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Abstract. Feedback is a critical component of the teaching-learning process.
Through it, teachers share relevant information so that students understand the
subjects and activities, in addition to promoting self-regulation. However, the
activity of writing and sharing feedback is not easy and may even lead to stu-
dents’ demotivation. Given this, it is possible to find several works in the edu-
cational research literature that propose good practices for elaborating textual
feedback. This work aims to analyze the relationship between different models
of good practices for feedback and the relationship between English feedback
and Portuguese feedback using an epistemic network (ENA). The results show
that some characteristics are similar, but the models do not have a direct rela-
tionship. It is concluded that a combination of these models can improve the
analysis of feedback quality.

1. Introduction
Feedback is a mechanism that plays a critical role in the instructor-student relationship.
This mechanism allows students to improve their skills and competencies and allows ins-
tructors to tailor their methods and content based on students’ learning needs. Moreo-
ver, instructors use the feedback messages to suggest insights to improve students’ per-
formance by enhancing interaction, assessments and answering questions [Langer 2011,
Matcha et al. 2019]. According to [Sadler 1989], feedback needs to provide precise in-
formation about the learning task or process that fills a gap between what is unders-
tood and what should be understood. Several studies have shown that useful feedback
brings benefits to learning [Hattie and Timperley 2007, Nicol and Macfarlane-Dick 2006,
Parikh et al. 2001].

[Hattie and Gan 2011] highlighted that feedback is one of the top ten aspects of
learning to enhance student performance and learning experience. According to the study
by [Sadler 2010], feedback only works when applied to fill the gap between the current
and desired performance. If the information shared by feedback is not or cannot be pro-
cessed by the student to produce improvements, it will not affect learning. Furthermore,



inadequate feedback can negatively impact students, creating distrust in the feedback pro-
cess and in the teaching, which can impair students’ self-efficacy and motivation and even
result in dropout [Boud and Falchikov 2007].

Some works in the literature present feedback descriptors for the instructor to pro-
vide good feedback. [Nicol and Macfarlane-Dick 2006] propose a self-regulation model
and identify seven principles of good feedback practices. Each principle has specific
strategies the teacher can use to facilitate student self-regulation. On the other hand,
[Hattie and Timperley 2007] proposed a feedback model to identify the circumstances in
which feedback has the most significant impact. This model has four levels where fe-
edback can be provided (task, processing task, self-regulation, and personal). The key
idea of this work is to ensure that feedback is provided at the appropriate level, making it
effective feedback.

Recently, several studies have proposed machine learning techniques designed
to identify the good practices automatically [Nicol and Macfarlane-Dick 2006] and le-
vels [Hattie and Timperley 2007] from feedback shared through educational techno-
logy. In general, these techniques adopted random forest classifiers in combination
with features related to text structure to categorize feedback messages according to
the good practices and levels of feedback [Cavalcanti et al. 2021, Osakwe et al. 2021].
Although these studies indicate a promising direction to create an automatic tool to sup-
port instructors in creating better quality feedback messages, they do not analyze the
relationship between the good practices [Nicol and Macfarlane-Dick 2006] and levels
[Hattie and Timperley 2007]. Analyzing relationships between these two models is es-
sential as it can inform the assessment of feedback quality; that is, whether it is sufficient
to use only one of these two well-known feedback models or their combined use is pre-
ferred.

Therefore, this paper proposes a study that adopts epistemic network analy-
sis (ENA) to perform a comparative analysis between the feedback descriptors propo-
sed by [Nicol and Macfarlane-Dick 2006] and [Hattie and Timperley 2007]. ENA pro-
vides techniques for quantitative analysis of qualitative aspects of learning and tea-
ching [Shaffer 2017], as it has been shown through the growing adoption of ENA
in learning sciences, learning analytics, and educational research [Shaffer et al. 2009,
Rolim et al. 2019]. With this analysis, we intend to produce new theoretical insights into
providing good quality feedback in technology-enhanced learning.

2. Background

Previous works have proposed models or principles that help increase the impact of feed-
back on student learning. For example, [Hattie and Timperley 2007] proposed a model to
assist the construction of effective feedback. This model identifies three main questions
that effective feedback must answer: “Where am I going?”, “How am I going?”, “Where
to go next?”. [Evans 2013] performs an extensive literature review and proposes a feed-
back scenario that identifies specific areas for future research on evaluation feedback in
higher education. [Nicol and Macfarlane-Dick 2006] presents seven principles of good
feedback practices to assist teaching staff. The works of [Hattie and Timperley 2007] and
[Nicol and Macfarlane-Dick 2006] have well-formulated models, are widely used in the
literature, and are detailed below.



2.1. Seven Good Feedback Practices

[Nicol and Macfarlane-Dick 2006] proposed a conceptual model of self-regulation ba-
sed on a review of the research literature on formative assessment and feedback. The
key idea of the work is to identify how formative assessment and feedback proces-
ses can help promote self-regulation. Based on the conceptual model, seven principles
of good feedback practices were defined that the instructor can use to think about the
project and evaluate his feedback procedures. The seven good feedback practices are
[Nicol and Macfarlane-Dick 2006]:

• GP 1: Helps clarify what good performance is (goals, criteria, expected stan-
dards);

• GP 2: Facilitates the development of self-assessment (reflection) in learning;
• GP 3: Delivers high-quality information to students about their learning;
• GP 4: Encourages teacher and peer dialogue around learning;
• GP 5: Encourages positive motivational beliefs and self-esteem;
• GP 6: Provides opportunities to close the gap between current and desired perfor-

mance;
• GP 7: Provides information to teachers that can be used to help shape teaching;

Each feedback principle could be connected to different strategies that the instruc-
tor can implement in the classroom. According to [Nicol and Macfarlane-Dick 2006],
good feedback practices are broadly defined as any strategy or content that can increase
students’ ability to self-regulate their learning performance.

2.2. Four Feedback Levels

[Hattie and Timperley 2007] proposed a feedback model that identifies the circumstan-
ces where feedback has a higher impact. The authors define the purpose of feedback
as reducing discrepancies between current performance and the desired objective. The
authors looked at several conditions that could maximize the positive effects of feedback
on learning, including increasing student awareness of an overall learning goal, progress
towards the goal, and the subsequent goals necessary to achieve the primary goal. The
proposed model specifies three types of questions that feedback is designed to answer
(Where do I go? How do I go? Where next?). Moreover, each feedback question opera-
tes at four levels: task feedback (FT), feedback on the task processing (FP), feedback on
self-regulation (FR) and feedback on the self as a person (FS). The goal of each level is
shown below.

• FT Level: Feedback can be about a task, such as whether the job is correct or
incorrect, can include instructions for more or different information.

• FP Level: Feedback can be directed to the process used to create a product or
complete a task, is more directed to information processing or learning processes
that require understanding or completing the task.

• FR Level: Feedback for students can be focused on the level of self-regulation,
including greater self-assessment or confidence skills, which can have major influ-
ences on self-efficacy, self-regulatory proficiency, and students’ personal beliefs
as learners.

• FS Level: Feedback can be personal in the sense that it is directed to the self. It is
often unrelated to task performance.



The authors state that feedback on the FS level is the least effective. The FR
and FP levels are powerful in terms of deep processing and task domain, while FT is
powerful when feedback is used to improve strategy processing or improve self-regulation
[Hattie and Timperley 2007], that is FT is powerful when used in combination with either
FP and FR.

2.3. Related works
Several previous papers in the literature focused on the effectiveness of feedback in edu-
cational environments. According to Gibbs and Simpson [Gibbs and Simpson 2005], for-
mative assessment combined with high-quality feedback can have a powerful impact on
student learning. The following are some related works that guided this study.

The work of Dunworth and Sanchez [Dunworth and Sanchez 2016] presents the
results of an embedded multiple case study that investigated teaching staff and students’
views on written feedback at a United Kingdom university. The study results indicated a
general consistency between the teaching staff and students regarding the nature of quality
feedback. Therefore, Dunworth and Sanchez state that quality feedback can be described
as a process in which teaching’s contribution and support are actively engaged, appro-
priated, and used productively by students to improve their educational experience from
several different dimensions (affective or interpersonal, orientational and transformatio-
nal). The results suggest that feedback needs to incorporate each of these dimensions to
be perceived as good quality.

Epistemic Network Analysis (ENA) has been used in the literature to analyze
and visualize the relationship between data [Shaffer et al. 2016]. This technique provides
tools to analyze data qualitatively and has been used in the educational field; for example,
[Rolim et al. 2019] presents an approach that uses ENA to understand the relationships
between cognitive and social presence. The paper demonstrates how epistemic network
analysis (ENA) can provide new qualitative and quantitative insights into the development
of students’ social and critical thinking skills in communities of inquiry. In addition, the
authors explore how the relationship between social and cognitive presences changed over
time during a course.

[Mello and Gašević 2019] investigated different configurations of ENA parame-
ters to analyze student interaction behavior in online discussions from the perspective of
the research community framework. In their results, the authors state that the main impli-
cation was that removing dominant codes can lead to a better understanding of one of the
two key constructs in the Community of Inquiry model (social presence), but reduce the
perception of the other (cognitive presence).

[Ferreira et al. 2018] analyzes students’ cognitive development in asynchronous
discussions in online learning environments. The authors combine natural language pro-
cessing techniques and graph-based analysis with ENA to provide qualitative insight into
developing students’ critical and deep thinking skills. [Gašević et al. 2019] propose an
approach called SENS (epistemic social network signature). This approach aims to com-
bine social network analysis (SNA) with epistemic network analysis (ENA) to model the
different dimensions of collaborative learning, using social ties and content analysis of
student messages.

In this context, this paper proposes a network analysis method to uncover the



relationship between different constraints of good quality feedback. In this paper, we
evaluate the relationship between the concepts proposed by [Hattie and Timperley 2007]
and [Nicol and Macfarlane-Dick 2006], but the same method could be generalized to any
other theory.

3. Research Question

The previous sections demonstrate that feedback is critical to help self-regulate
student learning. The feedback models proposed in [Hattie and Timperley 2007,
Nicol and Macfarlane-Dick 2006] have been widely used in the literature. However, the
relationship between the constraints proposed by both models was not explored. There-
fore, our research question that guides this study is:

RESEARCH QUESTION (RQ): What are the relationships between in-
dicators of the feedback models proposed by [Hattie and Timperley 2007]
and [Nicol and Macfarlane-Dick 2006]?

With this research question, we posit that the analysis of feedback quality can be
far more insightful if feedback quality is assessed from two different and complementary
perspectives.

4. Method

4.1. Datasets

This work used two datasets, with feedback in Portuguese and English. Each one of them
is detailed below.

4.1.1. Portuguese Dataset

The Portuguese dataset contains individual written feedback provided by instructors who
posted the feedback messages through the activity submission tool in the LMS. The da-
taset comprises 1,000 examples of feedback from 2 courses: biology (41 examples of
feedback) and literature (961 examples of feedback). The average length of feedback
texts is 30 words. Each feedback was classified by expert coders according to the 11 fe-
edback descriptors (7 good practices [Nicol and Macfarlane-Dick 2006] and four levels
[Hattie and Timperley 2007]). The feedback message received labeled 0 if it did not be-
long to the descriptor or label 1 if it belonged to the descriptor. This annotation process
was done separately between the seven good practices and the four levels.

The measures used to analyze the quality of the annotation process were
the percentage of agreement and Cohen’s kappa coefficient (κ). According to
[Landis and Koch 1977], Cohen’s kappa (κ) is a statistic that measures inter-rater agree-
ment for qualitative items, where values close to 1 indicate significant agreement between
the raters or coders (in this case, expert classifiers) and values close to 0 indicate that
the agreement between the raters or coders is purely random. The inter-rater agreement
was moderate for the seven good practices, reaching 76.7% and Cohen’s κ = 0.43. For
the four levels, the inter-rater agreement had a percentage of 72.2%, and Cohen’s κ was
0.44. Another two experts who did not participate in the first coding stage resolved the
divergent cases, 23.3% for the seven good practices and 27.8% for the four levels. Table
1 shows the Portuguese dataset division for the seven good practices and the four levels.



Tabela 1. Portuguese dataset division for the seven good practices and the four
levels.

Good Practice (GP) Level

GP1 GP2 GP3 GP4 GP5 GP6 GP7 FT FP FR FS

class 0 875 971 692 987 766 397 1000 112 499 992 849
class 1 125 29 308 13 234 603 0 888 501 8 151

Total 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

4.1.2. English Dataset

The English dataset has 272 feedback texts from instructors of two courses: Software
Engineering and Learning Analytics. The average length of feedback texts is 437 words.
The annotation process followed the same process as the Portuguese dataset. For the
seven good practices, the inter-rater agreement had a percentage of 76.6%, and Cohen’s
κ was 0.53. For the four levels, the inter-rater agreement had a percentage of 63.8% and
Cohen’s κ was 0.38. Different codders who did not participate in the first annotation step
resolved the divergent cases. Table 2 shows the English dataset division for the seven
good practices and the four levels.

Tabela 2. English dataset division for the seven good practices and the four
levels.

Good Practice (GP) Level

GP1 GP2 GP3 GP4 GP5 GP6 GP7 FT FP FR FS

class 0 193 206 38 166 80 202 253 94 68 174 139
class 1 79 66 234 106 192 70 19 178 204 98 133

Total 272 272 272 272 272 272 272 272 272 272 272

4.2. Network Analysis
To answer our research question, we use Epistemic Network Analysis
(ENA) [Shaffer et al. 2009] to analyze the relationship between feedback levels and good
practices of feedback. ENA is a graph-based analysis technique to model patterns of asso-
ciation by a network of dynamic relationships of different concepts [Shaffer et al. 2016].
Within ENA, the network of relationships among different codes is created for each unit
of analysis. Two codes are considered related if they appear in the same chunk of text,
called stanza (or conversation). We can see ENA relationships between the two feedback
models, i.e., if the good practices units are near and strongly connected with the feedback
levels units.

In this work, the units of analysis are feedback messages, the codes were the
levels of feedback and the good practices of feedback, whereas the stanza we conside-
red individual feedback messages. The network data provided by ENA was visualized
as undirected graphs, and the object of interest was the interactions between the ele-
ments [Shaffer et al. 2016]. In this network, there were three elements to observe: the
size of the nodes represents their frequency; the nearness of the node represents the simi-
larity among them; the strength of the code relationship represents the frequency of their
co-occurrence.



5. Results
To answer our research question, we analyzed the ENA network using: Portuguese dataset
(Figure 1), English dataset (Figure 2), and both datasets (Figure 3), respectively.

Figura 1. ENA network of the relationship between the feedback descriptors for
Portuguese.

Figure 1 presents the ENA graph for the Portuguese language. It shows that the
most substantial relationship in the graph is between the FT and GP6 classes. The GP6
good practice aims to provide opportunities to close the gap between current and desired
performance, where the instructor should indicate to the students their mistakes to help
them avoid the same mistake in future tasks. Similarly, the FT level aims to provide
comments that indicate where the student got it right/wrong on a specific task. In other
words, feedback of these classes has a common goal: to show the student the points
where he hit or miss the activity and, consequently, help the student close the gap between
current and desired performance.

Another strong relationship in the graph is between FP and FT and between FP and
GP6. An interpretation is that the FT and FP levels are related to a specific activity. The
difference between these levels is that the FT focuses only on the task, checking whether
it is correct or incorrect, and the FP focuses on the processing of the task (i.e., the student
must reflect on his answer). Similar to our justification of the connection between FT
and GP6, the connection between FP and GP6 shows that feedback about the task makes
students reflect and also helps close the gap between current and desired performance.

The GP3 good practice that aims to provide students with high-quality information



had a relationship with the FT and FP levels. As the FT and FP levels provide feedback
on the tasks and processing, this means that on these levels, high-quality information is
provided, and it helps the student to identify not only where the student got it wrong or
right but why they got it wrong/right and what are the next steps for learning.

It is also possible to see in the graph, through proximity and connection, the re-
lationship between GP5 and FS. The goal of GP5 good practice is to encourage positive
motivational beliefs and self-esteem. This relationship explains the relationship with the
FS level because, on this level, feedback must provide personal praise for the student to
remain motivated in his learning.

Figura 2. ENA network of the relationship between the feedback descriptors for
English.

Figure 2 shows the ENA graph for feedback messages written in English. It is pos-
sible to see that the connections are well distributed, differently from the Portuguese data.
The strongest relationships on the graphic are between GP3 and FP and between GP3 and
FT. These relationships also happened in feedback messages written in Portuguese but
with a weaker connection. We attribute this result to the fact that the English language
feedback is much larger than that of the Portuguese. In other words, the English feed-
back provides high-quality information and makes the student reflect on his response. It
is also possible to notice a good relationship between GP3 and GP5 and between GP3 and
FS, which means that in addition to providing high-quality information, English language
feedback also provides the student with praise to keep them motivated.

The most significant difference between the two graphs is the relationship with
the GP6. In English, fewer feedback messages had this indicator. Thus, the instructor did
not provide specific information for students to close the gap between current and desired
performance. In contrast, most feedback messages had good practice GP3; consequently,
high-quality information helped students understand where they went wrong and what the



next steps in learning should be.

Figura 3. Subtraction between the Portuguese and English ENA network.

Figure 3 shows the subtraction of the two networks (EN and PT). The blue edges
refer to the Portuguese language feedback and the red edges refer to the English language
feedback. We can highlight in this network the clear division between Portuguese and
English. The nodes and edges on the right are the most present in the Portuguese language
feedback, that is, the FT, FP and GP6 good practice levels, highlighting the link between
the FT level and the GP6 good practice, showing that there is a solid correlation between
these two descriptors. Looking at the left side of the image, it is possible to see the
predominant presence of the red color, that is, the feedbacks from the English language
are more present in the FR, FS levels and in all the good practices, except the GP6 good
practice.

6. Discussion

Answering our research question (Section 3), Figure 3 provided insights into the relati-
onship between the feedback models evaluated. This graph shows that the FT and FP
levels were present in many feedback for both languages. This result indicates the main
goal of feedback messages was to show the student where they were wrong (FT level)
and bring information that makes the student reflect on their response (FP level). In
terms of good practices, the predominance of GP6 and GP3 demonstrates the effort to
assist the students to close the gap between the desired performance and the activity. In
both cases, the main indicators revealed by our analysis show and emphasize providing
feedback on the activity (task and process), which is the most common type of feed-
back [Dunworth and Sanchez 2016, Al-Hamad and Mohieldin 2013, Maitra et al. 2018,
Cavalcanti et al. 2019].



The results presented for the Portuguese language showed a strong connec-
tion between the FT and FP levels with good practice GP6. This connection shows
that the instructors’ main objective concerning feedback is to present where the stu-
dent was wrong, suggesting to reflect and close the learning gap. However, the li-
terature shows that it is also interesting to pass on other information that encourages
self-regulation [Henderson et al. 2019]. In order to provide more information and mo-
tivation for students, the instructors should not focus only on task-related feedback
[Wisniewski et al. 2020].

On the other hand, the English written feedback messages had a strong relati-
onship between the FT and FP levels with the good practices GP3 and GP5. In other
words, the English language feedback, in addition to showing where the student was
wrong on their tasks, provide high-quality information with positive beliefs and self-
esteem to keep students motivated. The average number can see one indicator of this
multi-facet of English feedback of words (mean=437). An average is almost 15 times
higher than that of feedback in the Portuguese language (mean=30).

It is essential to highlight that the feedback messages did not include many messa-
ges of FR and FS levels in both datasets. However, these levels of feedback could have a
higher impact on students’ self-regulation and satisfaction [Wisniewski et al. 2020]. The
ENA charts clearly showed that there is a difference in the style of providing feedback
between the two languages. That is, the levels and best practices most present in one
language are not the most present in the other language. However, this difference could
have occurred due to the feedback texts being extracted from different environments or
courses or the difference in the number of messages between the two sets.

Finally, in summary, the main similarities between the two models were between
the FT level and the GP6 good practice, the FP level and the GP3 good practice, and
the FS and FR levels with the GP5 good practice, which shows, based on the analysis of
this work, that there are relationships between the two models. A combination of the use
of models by the teacher can be interesting, for example, to separate the feedback into
different structures, with each structure being a level of feedback and within each level
using the principles of good feedback practices that best suit.

7. Limitations
The main limitation of this work is the datasets. The Portuguese dataset had 1000 fe-
edback messages obtained from only two different undergraduate courses (Biology and
Literature). On the other hand, the English dataset has 272 feedback messages, a small
amount to perform a fully comparative analysis. Thus, further analysis would be required
to provide more insights on the topic. However, this paper focused on the potential of
using ENA to compare different feedback models. In future work, we intend to evaluate
a dataset with more feedback messages and different theories of good quality feedback
using the same approach. The final goal is to develop a feedback quality measure using
ENA that encompasses traditional models proposed in the literature.
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