orientation by 

           considering the adjective and domain specific 
           technical words nearby referring the  

           SentiWordNet / ASEWordNet database 

      
      Classify the lesson view as emotional, positive and downside 
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D. SentiWordNet and ASEWordNet  

 

SentiWordNet is a lexical resource for opinion 

mining which is publicly available and mainly used for 

product and movie reviews. SentiWordNet assigns to each 

word three sentiment scores:  positive, negative and objective 

describing how objective, positive, and negative the terms 

contained in the lessons are. The method used to develop 

SentiWordNet is based on the quantitative analysis of the 

glosses associated to words, and on the use of the resulting 

vectorial term representations for semi-supervised word 

classification. The three scores are derived by combining the 

results produced by a committee of eight ternary classifiers, all 

characterized by similar accuracy levels but different 

classification behavior. SentiWordNet has a Web-based 

graphical user interface and is freely available for research 

purposes [18]. 

  

ASEWordNet is a lexical resource that has been 

developed exclusively for this research. The software 

engineering domain has lot of technical words used. The 

design of this lexicon highly depends on the concrete topic 

where we want to perform opinion mining. Apart from general 

opinion bearing words, this lexicon consists of domain 

specific words that help us to easily classify the lesson. These 

words have not been dealt in the above discussed 

SentiWordNet. In order to achieve better accuracy, efforts 

have been taken to develop this lexicon. 

V EXPERIMENTATION  

For evaluation purposes, two experimental interventions were 

introduced. The first intervention was predominantly adopted 

to compare the reliability of methods used using 

SentiWordNet lexical resource. The other intervention was 

deployed to study the performance of the methods for lessons 

learned using word corpus ASEWordNet. Both the 

experiments were tested for precision and recall for their data 

completeness and integrity. 

 

Practical lessons learned data collected from post 

graduate students developing projects as a part of application 

development laboratory using the proposed KMAST 

framework are used for this study. The lessons were clustered 

based on the projects. Around 380 lessons from 12 projects 

that used scrum methodology for development were 

considered initially. In scrum, every iteration ends with a 

retrospective meeting that generates a good number lessons 

learned. Subsequently the lessons under the different projects 

were manually classified into different views like emotional, 

positive and downside. The lessons collected are used to 

extract features to train the sentiment classifier. 

 

A. Sentiment Analysis using ASEWordNet 

Rule-based approach is used in this work. Each 

lesson retrieved from the database undergoes the following 

treatment. Initially the text is spitted in sentences and 

sentences are further divided into tokens. To each token POS 

(Part Of Speech) tags are attached using Natural Language 

Tool Kit (TNLTK). The next step is to add the self created 

tags available in the dictionaries created for this project. These 

tags have something more to say about the word. The final 

stage is to implement the basic extraction rules over the text 

that is tagged using Python. 

B. Generating POS tags: 

        Given a paragraph of text as input, the nltk outputs 

a list of tagged tokens. Each tagged tokens has a form, a 

lemma, and a list of tags. 

 

Eg. input: ['this', 'is', 'nice'] 

      Output:  [[('this', 'this', ['DT']), ('is', 'is', ['VB']), ('nice', 

'nice', ['JJ'])] 

C. ASEWordNet lexicon: 

ASEWordNet lexicon consists of simple files 

containing expressions that will be searched in our text. In this 

work, three small dictionaries are used each containing words 

related to the positive, downside and emotional views. Few 

sample words available in the files are shown below (Table 2). 

 

TABLE II: LEXICON FILES 
 

 

D. Tagging words with dictionaries 

Next is to tag the preprocessed words with the 

developed dictionaries. Matching of the words will be carried 

out referring the dictionaries and search is usually carried out 

from left to right and the longest matches would be given high 

priority. For the tagging process, the input is the previously 

preprocessed text, and the output is the same text, enriched 

with classification tags of type "positive", "negative" and 

―emotional‖. 

 

E. Calculation of view score 

After the words are tagged with views, the scores can 

be calculated. Just counting positive, negative and emotional 

tags will not yield accurate results without taking into account 

the more positive and more negative views. For this reasons, 

additional files like flip, strong and weak are referred to 

improve the view score. The idea is that "good" has more 

strength than "barely good" but less than "very good". 

 

File Sample Words 

Positive nice, satisfied, fine, excellent, faster  

Downside bad, bugs, avoid, mistake, bitter, inappropriate, 

schedule slip, difficult, risky 

 

Emotional motivate, evaluate, analyze, fear, anticipate, surprise, 
fail, discover 

Domain hardware, software, database, network, debugging 

Flip not, lack of 

Strong very, high, too 

Weak little, low, less, barely 
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VI RESULTS AND DISCUSSION 

Finally the results were evaluated by using precision 

and recall measures. It was found that the prediction accuracy 

of lessons using opinion mining technique with ASEWordNet 

corpus which was quite amenable (Table 3). The performance 

of the proposed method was evaluated for precision and recall 

as shown below.  

Precision   = 
Correctly extracted lessons 

Total lessons taken under consideration 

  

Recall  = 
Correctly extracted lessons 

Total relevant lessons 

From the dataset of 12 projects under study it was 

observed that the lessons with emotional and downside views 

are more in number indicating the adoption of rigorous 

measures by the development team and the managers to look 

into these lessons which could be a positive indication for 

process improvement and decision making. A comparison of 

lessons between the projects and sources was attempted. 

Infrastructure and resource oriented lessons were less than the 

lessons originated from other sources (Fig. 4). Similarly the 

lessons submitted by the analyst and developer seem to be 

significant (Fig. 5). 

 

 
Fig. 4.  Lessons from various sources 

 

 
Fig.5.  Lessons from different roles

 

 

TABLE III. 

PRECISION AND RECALL OF LESSONS USING SENTIWORDNET 
AND ASEWORDNET 

 

Lesson 

Source 

SentiWordNet ASEWordNet 

Precision   Recall  Precision  Recall  

Technical 0.52 0.59 0.61 0.66 

Process 0.62 0.69 0.76 0.74 

Domain 0.61 0.65 0.89 0.92 

Resource 0.73 0.71 0.70 0.75 

Infrastructure 0.72 0.75 0.66 0.68 

 

VII CONCLUSION 

The above work has reported a feasible model for knowledge 

capturing generated while developing software using agile 

platforms. The study has explained the significance of lessons 

learned gathered from project retrospectives very elaborately. 

The suggestion of opinion mining techniques which were 

applied to the lessons learned database stands as a testimony 

of a novel and innovative approach during agile software 

development.  The framework also imbibes those programs 

that were developed to extract opinion words for classifying 

the opinion words from the lessons. A specialized word corpus 

for software engineering domain has been developed and used 

in this work. It was found that accuracy of opinion detection 

achieved with this corpus is better than the results obtained 

with SentiWordNet corpus. The work also facilitates 

comparison between lessons learned from different projects 

during various development phases and catalyses process 

improvement decisions.  
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