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Abstract 
The proposed evolutionary learning model, EvoLearning, is aimed towards maximizing student mastery 
through effort and processing, scaffolding, and meaningfulness. The model was formed by inductive 
development of courses in software engineering and pervasive computing over two decades, inspired 
by agile and evolutionary software engineering principles. The model is built on the teacher being a 
guide on the side instead of a sage on the stage, with the aim to allow for maximum degrees of freedom 
for students to pursue interests and goals while providing scaffolding for the learning process. 

The design of the model has been informed by theoretical frameworks from educational psychology and 
pedagogy. For example, course designs utilize taxonomies for defining objectives and to construct 
consecutive activities, that stepwise increase the cognitive and knowledge dimensions of learning. The 
steps are designed as incremental and interwoven, with increasingly challenging objectives and 
activities. The model emphasizes students’ feeling of ownership and purpose, through freedom of will, 
which leads to increased meaningfulness and motivation. The learning environments invite and require 
active participation, from the start of a course. The design benefit from student diversity that enhances 
the collaborative learning experience, while allowing for non-linear increments, that may cater for 
unexpected yet significant learning experiences for the students. 

In practice, courses are composed by interwoven individual and group activities constructively linked to 
learning objectives, which the proposed model conceptualizes as 'heartbeats'. Weekly tutored meetings 
are of an utmost importance to guide the students towards taking incremental steps and for the teacher 
to qualitatively assess progress with the students, as well as to define, prioritize and plan the next 
activities. This illustrates the emphasis of consistent and scaffolded activation of students, keeping pace 
throughout a course, while allowing freedom of will and use of prior knowledge, that lead to high levels 
of processing and perceived meaningfulness in multiple contexts.  

Keywords: Evolutionary, Incremental, Active, Experiential, Collaborative, Problem-based, Project-
based, Learning, Mastery, Constructive Alignment, Methodology. 

1 INTRODUCTION 
The predominant method for instruction has been based on a tradition of lectures in person, followed by 
practical assignments and written exams. For example, most courses at Luleå University of Technology1 
are still conducted this way, particularly early courses at the bachelor level. In person attendance and 
student effort are however decreasing (by low attendance) together with low throughput of students, 
while assignments and written exams suffer from challenges originating from modern AI-tools.  

This work stems from the first author’s own experience as a student, and then as a teacher, wishing for 
other methods of instruction that better cater for students’ prior experiences, interests and abilities. 
Several courses, such as an introductory course in Software Engineering and an advanced course in 
Pervasive Computing, early on, became subject to active experimentation attempting to increase 
student engagement and effort. The development process over time is an illustration of Scholarship of 
Teaching and Learning [1], an example of an inductive trajectory – with a steadfast purpose to maximize 
students’ feeling of purpose and motivation, while achieving mastery of an advanced subject. This paper 
presents the result, EvoLearning, an evolutionary learning model that shows how learning design in 
courses can drive student's meaningfulness and effort as well as self-regulation and independence. 

 
1 Luleå University of Technology, Sweden. URL: http://www.ltu.se/ 



2 METHODOLOGY 

The process of this work is characterized by design-based research, meaning a systematic design, 
implementation, and refinement of educational interventions in authentic learning environments that 
include cycles of design, enactment, analysis, and redesign [2]. Focus is on generating practical 
solutions to real-world educational challenges and building theoretical understanding by systematically 
linking design decisions to learning processes and outcomes. Ecological validity and the complexity of 
educational settings is acknowledged - learning emerges from interactions between learners, tasks, 
tools, and social contexts. Design-based research typically involves longitudinal engagement, iterative 
refinement, and the use of multiple data sources to inform the evolution of both design and theory [3].  

The iterative course design inherited key principles and practices from agile software engineering, and 
paired it with successive implementations and incremental refinements of both pedagogical practices 
and underlying design principles. Progressive refinement was conducted through explicit integration of 
theoretical frameworks from educational psychology and pedagogy. For example, the constructivist 
approach to learning inferred that the teacher is not the deliverer of knowledge, but the guide that 
supports students in producing knowledge [4].  

The ambition was to develop students’ sense of ownership and independence by maximizing perceived 
meaningfulness, all to inspire student effort and processing, while providing scaffolding to build mastery 
through early success to steady progress and final results. The following section of the paper describes 
how these have been incorporated into the proposed model together with theoretical constructs, all 
contributing to defining the relation between scaffolding, effort and processing, and meaningfulness. 

2.1 Scaffolding 
Scaffolding is a concept stemming from Vygotsky in the socio-cultural tradition, that encompasses the 
key concept of “zone of proximal development”, which was first defined as ‘‘providing the necessary 
scaffold for individuals to solve problems, to carry out a task or to achieve a goal beyond their capacities” 
[5]. Later work has focused on teachers’ direct action and communication towards students, where 
course design can be an important means of scaffolding [6]. Studies show that scaffolding can positively 
affect academic achievements [7], metacognitive skills [8], and conceptual learning [9]. There are mainly 
three main areas in the EvoLearning model that constitute the scaffolding elements in the learning 
design, as shown below. 

2.1.1 Evolutionary Principles from Software Engineering 
Engineering is often seen as the art of breaking down a problem into parts, solving these and then 
integrate them into a solution. Agile and evolutionary software engineering methods, such as Scrum 
[10], break down the complexity of developing a proposed solution into parts, which are categorized and 
prioritized (Sprint and Product Backlog), in shorter cyclic periods (Sprints) with frequent meetings to 
drive the process (Daily Scrums). Each sprint is reviewed for velocity (progress) and analysed in 
retrospect for improvement, which leads to planning. Figure 1 illustrates this agile evolutionary process. 

 

 
Figure 1. Scrum – Iterative and Incremental Development [Source: scrum.org]. 



In a pedagogical context this reminds of 1) how educational programs are broken down into courses 
and 2) how individual courses are broken down into modules and activities. To see the similarities and 
apply it into the learning context; the product backlog could be compared to the course objectives 
(intended learning outcomes and activities). This infers dynamically selecting the course objectives 
during a course, such that all objectives are met at the end of the course. In analogy, assessment would 
be done during weekly sprint review meetings and planning during weekly sprint planning meetings, 
most effectively in one weekly meeting with the students. 

Mimicking agile principles from software engineering may increase the students’ knowledge and sense 
of ownership of the course objectives. Course objectives are broken down and processed when needed. 
The principle of “The Juiciest First” was keyed by Tom Gilb [11] regarding evolutionary development 
where the next features should be selected in an iterative and incremental development process, but 
this is equally applicable to a learning model, where the most needed or perceived most valuable 
incremental step for learning is chosen. 

In the EvoLearning model, each learning objective in a course may be broken down differently, while 
also being processed differently, and at varying times during a course. Even the weight of a certain 
learning objective could vary depending on students’ prior knowledge, skills and experiences. Students 
would be able to adapt to their interests and learning styles, while taking responsibility for the learning.  
An evolutionary learning model offers much freedom and flexibility but instead requires significant focus 
on supervision and formative feedback to support the learning and assessment processes.  

2.1.2 Constructive Alignment 
The EvoLearning model aligns closely with principles of constructive alignment [12] and backward 
design [13], where course objectives (intended learning outcomes), learning activities, and assessment 
are tightly coupled. Continuous assessment is not only an effective means to guide students’ effort, but 
also a strategy that emphasizes and clarifies the constructive alignment also for the students – thus 
making learning objectives ever-present for students. Without this scaffolding, outcomes risk remaining 
merely an abstract final goal with no real presence during the course.  

2.2 Effort and Processing 

2.2.1 Active and Deep Cognitive Processing  
The ICAP framework [14] defines passive, active, constructive, and interactive modes of engagement, 
where the bottom line is that interactive modes are more cognitively engaging and thus lead to better 
learning. This can for example be achieved through student projects (where students form groups and 
define projects based on their interests and prior knowledge), student seminars (where students select 
and present papers based on interests and projects), and continuous articulation of understanding 
(through tutored group meetings, final presentations and peer assignments). EvoLearning calls for 
priority towards constructive and interactive activities. The emphasis on active knowledge construction 
is further reinforced by experiential learning theory [15], where learning is understood as a cyclical 
process involving concrete experience, reflective observation, abstract conceptualization, and active 
experimentation.  

2.2.2 Metacognitive Learning 

Metacognition is the awareness and control of thinking for learning, where learners monitor their 
progress and know when to check for inconsistencies or errors, which allows them to more productively 
redirect their efforts [16]. Being explicit about the underlying concepts for the course design, models of 
scaffolding and motivation enables the students to make self-evaluations of their process as well as 
development. Asking questions to students, prompting them to become increasingly aware of their own 
knowledge of the task and their strategies to complete the task, are concrete ways of stimulating 
metacognitive development. Other strategies include diaries, encouraging self-testing, and promoting 
social metacognition during group work [17].  Drawing on meta-cognitive learning and self-regulated 
learning research, EvoLearning invites students to become aware of the pedagogical justification of the 
design, as well as incorporating structured metacognitive prompts, iterative feedback, and reflective 
activities. These elements support students in developing a higher awareness of their learning 
processes, which has been shown to significantly enhance learning outcomes [17,18].  



2.2.3 Sustained Effort and Iterative Mastery 
The model draws on theories of grit, growth mindset, and deliberate practice [19-21], emphasizing 
sustained effort over time and learning through incremental challenge. Mastery is conceptualized as an 
evolutionary process, where students progress through increasingly complex tasks, supported by 
continuous feedback and refinement. Figure 2 illustrates an iterative and incremental process to 
increase the level of complexity or knowledge over time, where stepwise evolution leads to a joint 
objective and composite result. A useful way to express the level of knowledge is using a taxonomy [22]. 
 

 
Figure 2. EvoLearning – Iterative and Incremental Progress over Time.  

2.3 Meaningfulness 
EvoLearning are primarily informed by Expectancy x Value Theory [23], where students’ motivation and 
willingness to engage depends on the perceived value of the task and their expectation of success. Self-
efficacy [24] increases by accomplishment, where a key is to break down objectives in attainable steps. 
Meaningfulness is achieved if learning activities are perceived as relevant, purposeful, and aligned with 
students’ interests and goals, which fuels their inner drive or self-determination [25].  

A key motivation is autonomy and the feeling of being in control. Freedom to follow interests by selecting 
topics for project work, selecting roles in projects, selecting tools and processes for organizing work, 
selecting what step is most ‘juicy’ next, etc, will all increase intrinsic motivation. Freedom of will, within 
the boundaries of the course objectives, increase the sense of ownership of their learning process and 
the perceived meaningfulness of activities, especially when they are expected to take responsibility. 

Individualization can be done through adapting objectives and activities to prior knowledge and interest, 
acknowledging what already is fulfilled, dividing steps further into increments and adding challenging 
steps. This iterative and incremental process to fulfil objectives in the course add to the perceived 
meaningfulness and in turn the processing. EvoLearning attempts to maximise motivational factors such 
as meaningfulness while scaffolding students towards success early on to strengthen self-efficacy.  

2.4 Learning Domains 
The EvoLearning model is based on a concept of four learning domains, with scaffolding and perceived 
meaningfulness as the main two main axes (see Figure 3): 

1. Indifference: low effort and low perceived meaningfulness lead to low engagement with poor 
learning conditions, possibly due to incoherent goals, activities, and assessments. 

2. Slavery: high effort, but there is a lack of purpose, for example due to weak motivation of activities 
or a poor overall picture giving little sense of direction. 

3. Disorganisation: high perceived meaningfulness but lack of guidance and direction 
4. Autonomy: constructive alignment and continuous examination together with formative feedback 

yield an environment where students may act autonomously with a high degree of meaningfulness. 

Mastery happens in the sweet spot between motivational factors and high level of cognitive engagement 
[13,14,23,25], where teacher scaffolding creates opportunities for self-regulation and autonomy. The 



key challenge for achieving necessary conditions for mastery is therefore to simultaneously strive 
towards high levels of scaffolding, effort and processing, and meaningfulness.  

 

Figure 3. EvoLearning – Effort and Processing, Meaningfulness, and Scaffolding.  

2.5 Theoretical Consolidation 

EvoLearning is intentionally designed to balance high autonomy with scaffolding, avoiding under-
structured environments (low direction) and overly controlled instruction (low autonomy). In practice this 
means, that individual design elements are informed by multiple theoretical perspectives, as well as that 
a certain theoretical framework can find output in several design features, as illustrated in Table 1. 

Table 1. EvoLearning – Theory, Principle and Implementation. 

Theory Principle Implementation 

ICAP [14] Constructive engagement leads to 
deeper learning 

Student-generated projects, seminars, 
peer discussions  

Kolb [15] Learning cycle (experience → 
reflection → abstraction → 
experimentation) 

Weekly “heartbeats” + iterative project 
cycles action, feedback, reflection, and 
refinement. 

Self-regulated 
learning [18] 

Planning, monitoring, reflection Weekly meetings + student autonomy 
and goalsetting/self-evaluation 

Grit [19] Sustained effort over time, resilience Projects + incremental difficulty 

Expectancy x 
value/self-
determination 
theory [23,25] 

Meaningfulness, freedom of choice, 
use interest and prior knowledge, 
increases perceived task value 

Seminars led by students, student-
defined projects, choice, and link 
between activities and objectives 

Purpose-driven 
motivation [26] 

Learning in relation to broader 
applications and potential 
contributions  

Interest, prior knowledge, sense of 
accomplishment, group work 

Metacognitive 
learning [16-18] 

Ability to monitor and control 
learning strategies 

Structured reflective activities (learning 
diaries and metacognitive prompts from 
teacher’s questions 



Deliberate practice 
[21] 

Conscious choice, focus on 
evaluating before the next step, and 
goals broken down into steps.  

Continuous assessment practices, 
precise feedback on the process, 
successive steps 

3 RESULTS 
The theoretical and conceptual foundation of EvoLearning has been explained above. In this section 
you find more of the practical design results when implementing the ideas of this model; agile and 
evolutionary principles inherited from the software engineering domain together with key pedagogical 
concepts aimed at maximizing effort and processing as well as meaningfulness. 

3.1 Course Objectives 
The course objectives (intended learning outcomes) are central to the course design and needs to be 
possible to break down in steps, increments or levels. For example, using a taxonomy such as Blooms 
[22] to detail the wording of objectives help breaking down an objective to show progress within a course. 
It is also important to link course objectives to overarching objectives, such as to national and program 
objectives and principles, such as CDIO [27], to show progression on a larger scale than the course at 
hand and to explain the purposeful implementation of the knowledge built in the course [26]. This allows 
for an iterative and incremental process to fulfil objectives in the course, while allowing both scaling off 
steps already fulfilled and adding steps to challenge motivated students. 

Objectives are often interrelated, which means that fulfilling one can lead towards fulfilling another, such 
that objectives can be seen as interwoven. Breaking down objectives in steps and interweaving them 
adds to the perceived meaningfulness. For example, expressing that understanding three different 
concepts, to later be able to analyse their interrelation, makes the process of learning clearer and 
increases the perceived meaningfulness. Finally, if the objectives can be expressed towards one 
concrete goal, such that each step (increment in objectives) is perceived as leading towards that goal, 
then this will add to the meaningfulness of the course as a clear evolution and progress can be seen. 

3.2 Heartbeats 
Heartbeats signify the weekly activities paired with continuous examination towards the course grade. 
Individual and group assignments are tutored in weekly supervisory meetings with project groups which 
maintain active and engaged students. Self-efficacy can be increased by the frequent assessment, and 
opportunity to receive feedback, in line with the continuous examination design. Lectures and seminars 
as well as workshops also contribute to the heartbeats of the course, providing additional perspectives 
(through subject overviews or perspectives on sustainability, ethics, etc).  

Figure 4 illustrate a stepwise increase of understanding related to an example objective from the 
software engineering domain, where an objective is broken down to different levels and expressed using 
a taxonomy [22], as well as linked to heartbeats (planned tutored meetings) for planning assessment. 
 

 
Figure 4. EvoLearning – Increasing Level of Knowledge and Skills. 



3.3 Course Activities 
Iterative, incremental and interwoven activities increase the meaningfulness while also increasing 
processing at different levels and contexts. Course activities however need to clearly target objectives 
and when the objectives are broken down into consecutive steps, so should the activities. Note that 
activities can also be planned to be conducted individually and in a group - interweaving these contexts 
is especially effective for processing, as it often increases discussions. Again, the perceived 
meaningfulness increases greatly if the linked activities lead to progression towards a joint goal. 

Autonomy (in project ideas, tools, methods, implementation and structure for work individually and in 
groups) bring in the diversity of prior knowledge, which cater for unexpected yet significant learning 
experiences and enhance the collaborative learning experience, but require adaptability in defining 
objectives, activities and assessments.  Inductive learning activities are effective, even if the norm is 
theory before practice. Inductive learning generally requires a trustful learning environment, so that 
students feel safe, for example to receive formative feedback and related theory after presenting results.  

3.4 Supervision and Formative Feedback 
Potential disorganization might arise from the high degree of freedom allowed for students; that calls for 
frequent follow-up on the incremental steps throughout the course, such as in the weekly tutored 
supervisory meetings in project groups. These assess progress, select the next increments and plan for 
their execution, similarly to the Scrum-methodology described above. Supervision is costly but increases 
the formative feedback provided and saves time for later assessment, as continuous examination steer 
progress and processing. The weekly planning and evaluation-cycle, increases the perceived mastery 
and meaningfulness through the received formative feedback.  

3.5 Continuous Examination and Assessment 
Continuous assessment together with iterative and incremental learning yielded one of the first concrete 
effects on students’ academic achievement and satisfaction. The courses lack a final written exam, 
instead the continuous examination culminates with a scientific report. The meticulous focus on 
constructive alignment (from both teacher and students) together with continuous feedback, assessment 
and examination help mediate concerns about fair assessments and grading, an obvious concern with 
the high degree of freedom. The highest grades require that the project report should be publishable 
and students have on several occasions published their work internationally.  

In a masters-level course on Pervasive Computing given since 2008, no grade has been questioned or 
requested to be revised, while the student feedback has been that the grading was according to their 
own expectations. This is a result in itself, indicating that student metacognitive skills has developed. 
Course evaluations show very high student satisfaction, with comments that students feel they have 
learnt a lot (more than the objectives) and feel pride in their projects, indicating a high meaningfulness.  

4 CONCLUSIONS 

This work integrates software engineering principles with multiple pedagogical theoretical traditions, 
which converge into a learning model, EvoLearning, that aim for student mastery. Meaningfulness and 
engagement as well as scaffolding guide learning activities, facilitates substantial effort over time, 
enabling deep cognitive processing. The EvoLearning models caters for individual students’ interests, 
backgrounds and capabilities, which increase meaningfulness, self-efficacy and mastery of advanced 
subjects. The presented EvoLearning model is usable for courses in any domain.  

The drawbacks are 1) the required time for supervision, which makes the model most suitable for 
masters-level courses that can build on project assignments, and 2) the complexity in fairly assessing 
students’ progression towards rigid course objectives. The main benefit is maintaining active and 
engaged students that are self-regulated by iterative and incremental learning activities with continuous 
examination, thus achieving high levels of scaffolding, effort and processing, and meaningfulness.  

Future work includes building a digital tool (such as OnTrack at Deakin University [28]) for managing 
and visualizing students’ continuous examination and self-regulation, possibly also integrating learning 
logs and support self-regulation. Moreover, there is an ambition to define rubrics suitable for AI-tools to 
further enhance student self-efficacy and independence. 
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