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Abstract: Design skills are considered important in software engineering, and formative feedback
may facilitate the learning process and help students master those skills. However, little is known
about student usage of and reaction to the feedback and its impact on learning and assessment
outcomes. This study explores the effects of optional formative assessment feedback on learners’ per-
formance and engagement by considering LMS interactions, student demographics, personality types,
and motivation sources. Forty-five postgraduate students completed an enrolment questionnaire ad-
dressing the Big Five personality dimensions, the Situational Motivation Scale and background data.
The main methods included monitoring LMS engagement over 10 weeks of teaching and analysing
assessment marks to develop student profiles and assess the influence of formative feedback on
engagement and performance. The main findings revealed that while formative feedback helped
improve marks on portfolio tasks, it did not lead to higher performance overall compared to students
who did not receive it. Students seeking feedback engaged more actively with the LMS assessments.
Feedback-seeking behaviour was associated with gender, intrinsic motivation, conscientiousness, and
extrinsic motivation, although not all associations were significant. The study’s main contributions
are in highlighting the impact of formative feedback on performance in linked assessments and
in starting to reveal the complex relationship between feedback-seeking behaviour and student
characteristics.

Keywords: assessment; feedback; higher education; engagement; motivation; learning management
system (LMS); blackboard

1. Introduction

The provision of feedback helps justify the assigned grade or score that represents
a certain level of learning outcome achievement [1]. In addition, providing timely and
elaborate feedback significantly contributes to deep learning, reflection, and self-regulation.
However, formal feedback, whether for assignments or exams, is typically provided to
learners at the end of their modules when there are no more opportunities to act upon
it. Furthermore, the tight time constraints faced by educators when assessing students’
work often leads to the creation of “patternised” feedback (codified in the language and
format of the rubric) which learners struggle to understand [2]. One potential solution is
to encourage students to submit drafts of their summative assessments for feedback at an
intermediate stage. However, the issue of interpretability may persist if this feedback is too
brief. Consequently, students cannot determine if their work and approach would result
in failure, pass, or distinction. This dilemma contributes to the identification of feedback
as one of the most challenging aspects of teaching and learning, particularly in Higher
Education Institutions (HEIs) [3].
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We are seeking to better understand the impact of formative feedback in our postgrad-
uate teaching with a view to improving its uptake and impact. In this study, we explore
the connections between the seeking and receipt of formative feedback and students” moti-
vation and ability to engage with learning materials and successfully complete connected
assessment tasks. To investigate this, we implemented an intervention in a digital design
course where assignments were divided into sub-tasks, allowing students to successfully
complete the human factors and problem definition phases. Consequently, students had
the opportunity to reflect on their grades and feedback before advancing to solution design
and development. This approach enabled them to develop the professional design skills
required for both the module and their future careers. Moreover, feedback aimed to foster
skill development by offering constructive criticism and guidance.

In consideration of the above, the present study envisions to provide answers to the
following overarching research questions (RQs):

RQ1. Does the use of formative feedback on assessment tasks help students improve their
performance in summative assessments?

RQ2. How does content engagement differ between students who get formative feedback
and those who do not?

RQ3. What student characteristics are associated with seeking formative feedback?

RQ4. How useful do students find formative feedback in relation to the learning objectives
of a digital design module? Does this kind of feedback change their attitudes to learning?

By addressing these RQs, this study aims to offer valuable insights into students’
uptake of formative feedback and its contribution to course engagement and outcomes.
A deeper understanding of these dynamics can inform the development of more efficient
feedback practices and strategies, ultimately leading to improved student performance and
satisfaction.

2. Literature Review

In order to establish the context for this work, we will here define formative feedback,
establish the centrality of the Learning Management Systems in contemporary learning and
explore personal characteristics associated with engagement in both. The method used for
the analysis is Learning Analytics which we will define. The aim is to introduce relevant
research which highlights the need for a better understanding of the role of feedback in
computer science education and to identify areas where increased knowledge is warranted.

2.1. Formative Assessment and Feedback

The advent of digital learning has triggered a paradigm shift in teaching and learning,
with Learning Management Systems (LMS) serving as the primary platform for communi-
cation and interaction between teachers and students [4]. In this context, educators have
the moral responsibility to empower and support students to be successful in their learning.
Student active participation in the LMS, in terms of time spent and active effort, are predic-
tors of academic performance [5]. On the other hand, disengagement with LMS can provide
early indications of a possible poor academic performance or even a potential dropout [6].
Learning Analytics (LA) practices concern the extraction and analysis of educational data,
providing valuable insights to prevent undesirable student outcomes [7]. The application
of LA can help behavioural engagement by providing students with accurate information,
notifications, and alerts regarding their progress [8,9]. However, there is a notable research
gap in understanding how to best integrate LA with formative assessment and feedback
practices to enhance student engagement and learning outcomes [10].

Formative assessments play a significant role in evaluating students” work to support
and help them improve their performance [11]. It allows teachers to identify weaknesses,
provide directions for improvement, and offer guidelines to enhance student achieve-
ment [12]. In contrast, a summative assessment occurs at the end of a course and focuses
on verifying and certifying student comprehension and achievement. Existing formative
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assessment techniques, such as quizzes, e-portfolios, discussion forums, and tests, may
not always account for individual student needs and learning styles [2]. Additionally,
feedback is often perceived as a one-way, transmissive process, limiting its effectiveness
in supporting student improvement. A more dynamic, two-way feedback system that en-
courages personalised coaching or open dialogue where students can ask for clarifications
and additional information or even argumentatively contest teachers’ interpretations could
address these shortcomings [13].

Moreover, student motivation, either implicit or explicit, is crucial in the learning
process [11]. Student goals, associated with education or a specific course, heavily inform
and influence their decisions and actual behaviour [11]. According to self-determination
theory, motivation ranges from intrinsic (high) through extrinsic to amotivation (low) [14].
Extrinsic motivation may be further divided into external (lower) and identified regu-
lation (higher). In the former, behaviour is determined by the need to seek reward or
avoid sanction, whereas in the latter, the motivation is still external but identified to have
been chosen by oneself [14]. Akin to self-determination, self-regulation is the ability to
independently set goals, plan, and successfully execute tasks and activities within a study
program [11]. However, the current literature on motivation, particularly in relation to
self-determination theory, lacks exploration into how formative assessment and feedback
practices can effectively promote intrinsic motivation in online learning environments [15].
Addressing this gap could provide valuable insights for improving student engagement
and performance.

Formative assessments can improve student engagement when feedback is charac-
terised by immediacy, validity, and reliability [2]. Optional formative feedback activities
are a solid method to facilitate student self-regulation and progress toward a desirable
performance in the final summative assessment [5]. Innovative formative assessment
methods based on gamification and game design elements can facilitate multiple emotional
and cognitive dimensions of engagement, such as curiosity, interest, motivation, problem-
solving, and durable retention [16,17]. It has been demonstrated that replacing mandatory
assignments with optional formative peer assessment activities improves both student
engagement and achievement in exam performance [18].

Considering the above, the present study proposes an approach to concurrently
examine learners’ digital traces, self-regulation competence, and motivation levels [19].
This comprehensive approach aims to address the research gap in integrating Learning
Analytics with formative assessment and feedback practices, as well as exploring the
promotion of intrinsic motivation in online learning environments. By doing so, the study
seeks to provide valuable insights that can help educators enhance student engagement,
performance, and overall learning outcomes.

2.2. Leveraging Learning Analytics to Enhance Formative Assessment and Feedback in Computer
Science Education

7

The positive influence of formative assessment and feedback strategies on students
problem-solving skills, creativity, and critical thinking abilities, all crucial components of
computing education, is well-established [20]. Formative assessments have also demon-
strated their effectiveness in assisting computing students in comprehending complex
concepts and mastering programming languages [21].

Despite the considerable potential of formative assessments and feedback to enhance
student learning outcomes in computing education, there is limited research on effectively
implementing and adapting these strategies in this context [22-24]. Furthermore, the role
of LA in augmenting the impact of formative feedback and addressing the challenges
associated with its implementation remains underexplored [25]. Understanding how to
best tailor formative assessment and feedback practices, as well as the integration of LA to
address the unique challenges and opportunities present in Computer Science Education,
can greatly improve the learning outcomes and overall experience of learners [26].
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The above highlight two key research gaps that the present study aims to fill: firstly, a
deeper understanding of how students utilise and respond to the feedback they receive is
necessary, as this aspect has not been sufficiently explored [22,24,27]. Secondly, the literature
has not adequately investigated the influence of formative feedback during intermediate
assessment tasks, especially when accompanied by a provisional grade [28,29]. Supplying
an indicative or actual mark on draft coursework could potentially enable students to better
understand their performance and ascertain whether they need to improve their work. A
reference point, such as a mark, combined with personalized feedback based on assessment
criteria, may help students better comprehend their standing and transform the feedback
received into feedforward [25,30]. This opens up a research opportunity to explore the
potential benefits and drawbacks of providing provisional grades alongside formative
feedback in the context of Computer Science/Software Engineering education [27].

Addressing these gaps can contribute to the development of more effective feedback
strategies tailored to individual learners, ultimately improving their learning outcomes.

3. Materials and Methods
3.1. General Procedure

A mixed-methods analysis approach was adopted, focusing on quantitative and
qualitative data collected from LMS, psychometric instruments and freeform student
feedback. The collection of multidimensional data enabled us, primarily, to examine how
marked formative feedback is reflected by students” engagement with the LMS features
and, secondarily, how their behaviour alters after receiving formative feedback, combined
with provisional marks, on draft portfolio submissions. The specific ‘portfolio” assessment
method—a series of linked, practical tasks—was the focus of this study.

As “assessment feedback” has many definitions, there is a need to also clarify this
concept and its meaning in this study. The focus is on assessment portfolio tasks that have
been voluntarily submitted to tutors, marked by tutors and returned to students along
with comments during the span of the course. This is done to understand the impact of
assessment feedback, where assessment tasks have formative characteristics that lead to
the actual final summative assessment and grades.

3.2. Educational Context/Course Unit

Digital Design and Development is a core postgraduate module offered within MSc
Information Technology. It ran in the first semester of 2022 and comprised over 10 weeks of
one-hour pre-recorded lectures and two hours of practicals in class. Most of the students
enrolled in the module have a computer science background and a basic understanding of
the digital design and development process. However, student approaches toward learning
can vary from those students who regularly engage with the materials provided and those
who just want to pass the assessment. Therefore, it was considered important to divide
the portfolio coursework into tasks and provide formative feedback and marks for each
task separately to engage more students with the assignment process and enable them to
master all the tasks of the portfolio. This approach helped us to assess student usage and
reaction to the implementation of the formative assessment.

Table 1 provides a summary of the portfolio tasks during the module and includes the
time of tasks released, a description of what students are required to submit for each task,
time of submission, and details of when students received feedback.

As far as the assessment feedback is concerned, the summative assessment for this
module comprises of two components: (a) a presentation worth 25% and (b) the portfolio
assignment worth 75% of the overall mark for the module. The portfolio is comprised of
four separate tasks based on the first four stages of the design process (empathise, define,
ideate, prototype). Each task is worth 25% of the available marks for the portfolio.
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Table 1. Assessment tasks.

Portfolio-
Assessment

Release Time

Description of What Students Are Submission Feedback (One

. . Week after

Required for Each Task. Deadline .
Submitted)

Task 1 (Empathise)
25%

Beginning of

Create a mood board containing

representative photos, colours, fonts, and

reference designs using Figma and End of week 2
provide a description of the process of

creating the mood board.

Beginning of
week 3

Task 2 (Define)
25%

Beginning of define a persona and an associated

Define the User Experience (UX) mapping,

Beginning of
scenario represented as a design map and End of week 4 week 5

describe this process.

Task 3 (Ideate)
25%

Beginning of

Capture their user interface as a

wireframe and provide an analysis of the

Information Architecture of the

wireframe(s) containing Organisation,

Labelling, Navigation, and Search. It also  End of week 6
required them to include a blueprint

diagram representing the organisational

hierarchy to indicate flow between

screens and describe this process.

Beginning of
week 7

Task 4 (Prototype)
25%

Beginning of

Construct an interactive functional

prototype of their app. This would be one

or more static web pages that run in the

browser, created using HTML and CSS. End of week 8
Students also had to provide a

walkthrough of the scenario and a

description of the CSS styling used

Beginning of
week 9

Documentation was available to the students at the beginning of the module, outlining
the objectives of the module and details of the assignment and how they were going to be
assessed.

The assignment assesses the following module learning objectives, and students have
to:

(1) Conduct professional quality stakeholder, context and competitor research using
industry-standard methodologies.

(2) Identify and develop creative solutions to a design problem and iterate and select
among them for prototyping.

(3) Identify good practices in a particular programming language and use this to imple-
ment key features for mobile, web or other digital interfaces.

Students were assessed on the portfolio coursework that includes the four tasks and
personal reflections explaining their choices in developing each item and what this shows
about their growing abilities and skills. To help students completing the assessment tasks,
we provided a list of assessment criteria indicating that students would be graded based
on the evidence and quality of the following.

Task 1: Professional-looking image collage with a good range of contrasting colours
in the colour theme. Excellent font pairings with good examples. Excellent coverage of
reference images.

Task 2: Fully rounded definition of persona and professional standard. Excellent
user-centred scenario offering a resolution to the persona’s needs and frustrations.

Task 3: Professional level of wireframing, comparable to sites you would find on the
web. Excellent IA analysis, performed to a professional level.

Task 4: Professional output with great styling and comprehensive description. Excel-
lent walkthrough with clear links back to the UX mapping.
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Students were free to decide whether to complete and submit any of their drafts for
feedback. The formative assessment tasks were the actual summative assessment tasks that
students had to submit in their final assignment submission. If students, after the marked
feedback, decided not to improve the mark received in their formative tasks, the formative
mark was their final mark. Table 2 provides examples of formative feedback, and marks
returned to students.

Table 2. Examples of feedback given for each task.

Task 1 (14 Out of 25)

Task 2 (17 Out of 25) Task 3 (15 Out of 25) Task 4 (17 Out of 25)

“Good introduction.
Good choice of collage images
but more explanation on the
choices is needed.

Good research and choice of
colours, but you could say
more about them i.e., what
personality/energy do they
express? which are the
base/accent/neutral colours?
Some background research for
the font selection would be
beneficial.

Good set of reference designs
and reasons for selecting
them.”

“You Describe the prototype
more from a technical

“Persona defined and
explanation on goals and
frustration of the user
provided. Scenario describes
solutions to the persona’s
needs and includes the points
that the user interacts with

“Good grid stylist and good
use of wire flow.

Good analysis and good
blueprint.
However, navigation,
labelling, search etc. could be
further discussed.”

perspective. It would be good
to return to the user scenario
and describe how this
plays out.
Good work using the Open
Data to extract data, this is
what a functional app have
to do.

h J
the app You are way over your word

count but your description of
the task is very good.”

With regards to the LMS features, the main content areas that were analysed and
considered important to have the most student content interaction were:

(@)
(b)

The module information which includes information about the module aims, the
learning outcomes, and the technologies that are utilised in the context of the module;
The learning materials which contain the weekly lecture notes, the pre-recorded
lectures, the tutorial notes, and the tutorial activities that students had to complete on
a weekly basis;

The reading list which includes various resources for the students (books, journal
articles);

(©
(d)

for each task.

More specifically, the data retrieved from the above content areas of Blackboard
weekly focused on the total time spent in hours and the number of times accessed by each
individual student as well as the total items and total logins of each student.

Students were asked to access the learning materials folder a week in advance and
watch the pre-recorded lectures in order to be prepared for the weekly tutorial activities
in class. The assessment tasks were made available once the weekly context was covered
in class. The submission window for each task was two weeks, and tasks could only be
submitted once. In this way, students had the opportunity to receive marked feedback from
the instructor, which could subsequently be used to improve their work.

3.3. Sample

Seventy-six students were registered for the module, and forty-five volunteered to
participate in this study. With regards to diversity, students had different backgrounds,
ethnicity, and age, which could lead to different student experiences and behaviour patterns.
The majority of the study’s participants were male, and the majority of the participants had
no previous experience with the formative assessment process.

The assessment requirements/ criteria which include the assignment specification/ criteria
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3.4. Measures and Data Analysis

To address RQ1, we recorded the formative feedback and indicative grades given to
students, allowing us to disaggregate the data into feedback-seeking and non-feedback-
seeking groups and compare summative and indicative (formative) marks. To address RQ2,
data were collected from Blackboard analytics reports covering activity and time spent in
each content area. For RQ3 and 4, an onboarding questionnaire was administered to gather
content and to record students’ background information, experience and perceptions over
the formative assessment, expectations from the module, Big Five personality traits, and
motivation levels using the Situation-Motivational Scale (SIMS) [13]. Finally, to provide
360-degree data for RQ4, a retrospective questionnaire was distributed at the end of the
module, where students reflected on the overall learning experience. We also performed a
further qualitative analysis focusing on the last two open-ended questions asking students:
“Please add some further comments about things that you felt went well” and “What would
your opinion be if the personalised feedback you received during the module were replaced
by feedback based on rubrics/ criteria specified in the assignment specification?”.

Data from the grading, LMS interactions and the pre- and post-module questionnaires
were aligned using the student ID initially, which was then anonymised into a simple nu-
meric identifier. Analysis was conducted in R. For Blackboard interaction data, significance
tests assumed non-parametric distributions, while for questionnaire tests, near-normal
distributions were assumed.

4. Results

We will present the results in the order in which they relate to research questions
one-three, respectively.

Firstly, there were no overall differences in the final marks between those obtaining
formative feedback and those who did not (RQ1: Formative mean student mark 61%,
N = 22; Non-formative mean 59%, N = 21). However, those who did get the feedback were
able to improve their marks by 11-18% (Table 3).

Table 3. Mean mark improvements per task with formative feedback.

Task No Description Improvement (%) N
1 Empathise 15 17
2 Define 14 20
3 Ideate 11 15
4 Prototype 18 6

Forty-nine percent of students submitted at least one task for feedback. Looking at the
number of feedback tasks completed per student, the effect was cumulative, with those
students receiving feedback for all tasks improving the most on average overall (Table 4).

Table 4. Overall mark improvement by tasks completed.

Tasks Completed Overall Improvement (%) N
1 4.7 3
2 8 7
3 9.8 7
4 13.6 5

In relation to RQ2, Blackboard interactions in terms of the number of items viewed
were associated with formative feedback seeking (Spearman’s rho = 0.5, p < 0.01) but not
with final marks achieved across all students (rho = 0.23, p = 0.23). In terms of content areas,
the time spent in the ‘Assignments’ area was significantly higher for those who obtained
formative feedback than for those who did not (Mann-Whitney W = 16,982, p < 0.01),
but this association was not found for other content areas (Learning Materials, Module
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Information and Reading List). Figure 1 below shows the different patterns of engagement
with the assessment area between the two groups.

0.64

Formative

-

F
( j FALSE
lo*'| TRUE

Time in Assignments Area (hours)

.

\\\\\\\\‘\\\\.\\\

0.04

ZHZ8

¥
7 8 9 10

Figure 1. Time spent in the assignments area of Blackboard by formative feedback seeking.

Looking across the whole cohort (Table 5), when we regress the final marks on time
spent in the different Blackboard content areas, the same relationship holds, with time
spent in the Assessments being the only significant influence on performance but only with
a small correlation with the grade outcome (beta = 0.01, p = 0.02).

Table 5. Time in content areas and engagement weeks—relationship to overall module marks (all

students).
Characteristic Beta 95% CI * P VIF **
Learning Materials 0.01 —0.01, 0.04 0.3 24
Assessments 0.01 0.00, 0.02 0.015 14
Reading List —0.01 —0.07,0.04 0.6 2.2
Module Information 0.03 —0.07, 0.01 0.13 1.1
Engaged Weeks 0 —0.02,0.01 >0.9 12

* Confidence Interval, ** Variance Inflation Factor.

To investigate the influence of personality and motivation preferences on the likelihood
of formative feedback seeking (RQ3), we regress the number of formative tasks completed
on these variables (Table 6). We see that gender has a large effect in terms of the coefficient
(women seemed more likely to seek feedback), but this was not highly significant due to
the relatively low number of women in our group (12 of the 45). Of the Big Five personality
traits, Conscientiousness was strongly negatively associated with formative feedback
seeking (beta = —0.35, p < 0.01). Of the motivational factors, Identified Regulation was also
negatively associated with feedback tasks (beta = —0.22, p < 0.01), whereas, conversely,
external regulation had a somewhat positive effect (beta = 0.13, p < 0.01). It should be noted
that for all these cases, the confidence intervals were quite wide, though of the same sign.
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Table 6. Impact on formative feedback seeking on dependent variables.

Characteristic Beta 95% CI * P VIF **
Gender 0.68 —-0.27,1.6 0.2 1.1
Intrinsic —0.05 —0.18,0.07 04 2.7
Identified regulation —-0.22 —0.37, —0.08 0.006 2.4
External regulation 0.13 0.05,0.21 0.003 15
Amotivation —0.03 —0.09, 0.02 0.2 1.5
Agreeableness 0.05 —0.13, 0.22 0.6 1.2
Extroversion 0.06 —0.15,0.27 0.6 1.3
Openness 0.03 —0.19,0.26 0.8 1.9
Conscientiousness —0.35 —0.56, —0.15 0.003 1.4

* Confidence Interval, ** Variance Inflation Factor.

Finally, to contribute to RQ4, we compared the self-assessed attitudes to the module
from the pre- and post- module questionnaires (Figure 2). Pre-module statements Likert
scale statements were:

“I will enjoy this module”

“The formative assessment tasks will be highly effective for my learning”
“Communication with the instructor will be very frequent”

“I will be able to identify my strengths and weaknesses within my own work”
“I will collaborate with others to complete some of the tasks”

“Formative assessment tasks will help me know how well I am doing”

“I will be a more independent learner”

“I will develop my writing skills and my approach to writing coursework as a result
of the module”

“I will adjust my work regularly as I go along”

“I will stick to my original plan”

“I will produce an end result which I am proud of”

Post-module statements were essentially the same but posed in the past tense. The
majority of ratings fell slightly in the post-module survey, with feedback and non-feedback
seekers giving similar ratings. Exceptions were “communication regularity with tutors”,
with feedback seekers rating this slightly lower post-module but non-feedback seekers
similar pre- and post; and “perception of self as independent learner”, which was the
only rating to increase, with feedback seekers rising more sharply than non-feedback
seekers. There was also a difference in the ratings of “sticking to the original plan” between
groups, with feedback seekers starting from a lower expectation and both admitting more
equivocation on this after the end of the module.

To examine the usefulness of feedback received, we analysed students” answers. All
students who received feedback found the feedback useful: more specifically, their ratings
were (extremely useful = 6, very useful = 3, moderately useful = 2, slightly useful = 2, not
at all useful = 0).

All students in the retrospective questionnaire reported that they found the feedback
useful, and they appreciated the formative assessment and feedback process. The reported
related positive comments for formative feedback were:

“feedback helped me to understand what the assessment is asking to do to meet
the learning outcomes”;

“The good thing is that I had formative feedback on my tasks for this module,
in which I was very happy as I could improve the tasks that went wrong or
something was missing”.

In addition, students were asked if a different type of feedback would have been
more or less effective. Students diverged on the effectiveness of feedback and reported the
purpose of feedback to be helpful to improve their work and be clear and “straightforward”.
Forty percent of students have the view that personalized feedback is more effective,
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whereas a slight majority, 60% of students, mentioned feedback based on criteria/rubrics
as being more effective.

“I think using rubrics is more straightforward”.

“Actually, the feedback received has been mentioning comments that were in
the rubric and marking criteria. It is more useful if the feedback comes from the
marking criteria as this is what the marker sees when marking the assessment”.
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Figure 2. Attitudes to the module comparing pre- and post-module assessments by formative
feedback seeking (Likert scale: 5 = Strongly Agree, 1 = Strongly Disagree).

5. Discussion

The evidence across our research questions indicates that for our design-thinking-
oriented practical computing module, formative feedback, as offered, can help students
improve their outcomes through earlier and better engagement with the assessment task
requirements. For RQ1, while the average marks for students receiving or not receiving
formative feedback were similar, there is a clear benefit for those who engage with the
feedback, as the data provided earlier suggests. This finding aligns with previous research
that has demonstrated the positive effects of formative feedback on student performance
and learning [22,24]. It can be inferred that lower-performing students who did not receive
feedback would have also benefitted from it, while higher-performing students might have
needed it less.
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In relation to RQ2, our data highlight the important finding that engagement, as mea-
sured through the LMS, is higher in the formative group when it comes to the assessment
task specifications. This indicates a more significant effort by the formative group to under-
stand the tasks and meet the criteria. However, the connection between feedback-seeking
and LMS engagement, as well as between final outcomes and LMS engagement, is less
significant compared to previous studies [5,31]. This discrepancy may indicate a need for
better linkage between tasks and module resources, such as hyperlinks that enable students
to navigate from the task specifications to other module content. This improvement could
help direct students” attention to relevant resources and enhance their overall learning
experience.

In terms of student characteristics as per RQ3, our findings regarding the negative
relationship between conscientiousness and feedback-seeking are counterintuitive, as we
would expect this personality trait to be connected to both motivation and performance.
However, as the authors in [32] suggest that conscientious individuals may engage in self-
deception, believing themselves to be performing better than they are. This finding may
explain the lower feedback-seeking behaviour among conscientious students in our data.
Consequently, this indicates that educators should encourage these students to engage with
feedback just as much as those less sure of their self-discipline.

In terms of sources of motivation, our results indicate that external regulators are more
important for feedback-seeking than intrinsic ones. This finding corroborates previous
research conducted by [33], who argued that extrinsic motivation, such as the need to
pass the module, can sometimes be a more powerful motivator than intrinsic factors such
as personal interest. Our results are also consistent with the Self-Determination Theory
(SDT) [34], which posits that individuals are motivated to seek feedback when they perceive
external contingencies linked to their performance. Furthermore, our findings confirm
that internally motivated students may exhibit overconfidence, similar to conscientious
students, leading to a reduced tendency to seek feedback. This observation is consistent
with the Dunning-Kruger effect [35], where individuals with high levels of confidence in
their abilities may not recognise their own shortcomings, and thus, may not perceive the
need to seek feedback.

For RQ4, the impact of the module on students’ attitudes toward their learning was
mixed. The data provided earlier shows a general grounding of attitudes from initial
optimism to a more realistic perception after engaging and completing the assessments.
Interestingly, the formative-seeking group displayed more flexibility in both their initial
attitude and their final self-assessment. Research on cognitive flexibility suggests that
inflexibility can hinder learning by leading students to resist changes in plans and struggle
to come up with alternative approaches to problems [36]. Our data also show that formative
seekers gained more in their self-perception as independent learners following engagement
with the formative feedback, suggesting a feedback loop from extrinsic motivation to
personal agency.

Our study highlights the importance of formative feedback in promoting student
engagement, learning, and flexibility. It also underscores the potential pitfalls of overconfi-
dence among conscientious and internally motivated students. Educators should consider
implementing strategies to improve the connections between tasks and module resources
and encourage all students, regardless of their personality traits or motivations, to seek and
engage with formative feedback to enhance their learning outcomes.

6. Conclusions

Our study exploring learning behaviour in a practical module with formative feedback
on a portfolio of design and development tasks reveals that formative feedback is indeed
beneficial. Early feedback stimulates engagement with online task specifications, indicating
that these tasks serve as the central point of focus for students studying the module.

Among those who believe they do not require formative input, some may be engaging
in self-deception regarding their abilities to complete the work to a high standard without
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proper guidance. In contrast, those who benefit from feedback appear more flexible and
begin with lower confidence in their knowledge and skills. Our findings also show that
formative feedback seekers experience an increased self-perception as independent learners,
suggesting a feedback loop from extrinsic motivation to personal agency.

While we do not yet advocate for making formative input mandatory, we recommend
encouraging more students to take up the opportunity by discussing these findings. Ed-
ucators should consider implementing strategies to improve connections between tasks
and module resources and encourage all students, regardless of their personality traits
or motivations, to seek and engage with formative feedback to enhance their learning
outcomes. By doing so, we can foster an environment where students can better under-
stand their strengths and weaknesses and develop the necessary skills to succeed in their
academic pursuits.

7. Limitations and Future Work

Given the limitations of our study, we acknowledge that our formative and non-
formative group sizes were relatively small. To address this issue and gain more statistical
power, we plan to increase the data pool by repeating the study in future modules. This
would help provide more robust insights and further validate our findings.

Regarding the assessment of LMS interactions associated with feedback, our current
analysis does not capture whether and for how long students access their feedback; we only
see their engagement with the tasks. Obtaining this additional piece of data could provide
a more comprehensive understanding of students’ interaction with feedback and its impact
on their learning experience. While this feature is not built into our LMS analytics capture,
we can create new feedback interfaces that provide richer data and give more explicit links
to sources elsewhere in the learning content that can help with specific shortcomings in the
students” submissions.

Lastly, considering the observed relationships between conscientiousness, extrinsic
motivation, and cognitive flexibility, it would be beneficial to include further measures
to shed more light on these characteristics, which we have found to be associated with
feedback-seeking behaviour. This can be combined with student interviews to give a richer
picture of their perceptions of both the form and content of the feedback.

Finally, we can make our findings more explicit in the progress data that the stu-
dents see. We aim to work in a participatory way with students to design better learner
dashboards that highlight feedback opportunities and progress against these.
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