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Abstract

Feedback is an essential aspect of students’ learning. Automated feedback systems in the form of deterministic
algorithms, machine learning models, and, more recently, generative Al have been successfully used to provide
feedback to large cohorts across many domains, from essay writing to medicine to computer science. However,
while there have been many automated feedback systems successfully deployed at scale, many fail to address
whether the system supports learning. The Pedagogical Evaluation of Automated Feedback (PEAF) is research
that investigates how automated feedback systems support learning, either by delivering feedback messages to
students as information or by enabling the feedback process that allows students to close the gap between their
actual and reference levels.

In this inaugural workshop, participants from the international community first reviewed examples of
automated feedback and found that there is a diversity of views on what constitutes “good” feedback. The
participants then discussed research challenges and directions derived from the submitted papers. They identified
four key themes: privacy, whether automated feedback is equivalent to human feedback, the downstream effects
of the feedback message, and learning over time. They highlighted future research directions, including sharing
best practices for handling student privacy, developing pedagogically grounded benchmarks for evaluating
automated feedback messages, examining how learning goals affect the downstream effects of feedback messages,
and exploring issues when measuring learning over time.
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1. Introduction

Feedback is at the heart of education. For large cohorts, efforts to automate the role of the teacher in
feedback have long been attempted. Early work began in the 1920s [1] and was popularised by Skinner
in the 1950s [2, 3]. Since then, in the computer era, automated feedback has been researched across
domains from computer science [4, 5] to essay writing [6] to medicine [7]. Computerised automation
began with rules-based algorithms [8], and more recently, large language models (LLMs) have been
increasingly employed [9, 10].

Automation typically evaluates a student’s input against a set of rules or criteria, and provides a
message back to the student [8]. While it is necessary to conduct technical evaluations when developing
automation systems, there is also a need to evaluate the educational impact of the systems. Too often,
we see research in educational contexts that fails to address the following question:

Does the system support learning?
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We call research that addresses this question pedagogical evaluation of automated feedback (PEAF)
[11]. In order to emphasise the importance of pedagogical evaluation, the first annual workshop on
PEAF was created with this special focus.

The workshop aimed to explore in more depth how to evaluate the pedagogical quality of automated
feedback. In this introductory paper we summarise the outcomes of the workshop. Firstly, the in-person
only, day-long, interaction-driven approach emphasised community building. Secondly, framing of
the workshop, which is reviewed in Section 2, encouraged clear theoretical constructs. Thirdly, the
workshop brought together peer-reviewed research dedicated to PEAF, which we briefly review in
Section 2.5 and follows in more detail in the remainder of the proceedings. Finally, we collaborated to
identify research directions for the community, which we review in Section 3.

2. Theoretical Framing

A foundation for the evaluation of automated feedback is a definition of feedback. In this section,
we explore a tension in the literature between feedback as information and feedback as a process.
We resolve the tension by advocating for more specificity, identifying whether feedback messages or
feedback processes are under discussion. By clarifying our definitions of feedback itself, we can be
clearer when pursuing the pedagogical evaluation of automated feedback (PEAF).

Central to all definitions of feedback is the concept of

“...a gap between a current level of performance and some desired level..” [12, p. 154]

Information about the gap is essential but there is tension around whether the concept of feedback
covers more than just information about the gap.

2.1. Feedback As Information

Hattie and Timperley’s [13] widely cited meta-analysis on the effects of feedback is explicit that
“feedback is conceptualized as information” [13, p. 81]

The emphasis on feedback as information excludes from the definition its effects, such as improved
learning. While Hattie and Timperley [13] reviewed studies that report the impacts of feedback, and
focus their research on those impacts, such impacts nevertheless fall outside the definition of ‘feedback’.
Such a delineation is important for a community focusing on evaluating automated ‘feedback’. Is it
sufficient for PEAF research only to evaluate the information provided to a student?

Other influential research on feedback broadly agrees with a definition focusing on information.
Shute [12] reviewed studies on formative feedback to identify best practice, defining feedback as
information [12, p. 154] and using it as such, for example, concluding that best practice is to provide
timely, actionable, objective ‘feedback’. Lipnevich and Panadero’s [14] review of theoretical models
found that 13 of the 14 models employed a ‘feedback as information’ view.

In addition to theoretical research, we can consider our day-to-day experiences in education. Teachers
will refer to ‘giving’ students feedback and to students’ complaints that they do not ‘get’ enough feedback
[15]. Students may not have ‘received’ their feedback yet or may find it unclear [16]. These lived
experiences reflect a discourse employing the definition of feedback as information. If ‘feedback’ is
used in practice to mean information, then on Wittgenstein’s meaning-as-use argument [17, Section
43] that is the definition of feedback.

2.2. Feedback as a Process

Information about a gap is not necessarily used by students, or if it is used, then it does not necessarily
have a positive impact. Sadler [18] included a key additional criterion, defining feedback as



“...information about the gap between the actual level and the reference level...used to alter
the gap in some way”
— Ramaprasad [19] quoted by Sadler [18, p. 120]. Emphasis added.

The key inclusion of ‘used to alter the gap’ broadens the definition of feedback. Such a distinction
has important implications for evaluating feedback. If a feedback message follows Shute’s [12] criteria,
is that sufficient to be evaluated as good feedback? There is a strong body of literature that says no’;
feedback must “focus ...on students’ actions in response” [20].

The concept of feedback as a wider process, of which the message is just a part, is not new, but
Winstone et al. [21] have been influential in emphasising this difference in recent years. The focus has
shifted from the feedback messages provided by teachers to how the student responds. For example,
student feedback ‘literacy’ [22, 23] refers to their appreciation of feedback and their ability to engage.

The process-view is more explicitly invoked when referring to ‘feedback experiences’ [23, p. 1319],
and feedback as a dialogue [24, 25], where students interact with the information provided and with
other stakeholders in a social process of meaning-making.

2.3. Ambiguity and the Need for Specificity

The previously cited studies were selected for their explicit positioning of feedback either as information
or as a wider process. Between those studies, however, is a wider literature that leaves ambiguity.
For example, Black and Wiliam’s influential work on formative feedback![26] notes the discrepancy
between Kluger and DeNisi’s [27] large-scale meta review, which conceives of feedback as information,
and Ramaprasad’s [19] process view, but nevertheless employs definitions with varying emphasis on
information or process.

Nicol and MacFarlane’s [28] model of formative assessment is also ambiguous, starting with a defini-
tion of feedback as information before developing a model of constructing meaning, reconceptualising
feedback as dialogue as opposed to transmission, and invoking Boud’s feedback loop.

The influential works of Black and Wiliam [26] and Nicol and MacFarlane [28] represent a wider
literature that seems content with ambiguous definitions. For the emerging field of PEAF, it would help
the community to clarify the definition. While there are obvious practical benefits to clearer definitions,
they also shape research questions and the nature of the automation activities.

The apparent tension in the varying definitions can be resolved if researchers are careful to explicitly
distinguish between feedback messages and feedback processes. Both are valid and valuable pursuits.
We advocate for clarity to avoid confusion. Simply referring to ‘feedback’ is ambiguous. When it comes
to pedagogical evaluation of automated feedback, we simply ask that researchers append clarification—
messages or processes. We also suggest that, given the prevalence of an information view of feedback
in practice, researchers in automation may want to focus on the less-obvious, more challenging, and
potentially more valuable problem of evaluating what happened before or after a message was generated.

2.4. Automated Feedback

We now refine our focus to automation, which Skinner [2] defined as removing the teacher from
the process. Automation itself referred to the generation of informative messages, but Skinner’s
behaviourism was concerned with the effects of ‘reinforcement’, i.e. closing the gap, undoubtedly a
process-oriented view of feedback.

Automation in the era of the computer has retreated from the process view, and this reframing has
important implications for research. Jensen et al. [29] highlight that ‘nonconscious conceptualisations
shape the research questions we ask and the online feedback practices we recommend’ [29]. For example,
the very idea of ‘automating feedback’? is based on feedback as information. Jensen et al. [29] surveyed
the corpus of e-learning research and found a predominantly feedback-as-information view.

"Which was called ‘assessment for learning’ or ‘formative assessment’.
“Referred to by Jensen et al. [29] as ‘feedback input’ [to students].



While Jensen et al.’s work covered e-learning in general, literature specifically on automated feedback
also shows an information-centric view. Evaluations report accuracy, specificity, or agreement with
human raters [4]. Classifications of automated feedback sort systems by software architecture, message
type and timing [5, 8, 30]. All of these approaches imply a view of feedback as information. While
modern work on automated feedback conceptualises feedback as information, we advocate for PEAF to
not just evaluate information, but to do so from an educational perspective, which means attending to
the whole process.

2.5. Locating Research on PEAF

PEAF can mean pedagogical evaluation of messages, or of the wider process in which they are generated
and acted upon. In the literature, most evaluations are focused on message accuracy within a specific
domain, rather than pedagogical qualities; research considering pedagogical aspects is often limited to
relatively shallow measurements of student opinions about feedback messages [4].

In contrast, this workshop brings together nine peer-reviewed papers that constitute the remainder
of these proceedings and exemplify genuinely pedagogical evaluation. Five of the studies focused on
feedback messages, but with the common strength that they evaluate the messages across multiple
dimensions relevant to education. Of the other studies, one bridges message evaluation and fairness
outcomes, while the others consider the wider process, including pre-message diagnosis, perceptions of
messages, and effects on learning behaviour and outcomes.

In summary, PEAF answers the question of whether automated feedback supports learning. It
does this by evaluating feedback messages from a pedagogical perspective, or by evaluating the wider
feedback processes that narrow the gap between the present status and an agreed goal. Research focused
on messages must acknowledge the limited scope of any research claims, and that the pedagogical value
of the messages is only ultimately seen when the wider process is considered. Research into other parts
of the process is less common, but is essential and therefore encouraged.

3. Research Directions

The PEAF workshop was a forum for discussion about research directions. We began by reviewing
samples of automated feedback messages (replicated in Appendix A) and asked:

« Is this feedback?
« Is this good feedback?
« Why / why not?

The activity highlighted the diversity of views within the community, which spans all countries, all
academic domains, and all levels of education. While participants were generally aligned on the role
and importance of feedback, there were different perspectives on whether the feedback messages were
“good”. For example, with Appendix A.1, some felt the message provided good scaffolding, helping
sufficiently and avoiding doing ‘too much’ for the student, while others felt that the message was too
vague. Clearly, evaluation is contextual, which has implications for research directions. We cannot
expect context-free research findings in PEAF. We may, however, still have sufficiently common interests
to share research directions. The aim of the workshop was to identify shared directions.

3.1. Participant Activities

To identify research directions for PEAF, participants were provided with a set of topics based on the
peer-reviewed research presented at the workshop and formed groups based on their interests.

The topics selected by the participants were: Al feedback message generation, feedback message
design, understanding the student, and trust and validity.

Participants were asked to identify research directions, with the following guiding questions:



« What challenges within this theme would I or others like to work on?

» Which challenges in this theme are the most urgent and the most important in the long run?

« Which challenges in this theme should be solved by academia and/or industry?

« What challenges within this theme have we been asking the wrong question about? What
challenges within this theme would change practice if solved tomorrow?

Participants then ranked the sub-topics they had identified, and formed four groups through self-
nomination. Participants added handwritten notes and post-it notes to flip-chart paper with the theme
title, while discussing together. Participants could optionally join more than one theme during the time
available.

3.2. Key Themes and Critical Discussion

In this section, we summarise the participants’ discussions of the challenges within these key themes
and potential avenues for future work.

Privacy Automating feedback messages inherently involves processing data related to students,
leading to concerns about privacy, which participants advocated as a key underlying theme that needs
prioritising when automating feedback messages.

Privacy was framed though legal, ethical, and technical lenses. Legal components are the incentives
and penalties. Ethical aspects include self-governance, community standards, and collective voice or
resistance. Technical aspects include data security, infrastructure, governance, and software design.

Privacy is not a direct research question, but an enabling layer for research. Participants expressed
an interest in sharing best practice and co-developing standards, such as risk management protocols
and public data sets.

Is Automated Feedback the Same as Human Feedback? The comparison of human-generated
and automated feedback messages was discussed during the workshop. Participants highlighted that
automated feedback differs from human feedback, prompting further discussion of how educational
theory and educational practice, especially in automated feedback, differ.

The participants suggested that future work in the pedagogical evaluation of automated feedback
messages could involve developing a pedagogically grounded benchmark, investigating how theory
is applied in practice, and examining the design and technical limitations of current approaches to
providing automated feedback messages.

Downstream of the Message Framed by Section 2, the step following message delivery was chosen
for discussion — what is the impact of a feedback message? Participants proposed that in principle
these studies should define goals, identify a ‘gap’ between the present situation and the goal, and study
changes in the gap.

Goals can be complex, and more distal or long-term goals can be more contestable. On that basis the
participants suggested that the community focus on proximal or short-term goals for early research
gains. Well-defined proximal goals are often the least ambiguous, most immediately actionable, and
most benefit from timely input — aligning with the strengths of automated feedback messages.

There was also a reflection on how realistic it is to measure changes in identified gaps. ‘No measurable
change’ is a likely outcome in many cases, and we should embrace this as part of the uncertainty of
research and development.

Learning Over Time How to assess and account for students’ prior knowledge, and how to ensure
comprehensible feedback messages. Across the contexts of the participants, no single approach to this
issue was agreed. For example, knowledge graphs are used in educational data mining to represent
students’ knowledge in a structured format; however, some participants raised concerns about their
limitations. Future research could explore the applicability of knowledge graphs and their limitations.



4. Discussion and Conclusions

At the first annual PEAF workshop, the focus on whether automated feedback supports learning yielded
multiple benefits. Putting aside the technical challenges of automation enabled a critical and nuanced
discussion about the wider purpose of automation. Our theoretical framing emphasises the need for
specificity in research. Feedback messages can be automated as part of a wider process of student
engagement and learning, which is where the ultimate impact is seen.

Workshop activities brought a diverse community together. Through sharing peer-reviewed research
and discussing challenging topics within PEAF, we found common ground and explored differences
stemming from our diverse educational contexts. Automated feedback is a complex area facing signifi-
cant research challenges. Discussions identified some important research directions for the community,
including enabling best practice in privacy, investigating how automated feedback differs from human
feedback, identifying the hallmarks of good research on processes downstream of message delivery,
and raising issues around the measurement of learning over time.

The research directions identified here do not claim to represent a sector-wide consensus or a
rigorously derived set of priorities. They represent expert opinion, drawn from the experience and
knowledge of researchers active in the field. Their value lies in guiding anyone seeking productive and,
ultimately, useful research avenues, as agreed by a small but significant group of researchers committed
to PEAF.

Research into messages is often more conclusive, but it must clearly limit the scope of its claims
regarding educational impact. Evaluating the quality of a feedback message is necessary but not
sufficient to fully evaluate the impact of automated feedback on students’ learning.

We advocate for research that asks whether automated feedback messages support learning. We
encourage studies beyond message accuracy, exploring the multi-dimensional evaluation of messages,
and the broader process, of which message generation is just one part.
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A. Feedback Examples

A.1. Example 1

Context: Homework from a higher education mechanical engineering course. Data from Lambda
Feedback [31].

Question: Find the required number of belts

Student’s response: 2.41

Teachers answer: 3

Feedback: “Close, remember only an integer number of belts exist in the real world”

A.2. Example 2

Context: Chatbot dialogue from a college-level Al course. Data from StudyChat [32]
Student question:: “how can i get all of the unique characters from a string”
Chatbot response:

To get all of the unique characters from a string in Python, you can use the following methods:

Method 1: Using a Set
A set automatically stores unique items. You can convert the string to a set and then, if needed, convert it back to a string or list.

Here's an example:
input_string = "hello world"

unique_characters = set(input_string)
print(unique_characters) # Output: {'o', 'r', " ', 'L', 'h', 'e', 'w', 'd'}

Method 2: Using a Loop
You can also use a loop to manually collect unique characters.

input_string = "hello world"
unique_characters = []

A.3. Example 3

Context: K-12 English essay for English as a foreign language students, with a focus on grammar rules.
Data from [33].
Student’s sentence: “Mr. Cool Clothes Store’s clothes is very check now.”
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Correct sentence: “Mr. Cool Clothes Store’s clothes are very cheap now.”
Feedback:

Subject-Verb — Severity 4

Error Explanation

1. Subject-Verb Agreement Error: the subject (clothes) is plural and requires the plural verb [are], so
(is) is changed to [are].

2. Adjective Error: (check) means to examine; the adjective [cheap] indicating price should be used
here, so (check) is changed to [cheap].
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