
Inquiry Based Learning Eȩcacy on
Software Engineering Competencies

- A Systematic Review

Author: Aaron Chakerian
Supervisor: Matthew Roberts

October 2024

THESIS DEFENCE
PRELIMINARY RESULTS



OVERVIEW & AGENDA
Inquiry Based Learning Efficacy on Software Engineering Competencies - A Systematic Review

BACKGROUND 
& RESEARCH 
OBJECTIVES

LITERATURE 
REVIEW

METHODOLOGY
PRELIMINARY 

RESULTS & 
DISCUSSION

WRAP UP
Q&A

2



 “Inquiry Based Learning Efficacy on Software Engineering Competencies”
• Traditional educational pedagogies may not fully equip SE graduates with the necessary 

competencies (Karp et al., 2020).

• Software Engineering (SE) graduates need both technical and non-technical competencies for 
success in the workforce (Gurcan & Köse, 2017).

• Modern society's information abundance requires a shift in educational paradigms. (Ješková et 
al., 2024)

• Individual Inquiry-Based Learning (IBL) research is SE shows positive results in developing 
specific competencies, but no research to determine its efficacy for graduate competencies.

• A comprehensive understanding of IBL's overall impact on key SE competencies is still lacking 
and what I set out to uncover. 

Background
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Research Questions and Objectives
IBL on SE Competencies - A Systematic Review
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RQ1: Does inquiry-based learning (IBL) enhance graduate competencies in software 
engineering(SE) students?

RQ2: What specific technical competencies are developed through IBL in SE education?

RQ3: What specific non-technical(soft-skill) competencies are developed through IBL in SE 
education?

RQ4: Do technological tools enhance IBL effectiveness developing SE competencies?
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Determine the current 
state of research of 

IBL and SE

Methodology

A transparent, valid, 
reliable and 

reproducible study

Evaluate

Critically analyse and 
assess the 

effectiveness of IBL in 
SE education

Communicate

Effectively 
communicate the 
findings to a wider 

audience

Future

Determine where 
further investigation is 

required
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Background: Literature Review
Inquiry Based Learning Efficacy on Software Engineering Competencies - A Systematic Review

Inquiry Based Learning (IBL)

Inquiry-based learning is an 
educational approach that 
encourages students to 
explore problems, ask 
questions, and actively 
engage in the learning 
process, fostering critical 
thinking and self-directed 
learning.

(Chu et al., 2021)

Engineering Competencies

Engineering competencies 
encompass both technical and 
non-technical skills, including 
programming, problem-solving, 
teamwork, and communication, 
essential for success in 
software engineering and 
adaptable to evolving 
technological demands.

(Ouhbi & Pombo, 2020)

(Cico et al., 2021)

Systematic Review

A systematic review is a 
rigorous, methodical approach 
to identifying, evaluating, and 
synthesising existing research, 
ensuring transparency and 
reproducibility in order to 
derive evidence-based 
conclusions on a particular 
topic.

(Kitchenham, Budgen, & 
Brereton, 2015)

(Zawacki-Richter et al., 2020)
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Methodology - Stage 1
IBL on SE Competencies - A Systematic Review

Formulating the Research Question

Research Question Criteria:

● Precise and well-defined
● Systematically answerable
● Developed through literature review

PICO framework used:

● Population - Software Engineering Students
● Intervention - Inquiry Based Learning
● Comparison - Traditional Pedagogies
● Outcome - Improvement of SE Competences
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Methodology - Stage 2

Conducting the Review

• Define Search Strategy
- Predefined Keywords (Table 3.2)
- Boolean operators (“AND”, “OR”, “NOT”)

• Define Databases Utilised
- IEEE Xplore, ACM, Springer

• Selection Process – Inclusion/Exclusion Criteria
- Quality Assessment - GRADE method 

(Molenda, 2003)

IBL on SE Competencies - A Systematic Review
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Synthesis of Data

• Preliminary Synthesis: Summarises and organises data into competencies a theme

• Exploring Relationships: Identifies similarities, differences, and patterns across studies

• Assessing Robustness: Evaluates the quality of studies to ensure reliable conclusions, 
prioritising those with strong methodologies.

• Identifying Patterns: Highlights recurring themes, trends, and challenges

(Kitchenham, Budgen, & Brereton, 2015)

Methodology - Stage 3
IBL on SE Competencies - A Systematic Review
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Research included method count:
• Experimental Studies: 2 papers
• Comparative Studies: 3 paper
• Systematic Reviews and Mapping Studies: 2 

papers
• Qualitative Studies: 3 papers
• Interdisciplinary and Mixed-Method Studies: 

2 papers

Preliminary Results 
IBL on SE Competencies - A Systematic Review
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Initial analysis:

• Research screening total: 20
• Research findings using keywords: 357
• % Papers screened 20/357 = 6%

Number of Research papers meeting 
Inclusion/Exclusion criteria: 12



Preliminary Discussion
IBL on SE Competencies - A Systematic Review
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Methodology:

• Robust methodology driving early 

insights

• Effective keyword selection, inclusion 

exclusion criteria and database 

selection captures relevant research

• Validates the robustness and 

effectiveness of the approach

Overview of the 12papers reviewed:

• 8 showed a positive correlation for 

Soft skill development

• 4 showed positive correlation of 

Technical Skills development

• A number of technologies improve  

learning outcomes when paired with 

IBL



Q&A
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1. Selection Bias: Occurs when the selection 
criteria for studies are not clearly defined, 
potentially leading to the inclusion of 
studies that do not meet the intended 
scope or quality standards.

2. Publication Bias: Systematic reviews often 
rely on published studies, which may 
overrepresent positive findings, as studies 
with negative or inconclusive results are 
less likely to be published.

3. Data Extraction Errors: Mistakes during 
data extraction can lead to incorrect 
conclusions. Inconsistent or inaccurate 
data extraction can arise from ambiguous 
definitions or complex study designs.

Question: Validity Threats
IBL on SE Competencies - A Systematic Review
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4. Heterogeneity of Studies: Variability in 
study designs, methodologies, and metrics 
across included studies can make it 
challenging to draw consistent conclusions 
or conduct meaningful meta-analysis.

5.  Reviewer Bias: Personal biases of reviewers 
can affect study selection, data extraction, 
or interpretation. Blinding or independent 
review can help mitigate this risk.

6. Quality of Included Studies: The overall 
validity of a systematic review is influenced 
by the quality of the studies included. If the 
included studies have methodological 
flaws, these limitations may impact the 
review’s conclusions.



Reflection
Inquiry Based Learning Efficacy on Software Engineering Competencies - A Systematic Review

Progress
● Made fantastic 

headway, well set 
up for ThesisB

● Second half of 
session 
considerably more 
productive

● Large time blocks 
for research

Limitations
● Time and 

Resources
● Mental Fatigue
● No template or 

framework
● No clearly 

defined metrics

Obstacles
● No clear path 

forward
● Hard to set 

milestones
● Ensuring 

objectivity

Insights
● No one size fits 

all to research
● Community is 

important
● 1x answer = 2x 

more questions

Next Steps
● Conferences 
● Teche articles
● Inform course 

design
● Further Research
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Educational Question Framework

POSE (Population, Observation, Setting, Evaluation)
SPICE (Setting, Perspective, Intervention, Comparison, Evaluation)
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Methodology - Overview

Literature review informed key considerations 
when conducting an interdisciplinary Systematic 
Review (Education and Engineering).

Four main stages:

• Formulating the Research Question

• Conducting the Review

• Synthesising the Data

• Reporting the Review

IBL on SE Competencies - A Systematic Review
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