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Abstract: Feedback is a critical aspect of optimised learning design, but there are few, if any, feedback 
models that map different types of feedback and how they may assist students to increase performance 
and enhance their learning experience. This research paper outlines a feedback model as an extension 
of the four-dimensional framework which includes a consideration of the type, the content, the 
format, and the frequency of feedback, as well as the agent which delivers it. This model is based 
upon an understanding of learning in the context of designing learning experiences and utilises a 
game-based model of learning to understand the importance of motivation and autonomy in learners 
to enhance and accelerate learning. The framework is developed and refected upon by analysing 
two cases: a medical triage case in which the timing and frequency of feedback proved critical, and a 
business simulation which illuminated the need for a range of types of feedback and to be aware of 
the possibility of different agents (instructor peer and game) that can deliver feedback. The extended 
model may help game and learning designers alike to discern different types of feedback, both in 
games and more generally, in more explicit and nuanced ways. 
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10.3390/info14020099 Feedback is a fundamental component of learning (including game-based learning) in 
modern educational settings [1–3]. Feedback is “conceptualised as information provided 
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by an agent (e.g., teacher, peer, book, parent, self, experience) regarding aspects of one’s 
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related to their student experience [6–8]. Whilst researchers such as Hattie and others have 
argued for increasing and improving the quality of feedback in universities, the results 
from the research are variable, seldom based on a consistent theory, and can be very task-
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Several observations from the literature have attempted to explain this high level 
of variability, including practitioners and students failing to fully understand the role 
of feedback in an educational context, a lack of innovation despite many new feedback 
mechanisms (e.g., peer feedback, self-feedback, Learning Management System feedback, 
and AI-based automated feedback) [11], and a disjunction between learning design, assess-
ment, and feedback. This has led to teaching practitioners receiving inconsistent messaging 
regarding how to implement feedback effectively. Such uncertainty is evidenced by student 
satisfaction surveys which imply students feel under-served [12], but which arguably ask 
the wrong questions, perpetuating outdated views on feedback [13]. 

Our review found a dearth of robust quantitative studies and noted the lack of a 
solid theory to inform practitioners. Kluger and DeNisi [14] found that studies have 
often been based upon several erroneous and anachronistic assumptions, arising from 
the initial premise that all feedback is positive, whilst Nicol and colleagues [6] argue 
that there is no coherent underpinning theory of feedback that is both theoretically and 
pragmatically sound. 

Our approach is to address the main issues highlighted by these studies, by developing 
a feedback model based upon constructivist theory and a framework of learning that has 
been validated and used widely: the four-dimensional framework, with its key elements: 
the learner, pedagogy, representation, and context [15]: 

Learner—involves profling the learner to ensure that the learning intervention satisfes 
their requirements. 

Pedagogy—considers which instructional model(s) could be most effective to satisfy 
the learning requirements (e.g., constructivist and situative models). 

Representation—considers how the learning content should be represented to include 
fdelity level, interactivity, and accessibility requirements. 

Context—considers the environment where learning is taking place and the require-
ments for resources to support the learning. 

Feedback design can be affected by any of these four elements. This paper explores 
how feedback design can be overlayed within this model towards defning a feedback 
model that is theory-based and can be used by learning practitioners to aid them with 
designing and evaluating feedback in their own courses, particularly those that include 
game-based learning. The feedback model discussed in this paper was frst published 
as a book chapter [16] and emerged from a pragmatic randomised control trial designed 
to compare traditional to games-based learning approaches in a medical triage training 
context. Since the study, we have been iterating the model to provide a systematic approach 
to the design of automated game-based feedback. 

This paper thus revisits this model, with the aim of assessing its effcacy to be used to 
support practitioners. Over the last ten years, we have found that feedback has become 
increasingly prominent in models of assessment and quality assurance, and in the design of 
effective, engaging, and refective teaching and learning (e.g., [17,18]). As such, the feedback 
model has become more relevant to pedagogical practice in general and to Technology-
Enhanced learning (TEL) in particular, with its increased use of digital feedback. With this 
paper, we seek to assess the model by applying it retrospectively to contrasting cases, to 
evaluate whether it is a useful tool for practitioners. 

2. Models of Feedback in Education: Literature and Research Overview 

As highlighted above, the theoretical/conceptual basis of how we use feedback is a 
major critical stumbling block in the literature. In part, this is due to how we consider 
learning has changed over time and varies signifcantly according to context, learner 
specifcs, representation of learning (e.g., interactivity), and the pedagogy used. Learning 
experiences are becoming less focused on only knowledge acquisition (e.g., curriculum-
based online learning) and more focused on building critical skills. For example, the 
QAA Descriptors for level 6 qualifcations in the UK ([19]), as well as outlining required 
systematic and conceptual understanding, also reference the application of knowledge and 
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transferable skills and “learning ability”. This shift has implications on how we design and 
enact feedback. 

One established model for feedback was developed by Rogers [20]. It defnes feedback 
descriptively in “fve layers” as: 

• Evaluative: makes a judgement about a person, evaluating worth or goodness; 
• Interpretive: interpreting and paraphrasing back to the person; 
• Supportive: positive affrmation of the person; 
• Probing: seeking additional information; 
• Understanding: not just what is said but the deeper meaning. 

Evaluative feedback can be broadly equated to the common interpretation of summa-
tive feedback. It provides the learner with information on whether they have performed a 
correct action or calculation, but does not seek to understand or address why this was, or 
failed to be, the case. As the layers are moved through, they require more detailed under-
standing of, and interaction with, the learner, and the tailoring of feedback to ft their needs 
in terms of addressing specifc misconceptions, errors in judgment, or misunderstandings. 

Another impediment is that in most training and educational settings, we tend to 
think of feedback in much simpler terms: giving students feedback versus not giving 
feedback; immediate feedback versus delayed feedback; “good” or “bad” feedback; and 
formative versus summative. However, while these models and classifcations are available, 
questions about how to provide feedback in contextualised learning environments tend to 
dominate current literature (e.g., [21,22]). Such focus upon how to implement feedback, 
rather than understand it from a pedagogical standpoint, can limit innovation. Therefore, 
we advocate a theory-based approach for the feedback model. Any successful model needs 
to consider not only the format of feedback (e.g., task level) and the type of feedback 
given (e.g., leaderboard), but also the pedagogy used, context of learning, and the method 
of communication. 

Research fndings are inconsistent regarding the value of feedback in education and 
performance improvement. An Australian study of 4514 university students involved 
asking them to rate the level of detail, personalisation, and suitability of feedback [23]. 
The results showed that different feedback modes may offer certain challenges and ben-
efts for students. For Hattie and Gan [9], the large effect sizes for feedback in school 
studies reviewed “places feedback amongst the ten infuences on achievement” (p. 249). 
However, Balcazar and colleagues [24] argued that “feedback does not uniformly improve 
performance” (p. 65). Meanwhile, Latham and Locke [25] point out that few concepts in 
psychology have been written about more “uncritically and incorrectly” (p. 224). 

Furthermore, Kluger and DeNisi [14] argue that many feedback interventions are 
ineffective and, indeed, may have a negative effect on learning. In their meta-analysis 
of 604 studies, they showed that a third of studies found interventions were ineffective, 
or even had negative effects on performance. They also argue that a lack of a feedback 
intervention theory could be partly responsible for the variability of feedback interventions. 

Even the role of the agent awarding the feedback can create negative learning. For 
example, Kluger and DeNisi [14] often found feedback interventions were limited due to 
an external agent (providing the feedback) or there was a misalignment of task with the 
feedback, favouring feedback from the task, as in discovery learning over “feedback from 
an external agent” ([14], p. 265). This demonstrates an important insight that feedback from 
an “external agent”—in this context, a teacher—can, in fact, have a negative impact upon 
performance. In particular, critical or controlling feedback can result in negative transfer of 
learning, as can being rated comparatively to peers; additionally, non-specifc feedback can 
create confusion [5]. Schmidt et al. [26] found that faculty-tutored groups achieved slightly 
better performance over peer-tutored groups, but “peer tutoring was equally benefcial 
in the frst year of the course” ([27], p. 329). The role of computer-mediated feedback can 
help neutralise the impact of negative feedback; if feedback is anonymised and purely used 
for scaffolding and not refected in grades, then this approach may be liberating for some 
learners [28]. 
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As well as the agent applying the feedback, the timing and frequency of feedback 
is important. For example, interrupted learning with an external agent feedback during 
problem solving can be counterproductive [5]. The broader literature is inconsistent on 
whether delayed or immediate feedback should be given [29,30]. 

However, one of the most powerful forms of feedback arises through peer interactions 
(e.g., [6]). Nicol and colleagues [6] are quick to point to peer review and more active 
student engagement with feedback for improving performance and advocate the move 
away from the delivery model of teacher feedback. Feedback needs to empower the learner, 
motivate them, and allow them to make modifcations in their behaviour. Our studies 
around game-based learning and feedback have been informative here. 

Over the last ten years, studies have been undertaken that show the effectiveness of 
games as learning tools (e.g., Boyle et al. [31]). However, as [31] noted, there is compara-
tively little conclusive evidence on best practices, and a general paucity of large, robust 
trials of game-based learning. Even as this gap is addressed, the question itself of whether 
games are an effective learning tool in isolation is analogous to that of whether books, 
lecture series, videos, or other media are effective on their own. They certainly can be, but 
it is dangerous to attempt to infer generalisable conclusions from single instances. 

Hattie describes three forms of feedback in his work [32]: task, process, and self-
regulatory feedback. If we consider constructivist learning, particularly experiential or 
active learning, then these groupings of task, process, and self-regulated feedback cannot 
be used. This is because the learning is an experience rather than a defned set of knowl-
edge that is task-centred and has observable outcomes when transferred to practice. To 
conceptualise and design feedback as a mechanism that helps students apply and transfer 
learning, a more sophisticated model needs to be developed to ensure that feedback is 
given at the appropriate time and the right way to acknowledge the following: 

• Learner: what the learner is doing and what they already know; 
• Learning/game: how learning is conceptualised and developed within the game; 
• Context and the social interactions: how the learner interacts within/outside the game. 

Through review (e.g., [31]), best practices have been loosely identifed as linking 
feedback to motivation, considering different approaches, making feedback central to game 
play, and considering whether feedback is formative and immediate. In many ways, game-
based learning feedback overcomes some of the major issues identifed in the literature on 
feedback: it anonymises the feedback agent, it can be programmed to objectively scaffold 
learning while empowering learners, and it can be varied into multiple types, formats, and 
modes presented in varied ways that can be personalised to the learner/cohort. Research, 
therefore, often focuses on how these formats and modes might best be selected, with 
reviews such as that of Johnson et al. [33] frequently identifying the factors of content, 
modality, timing, and learner characteristics. 

Whilst such frameworks can be useful as a design aid, games are particularly diffcult 
to design to a pattern, given the many different design routes that can be taken. This 
is often compounded by a dual agenda for a serious game: often they are expected to 
engage and educate, and overcome barriers faced by other media when attempting to 
reach a disengaged audience. As such, entertainment design principles, which commonly 
emphasise engagement, must be offset against educational design principles, which com-
monly emphasise learning outcomes and learning transfer. Typically, in a game design 
intervention when attempting to provide direct, instructional feedback, the purpose is to 
minimise both content and frequency as much as possible to avoid interrupting game-
play [33,34]; moreover, “good” feedback in entertainment games is often viewed as arising 
naturalistically from gameplay, rather than through disruptive messaging. 

The emerging application of fow [35] as a means of formalising and understanding en-
gagement with a game also raises interesting questions regarding the provision of feedback. 
Kiili et al. [36] extended the fow theory by replacing Csikszentmihalyi’s “action-awareness 
merging” dimension with the “playability” antecedent. The original dimension states that 
all fow-inducing activities become spontaneous and automatic, which is not desirable 
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from a learning point of view. Kiili at al. [36] argue that the principles of experiential and 
constructive learning approaches suggest that learning should be an active and conscious 
knowledge construction process. Even though refection during game playing may not 
always be a conscious action by a player, only “when a player consciously processes his 
experiences can he make active decisions about his playing strategies and thereby form 
a constructive hypothesis to test” ([36], p. 372). With these perspectives, it is possible to 
make a distinction between activities related to learning and game/play control—meaning 
controlling a game should be automatic, but the learning of the educational content should 
be consciously processed and refected upon [37]. 

Hence, if the game designer’s goal is to establish and maintain fow, this can be 
implemented by linking the task diffculty and context against the player’s skill level and 
prior knowledge. However, it could be argued that establishing and maintaining fow is 
more a task of balancing the perceived task diffculty against a user’s perceived level of 
skill, because the outcome depends on this perception rather than absolute performance 
measures. Hence, it can be suggested that a core role of effective game-based feedback in 
terms of sustaining engagement is infuencing these perceptions. 

3. Developing the Feedback Model (4F) as an Extension of the Four-Dimensional 
Framework (4DF) 

In a previous study, we identifed the importance of feedback as a central aspect of 
learning in a training game [38], focusing on medical triage training. In the study, we 
compared the game version of a triage sieve-and-sort exercise with a card-sort version of 
the exercise. The game used 3D modelling of the scene and casualties. The evaluation 
used actors as casualties. The main feedback we received from participants in the pilot 
of the experiment was that they wanted more regular feedback. In the pilot version of 
the triage game, the participant sorted through ten victims before receiving any feedback 
(Figure 1). The design was changed to three casualties before feedback was given (Figure 2). 
What the researchers found was that feedback was needed by the participants immediately. 
The sooner it could be provided, the sooner that learning could be refected upon (meta 
refection) and reinforced. Research investigating the relationship of feedback timing to 
learning and performance reveals inconsistent fndings [5]. 

Our frst research observation related to the representation dimension of the 4DF. 
The triage game presented feedback differently compared to traditional learning (e.g., it 
was more embedded and hidden than in traditional learning). The anonymisation of the 
feedback empowered rather than criticised the learner. In the frst version of the pilot 
study, we included pages of feedback on every move taken, but direct feedback from the 
participants indicated they only wanted to know the relevant information. This led to our 
second observation: that feedback had to be presented in a way that participants could 
clearly understand at a glance. Importantly, the study found that “[p]articipants who used 
the revised feedback version performed signifcantly better (χ2 = 16.44, p < 0.05) [ . . . ] 
Therefore, this analysis posited that . . . predicted frequency (timing) and form (complexity) 
of feedback has an impact on learning outcomes” ([16], p. 50). 

Drawing on these fndings, Dunwell et al. [16] developed the feedback model to 
support effective design and evaluation of feedback (Figure 3). 

The feedback model takes two starting points; frst, any learning is designed and 
developed using good pedagogical principles, including a consideration of the learner, 
the context of learning (including discipline), the way learning is (re)presented (e.g., face-
to-face, online), and the learning theory used (e.g., experiential, exploratory). Once the 
learning has been designed and developed, it must be delivered. This involves agents (e.g., 
teacher, team of teachers, online, or in-game) interacting with the learner either directly 
or in a mediated way (computer mediation). Once the learning is designed, developed, 
and delivered, this model can be used to design, develop, or deliver feedback either in 
situ (within the learning experience, task, or activities) or after the learning (after-action 
review, debriefng, or refection session). As with all good learning design, the importance 
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of aligning learning objectives with assignment, assessment, and outcomes is central [39]. 
In addition, a specifc implementation of the feedback model should be evaluated with 
learners and refned as necessary. Considering each variable in the feedback model (see 
also summary of main sources in Table 1): 
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Type of feedback. This variable of the feedback model is concerned with the type of 
feedback used (e.g., the level of support provided to the learner when errors are made). We 
have chosen to adopt Rogers’s model for the type of feedback given. As Shute [5] outlines, 
each has a place in learning; often, directive is more useful at the early stages of learning. In 
the later stages, facilitative may be more effective. Scaffolded feedback may include models, 
cues, prompts, hints, partial solutions, and direct instruction [5]. In line with Vygotsky [40], 
the higher the cognitive understanding of the learner, the less scaffolding is required as 
they build more detailed cognitive maps. The literature also indicates that the more specifc 
the feedback the better, especially for novice learners. When selecting the type of feedback 
used, it is worth refecting on the new approaches to learning design that are used widely 
by practitioners today. Learning design has become less about knowledge conveying and 
more about experience design [41]. One example of this tendency is “action mapping”, 
used widely by training practitioners [42]. The action mapping approach focuses on what 
people need to do rather than what they need to know. The practice activities are linked 
to a business performance goal agreed with the client and only the essential information 
needed to perform these activities is provided. 

Content of feedback. This variable of the feedback model is concerned with the content. 
This should be relevant to achieving the learning objectives. In the pilot version of the 
feedback for the triage game, not all the content was essential to the learning. In the revised 
version, the feedback content was simplifed so it only included essential information 
relevant to achieving the learning objectives. 

The action mapping approach to instructional design helps ensure that learning 
content (including the feedback) is essential to perform the practice activities to achieve 
profciency. 
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Format of feedback. This variable of the feedback model is concerned with the format of 
the feedback and the media used to deliver this (e.g., text, audio, or video). In a detailed 
synthesis of 74 meta-analyses that included some information about feedback [4], the 
results demonstrated that most effective forms of feedback are in the form of video, audio, 
or computer-assisted instructional feedback. 

Frequency of feedback. This variable of the feedback model is concerned with timing and 
frequency. Shute ([5], p.163) argues that researchers have evaluated immediate feedback 
and delayed feedback with inconclusive results as to which is better at supporting learning. 
The four dimensions of learning need to be considered, in particular, the learner preferences 
and type and context of learning. For example, a novice learner might need more immediate 
and regular feedback than an expert learner. The age of the learner is also a factor, with 
school age students requiring more directive feedback than university students, who may 
beneft from delayed feedback, providing more time for cognitive independence to be 
developed. According to Shute [5], delayed feedback has been shown to be as effective as 
immediate feedback. Interestingly, feld studies showed that immediate feedback worked 
more effectively, while laboratory studies found that delayed feedback produced better 
results ([26] quoted in Shute [5], p.165-6). Shute concludes that both feedback types have 
positive and negative outcomes depending on other variables (e.g., novice vs. expert). In 
Dunwell et al. [16], it was the participants who asked for more immediate feedback, and 
as a feld study, we certainly feel that it is an interesting fnding, but it also lends weight 
to the importance of iterating the feedback approach with participants. The frequency of 
feedback is also signifcant. Again, novice learners might require short feedback delivered 
regularly, while an expert learner might beneft more from fewer feedback interventions 
but possibly with more details given. This also depends on the type of learning activity or 
assignment provided. A shorter learning task would require proportionately less feedback 
than a longer and more complex learning task. 

The remaining addition to the 4F model emerged while analysing the use case and is 
presented here to present the description of the model in one place: 

Delivered by Agent is not a variable of the feedback model, but instead is the person 
or technology that presents and regulates feedback. Feedback may be delivered by an 
external agent [14] or directly from the task or educational technology. In higher education, 
external agents are most often typifed as peer vs. faculty (e.g., [26,27]). In some contexts, 
technology may act as an agent; for example, if medical communication training is live, 
then feedback may be delivered by role play professionals, but in simulations, a simulated 
patient often delivers feedback [43]. The task may be a factor in the selection of the agent; 
for example, peer feedback has been found to be effective in developing teamwork [44]. 
The needs of the learner must to be taken into account; for example, there is evidence 
that learners at lower levels may respond better to peer feedback, while more advanced 
learners beneft from faculty feedback [26]. Agents play a role in regulating feedback 
to match the needs of individual learners. This is an important skill for faculty [45,46]. 
Similarly, regulating feedback to performance is recommended practice for the design of 
educational games [47], which is often implemented through the design of levels with 
increasing degrees of challenge. 

It is noteworthy that the effectiveness of feedback does not rely solely upon any of 
these feedback variables or the effectiveness of the agent, but also on the nature of the task 
and ability of the learner ([5], p. 165). The feedback model (4F) is presented in Figure 3. The 
idea is that you conduct analysis (user research) to fnd out about the learner and the context 
that can inform the pedagogy and suitable representation, and this information feeds into 
the design of the feedback for each agent. For example, the analysis (user research) fnds 
that the target audience are novices and lack confdence in the skill to be taught [learner 
characteristics]. This informs the feedback design (using the rubric in the feedback model), 
with greater consideration given to the timing for feedback (i.e., that feedback is given close 
to when the new knowledge/skill is introduced). 



Information 2023, 14, 99 9 of 16 

Table 1. Summary of key sources. 

4F Dimension Literature Sources 

Type Rogers [20], Vygotsky [40] 

Content Hattie [32], Shute [5] 

Format Ryan et al. [23], Lachner et al. [28], Johnson et al. [33], Killi et al. [36] 

Frequency Shute [5], Schroth [29], Butler et al. [30], Johnson et al. [33] 

Agent Schmidt et al. [26], Topping [27], Donia et al. [44] 

Figure 3 shows the four feedback variables type, content, format, and frequency. We 
also show a link to evaluation, which refers to the iterations often used to strengthen feed-
back: stakeholder analysis through survey and focus group methods and analyses through 
data and evaluation research. This was derived through literature review fndings (noted 
above and in [16]), outcomes of our research, and by adopting Rogers’s feedback model. 
Rogers’s model focuses on categories of feedback (evaluative, interpretive, supportive, 
probing, and understanding [20]). 

We have used the four feedback variables (Figure 3) to create a grid (rubric) which 
can be used either retrospectively or in advance. A separate team applied the rubric to 
a use-case as a tool to help them refect on the effectiveness of the feedback design. The 
use-case is a module delivered to undergraduate business students in England regarding 
the task of a business simulation game. In the following section, this case is described and 
discussed in terms of the feedback issues identifed. 

4. Use-Case: Feedback in a Market Simulation Game 

This use-case concerns a second-year university module, which used an off the shelf 
market simulation game. Responses to the standard end of module survey question “I 
have received helpful feedback on my work (verbal or written)” was 2.6 (on a 5-point 
Likert scale where 1 is ‘defnitely disagree’ and 5 is ‘defnitely agree’, n = 87, 8.8% of the 
cohort). It is known that students are less satisfed with feedback than other aspects of 
their experience, and the standard question prompts the students to only consider “verbal 
or written” feedback, thereby predisposing them to ignore other sources of feedback, 
particularly the game. However, the module team wished to articulate and refect on 
the feedback design and used the feedback model as a framework for refection within a 
continuous improvement process. 

The module was taught as an experiential learning experience in which business 
school students were expected to synthesise and apply knowledge learnt in previous mod-
ules to challenges in the game. The content comprised a small number of technical lectures, 
clarifying decisions to be made in the game in terms of prior learning on marketing, opera-
tions, fnance, etc., and playing the game. The game used was an educational simulation of 
a mobile phone market. During the module, teams of students (companies) played four 
rounds of the game with rival teams in each class of about 35 students competing in their 
own unique simulated market. Teams were assigned randomly and included students who 
were enrolled in a range of business school programmes, including accounting, information 
systems, law, and general management. 

The frst two rounds of the game were played twice, with the frst iteration being 
treated as two practice rounds. Thus, a total of six rounds were played. The game provided 
summative feedback, in the form of results at the end of each round. Students could 
also access rich feedback on their performance in the form of typical fnance, marketing, 
and operational data. This feedback is a simplifed version of real-world business data, 
providing a high-fdelity game experience. Success depends on students learning how their 
business decisions affect the business results. For example, an elementary lesson is that 
setting the price of a low-tech phone high, compared to fancier phones offered by your 
competitors, will reduce sales. 
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Classes were held in alternate weeks to offer face-to-face time with peers and tutors. 
This provided students with opportunities to gather peer feedback and tutor feedback to 
help interpret the game results. The simulation was accessed via a web interface which 
was available during the module, and students were encouraged to interact with the game 
outside of tutorial time, alone or with other team members. 

The feedback model was articulated by identifying each agent that provided feedback 
to the learners and summarising the feedback the agent provided according to the variables 
of the model (Table 2). This was an orthogonal dimension to the original proposal for the 
model. There were three agents involved. The frst is the game/simulation which provides 
feedback on performance in the form of business data. Second, there are the tutors, who 
provide formative feedback during class time and in offce hours. The tutors also provide 
summative feedback on a piece of refective writing, which was the main assessment for 
the module. The third agent is peer interaction, principally with other team members. The 
module encouraged group discussion of the decisions, with students required to sit at team 
tables in class, and encouraged to meet and communicate outside class to discuss the data 
and decisions. 

Table 2. The feedback model applied to the market simulation game. 

Use-Case: The Business Game 

Agent Type-Example Content Format Frequency 

Game: automatic Evaluative: “The results of Essential for Learning Data presented as On demand 24/7 with 
your business decisions were Objective: graphs, tables, pie a bi-weekly update 

good/bad for your “Demonstrate charts, etc. after each round. 
company’s performance.” professional skills and 

abilities needed by 
managers”. 

Tutor Interpretive: “So, you have Essential for Learning Face-to-face feedback Bi-weekly in class. 
(formative) decreased your prices Objective: “Apply (in a in class. Offce hours. 

because the market simulated 
conditions suggest demand environment) theories 
will increase, is that right?” and techniques covered 

Probing: “What are the other in frst- and 
teams’ prices for that second-year modules”. 

product?” 

Tutor Evaluative: Essential for Learning Written feedback on End of module. 
(Summative) “Your understanding of the Objective: assessment. 

decisions your team made, “Demonstrate 
and their effects is good.” professional skills and 

abilities needed by 
managers”. 

Peer Evaluative: “You ruined our Desirable for Learning Face to face. Not measured. 
plan by changing all the Objective: “Work Feedback in class. 

decisions without discussing productively in diverse Text messages. 
it!” groups.” 

“You should come to Desirable for Learning 
class–we need to discuss our Objective: 

decisions.” “Communicate 
Understanding: “Should we effectively through 
build more factories when it different means”. 

costs so much?” 

Next, the team refected on the different variables in the feedback model for this 
use case: 

Type of feedback. The competitive nature of the game meant that groups received 
comparative evaluation of their performance. For the groups that were not “winning”, 
tutors observed that this could produce a negative effect. This is where feedback from 
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tutors became an essential part of the learning design. Tutors typically took a Socratic 
approach, asking groups to verbalise their decision processes, diagnosing their level and 
regulating the game feedback by pointing learners towards parts of the business data 
relevant to their next decisions and explaining it at a level they could understand. As a 
result, tutors’ formative feedback was mainly interpretive and probing. In parallel, students 
were receiving peer feedback, mostly from members of their team, but also from friends on 
the course; based upon observations in class, students could both be supportive of each 
other and evaluative. Behavioural defciencies were critiqued, such as team members who 
did not contribute or stick to deadlines. The last type of feedback students received was 
the summative feedback on their written assignment. This was typical assessment-focused 
feedback of the type which is often perceived by students as the most important feedback 
they receive because it is associated with a mark. 

Content of feedback. The framework provided an opportunity to evaluate how the 
feedback provided aligned with the learning objectives and, thus, the learning design of 
the module. It was found that the feedback types available aligned with the objective of the 
module well. 

Format of feedback. Feedback was provided in a range of written and verbal formats, as 
summarised in Table 2. 

Frequency of feedback. The simulation game system provided access to data on the 
amount of time students spent logged into the system. This provided a proxy measurement 
of the time teams spent obtaining feedback from the game, in and out of class. There 
were n = 986 students enrolled in the cohort, who competed in 30 simulated markets, with 
between fve and seven teams (companies) in each simulated market. Data were analysed 
on a per-team basis because teams were encouraged to sit together to work through the 
simulation. Hence, logged time for a particular student is not a good measure of their time 
spent interpreting feedback and making decisions. It was found that students typically 
spend longer interpreting the data in the frst half of the module than the second half (see 
Figures 4 and 5). Furthermore, there is a correlation (Pearson’s r = 0.31, p < 0.05) between 
fnal round CSV (Cumulative Shareholder Value) result and time logged in the simulation 
during the frst half of the module (i.e., practice rounds 1 and 2, and round 1). No such 
correlation at the 0.05% level was found for the second half of the module (rounds 2, 3 
and 4). This suggests that novice students were empowered by the game format to seek 
more feedback in the early stages, but could self-regulate the amount of time they spent 
when they became more expert. Tutor formative feedback was delivered in class for most 
students and was available bi-weekly. The tutor summative feedback was delivered once at 
the end of the module. The frequency of peer feedback could not be measured, especially 
as much of it took place in the student’s own time and through secure messaging services. 

Delivered by Agent. Three types of agents delivered feedback, the game, tutors, and 
peers. Two key points from the above analysis are that tutors had an important role 
in regulating the game feedback, and that teamwork issues were a common theme in 
peer feedback. 

Analysis of the use-case using the feedback framework has made it apparent that, 
contrary to indications from the student survey, the feedback provided to students is rich 
across all variables in the model. Furthermore, the feedback aligns well with the learning 
objectives. These are strong foundations on which to build. One weakness identifed is that 
the type and amount of tutor feedback needed to scaffold understanding of the business 
data, together with the observed frequency of seeking feedback from the game at early 
stages, suggest that the task level was not well balanced against the perceived level of skill 
of the learners at the beginning of the game. In order to obtain a better balance between 
the learner’s perceived skills and the task, while attaining the same level of learning, a 
game which can increase the complexity of the business data round by round could be 
identifed. This would allow the learners to build cognitive independence in early rounds. 
The competitive nature of the game created comparison between peers, which could create 
negative effect and the disengagement of learners. Given that the nature of a competitive 



Information 2023, 14, 99 12 of 16 

marketplace is that most players do lose, many students inevitably received negative 
evaluative feedback from the game. Negative effects could be mitigated by avoiding use of 
leaderboards and instead drawing learners’ attention to improvement and good decisions. 
Lessons could be learnt here from entertainment games with mechanisms for giving small 
but frequent rewards, such as points, badges, and automated praise for good play. Finally, 
it can be recommended that the module team develop learners’ feedback literacy, including 
communicating to the students that the business data is feedback and that their aim is 
to improve. 
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5. Discussion and Conclusions 

In this section, we refect on the assessment of the 4F feedback model and articulate on 
its contribution to emancipating meaningful and purposeful feedback through interactive 
multimedia systems such as games. Recommendations are made to aid the design of 
feedback for activity-centred learning, of the kind explored in the examples in this paper. 
Future work is outlined. 

It became clear, from the assessment of the business game case study, that the frame-
work was helpful in supporting and refecting upon the design of feedback, but not yet 
complete. The module team, who carried out the use-case assessment, identifed a need 
to examine the agent, the human or technological actor that provides the feedback. There-
fore, the revised feedback model (Section 3) acknowledges the role of the provider of the 
feedback and areas where the agent can be aligned with the learner needs in designing 
feedback. This refnement of the model makes a novel contribution to the 4DF model and 
our understanding of factors to be considered in the design of feedback. Furthermore, the 
inclusion of an agent dimension in the model is well supported by the literature, and our 
observations align with the literature fndings on faculty agents regulating feedback and 
the effectiveness of peer agents in delivering feedback on teamwork behaviours. 

Table 2 summarises the main assessment outcome of the analysis of the business game 
use-case. This is presented here as a rubric which could be used for both the design of 
feedback and the assessment of it. The main aim is to provide insights into current modes 
of feedback, to present opportunities for discussion, refection, and iteration of feedback 
with students and/or teaching practitioners. There are few models and tools available 
to practitioners to support their selection, use, and evaluation of feedback. The model 
and rubric together provide a conceptual underpinning and a tool to address this gap. 
Practitioners might use the rubric to consider the four feedback variables, plus the delivery 
agent, with respect to feedback design practices, the literature, and their own experience, 
and should be able to iterate these approaches over time with courses and activities to 
strengthen student performance outcomes. 

The business game use-case deployed more than one feedback type, content, format, 
and frequency, and three different agents. This variety provides a range of opportunities 
for improving the design of feedback according to learner needs. For example, should peer 
feedback become a more explicit process, guiding learners to refect on their own role as 
feedback agents? Could the game feedback be designed in such a way that the students 
can more easily see how to formulate actions to improve their performance? An example 
of this kind of response can be found in the triage game example. The researchers found 
that feedback had to be presented in a way that participants could clearly understand 
at a glance, and redesigning the feedback delivered by the system resulted in signifcant 
improvements in their performance. 

In the triage training evaluation, the research team found that learners wanted more 
regular feedback, and the feedback was needed immediately. The importance of regulating 
the frequency of feedback also emerged in the business game use-case, which found that 
university students sought more feedback in the early rounds of the game and students 
who actively engaged with feedback early on ended up performing better. 

From this assessment of the 4F feedback model, the evaluation of the triage training 
game, the use-case, and the literature review, we make the following recommendations for 
aiding in the design of student-centred and activity-based feedback: 

The format of feedback (e.g., dashboards) is critical in supporting learners, but we 
found variations in how individuals and groups responded to it. 

The frequency at which feedback is given is critical. However, the literature and our 
fndings are not in agreement about whether it should be immediate or delayed or both [5]. 
More research is needed. 

Frequent feedback in the early part of the course/module seems to be valuable to 
scaffold learning. Ideally, it should be given in parallel with the main tasks and activities 
being learnt. 
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The content of feedback should be presented in a clear, simple, and usable way for 
learners to understand, with clear pointers to improvements needed. 

The agent that delivers feedback has an important role in regulating feedback, and 
agent type may sometimes need to be aligned to the content of feedback. 

Ideally, feedback should be provided in multiple confgurations to meet the needs of 
individual learners and address different learning outcomes. 

As we have found, there are pedagogic and learning gains according to how we 
give feedback, when we give feedback, and what the feedback is, and these may have a 
signifcant impact upon learner effcacy, autonomy, motivation, and performance. More 
research is needed to understand the shift implied by digital feedback and game-based 
feedback modes. 

The 4F feedback model provides a conceptual underpinning based upon constructivist 
theory and informed by practice. We recognise that a full validation would be benefcial, but 
the case study presented here suggests that the use of this model does allow for practitioner 
refection, allowing educators to refect on feedback design. While the examples presented 
here concern game-based learning systems, the model should be generalisable to broader 
learning design instantiations, and further validation should examine other delivery modes. 
Future work will, therefore, seek to develop a protocol and guidelines for deployment of 
the model, consider the development of feedback design tools and rubrics for practitioners, 
consider the importance of feedback literacy, and develop more case studies to evaluate 
which types, timing, and modes of feedback communication are the most effective in 
different contexts and with different learners. 
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