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Learning programming is becoming crucial nowadays for producing students 
with computational thinking and problem-solving skills in software engineering 
education. In recent years, educators and researchers are keen to use inquiry-based 
learning (IBL) as a pedagogical instructional approach for developing students’ 
programming learning skills. IBL instructions can be provided to students through 
four inquiry levels: confirmation, structured, guided, and open. In the literature, 
most of the IBL applications follow only one form of inquiry level to explore 
observed phenomena. Therefore, the purpose of this paper is to explore multiple 
inquiry levels in a programming course taught in a software engineering program. 
For this purpose, MILOS (Multiple Inquiry Levels Ontology-driven System) was 
developed using activity-oriented design method (AODM) tools. AODM is an 
investigative framework to identify the significant elements of the underlying 
human activity. In MILOS, students were involved in different inquiry levels to answer 
the questions given related to the programming concepts taught in their classes. 
Further, MILOS was evaluated with 54 first-year software engineering students 
through an experiment. For the comparison, Sololearn, an online programming 
application, was tested with 55 first-year software engineering students. Both 
these applications were evaluated through Micro and Meso levels of the M3 
evaluation framework. The Micro-level investigates usability aspects of MILOS 
and Sololearn while the Meso level explores the learners’ performances using 
these applications. Overall, the results were promising as students outperformed 
using MILOS as compared to Sololearn application.
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1 Introduction

Learning programming enables students’ computational thinking, problem-solving and 
analytical skills in many ways (Martín-Ramos et al., 2018; Vinnervik, 2023). Developing 
computer programming skills has become one of the important ingredients in software 
engineering education (Wang and Hwang, 2017). Computer programming literature indicates 
that such skills pose numerous challenges among students including less motivation and 
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self-confidence, particularly for novice programmers (Wang and 
Hwang, 2017; Medeiros et al., 2019). These challenges may be raised 
due to students’ deeper learning of fundamental programming 
concepts and the inability to apply programming skills to practical 
solutions (Chao, 2016; Tsai, 2019).

Traditionally, inquiry-based learning (IBL) is established as an 
effective instructional approach in which learners are involved to 
investigate the solutions to given problems and creating new 
knowledge from the underlying phenomena (Liu et al., 2021) and 
enhanced students’ engagement and motivation toward learning 
domain knowledge (Ahmed et al., 2019; Khan and Ahmed, 2025). 
Using IBL in programming may improve students’ participation for 
developing design solutions through their inquiry skills (Gunis et al., 
2020; Ladachart et al., 2022; Tsai et al., 2022). In recent years, educators 
and researchers have been interested in developing applications that 
can assist students in learning programming skills through the IBL 
instructional approach (Gunis et  al., 2020; Yi-Ming Kao and 
Ruan, 2022).

IBL instructions can be divided into four inquiry levels (Banchi 
and Bell, 2008): confirmation, structured, guided, and open. 
Confirmation inquiry is a teacher-led instruction where the 
description of a problem, procedure, and solution is given to students 
to reinforce an already introduced topic. Structured inquiry is the 
second level in the continuum of the levels of inquiry (Tan et al., 
2018), where students investigate the unknown phenomena through 
known problems and procedures. At the third level, Guided inquiry 
possesses some challenges for students in investigating phenomena 
through their procedures. At the highest level, in Open inquiry, 
students need to identify an inquiry problem using their procedures 
for the underlying observed phenomena.

In literature, IBL instructions are prevalent in science education 
and computer programming with a single level of inquiry (Tsai, 2019; 
Gunis et al., 2020; Rahmat and Chanunan, 2018; Umer et al., 2017). 
Conversely, there are a few proponents in literature that highlight the 
use of multiple inquiry levels in science education (Chaudhary and 
Lam, 2021; Muskita et  al., 2020) and computer programming 
(Deshmukh and Raisinghani, 2018). According to these studies, 
multiple inquiry levels can provide better understanding of the 
domain knowledge and encourage students to learn observed 
phenomena having different challenges and perspectives (Chaudhary 
and Lam, 2021; Muskita et al., 2020; Deshmukh and Raisinghani, 
2018). However, limited studies focus on the evaluation of multiple 
inquiry levels in software engineering education, specifically for 
computer programming skills (Deshmukh and Raisinghani, 2018). 
Therefore, this allows us to explore multiple inquiry levels in a 
computer programming course taught in software engineering 
program, which was not explored earlier in the literature.

On the other hand, ontology-driven approaches have been used 
in literature for conducting science inquiry investigations. For 
instance, in ThinknLearn (Ahmed and Parsons, 2013), ontology-
driven approach used as an instructional design model and give 
adaptive hints (guidance) to learners while conducting science 
laboratory experiments. In a similar vein, Lin and Lin (2017) 
implemented an ontology-driven approach for providing contextual 
meaning of museum exhibits and virtual user profiling of museum 
visitors. In both these studies, domain ontologies are used for 
implementing ontology-driven approach. Hence, we have developed 
a system namely MILOS (Multiple Inquiry Levels Ontology-Driven 

System) using inquiry domain ontology. Further, AODM (Activity 
Oriented Design Method) tools (Ahmed et al., 2012a) are used for 
designing MILOS by which university students can have an interactive 
environment for exploring multiple inquiry levels to learn computer 
programming skills. For evaluation purposes, Micro and Meso levels 
of the M3 evaluation framework (Vavoula et al., 2009) have been used. 
The M3 evaluation framework, AODM tools, results and analyses are 
discussed later in this paper.

2 Current state of the art

IBL, an effective pedagogical approach where learners are required 
to solve the given problems through experimentation and observed 
phenomena (Liu et al., 2021). In recent literature, this instructional 
approach has been prevalent in developing applications that can guide 
learners to enhance their programming skills (Gunis et  al., 2020; 
Yi-Ming Kao and Ruan, 2022). Such IBL instructions can be defined 
into four inquiry levels (Banchi and Bell, 2008): confirmation, 
structured, guided, and open. In literature related to education, a single 
inquiry level is mostly used by students for various purposes. In recent 
times, it has been evident that researchers and educators are 
emphasizing the use of multiple inquiry levels in science education 
(Chaudhary and Lam, 2021; Muskita et al., 2020). However, there are 
very limited empirical studies that focus on multiple inquiry levels for 
learning computer programming skills. The current state of the art in 
the use of inquiry levels in empirical studies for various domains 
including science and programming is depicted in Table 1.

In most of the literature related to IBL, a single level of inquiry has 
been explored. In one of these studies, an open inquiry was conducted 
on the metacognitive skills of senior high school students (Rahmat 
and Chanunan, 2018). This research concluded that an open inquiry 
significantly improved both types of students’ metacognitive skills; low 
and high academic abilities while performing biological science 
learning activities. In another research, Kallas and Pedaste (2018) 
developed an android-based mobile inquiry learning application in 
which students were involved in planning 8th Grade Chemistry 
experiments through guided inquiry. This application helps students 
to choose the appropriate laboratory equipment and substances 
through feedback. It further guides the students in determining the 
experimental steps.

In a similar vein, MAPILS (Umer et al., 2017) and ThinknLearn 
(Ahmed and Parsons, 2013) were designed in which guided inquiry 
was explored. In MAPILS (Umer et  al., 2017), 8th-grade science 
students were involved to learn the concepts of the plants, Palm tree, 
Lotus, Pine tree, and Mushroom. This augmented learning application 
assists students to focus on a particular plant through their mobile 
devices and then perform inquiry learning activities. ThinknLearn 
(Ahmed and Parsons, 2013) was another guided inquiry learning 
application designed for high school students. In this mobile 
application, students were guided to generate hypotheses on a science 
topic “heat energy transfer” by using their critical thinking and 
inquiry skills to describe the underlying phenomena.

weSPOT (Mikroyannidis et  al., 2013) was another initiative for 
guided IBL activities in secondary and higher education. In this research 
project, two scenarios of different domains including microclimates, and 
the energy efficiency of buildings were used. In this project, students 
enhanced their inquiry and reasoning skills through animated virtual 
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models. In the second scenario “energy efficiency of buildings,” teachers 
were also involved in answering IBL activities. Similarly, EduVenture 
(Jong and Tsai, 2016) was a research project that targets social science 
inquiry learning. In this project, LOCALE (Location-Oriented Context-
Aware Learning Environment) was an electronic resource composed by 
teachers before students’ field trips. EV-eXplorer was a mobile 
application designed for students who were performing inquiry activities 
during field trips. This research was evaluated by secondary school 
students and liberal studies teachers from 18 schools and indicated that 
participants gain knowledge through guided inquiry activities.

There are few studies in literature that follow multiple levels of 
inquiry in science education. In one of the studies (Chaudhary and 
Lam, 2021) in which lab-based modules were designed for first-year 
biomedical engineering students to evaluate multiple inquiry levels 
including structured, guided, and open inquiry. In these modules, the 
first two modules were based on structured inquiry in which students 
were assigned to analyze experimental data through known 
procedures. The other two modules were designed on guided inquiry 
principles in which students were involved to analyze experimental 
data through faulty laboratory procedures. In these modules, students 
were expected to deviate from the expected outcomes and proposed 
reasons for such deviations. The final module was based on a design 
project where students were involved in an open inquiry activity.

Another research was conducted with the University students to 
perform multiple inquiry levels; structured, guided, and open in the 
domains of plant Morphology, Ecology, and Physiology (Muskita 
et  al., 2020). In this research, these multiple inquiry levels were 
investigated through worksheet design of learning activities; problem 
definition, hypothesis generation, data collection, analysis, and 
conclusion to enhance critical thinking and creative learning skills. 
This research was designed in an environment where students were 
involved in multiple inquiry-level learning activities.

In the literature related to programming-based inquiry learning, 
many studies have been found where a single level of inquiry was 
used. For instance, a study was designed for administrating basic 
computer programming tests among the students from the general 
education program of the University (Tsai, 2019). This research used 
AI2 (App Inventor 2), a web-based environment for designing 

Android applications in a design-based learning (a form of inquiry-
based learning) environment. The research explored the effectiveness 
of such a learning environment in improving students’ programming 
skills. jeKnowledge (Martín-Ramos et al., 2018) was developed to 
engage high-school and first-year undergraduate students to learn 
introductory Arduino programming. This application guides students 
through hands-on projects using a peer-coaching strategy. Similarly, 
Lab4CE (Laboratory for Computer Education) (Venant et al., 2017), 
a web-based virtual learning environment was developed for students 
to assess physical resources from anywhere and enhance their inquiry 
skills. Students learn Shell programming concepts through their 
virtual machines in this virtual laboratory.

In another research, inquiry-based Python programming was 
implemented at secondary schools (Gunis et al., 2020). The research 
demonstrates that such structured inquiry played a vital role in 
developing students’ cognitive learning and problem-solving skills 
while learning Python programming language. On the other hand, 
Sololearn C++ (Deshmukh and Raisinghani, 2018) was used by which 
students can learn object-oriented programming (OOP) concepts 
through multiple inquiry levels; guided and structured. In this research, 
the collaborative IBL approach was applied to enhance students’ 
programming skills by reinforcing concepts taught in their classrooms.

The current state of the art highlighted that a single inquiry level has 
been used in most of the studies. However, few studies focus on multiple 
inquiry levels in science education (Chaudhary and Lam, 2021; Muskita 
et al., 2020). In contrast, only a single study has been found where 
multiple inquiry levels are explored for learning computer programming 
skills (Deshmukh and Raisinghani, 2018). This allows us to explore such 
learning environments in this research where multiple inquiry levels are 
evaluated in a programming course of software engineering education.

3 Materials and methods

Activity Oriented Design Method (AODM) is an investigative 
framework for analyzing and characterizing technology-enhanced 
learning practices and follows basic principles of activity theory 
(Mwanza-Simwami, 2011). This method has been used in the 

TABLE 1 Inquiry levels conducted in programming and other applications.

Applications/authors Inquiry domain Inquiry level Learners

Rahmat and Chanunan (2018) Science Open Senior high school students

Kallas and Pedaste (2018) Science Guided Secondary school students

MAPILS (Umer et al., 2017) Science Guided High school students

ThinknLearn (Ahmed and Parsons, 2013) Science Guided High school students

weSPOT (Mikroyannidis et al., 2013) Science Guided Secondary school students and teachers

EduVenture (Jong and Tsai, 2016) Social Science Guided Secondary school students and teachers

Chaudhary and Lam (2021) Science Structured, guided, and open University students

Muskita et al. (2020) Science Structured, guided, and open University students

Tsai (2019) Programming Guided University students

Gunis et al. (2020) Programming Structured Secondary school students

SoloLearn (Deshmukh and Raisinghani, 2018) Programming Guided and structured University students

jeKnowledge (Martín-Ramos et al., 2018) Programming Guided Senior high school students and first-year university students

Lab4CE (Venant et al., 2017) Programming Guided University students
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literature for technology-enhanced learning and design (Ahmed 
et al., 2012b; Mwanza-Simwami, 2017; Pertiwi, 2018). AODM has 
four methodological tools that assist in identifying the significant 
elements of any underlying human activity. These tools include (i) 
eight-step model (ii) activity notation (iii) technique for generating 
research questions and (iv) technique for mapping operational 
processes. In this research, these methodological tools are applied to 
generate research questions and identify an operational process. For 
the evaluation of MILOS, two levels of the M3 evaluation framework 
(Vavoula et al., 2009) were used; Micro and Meso. The Micro-level 
examines usability aspects of MILOS while the Meso level 
investigates the learners’ experiences during multiple inquiry 
level activities.

3.1 AODM tools

3.1.1 AODM tool 1: eight step model
The Eight-Step model describes the questions at each step of an 

activity system of the underlying problem. This model has been 
adopted in this research by adding the “Answers” column to answer 
the question asked at each step of the activities performed during this 
research as shown in Table 2.

3.1.2 AODM tool 2: activity notation
AODM’s activity notation was designed to decrease complexity by 

decomposing the activity system into sub-activity triangles (Mwanza-
Simwami, 2011). The sub-activity triangles are united through the 
shared object of the main activity system. This helps researchers to 
perform a detailed analysis of sub-activity triangles for generating 
research questions about an underlying human activity (Ahmed 
et al., 2012a).

This research does not focus on the issues related to 
communication and control while producing sub-activity triangles. 
Thus, for generating sub-activity triangles, the other four remaining 
components can be  analyzed (Subject, Tool, Object, Context): (i) 
(Subject, Tool, Object); (ii) (Subject, Tool, Context); (iii) (Subject, 
Object, Context); and (iv) (Tool, Object, Context). In contrast, this 
research targets the proposed tool (MILOS) and objective (performing 
multiple inquiries). Therefore, two sub-activity triangles are being 
used (Subject, Tool, Object) and (Tool, Object, Context) as shown in 
Figure 1.

3.1.3 AODM tool 3: generating research questions
This technique generates research questions to facilitate the 

detailed concept modeling of the data gathering and analysis from 
an activity theory perspective and helps to identify relationships 
and contradictions within the activity system (Mwanza-Simwami, 
2011). Two research questions are derived from the “Tool” and 
“Object” components of the activity system as depicted in 
Figure  1. These research questions can be  used to analyze the 
applicability of a designed tool “MILOS” for performing multiple 
inquiry levels in a programming course of software 
engineering education.

RQ1: How do students perform multiple inquiry levels using 
MILOS in a programming course?

RQ2: How do MILOS in comparison with Sololearn perform 
multiple inquiry levels in programming-based inquiry 
learning environment?

3.1.4 AODM tool 4: mapping operational 
processes

This technique helps to understand research findings by providing 
a graphical representation of the activities that take place in an 
underlying domain (Mwanza-Simwami, 2011). Using this tool, 
generated research questions are mapped into design iterations within 
the activity system and may produce design insights for further 
refinement (Ahmed et al., 2012a).

In the first sub-activity triangle subject-tool-object, a research 
question is generated about the use of a designed tool “MILOS” for 
performing multiple inquiry levels in a programming course. For 
answering this research question, an inquiry ontology was developed and 
used for generating multiple-choice questions and distractors (answers) 
for performing multiple inquiry level tasks in a designed tool “MILOS” 
(see Section 4 for details). In the second sub-activity triangle tool-
context-object, a research question is generated regarding the use of 
MILOS for performing multiple inquiry levels in a programming-based 
inquiry learning environment in comparison with Sololearn, an online 
programming environment. For this purpose, MILOS and Sololearn 
were tested with 1st year engineering students enrolled in a programming 
course. Both research questions are answered through a design iteration 
in which an application “MILOS” was designed and tested with 
engineering students. This research question is answered through micro 

TABLE 2 Eight step model (adapted from Ahmed et al., 2012a).

Step Activity Questions Answers

1 Activity of interest What sort of activity am I interested in? Environment having multiple inquiry levels

2 Objective Why is the activity taking place? Performing multiple inquiries

3 Subjects Who is involved in carrying out the activity? University 1st year students

4 Tools By what means are the subjects performing this activity? MILOS/Sololearn

5 Control Are there cultural norms, rules, or regulations governing the performance of the 

activity?

University ethics (curriculum)

6 Communication Who is responsible for what and how roles are organized? Mode of interaction and support of co-workers 

(teacher/student/researcher)

7 Community/context What is the environment in which this activity is carried out? Programming-based inquiry learning environments

8 Outcome What is the desired outcome of carrying out this activity? Reinforced knowledge of programming concepts
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and meso levels of the M3 evaluation framework as mentioned in 
Section 3.2.

3.2 Evaluation method

For the evaluation purposes of the designed system “MILOS,” the 
two levels including Micro and Meso of the M-3 evaluation framework 
were applied (Ahmed and Parsons, 2013). The Micro-level evaluation 
identifies the utility of applications in terms of guidance to students 
while performing inquiry tasks. Three usability aspects (Chua et al., 
2004); learnability, operability, and understandability mentioned in 
Ahmed and Parsons (2013) were evaluated at the Micro level. For the 
Meso level evaluation, students’ performances were investigated. Both 
levels are used to answer research question 2 (RQ2) of this research study.

According to the literature related to computer programming, 
Sololearn is the only application where multiple inquiry levels including 
structured and guided are used for learning programming skills 
(Deshmukh and Raisinghani, 2018). Thus, MILOS is compared with 
Sololearn at Micro and Meso level evaluations as depicted in Figure 2.

3.2.1 Experimental design
In the experiment, students are divided into two groups experimental 

and control groups. The experimental group was asked to do multiple 
inquiry level activities with this process: “Get multiple inquiry level 
questions ➔ Get hints about inquiry questions ➔ Answer inquiry 
questions about the given topic ➔ Calculate learning performance marks 
➔ Evaluate usability and quality aspects.” The compared group was 
examined through the Sololearn application. In this approach, students 
need to answer the asked inquiry questions related to multiple inquiry 
levels; structured and guided. The control group follows the sequence of 

activities: “Get multiple inquiry level questions ➔ Get hint about inquiry 
questions ➔ Answer inquiry questions ➔ Calculate learning 
performance marks ➔ Evaluate usability and quality aspects.” Both these 
groups have received the identical inquiry tasks and evaluate knowledge 
about the topic “Variables.” Learning about programming concepts using 
MILOS and Sololearn are considered the independent variables of the 
experiment, while the technological usability and learning performance 
(scores) are the dependent variables. The evaluation of learning 
performance determines how well each student has learned about the 
given topic and performs multiple inquiry levels.

For micro-level evaluation, students were asked to answer a series 
of questions on a five-point Likert scale regarding usability and 
quality aspects of MILOS and Sololearn. These questions are 
described in Table 3. For Meso-level evaluation, marks obtained by 
students of each group are calculated on the inquiry questions asked 
during the experiment. In MILOS, 10 inquiry questions (4 each of 
structured and guided inquiries while 2 open inquiry questions) were 
asked while in Sololearn, 8 inquiry questions (4 each of structured 
and guided inquiries) were answered. The results and analyses are 
discussed in the following section.

3.2.2 Participants
The experiment was conducted in the first 2 weeks of October 

2023 by the first-year students of the Department of software 
engineering at Bahria University Karachi Campus, Pakistan. One 
hundred and nine students aged between 18 and 20 years voluntarily 
participated, divided into two groups: Experimental and Control 
groups. In the experimental group, 62 were male while remaining 47 
were female participants. This group uses MILOS application. The 
control group investigated multiple inquiries through Sololearn in the 
first week in which 32 males and 23 females participated. The 

FIGURE 1

Mapping generated research questions with design iterations.

https://doi.org/10.3389/feduc.2025.1503996
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Ahmed et al. 10.3389/feduc.2025.1503996

Frontiers in Education 06 frontiersin.org

experimental group was evaluated in the second week of the 
experiment where 30 male and 24 female students participated.

Initially, the purpose of the research activity was explained to all 
participants and invited them to fill in individual consent forms. These 
forms have given instructions regarding the conducting experiment. 
In this research activity, 55 participants were asked to examine 
technological usability and inquiry learning through Sololearn. On the 
other hand, the experimental group was comprised of 54 students from 
both departments. At the time of the experiment, all students had 
already covered the concept of variables in their theoretical classes. 
However, they did not conduct any prior lab work on the given topic.

4 MILOS: a multiple inquiry levels 
ontology-driven system

In consultation with programming course teachers, we have chosen 
the topic “Variables” from the course “Object-Oriented Programming.” 
For this purpose, we have designed a system called MILOS (A multiple 
inquiry levels ontology-driven system) by using ADOM tools as 
mentioned in Figure 1. The technical architecture is divided into three 
main components: client, web server, and ontology. This architecture is 
adapted from Ahmed et al. (2012a) as depicted in Figure 3.

4.1 Client component

This client component is designed to demonstrate multiple 
inquiry levels in a programming course. Users/clients can 

be connected to the web browser through web and mobile. The 
client component can access the ASP. Net MVC web server using.
Net Framework 4.5. Further, the IIS (Internet Information 
Services) server is used in the designed system, MILOS. IIS server 
runs on Windows systems that accept requests from the client 
component and return the requested web pages to the 
client component.

Students need to register in the designed system, MILOS, for 
performing multiple inquiry levels. The system will give inquiry 
tasks in the form of questions. These questions have been posed to 
students related to the concept “Variables” of a programming 
course. In this inquiry, students are provided with suitable methods 
so that they can apply to answer given inquiry questions as depicted 
in Figure  4. For this phase, they define results on their own. 
Relevant suggestions are also provided for students for performing 
this inquiry level.

For a guided inquiry, students are free to design their methods 
and describe their results. For this scenario, an inquiry question is 
given to a student for understanding and exploration of a given 
phenomenon. However, for the other three phases, students are 
required to use their own methods and describe the results of the 
given inquiry questions as shown in Figure 5. The guidance is also 
provided to students through relevant suggestions during these 
inquiry activities.

In an open inquiry, students are free to explore their problems by 
designing their methods and then mentioning their outcomes. For 
this scenario, an inquiry programming question is given to students 
for conducting an open inquiry as depicted in Figure 6. In this inquiry, 
no guidance is provided to students through any means. They are 

FIGURE 2

Micro and meso level evaluations (adapted from Ahmed and Parsons, 2013).

TABLE 3 Usability and quality sub-characteristics along with descriptions.

Characteristic Sub-characteristics Description

Usability aspects Learnability Can a student learn to use an application easily?

Operability Can a student use the application without much effort?

Understandability Does a student comprehend how to use the application?

Quality aspects Learning content Does a student feel that the learning component is of high quality?

Metaphor Does a student have an overall vision of the inquiry learning process?

Interactivity Is a student able to interact with a given application?
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invited to write a programming code and submit it to a teacher for 
further evaluation.

4.2 Web server component

This component provides a connection between client and 
ontology components. Users/clients send a request to an IIS server 
(webserver) component using the. Net framework to retrieve 
relevant information about the underlying concept “Variables” in 
an object-oriented programming course. This component connects 
with the ontology component for extracting content from the 
inquiry ontology. For this purpose, DotNetRDF1 API and ASP. Net 

1 https://dotnetrdf.org/

MVC framework are used for retrieving information from ontology. 
DotNetRDF is a flexible API written in C# and can be stored in 
RDF/OWL format.

4.3 Inquiry ontology component

This component describes an inquiry ontology that consists of 
information regarding variables in a programming language. This 
inquiry ontology is defined by six main concepts; inquiry level, 
instructional model, function, variable name, variable type, and 
variable as depicted in Figure 7.

The concept “Inquiry_Level” defines all four inquiry levels: 
Confirmation, Structured, Guided, and Open. In the concept 
“Instructional_Model,” five types are defined as mentioned by Bybee 
(2019). These types are engagement, exploration, explanation, 
elaboration, and evaluation. For instance, in the guided inquiry level, 

FIGURE 3

Technical architecture—MILOS.

FIGURE 4

Structured inquiry.
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two types of instructional models (engagement and exploration) are 
teacher-led while others are student-initiated. For this purpose, the 
ontology presents function (method) as depicted in Figure 7.

The other concepts related to the topic “Variables” are defined in 
the ontology as learning concepts. The concept “VariableType” is 
categorized into five types that record the variable type of each variable 
defined in the given inquiry question. Another concept of 
“VariableName” is defined in the ontology that covers the description 
regarding default and user-defined variable names. Each variable 
name can have any variable type. Further, the concept “Function” is 
also mentioned in the ontology. This concept defines the declaration 
and initialization of any variable. For instance, the declaration 
sub-concept defines the variable with the variable name and variable 
type. On the other hand, the initialization sub-concept describes the 
variable with a variable name, variable type, and value.

Multiple choice questions (MCQs) are one of the prevalent 
assessment methods in traditional and electronic learning 

environments for assessing students’ knowledge about a specific topic 
(Papasalouros and Chatzigiannakou, 2018). The ontology-driven 
approach can be used for generating MCQs and answers (correct or 
distractors) through the concepts defined in the inquiry ontology. In 
this system, inquiry questions (MCQs) are generated through the 
inquiry ontology for evaluating students’ knowledge regarding 
variables in object-oriented programming. Further, the answers 
(correct and distractors) to the questions are randomly generated. 
HermiT reasoner2 is used for inferring knowledge from the inquiry 
ontology. Moreover, SPARQL,3 a query language for RDF (Resource 
Description Framework) is used for retrieving relevant information 
for generating inquiry questions and hints.

2 http://www.hermit-reasoner.com/

3 https://www.w3.org/TR/rdf-sparql-query/

FIGURE 5

Guided inquiry.

FIGURE 6

Open inquiry.
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5 Results and analyses

This research study used Micro and Meso levels of the M3 
evaluation framework for answering research question 2 (RQ2). The 
purpose of this evaluation is to compare the usability and quality 
aspects of MILOS and Sololearn and measure the learning 
performances of the participants using MILOS and Sololearn. The 
corresponding results are discussed below.

5.1 Micro level evaluation

In the Micro-level evaluation, the technological usability of 
both applications MILOS and Sololearn were evaluated and 
compared through a questionnaire. The questionnaire was asked for 
by the participants of MILOS and Sololearn regarding their overall 
inquiry learning experiences of these applications in a programming 
course. The questionnaire consists of 9 questions including an 
open-ended text box for additional remarks from the participants. 
These questions were based on usability aspects, usability 
(learnability, operability, understandability,) and mobile quality 
(learning content, metaphor, interactivity) as described in Table 4. A 
five-point Likert scale was used; 5 was “strongly agree” and 1 was 
“strongly disagree.” The responses from the participants showed 
that the questionnaire was reliable (the value of Cronbach alpha 
is 0.89).

For the usability aspects, the first four questions were answered by 
the participants. Q1 was asked about the learnability of both 
applications; MILOS and Sololearn. The responses to question “Q1” 
indicated that learnability was high in both applications. However, in 
comparison, participants were more satisfied with MILOS. One of 

them described his satisfaction as “… it is very easy to use.” In another 
example, a student mentioned that “…easy application to learn about 
variables.” These results were also analyzed through one-sample t-test 
(t107 = 2.81, p < 0.01 for Q1).

The other usability aspect (operability) was asked through 
question “Q2” as mentioned in Table 4. According to the results, the 
ratings on “Q2” were promising. In both applications, participants 
have not given enough effort to complete the inquiry tasks (t107 = 2.35, 
p < 0.05 for Q2). In comparison, participants are slightly more satisfied 
with MILOS as compared to Sololearn. A couple of the students 
informed about MILOS as “…not much effort is required for using this 
application” and “nice application for learning variables with much less 
effort required.” Regarding Sololearn, one of the students commented 
“it is a very easy and good application, but I believe some challenging 
questions may be given.” The Sololearn application follows structured 
and guided inquiry levels therefore, it initially describes the method 
and solution and then, asks MCQ related to that topic. The challenging 
part may come with an open inquiry. However, in MILOS, structured, 
guided and open inquiries were applied. Therefore, participants are 
more satisfied with MILOS in comparison with Sololearn.

The sub-characteristic (understandability) of these applications 
were tested by asking two questions “Q3” and “Q4.” The responses in 
Q3 and Q4 revealed that participants were satisfied with both 
applications. However, MILOS’s participants showed promising 
results as compared to Sololearn. One sample t-test verified these 
explanations (t107 = 2.25, p < 0.05 for Q3; t107 = 4.47, p < 0.01 for Q4). 
Most of the participants were happy with the guidance provided by 
MILOS. One of the positive responses was “The guidance provided by 
this application is remarkable as the suggested hints help me to 
understand variables.” However, some participants especially female 
students were not satisfied with the understanding of how to use 

FIGURE 7

Excerpts from inquiry ontology.
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MILOS. One of the participants described “I was confused while using 
this application because some questions have a description about the 
methods, and some have missed such information.” This is because 
MILOS was designed with the purpose of giving inquiry tasks based 
on multiple inquiry levels. Therefore, few participants were dissatisfied 
to some extent with learning the topic through multiple levels. For 
Sololearn, participants felt displeasure regarding the guidance 
provided by the application. In one instance, a female student stated 
as “it just gives answers straightaway instead of giving hints for thinking 
about the solution.” In another instance, a male student described his 
discomfort as “this application did not challenge me, it would be better 
if it provides some challenges to us so that we can be more excited to 
learn from it.” Overall, it has been observed that the MILOS 
participants were more satisfied in comparison with 
Sololearn participants.

The mobile quality aspects of MILOS and Sololearn were 
examined through five questions (Q5–Q9) as described in Table 4. Q5 
and Q6 are focused on Learning content, one of the mobile quality 
aspects. Overall results showed that the participants were satisfied 
with MILOS as compared to Sololearn. For question 5, one of the 
participants said, “I was so curious to learn computer programming 
using this application (MILOS).” In another instance, a participant 
mentioned “Application (MILOS) increases my curiosity to learn about 
variables in programming.” On the other hand, participants showed 
some reservations about Sololearn. They expressed their views as “A 
good application to learn about programming, however, it does not 
increase my curiosity because the answers given in this application were 
straightforward.” And “this application (Sololearn) did not pose 
challenging questions. Therefore, it loses my interest while learning.” For 
question 6, the responses on both applications MILOS and Sololearn 
were positive. However, MILOS received better feedback than 
Sololearn. One of the participants responded as “these suggestions 
given in the application (MILOS) were relevant.” One of the participants 
indicated that “these hints are relevant to the given topic, however, the 
options (answers) were very close to each other in the application 
(MILOS). This makes us more challenging to give answers.” These 
questions and options (answers) including distractors were randomly 
generated from the inquiry ontology concepts. In a similar vein, 
Sololearn participants were satisfied with the relevant suggestions on 
the given topic. For instance, a participant mentioned “Sololearn is a 

good application for learning to code. The suggestions given are a 
complete description. Anyways, I enjoyed it.” One participant showed 
her discomfort as “this (Sololearn) has not provided any suggestions. In 
fact, it gave me a complete description of a given question. I think the 
suggestions should have been given while I was answering the questions.” 
This indicates that Sololearn has not provided any such guidance as 
compared to MILOS. The result of a one-sample t-test confirmed these 
findings (t107 = 4.32, p < 0.01 for Q5; t107 = 2.13, p < 0.05 for Q6).

Question 7 covers one of the mobile quality aspects (i.e., 
Metaphor). The responses to Question 7 showed that most of the 
participants were marginally satisfied while using both applications; 
MILOS and Sololearn. However, the participants of MILOS were 
given slightly better responses than Sololearn participants. The result 
of a one-sample t-test confirmed these findings (t107 = 0.91, p < 0.05 
for Q7). One of the MILOS participants indicated “it is a good 
application, but I do not have an idea about what type of inquiry process 
I am involved in.” Other participants mentioned that “different types of 
questions were posed during this learning process. Some of the questions 
provided guidance but some of them were very straightforward.” These 
comments indicated that some participants did not understand the 
rationale behind the application (MILOS). The application was 
designed to provide learning through three different inquiry levels: 
structured, guided, and open. However, this may be further improved 
for a better understanding of participants in their overall inquiry 
learning process. On the other hand, Sololearn participants responded, 
“I am  not aware of the inquiry learning process while using this 
application (Sololearn).” In another instance, the participant 
mentioned “it provides me a direct answer, I have no idea how my 
inquiry learning process is going.” This indicates that Sololearn is not 
providing much help in understanding the overall inquiry 
learning process.

In responses to Q8 and Q9, the results of other mobile quality 
sub-characteristic, interactivity showed that the MILOS is considerably 
an interactive application as compared to Sololearn (t107 = 2.12, 
p = 0.05 for Q8; t107 = 2.04, p < 0.05 for Q9). For question 8, the 
MILOS participants were happy about the information received about 
a given topic. The comments were as “… very easy to find relevant 
information about the variables” and “it is a nice application that helps 
me to find information about the topic.” On the other hand, the 
Sololearn participants were marginally satisfied with the information 

TABLE 4 Usability and quality aspects results of MILOS and Sololearn.

No. Questions Usability sub-
characteristics

Mean ± standard 
error (MILOS)

Mean ± standard 
error (Sololearn)

Q1 Is this application easy to use? Learnability 4.22 ± 0.13 3.67 ± 0.14

Q2 Do you need much effort to complete the given inquiry tasks? Operability 4.24 ± 0.12 3.78 ± 0.14

Q3 Do you easily understand how to use the given application? Understandability 4.01 ± 0.14 3.56 ± 0.13

Q4 Do you think this application provides enough guidance to learn about the 

given topic?

Understandability 4.24 ± 0.12 3.36 ± 0.15

Q5 Does this application increase your curiosity to inquire and learn about the 

given topic?

Learning content 4.14 ± 0.13 3.16 ± 0.18

Q6 Does this application give relevant suggestions to the given inquiry questions? Learning content 3.94 ± 0.10 3.54 ± 0.15

Q7 Does this application help you to know an overall inquiry learning process? Metaphor 3.79 ± 0.11 3.34 ± 0.16

Q8 Is it easy to find out the information about the given topic? Interactivity 4.01 ± 0.11 3.58 ± 0.16

Q9 Is it an overall interactive inquiry learning application? Interactivity 3.83 ± 0.11 3.47 ± 0.13
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received about the topic given. One of the responses was, “…nice 
application but the information was very straightforward, not very 
much interactive.” The other participant indicated that “this (Sololearn) 
can be more interactive in terms of guiding us.” However, there are few 
positive responses about Sololearn. The responses are, “a very 
interactive application in which I can see other members’ comments on 
each topic. It helps me to learn about a given topic” and “a very good 
learning tool for programming.” Overall, the responses of both 
applications are satisfactory, however, MILOS has received better 
responses as compared to Sololearn.

For MILOS, the responses to Q9 were straightforward as most of 
the students highlighted that MILOS is an interactive application. One 
response was “a very interactive programming learning application that 
guides me to learn about variables.” In another instance, one of the 
respondents said, “a very interactive application to learn about 
programming.” Some of the participants were not satisfied with the 
interactivity of the application MILOS. One of them mentioned is, “a 
good application, however, it can be designed as a game, or some virtual 
characters can be added to make it more interactive.” This comment 
showed that MILOS may be further improved in terms of interactivity. 
In comparison with Sololearn, respondents were satisfied with the 
interactivity of the application. One of the respondents said, “… 
interactive application as it displays comments of other learners on the 
same topic.” “It is an interactive application to learn about programming. 
However, no suggestions are displayed in this application. Instead, a 
straightforward answer showed up at the end.” Another comment about 
Sololearn was, “a good learning application but it may be  further 
improved.” The overall results of Q9 for both applications were 
marginally significant. This shows that students faced some challenges 

in terms of interactivity and the use of these applications in learning 
about the given programming tasks.

In summary, the overall questionnaire responses to both 
applications were significant. In comparison, the responses of MILOS 
were more encouraging than Sololearn. This indicates that MILOS has 
considerably better usability and quality aspects than Sololearn. 
However, some new approaches may be implemented to make these 
applications more interactive.

5.2 Meso level evaluation

At this evaluation level, the learning performances of the students 
of both comparative groups; Experimental (MILOS) and Control 
(Sololearn) were investigated. The activity consists of multiple inquiry 
levels; structured, guided, and open. All three levels were evaluated via 
MILOS application, however, due to limitations in the Sololearn 
application, only two levels including structured and guided inquiry 
levels were explored as mentioned in Figures 8, 9. MILOS application 
asks ten random inquiry questions (4 questions of structured and 
guided inquiry each while 2 questions of open inquiry were asked) as 
shown in Figures 4–6. However, in the Sololearn application, eight 
inquiry questions were asked comprising structured and guided 
inquiry types. In MILOS, two hints related to each asked inquiry 
question were given. The application further maintained “3” marks if 
a student submits the correct answer to each asked inquiry question. 
If a student uses the first hint, then he will secure “2” marks. However, 
if he wants further assistance, then the second hint will be provided 
but he will get a “1” mark only for his corrected answer. And if he is 

FIGURE 8

Sololearn structured inquiry.
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TABLE 5 Independent sample t-test of experimental and control groups.

Group Application 
participants 

(N)

Mean 
(M)

Standard 
deviation 

(SD)

Standard 
error (SE)

Experimental 

(MILOS)

54 19.85 1.84 0.25

Control 

(Sololearn)

55 15.76 2.81 0.38

not able to answer correctly then “0” will be awarded to that student. 
In Sololearn, no specific hints are provided by the application. 
However, guidance through text is provided in Sololearn as depicted 
in Figures 8, 9.

For the calculation of marks of the students, researchers calculated 
the attempts of the students for solving inquiry-type questions. If a 
student finishes in the first attempt, then “3” marks will be awarded to 
that student. If a student makes two attempts to solve then “2” marks 
will be given. Similarly, if a student answers the question on the third 
attempt, then a “1” mark will be awarded. However, if a student makes 
more than 3 attempts to solve the given question then a “0” mark will 
be given to that student. The following sections represent the results 
of both groups at this evaluation level.

For structured and guided inquiries, students of both applications; 
MILOS and Sololearn were asked to answer 8 questions comprising 
24 scores related to the topic “Variables.” An independent sample t-test 
was conducted on the marks obtained by both groups; Experimental 
and Control, to identify significant differences in their learning 
performances. However, the open inquiry result of MILOS was not 
considered for this independent sample t-test. According to the t-test 
result as shown in Table 5, there is a statistically significant difference 
(p < 0.01) between marks obtained by the experimental (MILOS) 
group students as compared to the control (Sololearn) group students. 
The results indicated that students performed much better using 
MILOS as they achieved an average of 82.7% (19.85 out of 24) marks. 
In contrast, the control (Sololearn) group students only achieved 

65.68% average marks. Furthermore, the research findings have 
practical significance as the effect size (d = 1.72) between experimental 
and control groups are large (d > 0.8).

Comparing the learning performances of these two groups, 
inquiry-type wise marks were evaluated. At each inquiry level, 4 
questions were asked from both groups except in the open inquiry 
type, which was evaluated by the experimental group only. In an open 
inquiry, only 2 questions were asked from students. According to the 
results, both groups performed better in the structured inquiry type as 
compared to the guided inquiry type. Overall, experimental group 
students performed much better in both types of inquiries as illustrated 
in Figure 10. It has been further indicated that the open inquiry type 
is more challenging to the experimental group students in comparison 
with other inquiry types including structured and guided.

Gender-wise results of both groups are depicted in Figures 11, 12. 
For the experimental group, 30 male and 24 female students 

FIGURE 9

Sololearn guided inquiry.
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participated while for the control group, 32 males and 23 females 
answered the given questions. According to the results, there is a 
significant difference found in both groups that male students secured 
more marks in answering inquiry-type questions in comparison to 
female students. The results in percentages confirm these explanations 
as shown in Figures  11, 12. The possible reasons for discrepancy 
among male and female students may be because of the understanding 
the programming concepts and the use of such applications with ease 
as few of these participants discussed during micro level evaluations.

The correlation between both variables technological usability and 
learning performance among participants of both groups are also 
calculated. According to the results, the technological usability and 
learning performance of the experimental group are positively 
correlated (r = 0.8617). Similarly, the correlation between 
technological usability and learning performance among the control 

group participants are (r = 0.8136). This indicates both variables have 
a strong positive correlation among both groups.

6 Discussion

The results and analyses of this research demonstrate that the use 
of multiple inquiry levels in a programming course can foster 
motivation and engagement in learning about programming concepts. 
They further highlight that this research may improve students’ 
inquiry and programming skills through multiple inquiry levels. In 
addition, the experimental (MILOS) group outperformed the control 
(Sololearn) group in such inquiry activities.

There are few studies (Martín-Ramos et  al., 2018; Tsai, 2019; 
Gunis et al., 2020; Venant et al., 2017) found in the literature where a 

FIGURE 10

Learning performances using each inquiry type comparison between experimental and control groups.

FIGURE 11

Gender-wise results—MILOS.
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FIGURE 12

Gender-wise results—Sololearn.

single level of inquiry level was used for learning programming 
concepts. For instance, Tsai (2019) highlighted that inquiry-based 
learning in a programming environment creates cognitive challenges 
that can enhance students’ motivation toward learning programming 
skills. Further, visual programming language guides them to exhibit 
students’ problem-solving and inquiry skills.

jeKnowledge (Martín-Ramos et  al., 2018), an application was 
designed using a peer-to-peer strategy for high-school and first-year 
undergraduate students to learn introductory programming courses 
based on the Arduino open-source platform. This application guides 
students to learn the domain knowledge and enhances their 
motivation toward computational thinking skills. The pre- and post-
surveys indicated that first-year university students possess more 
interest compared to high school students. In addition, there is a 
significant difference found in learning programming concepts among 
male students in comparison with female students. Our results also 
supported these findings where male students have outperformed as 
compared to female students while learning programming courses in 
software engineering education. In another instance, an inquiry-based 
learning approach was used to teach Python programming at the 
secondary school level (Gunis et al., 2020). In this research, teachers 
observed that students were not accustomed to inquiry-based 
learning. However, with time, they understand this approach and 
enjoy learning programming through it. Further, they indicated that 
this structured inquiry approach provides a significant impact on 
developing students’ computational thinking skills. Nevertheless, on 
some occasions, students tend to take more time if they do not have 
basic programming skills.

In a similar context, a web-based virtual learning environment 
named Lab4CE (Laboratory for Computer Education) was evaluated 
by students to access their programming skills (Venant et al., 2017). 
In this study, students learn Shell programming commands through 
the Lab4CE learning environment. One of the quantitative indicators 
of this study was the guided inquiry while learning Shell programming 
commands. However, the results indicated a weak significant 

correlation with assessment scores. Researchers mentioned that this 
may be due to the reasons as the learning environment did not cater 
to the way students sought guidance (i.e., after a command failure, 
testing a new command, etc.) (Venant et al., 2017).

In contrast, Sololearn was the only study in which multiple levels 
of inquiries; structured and guided were used to reinforce object-
oriented programming (OOP) concepts taught in their classrooms 
(Deshmukh and Raisinghani, 2018). This application was evaluated 
by students to access their programming skills through collaborative 
inquiry-based learning while understanding OOP concepts 
(Deshmukh and Raisinghani, 2018). According to these results, 76% 
were satisfied with the Sololearn application, however, 14% indicated 
that there is a need to guide through a better explanation of the 
underlying concepts. The remaining 10% were not satisfied at all. 
However, no learning performance was measured using Sololearn in 
this research. On the other hand, our findings have also indicated the 
same that 71% of students (3.54 out of 5 in Q6 mentioned in Table 4) 
have a positive attitude toward using Sololearn. In addition, the 
average percentage of marks obtained by students using Sololearn is 
66%. These results further validated the given interpretations.

7 Conclusions and future work

This research explores the use of multiple inquiry levels in a 
programming taught course of software engineering education. For 
this purpose, an application, MILOS was designed using AODM. This 
application not only engages students to learn about an object-
oriented topic “Variables” but also improves their multiple inquiry 
level skills including structured, guided, and open. Further, it 
demonstrates that students using MILOS have performed better in 
comparison with those students who used Sololearn. This research 
has twofold contributions, which were sparsely investigated in the 
previous literature; the practical implementation of multiple inquiry 
levels in a programming course in software engineering education 
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and exploring the performance of such a learning environment 
through another state-of-the-art environment in this domain 
(Sololearn).

In this research, two research questions were answered. The first 
research question was answered through the design of MILOS for 
performing multiple inquiry levels in a programming course. The 
detailed design of MILOS is discussed in Section 4. For answering 
research question 2, both applications MILOS and Sololearn are 
evaluated through Micro and Meso levels of the M-3 evaluation 
framework. During the Micro-level evaluation, students’ responses 
indicated that the experimental (MILOS) group has considerably 
better usability and quality aspects than the control (Sololearn) 
group while performing multiple inquiry levels in a programming 
course. As far as the Meso level evaluation is concerned, the 
experimental group significantly achieved better results as 
compared to the control group. The inquiry-type results also 
confirmed these interpretations. It also indicates that students faced 
more challenges while performing an open inquiry than in 
structured and guided inquiries. In addition, gender-wise results 
from both groups were also collected. According to gender-wise 
results, male students have performed better than female students 
in both groups. The above-discussed results are encouraging; 
however, there are some limitations to this research. The evaluation 
of these applications MILOS and Sololearn were conducted with the 
students of the department of software engineering of a local 
University only (Bahria University Karachi Campus), which may 
be  repeated in some other Universities to validate these results. 
Only Sololearn application is compared with a designed system 
(MILOS) in this research because no other application is available 
that may consider multiple inquiry levels for learning programming 
skills. The evaluations with other applications may provide 
different results.

In the future, a new version of MILOS may be developed and 
evaluated for investigating multiple inquiry levels in a collaborative 
environment where a group of students can discuss and perform 
inquiries. This application only considers two levels of the M-3 
evaluation framework: Micro and Meso. Macro-level may 
be evaluated to assess the long-term impact of such applications on 
students’ inquiry learning. For such long-term evaluation, this 
application may further be  modified while considering students’ 
profiling to analyze students’ complete course records. This designed 
application can be part of the curricula by using it in the computer 
laboratory for guiding programming students through multiple 
inquiry levels.
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