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Abstract: Reflective writing is a relevant aspect of pre-service teachers’ professionalization. Evalu-
ating reflective writing in teacher education is demanding due to a shortage of resources. Hence,
this study explores the practical possibilities of evaluating reflective writing using a mixed-methods
approach to analyze reflective writing from 198 pre-service teachers at a German university. We used
qualitative content analysis, computational linguistic approaches, and BERTopic. Results of quali-
tative content analysis results indicated primarily descriptive and low-level participants’ reflective
writing. Next, computational linguistic analyses revealed that affective and cognitive terminology
utilization differed across varying levels of reflection, with a higher frequency of such terms cor-
relating with deeper levels of reflection. BERTopic results showed that reflective content mainly
centered on learning materials and shifted toward affective and motivational themes related to higher
levels of reflection. This study demonstrates that reflective writing can be evaluated across reflection
levels and cognitive, affective, and thematic dimensions, combining qualitative content analysis,
computational linguistic approaches, and BERTopic.

Keywords: reflective writing; qualitative content analysis; computational linguistics; BERTopic

1. Introduction

The disconnection between theoretical understanding and practical application re-
mains a long-standing challenge in teacher education [1]. For instance, novice teachers
often have difficulty with classroom management, yet the relevant theoretical knowledge
has already been learned in university, e.g., [2]. To bridge this gap, reflection has been
increasingly recognized as essential in fostering professional development among (pre-
service) teachers [2,3]. Reflection has been defined as a cognitive process that involves
scrutinizing and evaluating experiences, situations, or thoughts [4–6], and it also includes
critical perspectives, psychological activities, and affective dimensions [7]. In teacher ed-
ucation, there are various methods to support reflection, with portfolio-based reflective
writing emerging as a predominant approach [8,9].

Despite the growing application of approaches to support reflection, there is evidence
that teacher educators find it challenging to assess reflective writing [10]. On the one hand,
the inherently subjective and complex nature of reflective writing complicates establishing
universally applicable quality criteria [11]. This subjectivity makes it difficult to delineate
what constitutes high-quality reflective writing. On the other hand, even when high-quality
assessment models are available, their implementation demands substantial investments
in time and resources—a luxury often unavailable to evaluators operating under con-
straints [12]. Given these challenges, there is a strong need for developing evaluation tools
to support professionals in evaluating reflective writing. In current research, reflective
writing assessment has traditionally been informed using content analysis, which is pivotal
in evaluating complex aspects such as subjective experiences, emotions, and cognitive
processes. For instance, the study by Poldner et al. [13] used quantitative content analysis
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to examine the various elements of reflective writing. This method provides measurable
and comparable data for reliable and valid formative assessment of students’ reflective
writing but is less efficient as well as not scalable. Moreover, as machine learning (ML) and
natural language processing (NLP) technologies continue to advance, more automated ap-
proaches are emerging within the field. For example, Fan et al. [14] utilized Support Vector
Machines; Kovanović et al. [15] employed Random Forest algorithms; Ullmann et al. [16]
experimented with Neural Networks; and Wulff et al. [17] engaged pre-trained language
models. These computational methods offer new avenues for evaluating reflective writing,
potentially enhancing efficiency and scalability. However, these computational methods
are not without limitations. Most notably, they often fall short of capturing the complex,
contextual, and deeply personal facets of reflective writing.

While the existing literature provides valuable insights into approaches to evaluating
reflective writing, this study attempts to explore the potential of a mixed-methods [18]
approach in order to provide a more holistic understanding of reflective writing of pre-
service teachers. Qualitative research methods help to explore subjective elements in
depth to understand the motivation, knowledge, and situations behind reflective writing.
Computational research methods provide the means to quantify these experiences, for
example, by analyzing the frequency, length, and subject matter of writing, as well as
linguistic features. Therefore, a mixed-methods approach seems suitable to capture these
multifaceted dimensions, thus providing a more comprehensive analytical framework.

1.1. Definition of Reflection and Assessment Framework

Dewey’s book How We Think [4] was regarded as a landmark in the reflection area since
it synthesized the ideas of many pioneers. John Dewey was the first to define reflection
as a cognitive process, “an active, persistent, and careful consideration of any belief or supposed
form of knowledge in the light of the grounds that support it and the further conclusions to which
it tends” [4] (p. 9). Furthermore, reflection is described by Dewey [4] and Schön [5,6] as a
primarily cognitive activity, notwithstanding the arguments of other scholars that it also
entails critical, psychological, and affective components [19]. Mezirow defined reflection
as “the process of critically assessing the content, process, or premise(s) of our efforts to interpret
and give meaning to an experience” [20] (p. 104). Boud et al. [21] stated that the affective
component of reflection is also essential since it may trigger specific experiences.

In orientation to these definitions, researchers have developed various assessment
models of reflection in professional education [22]. These models reduce the complexity of
reflection by representing it through frameworks [23], rubrics [24], or coding systems [13].
Most models focus on the depth or breadth of reflection for analyzing reflective writ-
ings [16]. The depth model frequently starts with a holistic evaluation of reflection [25]. For
example, Hatton and Smith’s theory of reflection levels [26] is the most often used depth
model in education, especially in teacher education. They proposed four levels of reflec-
tion, beginning with descriptive writing (only descriptive description) and progressing
to descriptive reflection (providing justification based on the author’s opinion or relevant
literature), dialogic reflection (setting up an inner dialogue to explain the possibilities), and
critical reflection (considering the impact of one’s behavior in the larger historical, social,
and political context before deciding what to do or why). Reflection was also conceptual-
ized as a hierarchy model by Ip et al. [27], Kember [28], Mezirow [20], and others, ranging
from non-reflective to highly reflective.

On the other hand, a multidimensional or process-oriented perspective on analyzing
reflection was applied in breadth models [24]. For instance, Gibbs’s [29] reflective cycle
consists of six parts that serve as a structure for creating and analyzing reflective writ-
ings: description (describe what happened briefly), feelings (describe feelings/emotional
responses), evaluation (what was good/bad about response), analysis (how do you make
sense of it), conclusions (general/specific conclusions), and action plan (what would you
do next time). Furthermore, the breadth model has also been employed by Kolb [30],
Mansvelder-Longayroux et al. [31], Poldner et al. [13], and others. These breadth models
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involve more elements but lack depth in critical thinking and analytical statements. This is
because evaluating reflective writings contemplates their presence or absence as a criterion.
Unlike the depth model, which explicitly takes the need to consider various perspectives
objectively and the implication that learning will result in changes in assumptions, views,
or practices, this model does not explicitly account for the assumptions people may have
about the experience. Therefore, it is assumed that the levels of the student’s reflections
would be more precisely identified and distinguished using a depth model. We adapted
Hatton and Smith’s [26] theoretical framework to analyze pre-service teachers’ reflective
writing depth.

1.2. Critical Role of Reflective Writing and the Challenges of Its Evaluation

A robust body of research shows the role of reflection in advancing (pre-service) teach-
ers’ professional development [2,32,33]. Specifically, reflection enables both in-service and
pre-service teachers to reconcile practical classroom experiences with theoretical pedagogi-
cal knowledge [3]. To facilitate this reflective practice, teacher education programs often
employ portfolio-based strategies, e.g., [9,34,35]. However, reflection is a complex under-
taking, particularly for novices [7]. Pre-service teachers tend to engage in reflection that
is superficial and predominantly descriptive [36]. Körkkö et al. [37] similarly found that
even when pre-service teachers’ reflections were broader and more thorough, they often
lacked critical analytical depth. Poldner et al. [13] further emphasized that most reflections
pivot around mere description and evaluation. They argue that genuine reflective practice
should incorporate justification, dialogue, and transformative learning elements.

Consequently, for teacher educators, delivering effective assessments coupled with
timely feedback constitutes a critical strategy for enhancing the quality of reflective writ-
ing. However, the assessment of such writing is laden with complexities and influenced
by various factors that span cognitive, affective, technological, and individual assessor
characteristics. First, the highly personal and subjective nature of reflective writing, often
grounded in an individual’s experiences, emotions, and values, adds layers of complexity
to its assessment, e.g., [19,22]. Second, practical constraints, notably in terms of time and
resources, frequently hinder teacher educators from executing comprehensive and nuanced
assessments, e.g., [12]. To mitigate these challenges, contemporary research has made
strides in establishing clear, transparent assessment criteria [23,24], employing multidimen-
sional assessment instruments [24], and leveraging technological advancements to facilitate
the assessment process [16,38]. Nevertheless, to the best of our knowledge, there exists a
research gap with respect to the evaluation of reflective writing in teacher education.

1.3. Multifaceted Approaches to the Evaluations of Reflective Writings

In teacher education, reflective writing is typically analyzed through two principal
methodologies: manual analysis based on a theoretical framework and computational anal-
ysis with different technologies. The former mainly relies on content analysis, offering an
in-depth interpretation of subjective experiences in reflective writing. The latter, conversely,
frequently employs computational techniques that span dictionary-based, rule-based, and
ML-based methods to perform the analysis.

First, most empirical research on how pre-service teachers reflect has been con-
ducted through qualitative [39,40] and quantitative content analysis [41]. For example,
Poldner et al. [13] used a quantitative content analysis based on theoretical coding schemes
to analyze reflective writings of pre-service teachers over two semesters. This type of anal-
ysis is helpful for categorizing reflections since it seeks to answer whether or not reflection
happens and to what extent. Similarly, Azimi et al. [36] coded 620 reflective writings from
41 pre-service teachers in three practicum cohorts over two years. Their study used a model
based on Ward and McCotter [23] to demonstrate different reflective dimensions at different
levels of reflection. Their findings focused not only on whether reflection occurs but also
on how it occurs. These findings are relevant to describe characteristics, processes, and
conditions of reflection from pre-service teachers’ views and to use these results to develop
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assumptions and theoretical frameworks. However, content analysis methods are limited
to analyzing small samples and are time-consuming, making generalization difficult.

Another approach to analyzing reflective writing is computational analysis, which
uses dictionaries to identify selected linguistic indicators or keywords associated with
reflection. For instance, Springer and Yinger [38] used the Linguistic Inquiry and Word
Count 2015 to extract keywords such as pronouns, temporal focus, and affect from reflective
writing. This approach is useful for exploratory research but needs a theoretical foundation
for assessing the quality of reflection. In contrast, Cui et al. [19] and Liu et al. [42] form
a new reflective element by consolidating selected linguistic indicators into a unified
taxonomy of reflection quality based on theoretical frameworks such as Gibbs [29] and
Boud et al. [21]. However, a challenge in this approach is matching the linguistic indices
with the reflective elements reasonably and progressively. Subsequently, there is a rule-
based approach to assess reflective writing, but the number of empirical studies could
be more significant. For example, Chong et al. [43] classified the level of reflection by
building a word database with a fuzzy logic system due to a lack of training datasets and
expertise. This fuzzy logic system is based on the keywords created by cognitive, emotive,
and volitive words. It uses them as counts as inputs to the system to categorize the input
text and determine the level of reflective practice. Gibson et al. [44] analyzed the text
using low-level grammatical features (posTags) and higher-level annotations (metaTags) in
reflective writing. The advantage of this approach is that it is more precise in analyzing
the semantic aspects of reflective writing. However, it is difficult to generalize the analysis
of reflective writing applied in different scenarios. Finally, ML approaches can be broadly
categorized into supervised and unsupervised learning. In the context of reflective writing,
supervised learning can be applied to text classification tasks, where the goal is to categorize
texts into predefined categories, such as high or low levels of reflection. Researchers have
employed various artificial intelligence (AI) algorithms and theoretical models to classify
reflective texts [45]. For example, Liu et al. [42] used Naive Bayes to categorize reflective
elements. On the other hand, unsupervised learning is a type of ML in which an algorithm
learns to recognize patterns in data without explicitly using labeled data for training. For
instance, Cutumisu and Guo [46] conducted a research study to analyze the reflective
writing of 139 Canadian pre-service teachers using the Latent Dirichlet allocation (LDA)
Topic Modeling. Their analysis revealed that pre-service teachers’ reflections included
concepts, practices, and perspectives on computer thinking. Their findings highlight the
potential of these methods to uncover hidden patterns and themes in large amounts of
data and the benefits of using them to support reflective writing assessment in education.
Therefore, a combination of different methods based on a mixed-methods approach seems
advantageous, especially due to the complexity of phenomena in education [47], such as
pre-service teachers’ reflective writing.

1.4. Research Questions

In light of the existing body of research, our study was formulated with three ob-
jectives. First, we aimed to evaluate the level of reflection based on Hatton and Smith’s
framework [26]. This analysis served to establish a foundational understanding of the
reflective capabilities exhibited by our participants. The second objective focused on em-
ploying LIWC2015 [48] and BERTopic [49] to extract terminology utilization and topics
for characterizing the reflective writing. Both of these tools fall under the NLP and ML
categories. Based on the above objectives, we formulated the following research questions:

RQ1: On which levels of reflection can reflective writings of pre-service teachers on
profession-related topics be described and evaluated?
RQ2: How do the psycholinguistics of reflective writings differ among pre-service teachers
at different levels of reflection?
RQ3: How do pre-service teachers at different levels of reflection differ in the topics of their
reflective writings?
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2. Materials and Methods
2.1. Research Context

We employed a mixed-methods approach [18,47] to synthesize the findings gleaned
from the preceding objectives. Specifically, we sought to relate the linguistic features
and reflective themes extracted from these writings with the levels of reflection derived
from qualitative content analysis to gain a broader understanding of pre-service teachers’
reflective writing.

In conducting this study, an E-portfolio [50,51] was developed and integrated into an
online learning platform as part of a teacher education program at a German university.
This study was carried out during the winter semester of 2021/2022. This portfolio was
designed to serve as a learning and reflection tool for two specific topics within a course
on school education, namely, pedagogical diagnostics and classroom management. Next
to the E-portfolio, pre-service teachers had access to various instructional resources, such
as pre-recorded video lectures, presentation slides, and recommended readings. The
portfolio contained case study assignments closely aligned with the topics covered to
support the pre-service teachers’ understanding of the subjects and to initiate reflective
writing. Specific assignments were designed to prompt pre-service teachers to reflect on
the professional content acquired and their individual learning trajectories. The sequence
of engagement with the portfolio was carefully structured. Initially, participants were
mandated to engage with the learning materials of the course that were relevant to the
topics in question. Upon completing these materials, they were then required to undertake
a case study assignment directly pertinent to the learning topic. This sequential design
ensured that pre-service teachers had basic knowledge before engaging in more complex
tasks, reinforcing their learning and facilitating more in-depth understanding and reflection.
Different time allocations were set for each of the two learning modules—pedagogical
diagnostics and classroom management. Students were given three weeks to complete the
pedagogical diagnostics module due to its complexity, whereas a week was allotted for the
classroom management module. After completing the self-study components within these
periods, students had two more weeks to submit a case assignment and a reflective writing.

2.2. Participants and Data Corpus

This study involved a diverse cohort of pre-service teachers enrolled in four distinct
teacher education programs: primary school, lower secondary school, secondary school,
and grammar school. Out of the initial pool, 506 participants completed the lecture series
and the corresponding assignments, including reflective writings. For subsequent analysis,
a random sampling technique was employed to select 200 reflective writings from the com-
pleted pedagogical diagnostics and classroom management assignments. Upon removing
outliers, the final data corpus for analysis consisted of 198 reflective writings. The average
word count for these reflective writings was 229.85, with a standard deviation of 148.99,
and it ranged from a high of 806 in one writing to a low of 30 in another. In addition to
the textual content, this study coded demographic background information of pre-service
teachers associated with each of the 198 reflective writings. To collect personal information,
we used anonymized codes to ensure compliance with the University’s data protection
regulations. After matching the personal anonymity codes from the reflective writing with
the ones from the questionnaire, 105 data sets were suitable for further analysis. Table 1 in
this study provides a detailed demographic breakdown for these 105 pre-service teachers.
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Table 1. Pre-service teachers’ (n = 105) demographic information.

Variable Item n

Gender Male 35
Female 70

Major Primary school (Grundschule) 55
Lower secondary school (Mittelschule) 15
Secondary school (Realschule) 12
Grammar school (Gymnasium) 25

Age (M/SD) 21.63/4.01

Semester (M/SD) 2.00/1.51
Note. Ninety-three instances of data loss occurred because of personal code-matching issues.

2.3. Data Analysis

First, the reflective writings were analyzed using a qualitative content analysis ap-
proach, as outlined by Mayring [52]. Specifically, this study adopted a theory-oriented
qualitative structuring strategy of analysis based on the framework, initially established by
Hatton and Smith [26], to categorize and interpret the data. The theory-oriented qualitative
structuring strategy of analysis incorporated category definitions, anchor examples derived
directly from the reflective writings, and coding rules.

In the second step, we used the dictionary-based LIWC method [48] to extract psy-
cholinguistic features to characterize the reflective writings. The DE-LIWC 2015 [53] was
applied in a German adaptation that formed more than 80 dictionary categories and con-
tained 18,711 words, stems, and some emotive symbols. In our analysis, we extracted 73
empirically validated linguistic features from 198 reflective writings, and the remaining
redundant features were removed. The extracted linguistic features were used to analyze
variance (ANOVA) using the open-source statistical software R, version 4.1.2, [54] at differ-
ent levels of reflection. We applied Yoon and Lai’s [55] subsampling technique since the
reflective writings’ level sample had an uneven distribution.

The BERTopic architecture is a state-of-the-art topic modeling based on BERT word
embedding, feature reduction clustering algorithms, and word representation to discover
latent topics in reflective writings. The following analyses were carried out using Python
3.10 (i.e., https://www.python.org/, accessed on 10 October 2022). Meanwhile, the follow-
ing different open-source libraries were used: NumPy, Pandas, SpaCy, Bertopic, PyTorch,
scikit-learn, Matplotlib, and Seaborn. For analysis, firstly, we used a standard preparation
pipeline, including tokenization, stop word removal, lemmatization, and N-gram extrac-
tion. Next, with the help of BERT embedding, dimensionality reduction, and clustering, the
BERTopic topic modeling technique created dense clusters. Lastly, the class-based TF-IDF
gave weights to the terms for each topic.

3. Results
3.1. Distribution of Reflection Levels

The results of the qualitative content analysis show that pre-service teachers’ reflections
were primarily descriptive, with 37 students on the description level and 129 students on the
descriptive reflection level (e.g., Table 2). Of the 198 pre-service teachers, only 31 were coded
as persons on the level of dialogic reflection, and just one person was coded on the highest
level, namely, critical reflection. In addition, there was no difference in the distribution of
reflection levels regarding majors, with the main focus being descriptive reflection (nearly
70% of the total). To check the intercoder reliability, two coders independently analyzed
selected reflective writings. Cohen’s Kappa was very good, with 0.97 for the topic of
pedagogical diagnostics and 0.96 for classroom management.

https://www.python.org/
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Table 2. Distribution of pre-service teachers to the reflection levels by learning topics.

Description Descriptive Reflection Dialogic Reflection Critical Reflection

Pedagogical diagnostics 20 61 18 1
Classroom management 17 68 13 0

Total 37 129 31 1

3.2. Distribution of Reflection Levels

Starting with the measures under “linguistic style attributes,” we determined that the
higher the level of reflection on the reflective writings, the more terms were associated with
the word count and impersonal pronouns. A one-way ANOVA revealed that the effect
of the word count on the reflection level was significant, F (1, 91) = 9.70, p = 0.002. The
mean of impersonal pronouns’ occurrences in the three different reflection levels were 3.71,
4.52, and 4.71, respectively. As a result, the impersonal pronoun had a significant effect,
F (1, 91) = 4.80, p = 0.031.

Additionally, we identified that terms related to adverbs and quantifiers were used
more frequently at higher reflection levels. In contrast, the opposite was true for the article.
There was a significant effect for an adverb, F (1, 91) = 19.97, p = 0.000, and a significant
effect for quantifiers, F (1, 91) = 12.99, p = 0.000. Despite the fact that the article had a
negative impact, F (1, 91) = 4.28, p = 0.041, higher levels of reflection were associated with
fewer words.

Furthermore, we observed that affective processes, especially negative emotions, were
more frequently used in the high reflective performance for the assessments of affective at-
tributes and perception. All three features had a slight impact, Faffective-processes (1, 91) = 4.43,
p = 0.038, Fnegative-emotion (1, 91) = 4.28, p = 0.029, and Ffeel (1, 91) = 4.91, p = 0.016,
correspondingly.

Next, it was possible to distinguish between different levels of reflection using indica-
tors by employing the linguistic features of the cognitive attributes. Indicators of cognitive
process, such as discrepancy, certainty, differentiation, negations, and comparisons, were
discovered in our data set to differentiate between different levels of reflective writing
performance—the more relevant the cognitive attributes, the higher the level of reflection.
Table 3 shows all the results.

Table 3. ANOVA comparing the psycholinguistic attributes of reflective writing at different reflec-
tion levels.

Linguistic Category Description Descriptive Reflection Dialogical Reflection

M/SD M/SD M/SD F

Linguistic Style Attributes

Word Count 177.97/79.47 261.26/149.5 274.87/126.57 9.70 **
Impersonal Pronouns 3.71/1.34 4.52/2.09 4.71/1.87 4.80 *

Lexical Density

Article 13.20/2.71 11.08/2.08 10.98/2.13 4.28 *
Adverb 4.15/1.74 5.28/1.92 6.19/1.77 19.97 ***
Quantifiers 2.31/1.15 3.39/1.22 3.62/1.82 12.99 ***

Affective Attributes

Affective processes 5.04/2.32 5.79/2.47 6.21/1.74 4.43 *
Negative emotion 1.06/0.77 1.30/1.06 1.63/1.17 4.91 *

Perception

Feel 0.23/0.41 0.51/0.72 0.62/0.69 6.08 *
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Table 3. Cont.

Linguistic Category Description Descriptive Reflection Dialogical Reflection

Cognitive Attributes

Cognitive processes 21.05/3.97 23.12/4.21 25.65/3.44 21.92 ***
Discrepancy 1.88/1.18 2.51/1.40 3.38/1.47 19.25 ***
Certainty 3.09/2.27 2.95/1.46 4.16/1.88 4.89 *
Differentiation 3.69/1.99 4.19/1.72 5.83/2.19 17.93 ***
Negations 0.72/0.92 0.86/0.80 1.61/1.06 13.70 ***
Comparisons 2.08/1.22 2.67/1.03 2.97/1.10 9.71 **

Note. Statistical significance was reported after subsampling for class imbalance; each group consisted of
31 samples (*** p < 0.001, ** 0.001 < p < 0.01, * 0.01 < p < 0.05).

3.3. Variations in Reflection Topics at Different Reflection Levels

Four groups were determined after the topic modeling procedure. Based on c-TF-IDF,
Figure 1 displays the keywords for different topics (Topic 0: slide, tasks, find, feedback,
read through, content, point, satisfied, detailed, fall; Topic 1: prepare, motivate, feel, learn,
know, find, fun, literature, disruption, fall; Topic 2: teacher, slide, student, note, aspect, task,
opinion, knowledge, satisfied, written; Topic 3: class, student, disruption, measure, teacher,
react, behavior, teacher (female), wrong, strategy). The number of reflective writings in
each category is presented in Table 4, and the reflective writings identified as topic −1 were
classified as “noisy data”.
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Table 4. Topic counts computed with BERTopic and their proportional distributions over the en-
tire dataset.

Topic Count %

Topic 0: Learning materials and process 94 47
Topic 1: Motivation and emotion 31 16
Topic 2: Learning content (focus on pedagogical diagnostics) 20 10
Topic 3: Learning content (focus on classroom management) 15 8
Topic—1: noisy data 38 19

We carefully labeled each topic in Figure 1 based on the most relevant words. Most
topics can be interpreted by considering their most representative terms. The number
of themes in the most prominent part was 94, accounting for 47%. In topic 0, “learning
materials and process”, participants reflected on the learning materials utilized during the
learning process, such as slides, assignments, finding something, feedback, reading, and
so on. Topic 1 was classified as “motivation and emotion” since it contained the phrases
“motivate”, “feel”, and “fun” in its keywords. There were 31 total contributions to this
topic, which amounted to 16%. The context of reflective writings was essential for the
theme classifications of topic 2 and topic 3. Both topics centered on their respective scopes
and were reflections on the course content. The representative terms identified topic 2
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as “learning content (focus on pedagogical diagnostics)” and topic 3 as “learning content
(focus on classroom management)”. Both topics comprised roughly 10% of the total, which
was similarly reasonably similar. Finally, BERTopic could not identify relevant topics for
roughly 20% of the reflective writings. Table 4. displays the number of each topic.

Table 5 shows how each theme was distributed among the varying levels of reflection.
Surprisingly, the theme “motivation and emotion” appeared more frequently at higher
levels of reflection, namely, 22.58% in dialogical reflection, 17.83% in descriptive reflection,
and only 2.70% in the description. Another startling finding was that BERTopic failed to
recognize more topics at lower reflection levels. For example, the dialogical reflection only
makes up 10% of the total, whereas the description level makes up roughly 30%.

Table 5. Distribution of topic counts in different reflection levels.

Topic Description
(n = 37)

Descriptive Reflection
(n = 129)

Dialogical Reflection
(n = 31)

Learning materials and process 18 61 15
Motivation and emotion 1 23 7
Learning content

focus on pedagogical diagnostics 5 12 3
focus on classroom management 3 8 3

Noisy data 10 25 3

4. Discussion

The aim of this study was to analyze and evaluate the reflective writing skills of
pre-service teachers employing a mixed-methods design. We integrated a qualitative
content analysis, LIWC-based computational linguistic approach, and topic modeling using
BERTopic to achieve this. On the one hand, this study provides a nuanced understanding of
the quality and attributes of students’ reflective writing. On the other hand, it contributes
to future development of a practical approach for evaluating them.

Firstly, regarding RQ1, the results of the qualitative content analysis indicated that
most pre-service teachers’ reflective writing was at a low level, with almost none at the
critical level. These findings are consistent with previous research on reflective writing by
pre-service teachers [13]. Further research also shows that even at the end of teacher edu-
cation programs, students’ reflective writings were still primarily descriptive and lacked
critical thoughts [37]. The reasons for the low quality of reflection may be multifaceted. One
potential factor may be that educational institutions do not adequately support reflective
practice, e.g., [56]. Even though many countries have included reflection as a fundamental
competency in their national teacher standards, curriculum frameworks for teacher edu-
cation programs often emphasize acquiring specialized subject knowledge and practice
competencies, with little focus on reflection [57]. Based on this, teacher educators may also
fail to provide adequate scaffolding for reflective activities and constructive assessment
and feedback to facilitate more profound reflection. On the pre-service students’ side, psy-
chological barriers may also impede the quality of reflective writing [58]. Because reflective
practice inherently involves self-critical assessment, low self-efficacy, apprehension about
external criticism, or a general lack of confidence could deter students from engaging in
meaningful self-reflection. Additionally, through several in-depth interviews, we noted
that a significant number of pre-service teachers lacked an understanding of reflection.
They did not even know how to reflect. This confluence of institutional, pedagogical, and
psychological factors likely contributes to the observed limitations in the depth and quality
of students’ reflective writing.

In addressing RQ2, we analyzed linguistic features in the reflective writings, and we
found that affective and cognitive features may be used to predict the level of reflection. This
result is in line with the dataset for Data Science and Pharmacy [59]. The level of reflection
was connected to the affective characteristics underlying LIWC, which are denoted by
the parameters LIWC.negemo and LIWC.affect. It is possible that affective characteristics
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may be interpreted as indicators of the level of reflection. For instance, negative words
in pre-service teachers’ reflective writings may suggest that they are struggling with the
content of reflection or their learning process and that they are reflecting on their emotions
related to these challenges. Moreover, the affective characteristics of reflective writing
can provide insights into how students connect their learning experiences, attitudes, and
understanding to the content they reflect on. For example, if a student uses words such
as “significant,” “influential,” or “relevant,” it may suggest that they are relating the
content to their learning experience, which could indicate a higher level of reflection.
On the other hand, one cannot determine the depth of the reflection based solely on the
affective features. Instead of restricting these sentiments to merely descriptive language,
deep critical contemplation should link them to shifts in one’s worldview [60]. In our
study, we also found that cognition-related words were significant in predicting reflection
levels. Cognitive characteristics refer to mental processes such as thinking, reasoning,
problem-solving, and so on. Words associated with cognitive features, such as “analysis”,
“synthesis”, “evaluation”, and “critical thinking”, can provide valuable insights into the
level of cognitive engagement in their reflection. Moreover, when the lexicon of affective
and cognition coexists in reflective writing, it often means that the writer encountered a
confusing stimulus [6,61]. At the same time, the writer may dive into deep thought. This
happens because of the mental process of reflection, which is used to make sense of things
that are hard to understand [4]. The findings of our study show that when the amount
of reflection is more significant, there is a corresponding increase in the frequency with
which cognitive and affective linguistic markers appear. Several researchers have analyzed
reflection using the LIWC index of cognitive processes and its sub-indicators, and they
have proven the predictability of the results [19,62].

Finally, for RQ3, the pre-service teachers’ reflective writing topics were similar, demon-
strating high homogeneity. Less than half of the students were thinking about the content
they were currently working on, including the lecturers, slides, reading materials, and
other matters. This is something that can be verified at every level of reflection. One
possible explanation for this finding is the use of a specific prompt in our study. Most
pre-service teachers were in their first university semester and may have lacked reflec-
tive writing experience, so most of them followed the assigned prompt in detail without
creating their own reflection structure. The pre-service teachers may have experienced
the reflective writings as part of an achievement assessment, although they did not get
grades. Furthermore, learners’ motivation and academic success are positively correlated
with their level of engagement with the learning content [63]. The learning content and the
learning process are crucial factors in reflective writing. This is not surprising, given that
reflective writing involves deep thinking and self-assessment of one’s understanding and
application of the learning content. Moreover, the findings of this study demonstrated the
various ways in which the theme of “motivation and emotion” may vary depending on the
level of reflection. The more in-depth the reflection, the more material related to this issue
emerges. This is consistent with the other results of our study, which show that the higher
the percentage of affective and cognitive words in reflective writing, the higher the level
of reflection. Affect is considered one of the components of reflection [64,65]. Moreover, it
serves as a trigger that drives more profound reflection. The topic of reflection, “motivation
and emotion”, in our study involved a change of the reflection perspective and, therefore,
was found to be on a higher level of reflection.

4.1. Limitations and Future Directions

Some limitations of this study have to be addressed. Foremost among these is the
issue of gender bias. Given that teacher education programs often have a high enroll-
ment of female students, this study is similarly characterized by a gender imbalance as
approximately 70 percent of the participants were female. It is essential to highlight that
gender-specific linguistic features can manifest differently in reflective writing. Research
indicates that females tend to employ linguistic elements that diverge from those utilized
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by males in their writing [62]. This gender imbalance could potentially skew the findings
and interpretations, and it should be considered when evaluating the generalizability and
applicability of this study’s outcomes. Additionally, constrained by resource limitations,
the participant pool of the current study predominantly comprised first-year students. This
demographic notably lacks substantial exposure to reflective training practices. Incorporat-
ing pre-service teachers from later years into this research could yield a broader array of
results. Furthermore, using LIWC2015 as a pre-defined dictionary introduces additional
limitations to the study. Its limited lexicon may not capture the entire vocabulary and
linguistic nuances that could be present in reflective writing in this study that was carried
out in a specific teacher education course in Germany. Moreover, LIWC2015 focuses on
word frequency statistics without accounting for the semantic context in which these words
are used. Consequently, the tool may miss or misinterpret the subtle complexities and
interconnected meanings of terms within the reflections.

Future research directions might include methodological advances, technology inte-
gration, educational interventions, and so on. Firstly, in terms of methodological advances,
it is imperative to aim for a more balanced data collection to enhance the scalability and
generalizability of the research. This could involve considering variables such as gender,
educational background, and other demographic factors influencing reflective writing. Ad-
ditionally, the need for longitudinal studies is pressing, as understanding the development
of reflective skills over time can offer deeper insights into their quality and influencing
factors. Next, concerning technological integration, the current findings pave the way for
incorporating more advanced AI technologies to analyze and assess reflective writing. For
example, generative AI technologies could provide pre-service teachers with personalized
and context-sensitive feedback, potentially elevating their reflective skills’ quality. In ad-
dition, the possibility that students’ acceptance of AI might affect the effectiveness of the
feedback should also be considered [66].

4.2. Implications for Theory and Practice

This study has multiple implications for the theoretical understanding and practical
application of evaluating pre-service teachers’ portfolio-based reflective writings. From a
theoretical standpoint, this study enriches the multidimensional understanding of reflective
writing analysis. It does so by probing into the relationship between reflection levels and
various cognitive, affective, and thematic dimensions. This adds layers of complexity to the
extant theoretical frameworks on reflective writing. In addition, focusing on specific cogni-
tive and affective terms as quality indicators in reflective writing could have a meaningful
impact on theories that define and measure “quality” in this context.

In terms of practical implications, based on a mixed-method approach, this study
offers a first step for developing an assessment that is especially relevant in large-scale
educational settings with resource constraints. Using NLP and ML techniques lays the
foundation for developing automated tools capable of real-time assessment. This can
significantly optimize the efficiency and effectiveness of the assessment process, which
is a crucial consideration for educational institutions operating with limited resources.
Secondly, the findings of this study offer valuable insights into the development of a
design for feedback mechanisms for reflective writing. Such feedback could be strategically
tailored to address the depth and breadth of reflection. Finally, this study’s observation
that most reflective writing lacks quality and depth points to a pressing need to revisit and
possibly revamp teacher training programs and potentially even higher education curricula
more broadly. One plausible approach could be incorporating specific modules to cultivate
reflective abilities within relevant courses. These could focus on teaching the theoretical
aspects of reflection and the practical skills necessary for effective reflective writing.

5. Conclusions

Reflection is an essential concept bridging theory and practice, and it is integral to
the professional development of teachers [1]. Nonetheless, one of the most pressing chal-
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lenges in teacher education lies in pre-service teachers’ adequate evaluation of reflective
writing [67,68]. Existing studies have predominantly relied on qualitative or quantitative
content analysis, leaving a gap in covering larger samples and utilizing automated eval-
uation methods. Addressing this gap, our study employed a mixed-method approach,
integrating diverse research methods to examine the relationship between the level of
reflection, linguistic features, and the topics covered in reflective writing. This study’s
principal findings revealed that pre-service teachers generally exhibited low levels of reflec-
tion. Further, it was determined that cognitive and affective linguistic features are crucial
indicators for gauging the depth of reflection. Interestingly, this study also found a direct
correlation between the level of reflection and the prevalence of motivational and emotional
themes within reflective writing. The findings of this study carry considerable implications
for assessing and analyzing reflective writing among pre-service teachers. They contribute
to the existing body of research by revealing key indicators of reflection and point to the
significance of reflective writing as an assessment tool for pre-service teachers’ professional
development. Importantly, by incorporating a mixed-method approach, our study lays the
groundwork for developing automated evaluation methods in this domain, streamlining
the assessment process and enriching its analytical depth.
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