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Abstract
Gathering information from students’ answers to open-ended questions helps to assess 
the quality of teachers’ practices and its relations with students’ motivation. The present 
study aimed to use sentiment analysis, an artificial intelligence-based tool, to examine 
students’ responses to open-ended questions about their teacher’s communication. Using 
the obtained sentiment scores, we studied the effect of teachers engaging messages on stu-
dents’ sentiment. Subsequently, we analysed the mediating role of this sentiment on the 
relation between teachers’ messages and students’ motivation to learn. Results showed that 
the higher the students’ perceived use of engaging messages, the more positive their senti-
ments towards their teacher’s communication. This is an important issue for future research 
as it shows the usefulness of sentiment analysis for studying teachers’ verbal behaviours. 
Findings also showed that sentiment partially mediates the effect of teachers engaging mes-
sages on students’ motivation to learn. This research paves the way for using sentiment 
analysis to better study the relations of teachers’ behaviours, students’ sentiments and opin-
ions, and their outcomes.

Keywords  Teaching behaviour · Teachers’ messages · Students’ motivation · Sentiment 
analysis · Mediation analysis

Introduction

Teachers can engage in a variety of classroom practices to improve the quality of their 
teaching and have a positive impact on students’ learning and performance (Smith & 
Baik, 2021). Among these practices there is evidence that communication during class 
plays a key role, as it influences students’ well-being, behaviour, engagement, academic 
performance, and motivation (Caldarella et  al., 2020; Chickering & Gamson, 1987; 
Hattie, 2008; Putwain & Best, 2011; Putwain & Remedios, 2014; Putwain & Roberts, 
2009; Ramsden, 2003). To date, several studies have investigated dialogue, rules, feed-
back, and teacher’s questions to students (Brooks et al., 2019; Howe & Abedin, 2013; 
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Lipnevich & Panadero, 2021). Recently, researchers have shown increased interest in 
the effect of teachers’ messages on students’ outcomes (Buma & Nyamupangedengu, 
2020; Floress et al., 2018; Putwain et al., 2021). Evidence suggests that these messages 
influence students’ academic performance, motivation to learn and anxiety (Belcher 
et  al., 2021; Nicholson et  al., 2019; Santana-Monagas, Putwain, et  al., 2022). Conse-
quently, the study of teachers’ messages is a growing concern, as improving teachers’ 
use of them could lead to learners’ positive outcomes (Gregory et al., 2017).

Studying the mediators that explain the relation between variables allow research-
ers to focus on the transmission of effects, to find causal relationships, understood as 
the relationship in which a change in the independent variable causes a change in the 
dependent variable, and to conduct more effective interventions (Hamaker et al., 2020; 
Kazdin, 2007; Preacher & Kelley, 2011; VanderWeele, 2015). Although several inves-
tigations have been carried out on the association between teachers’ practices, students’ 
perceptions of those practices, and different student outcomes (Adediwura & Tayo, 
2007; De Meyer et  al., 2014; Geier, 2022; Haerens et  al., 2015), much less is known 
about which variables are mediating these relations. Recent studies have established that 
one of the factors that students focus on most when assessing and expressing their senti-
ments and opinions towards teachers’ practices is communication (Catano & Harvey, 
2011). In turn, students’ sentiments and opinions about their learning experience have 
been found to be related to their motivation (Hasan et  al., 2013; Shen et  al., 2009). 
Taken together, these studies support the hypothesis that students’ sentiments on teach-
ers’ communication may be mediating the effect that teachers’ messages have on stu-
dents’ motivation.

Research on the subject has been mostly restricted to self-reported measures (Nichol-
son et  al., 2019; Putwain & Remedios, 2014; Santana-Monagas et  al., 2023; San-
tana–Monagas, Núñez, SantanaMonagas et  al., 2022a, b). However, gathering infor-
mation from students’ answers to open-ended helps to assess the quality of teachers’ 
practices, students’ motivation and even establishing causality (Maxwell, 2012; Stu-
pans et  al., 2016). Thanks to advances in natural language processing (Hirschberg & 
Manning, 2015), a considerable amount of literature has been published on the use of 
sentiment analysis to examine students’ feedback. This artificial intelligence-based tool 
has been mainly used to assess learners’ satisfaction with teachers or content in mas-
sive open online courses (Zhou et  al., 2020). Nevertheless, few studies have analysed 
the relations between the sentiment, defined in this study as the positive, negative, or 
neutral opinion of the students, and other variables (Nimala & Jebakumar, 2021). The 
empirical work presented here provides one of the first investigations into the explora-
tion of the mediating role of students’ sentiments about their teachers’ communication 
using open-ended questions that have been coded using sentiment analysis.

This study aims to contribute to this growing area of research through the following 
two objectives: (1) using sentiment analysis on students’ responses to an open-ended 
question to analyse whether teachers’ messages affect students’ sentiment; and (2) test-
ing the mediating role of sentiment in the effect of teachers engaging messages on stu-
dents’ motivation to learn. The first subsections of this paper will provide information 
about teachers engaging messages and students’ motivation to learn; a more in-depth 
conceptualisation of sentiment analysis and in its use on the educational field; how to 
study the relations between these variables; and the research questions of the study.
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Teachers engaging messages: the link to students’ motivation to learn

‘If you work hard, you will feel fulfilled’, ‘Unless you work hard, you will be disappointed 
with yourself’. Those are some examples of teachers engaging messages (TEM). TEM push 
pupils to engage in school tasks (Santana–Monagas, Putwain, et al., 2022), rather than pos-
ing questions that facilitate learning, giving them information about how they performed 
on a task, or instructing them. They are characterised by focusing on the positive conse-
quences and highlighting the benefits of engaging in a task or warning the students if the 
task is not carried out (Rothman & Salovey, 1997). In addition, these messages also focus 
on different types of learners’ motivation (Santana-Monagas, Núñez, et al., 2022). Teach-
ers can appeal to external forms of motivation like rewards and punishments (i.e., extrinsic 
motivation) or feelings (i.e., introjected motivation), or to internal forms like the value of 
studies (i.e., identified motivation) or the pleasure of engaging (i.e., intrinsic motivation). 
Therefore, TEM can be contextualised following two theories: Message Framing Theory 
(MFT; Rothman & Salovey 1997) and Self-Determination Theory (SDT; Deci & Ryan 
2016; Ryan & Deci, 2000, 2020).

Research on teachers’ messages based on these theories found that messages focussed 
on warning the students can have positive effects on students’ anxiety, behavioural engage-
ment, and performance (Putwain et al., 2019, 2021; Putwain & Symes, 2011). Moreover, 
research has found that students who are internally motivated are more engaged, perform 
better, and acquire higher-quality learning (Taylor et al., 2014).

Prior research has established that teachers’ messages are related to students’ motiva-
tion to learn (MTL; Collie et  al., 2019; Vansteenkiste et  al., 2012). Students’ MTL is a 
complex psychological construct that refers to the desire, drive, and persistence to engage 
in learning activities (Núñez et al., 2005; Vallerand et al., 1992). One perspective that has 
been used to study MTL is also SDT, which suggests that students’ MTL can be classified 
as intrinsic (i.e., sign of competence and self-determination), extrinsic (i.e., participation in 
an activity to obtain rewards or avoid punishments), or amotivated (i.e., lack of interest or 
engagement), depending on the level of self-determination and autonomy involved.

Teachers can use different messages to appeal to and influence students’ MTL, for 
example, when they ask students to study to make their parents proud, appealing to an 
introjected motivation (Deci & Ryan, 2016). Up to now, studies that explored the impact of 
TEM on students’ MTL have found that TEM predicted students’ MTL, and this, in turn, 
predicted students’ performance (Santana-Monagas, Putwain, et al., 2022). These findings 
made an important contribution to establishing the importance of teachers’ messages, as 
they impact motivation, which plays a fundamental role in students’ lives (Ryan & Deci, 
2017). When students are motivated, they do not only change their behaviour, but there 
are also benefits in other essential aspects of their lives (Behzadnia et al., 2018; Liu et al., 
2017; Marshik et al., 2017; Oostdam et al., 2019). Consequently, improving students’ MTL 
through effective interventions focused on enhancing the use of TEM is a potential need 
that could be realised.

To design effective interventions, it is important to detect the variables that mediate the 
relations between the independent and the dependent variables. Knowledge of mediators 
helps to achieve the expected results after the causes modification, especially when con-
texts vary (Preacher & Kelley, 2011). When it comes to selecting the mediating variables, 
Hamarker et  al. (2020) recommend a theory-based approach. We have therefore decided 
to rely on the aforementioned MFT and SDT, since they indicate that students’ motivation 
depends on how they feel, which is also determined by their environment.
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Several studies have shown associations between teachers’ practices, students’ percep-
tions and opinions with these practices, and different outcomes (Adediwura & Tayo, 2007; 
Behzadnia et  al., 2018; De Meyer et  al., 2014; Haerens et  al., 2015), yet little attention 
has been paid to the mediating role that one of them may be playing. Many recent studies 
have shown that teachers’ communication is related to students’ satisfaction and sentiments 
(Dhillon & Kaur, 2021; Goodboy et al., 2009). In an analysis to determine which teach-
ers’ dimensions are most highly valued by students, Catano and Harvey (2011) found that 
communication is one of the competences that students focus on the most. In turn, research 
on students’ motivation show the impact of their satisfaction and sentiments towards the 
teacher and the learning experience (Baños et al., 2017; Shen et al., 2009). For instance, 
the study conducted by Hasan et al. (2013) concluded that students’ satisfaction with teach-
ers’ performance was among the strongest predictors of students’ motivation. The evidence 
presented in this section suggests that students’ sentiment about how their teachers com-
municate could be an intervening variable that may account for the relation between TEM 
and students’ MTL.

Previous research measuring these variables are limited to the use of self-reports as the 
method of data collection. Questionnaires allow for quick and accessible measurements 
(Robins et al., 2007), but they have limitations or may be biased (Álvarez–Álvarez et al., 
2019; Putwain & Roberts, 2009). Likert scale questions are restricted to a predefined set of 
options, which may not fully capture the range of students’ opinions and sentiments (Biel-
ick, 2017; Joshi et al., 2015). For example, students may not fully agree or disagree with 
a statement, but instead have a more nuanced opinion that cannot be captured by a simple 
one to five or to seven option answer. Recently, a considerable amount of literature has 
emerged around the use of mixed methods of data collection because they allow research-
ers to gain a greater understanding of the problem studied (Greene, 2005; Molina–Azorin, 
2016). However, much of the research that has been carried out until now has been limited 
due to the complexity of analysing and coding the data collected through open methods 
(Rodgers & Cowles, 1993; Walker, 1989).

Nowadays, advances in the field of natural language processing have made possible to 
easily and reliably carry out the analysis and coding of the information gathered (Hirsch-
berg & Manning, 2015). One example of these advances is sentiment analysis, a tool 
widely used to study satisfaction and opinions through the analysis of responses to open-
ended questions or comments (Feldman, 2013). Sentiment analysis enables the analysis of 
a vast amount of text data from answers to open-ended questions, which allows for a more 
detailed and nuanced understanding of students’ opinions and sentiments. Additionally, the 
analysis of a large amount of data allows the identification of patterns and trends that are 
not easily apparent through manual analysis, which can provide insights that would have 
been missed with traditional methods. Prior studies have already used this tool for stu-
dents’ evaluation of teaching, proving its usefulness (Rybinski & Kopciuszewska, 2021). 
This study follows this approach and uses sentiment analysis to obtain information about 
students’ opinions and sentiments about their teachers’ communication.

The potential of sentiment analysis in education

Sentiment analysis (SA) is an artificial intelligence-based tool used to extract sentiment, 
referred to the positive, negative, or neutral emotional state or opinion that a person 
expresses towards a particular subject, from large amounts of text (Rani & Kumar, 2017). 
To date, it is already integrated into many applications such as chatbots or transcription 
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services (Solangi et al., 2018). SA is also widely used to monitor users’ opinions and senti-
ments about products, as it allows companies to select which products are worth investing 
in (Feldman, 2013). There are three main methods for using SA: creating and training your 
own model (Kang et al., 2018), fine-tuning a pre-trained one (Rybinski & Kopciuszewska, 
2021), or using a non-fine-tuned pre-trained model (Andersson et al., 2018). Each method 
involves a certain amount of time for creation and training, and different reliabilities (Kag-
klis et al., 2015). The first two lead to reliable results in terms of Cohen’s Kappa, Fleiss’ 
Kappa, and average pairwise percent agreement (Lin et  al., 2019). Unfortunately, these 
methods come with some drawbacks: part of the data is used to train the model and then 
it cannot be used in analyses; results are not replicable; and they require time to be created 
and trained. Although smaller reliability values are obtained, non-fine-tuned pre-trained 
models can also be used. For instance, Andersson et al. (2018) used this type of model, and 
they were able to compare the average hours of study outside the class and the sentiment 
of student feedback, founding a moderate negative correlation between them. They con-
cluded that, although it would have been more reliable to train a model, this method was 
less time-consuming. Thereby, the most useful option for applied researchers interested in 
the analysis of relations between sentiment and other variables seems to be non-fine-tuned 
pre-trained models. Additionally, when analysing the sentiment polarity, results can be the 
sentiment labels (positive, negative, or neutral), or the score of belonging to each sentiment 
(Hujala et al., 2020; Nimala & Jebakumar, 2021). Based on the aim of this study, analysing 
sentiment polarity scores of students’ responses can be a good way to examine their senti-
ments and its relations with other variables.

So far, several studies have investigated the use of SA in education. They have mainly 
dealt with students’ evaluation of teaching in higher education and massive open online 
courses (Geng et  al., 2020; Rybinski & Kopciuszewska, 2021; Zhou et  al., 2020). Prior 
research suggest that information obtained with SA is helpful in examining the impres-
sion of the courses (Cunningham-Nelson et al., 2019), improving the courses (Leong et al., 
2012), and evaluating the teachers (Pong-inwong & Songpan, 2019). Nevertheless, few 
studies have ventured to use SA as a method of data collection when the goal is to test an 
explanatory model of achievement and performance (Nimala & Jebakumar, 2021). Among 
these, Liu et al. (2018) found relations between the positive sentiments extracted from stu-
dents’ feedback and their academic performance in online courses. As noted by Burić et al. 
(2016) it is necessary to test explanatory models, as the results could be used to explain the 
behaviour of outstanding teachers (Tseng et al., 2018). The evidence reviewed here seems 
to suggest the pertinence of using SA to analyse students’ sentiments on their teachers’ 
communication using an open-ended question. By doing so, we can test whether teach-
ers’ messages influence students’ sentiment, and then examine the mediating effect of the 
sentiment polarity scores on the impact of TEM on students’ MTL. Following Zhou et al. 
(2020) advice, this work will provide new insights into the relations between sentiment, 
teacher behaviours and students’ outcomes.

TEM, students’ sentiment, and MTL: a multilevel analysis

The type of design and data analysis must be considered when trying to understand the 
effect of TEM on students’ MTL and the mediating role of the students’ sentiment. A 
teacher may use different messages with each student, thus, each learner report differently 
on the engaging messages used by their teacher. However, this variable does not assess a 
characteristic of the student but that of the teacher. For studying these kinds of variables, 



	 S. Falcon, J. Leon 

1 3

it is necessary to follow a multilevel approach, in which a variable can be situated at two 
levels (Marsh et al., 2012; Morin et al., 2014). At the teachers’ level (L2) we would find 
the overall tendency of teachers’ use of TEM, which would allow us to test whether TEM 
affect the average classroom sentiment. At the students’ level (L1) we would find TEM, 
students’ sentiments and their MTL, thus enabling us to examine the mediating role of 
sentiments in the impact of TEM on MTL. Consequently, the methodological approach 
adopted in this study is a multilevel analysis since this is the most appropriate way to ana-
lyse the data.

Research questions

This research proposed the following research questions:

RQ1	� Is sentiment analysis a useful tool for assessing teachers’ verbal behaviours in the 
educational context?

RQ2	� Do teachers engaging messages affect students’ sentiment about their teachers’ 
communication?

RQ3	� Does students’ sentiment mediate the effect of teachers engaging messages on stu-
dents’ motivation to learn?

Materials and methods

Participants

A total of 39 teachers (22 females and 17 males; mean age = 45.98, SD = 7.99) and their 
963 students (468 females, 494 males and 1 unspecified; mean age = 16.39, SD = 1.27) par-
ticipated in the study. They belonged to 16 secondary schools in both urban and rural set-
tings of Gran Canaria, Tenerife, and Santander (Spain). To reduce potential bias, all par-
ticipating teachers taught mathematics, and all students attended the same number of hours 
per week.

Procedure

Data collection took place in the first and second trimesters of the school year. Although 
the results pertain to data from the second term, measures of students’ MTL from the first 
term were taken to control for their MTL in the second term. The aims of the study were 
explained to teachers and students, emphasising that their participation was voluntary 
and confidential. Variables were evaluated by using two questionnaires provided through 
Google Forms and conducted in the classroom under the teacher’s supervision.

Instruments

Teachers engaging messages

Teachers engaging messages were assessed through the Teachers’ Engaging Messages 
Scale (Santana-Monagas, Putwain, et  al., 2022; Appendix A). The scale contains a total 
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of 36 items preceded by the phrase ‘My teacher tells me that…’. An example of an item 
to which students were asked to respond was, ‘My teacher tells me that…If I work hard, 
I will feel important’. Using a 7-point Likert scale, students were asked to report on their 
teacher’s use of TEM. A 7 indicates that students strongly agree with the fact that their 
teacher uses a considerable amount of these messages, while a 1 indicates the opposite. In 
this study, we only selected the items from the subscale of introjected messages focused on 
the benefits of engaging in tasks. McDonald’s Omega was used to examine the reliability 
of the instrument; it is more accurate than Cronbach’s alpha (McNeish, 2018). McDon-
ald’s Omega was estimated using factor loadings from a congeneric CFA for each variable. 
The reliability and validity of this scale have been confirmed, with values of McDonald’s 
Omega above 0.81 for each factor. In the present study, McDonald’s Omega was 0.91 for 
the factor analysed.

Students’ motivation to learn

Motivation to learn was measured using the Spanish version of the Échelle de Motiva-
tion en Éducation (Núñez et  al., 2005). This scale consists of 20 items, beginning with 
the question, ‘Why do you study?’, followed by a series of statements such as ‘Because 
it will make me feel important’ or ‘To prove to me that I am an intelligent person’. The 
items were measured through a seven-point Likert scale ranging from 1 (absolutely not 
true) to 7 (absolutely true). We selected the items from the subscale of introjected motiva-
tion. McDonald’s Omega was also used to examine the reliability of the instrument, and it 
was estimated using factor loadings from a congeneric CFA for each variable. In this case, 
McDonald’s Omega was 0.89 for the first term items and 0.88 for the second term items.

Students’ sentiment

Following previous studies that ask questions to examine specific elements with SA (Hyn-
ninen et al., 2019), and that have provided guidance on crafting effective open-ended ques-
tions (Bielick, 2017; Shilo, 2015), we took great care in creating an open-ended question 
that was not ambiguous and minimized the potential for bias in students’ chances to give a 
Yes/No or a brief answer. The question, which was asked at the beginning of the Teachers’ 
Engaging Messages Scale, was: ‘If you had to tell a classmate how your teacher talks to 
you, what would you say?’. To ensure the question was suitably framed, we also consulted 
with experts in the field and considered the potential sources of bias in the question (lack of 
specificity, social desirability bias, etc.).

We decided to use the pre-trained model provided by Microsoft (2022) to perform senti-
ment analysis in our study. The model uses a combination of n-gram and word embeddings 
features as classification techniques to analyse text data. It has been pre-trained on a large 
dataset of text data, and it uses natural language processing techniques, such as tokeniza-
tion, to extract features from text data. This technique breaks down the text into smaller 
units called tokens, and then use mathematical algorithms to understand the context and 
meaning of the text and classify it into different sentiments.

To use the service, we created an executable file using the API key provided by 
Microsoft. The input was an Excel worksheet with one column containing all the stu-
dents’ answers to the open-ended question. After analysing the data, it returns another 
Excel worksheet with the original column plus a sentiment label (i.e., positive, nega-
tive, and neutral), and a numeric sentiment score between 0 and 1, where sentiment 
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scores closer to 1 represents highly positive comments and scores closer to 0 represent 
highly negative comments. We analysed a total of 6072 words, with no cost because 
this amount of data is sufficiently small for Microsoft to not charge any cost. The time 
taken to analyse that amount of data was approximately 10  min, which is much less 
time-consuming than coding the data by hand.

Once the data were analysed, it was first necessary to test the reliability of the SA 
model. To determine it, two researchers independently classified the messages accord-
ing to the sentiment label. We then compared their results with the Microsoft’s model 
results and examined the inter-annotator agreement by calculating the average pair-
wise percent agreement, the Fleiss’ Kappa, and the Cohen’s Kappa coefficient using 
ReCal3: Reliability Calculator for 3 or more annotators (Freelon, 2010). Results 
showed an average pairwise percent agreement of 80%, which is quite satisfactory. The 
value observed for the average pairwise Cohen’s Kappa was 0.51 and for the Fleiss’ 
Kappa was 0.50, which are moderately good results (Fleiss, 1971; Landis & Koch, 
1977).

Data analysis

All data analyses were conducted with Mplus 8.6 (Muthén & Muthén, 2021). The 
mean, standard deviation and correlations among variables were carried out before 
analysing the statistical models.

To determine the relations between variables at the two different levels, we used a 
multilevel structural equation model (ML-SEM) approach (Morin et  al., 2014). This 
model helps us control for measurement error at the students’ and teachers’ levels and 
for sampling error by aggregating individual students’ responses to represent teach-
er’s level constructs. As it was previously mentioned, when performing a ML-SEM, 
students’ responses from teachers’ related questions can be aggregated to serve as a 
measure of the teachers’ tendency. For gathering evidence that a variable pertains to 
the teachers’ level, we expect students’ responses about one teacher to be similar. Fol-
lowing Lüdtke et al. (2009) recommendations, we decided to use the intraclass correla-
tion coefficient (ICC) to inform about the similarity observed across student ratings of 
TEM and sentiment. The multilevel analysis was carried out using the following vari-
ables: TEM, students’ sentiment, and students’ MTL at students’ level (L1); and TEM 
and students’ sentiments at teachers’ level (L2).

We conducted an analysis of mediation at L1 to test if students’ sentiments medi-
ated the relation between TEM and students’ MTL. To establish whether the mediation 
effect was full or partial (Morin et al., 2014), we tested two alternative models. L2 of 
both models was the same: TEM predicted students’ sentiments about their teacher’s 
communication. At level 1, when introducing the variable students’ MTL, relations 
changed between the models. In the first one (Fig. 1), TEM effects on students’ MTL 
were postulated to be fully mediated by the students’ sentiment. In the second model 
(Fig. 2), these effects were partially mediated by the student’s sentiment.

To search for evidence of mediation, we compared both models using a χ2 test and 
fit indexes (Morin et al., 2014). If there were no differences between both models, we 
would hold the most parsimonious result. Finally, we calculated the indirect effect and 
standard error using the delta method (Sobel, 1982).
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Results

Table 1 shows relevant examples of the results obtained after analysing the students’ 
answers with sentiment analysis:

Answers 1 and 6 are elaborated and well classified. In answer 2, although there is 
a spelling mistake, the model could successfully classify it. Responses 3 and 7 are 
examples of sentences that convey two things in the same message, which can be well 
appreciated in the score of number 3 (neutral score). Answers 4 and 5 are poorly elab-
orated feedback, which could sometimes be misinterpreted (9.42%). Finally, response 
8 denotes other factors of teachers’ communication not covered in this study (4.90%).

Fig. 1   Full mediation model

Fig. 2   Partial mediation model
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Preliminary analyses

Descriptive statistics (mean, SD, and ICC) of TEM, students’ sentiment, and students’ 
MTL are represented in Table  2. ICC values observed for the sentiment (0.07) and the 
teachers’ engaging messages (0.06) were acceptable (Marsh et al., 2008).

Bivariate correlations between sentiment, TEM, and students’ MTL are displayed in 
Table  3. All variables were positively and significantly correlated at level 1 (below the 
diagonal). However, at level 2 (above the diagonal), only sentiment and TEM, and these 
with students’ MTL, were significantly correlated, showing a positive correlation.

Multilevel mediation analysis

Fit indices comparison of the full and partial mediation models is displayed in the table 
below (Table 4).

Table 1   Examples of sentiment analysis results after analysing the students’ answers

The above answers are some of the most representative examples answered by students.

Student’s answers Sentiment score

1. She knows how to explain herself, is clear and makes everything easier for you .68
2. She speks very well .87
3. He explains well but sends us a lot of exercises and worksheets .48
4. She talks calmly .73
5. My teacher talks fluid .35
6. She talks well, respectfully and she is understood in class .70
7. You understand things well, but sometimes you get disconnected from the class 

because he gets too involved
.28

8. My teacher talks in a vocabulary that is easy and adapted for us to understand .66

Table 2   Descriptive Statistics 
and Intraclass Correlations of 
Variables

M  Mean, SD  Standard deviation, ICC  Intraclass correlation coeffi-
cient, TEM teachers’ engaging messages, MTL students’ motivation to 
learn

M SD ICC

Sentiment .56 .07 .07
TEM 4.03 .40 .06
MTL 4.43 .45 −

Table 3   Bivariate Correlations 
Among Variables

*p < .05. ** p < .01. *** p < .001; N = 963 (below diagonal), N = 61 
(above diagonal), TEM teachers’ engaging messages, MTL students’ 
motivation to learn

1 2 3

Sentiment − 0.56*** 0.22
TEM 0.15*** − 0.45**
MTL 0.15*** 0.49*** −
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Comparisons of these two models in terms of fits favours the partial mediation model in 
all aspects. Adding partial mediation resulted in a decrease in information criteria values: 
AIC (Akaike, 1974) and BIC (Schwarz, 1978) were lower in the partial mediation model 
(4295.33 and 4339.18) than in the full mediation model (4353.97 and 4393.44). RMSEA 
value in full mediation model (0.25) indicates that this model’s fit is too poor as it is higher 
than 0.10 (Browne & Cudeck, 1992), while partial mediation model takes a value of 0.10, 
which indicates a much better fit than the first one. When comparing CFI and TLI, the full 
mediation model has values too low to be considered good or acceptable for both indices, 
while the partial mediation model has values considered good for both as they are above 
0.90 (Bentler & Bonett, 1980; Schreiber et al., 2006). We observed that the SRMR at the 
students’ level of the full mediation model is higher than 0.08. In contrast, in the partial 
mediation model, for both the students’ and teachers’ levels, the SRMR takes values below 
0.08, indicating an approximate fit (Asparouhov & Muthén, 2018). These results suggest 
that the best fitting ML-SEM model is the partial mediation model, as it provided an ade-
quate representation of relations among the variables (Morin et al., 2014).

After comparing fit indices of both models and observing that the partial mediation 
model fitted better, its results were examined (Table 5).

As shown in Table 5, all hypothesised relations (see Fig. 2) were significant in both lev-
els 1 and 2. In general terms, it can be observed that TEM predict students’ sentiment well, 
especially at level 2, where the β takes values of 0.95. At level 1, all relations were also 
positive, with the strongest relationship between TEM and students’ MTL (β = 0.28). The 
standardised indirect effect between TEM and students’ MTL was significantly different 
from 0 (β = 0.012; S.E. = 0.006; p = .041).

Discussion

The present study aimed to prove that sentiment analysis is a useful tool for assessing 
teachers’ verbal behaviour in the educational context (RQ1), and to use it for studying the 
relations between students’ sentiments and teachers engaging messages (RQ2) as well as 
the mediating role of students’ sentiment in the effect of TEM on students’ motivation to 
learn (RQ3). Firstly, the reliability of the model used was analysed and it was found to be 
moderately good. With respect to the first research question, we have provided evidence of 
the utility of the SA to measure students’ sentiments about their teacher’s communication. 
Specifically, we found that SA can accurately capture the positive, negative, and neutral 
opinions of students about their teacher’s communication, and this information can be used 
to improve the quality of teachers’ practices and enhance students’ motivation to learn.

Regarding RQ2 and RQ3, it was discovered that when teachers rely on more engag-
ing messages, students manifest more positive sentiments when asked about their teacher’s 
communication. In addition, we found that sentiment partially mediates the effect of TEM 
on students’ MTL. The following sections will discuss these results.

The role of students’ sentiment in engaging messages and motivation to learn

An initial objective of the study was to examine the relations of TEM, students’ sentiment, 
and students’ MTL, for which we compared two models (Morin et al., 2014). Answering 
the RQ2, model results showed that student sentiment is strongly influenced by teachers’ 
use of TEM (β = 0.95). We found that the higher the students’ perceived use of TEM, the 
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more positive their sentiments towards their teacher’s communication. This finding broadly 
supports the work of prior studies in SA linking students’ sentiment with students’ evalua-
tion of teachers’ performance and behaviours (Nimala & Jebakumar, 2021; Pong-inwong & 
Songpan, 2019; Sindhu et al., 2019; Tseng et al., 2018). Our findings support the idea that 
valuable information can also be gathered from students’ feedback from open-ended ques-
tions to gain insights into teacher behaviours and performance using AI-based tools.

The RQ3 sought to determine whether students’ sentiment was mediating the effect of 
TEM on students’ MTL. Results indicated that the best fitting model was the one in which 
sentiment acted as a partial mediator (Fig. 2). We observed that both paths, from TEM to 
students’ sentiments and from sentiments to students’ MTL, were in line with our hypoth-
eses, providing evidence of mediation. As the direct path from TEM to the students’ MTL 
is strong we cannot rule out other possible mediators, thus our results do not provide evi-
dence of a total mediation, but only partially (MacKinnon et al., 2007). This finding was 
unexpected and suggests that sentiment is not the only option to focus on when developing 
interventions that seek to improve students’ MTL. Actually, this reinforces the idea that 
motivation is a complex psychological construct and can have a variety of causes (Judd 
& Kenny, 1981). The findings of this study are, however, significant in at least two major 
respects: we have provided evidence of the utility of the SA to measure students’ senti-
ments about their teacher’s communication; and we have proved that this variable is rel-
evant to study relations between teacher and student variables.

Limitations and future perspectives

Despite the contributions of this study, some limitations need to be addressed. First, the 
sentiment classification reliability was found to be moderate. One possible explanation for 
these results is the simplicity of students’ answers. Due to the fact that the SA model has 
not been specifically trained for the educational model, it sometimes interpreted simple 
responses incorrectly. Similarly, sarcastic, and metaphorical responses to the questions 
were not correctly assessed by the model. However, researchers were able to understand 
the context of these responses and they classified them correctly. In this study, we have 
established that the use of non-fine-tuned pre-trained models, despite having lower reli-
ability values than more complex models, has some important advantages: they are more 
accessible, and they also save time. Future studies using this type of model, however, 
could take some actions to increase the reliability of SA. Among these is to pay attention 
to how open-ended questions are formulated to prevent students from writing too simple, 
sarcastic, or metaphorical responses. We must also pay special attention to potential bias 
in students’ feedback when analysing its relations with other variables. Other researchers 
cited potential bias towards the positive evaluation of teaching (Alhija & Fresko, 2009; 

Table 5   Partial mediation model 
ML-SEM results

Standardized results; SE Standard error, TEM teachers’ engaging mes-
sages, MTL students’ motivation to learn.

Level Estimate (β) S.E. p

TEM ➔ sentiment 2 .95 .26 .00
1 .16 .04 .00

sentiment ➔ MTL 1 .07 .03 .03
TEM ➔ MTL 1 .28 .04 .00
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Cunningham-Nelson et al., 2019; Sengkey et al., 2019), which is also seen when applying 
sentiment analysis (Hynninen et al., 2020).

There is abundant room for further progress in determining the mediators that influence 
the relations between TEM and MTL. It is possible to consider the students’ MTL as the 
mediator between TEM and the students’ sentiment (Bronstein et al., 2005; Morin et al., 
2014). Contrary to our cross-sectional study, a longitudinal study could help examine the 
directions of the relations (Arens et al., 2015). Further research is also needed to explore 
other partial mediators when examining teachers’ behaviours and students’ motivation 
(Kunter et al., 2007; Moran, 2023). The possibility of moderators influencing the strength 
and shape of the mediated effect should be considered as well (MacKinnon et al., 2007). 
In this regard, Zhou & Ye, (2020) recommend investigating the role and impact of demo-
graphic variables (gender, age, group, academic background, etc.) on students’ emotions 
and performance using SA.

Lastly, when students assess their teachers’ engaging messages, they are informing 
about their perceptions, and the indirect nature of the data can lead to potential bias. When 
using students’ reports to assess a classroom characteristic (e.g., teachers’ verbal behav-
iours), it is recommended to combine the indirect data with objective observational data 
(Urdan, 2004). For this reason, future studies can incorporate direct observations inside the 
classroom to measure teachers’ engaging messages (Falcon et al., 2023).

Conclusions

The present study performed a sentiment analysis on students’ responses to open-ended 
questions about their teacher’s communication. We then examined if teachers engaging 
messages affected students’ sentiment and the mediating role of this sentiment in the rela-
tion between teachers’ messages and students’ motivation to learn. Results showed that 
sentiment analysis is a useful tool for measuring students’ opinions and sentiments towards 
a teacher verbal behaviour, particularly engaging messages. We also found that students’ 
sentiment of their teacher’s communication was strongly influenced by teachers’ use of 
engaging messages. Specifically, we found that the higher the students’ perceived use of 
engaging messages, the more positive their sentiments towards their teacher’s communica-
tion (β = 0.95). Another major finding was that sentiment partially mediates the effect of 
teachers’ engaging messages on students’ motivation to learn. We observed that both paths, 
direct and indirect, were in line with our hypotheses, providing evidence of mediation, but 
as the direct path from engaging messages to the motivation to learn was strong (β = 0.28), 
we could not rule out other possible mediators. These findings open the path to the usage 
of sentiment analysis to study the relations of the students’ sentiment and their outcomes. 
The findings will also be of interest to design interventions focused on improving teach-
ers’ use of engaging messages. Improving teachers’ comprehension and perception of their 
engaging messages could lead to great progress in students’ outcomes, such as their feed-
backs’ sentiments and motivation to learn.

Appendix

See Table 6
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Table 6   Teachers’ engaging messages scale

Focus Motivation Item

My teacher tells me that if I work hard…
Positive effects Intrinsic 1. I will enjoy this subject

2. I will appreciate new discoveries
3. I will learn interesting facts
4. I will have fun doing class work

Identified 5. I will be able to choose what to study
6. I will be prepared for high-qualified jobs
7. I will be able to work on what I would like
8. I will be prepared for my future studies

Introjected 9. I will feel important
10. I will feel proud of myself
11. I will feel satisfied
12. I will feel appreciated

Extrinsic 13. I will have free time
14. I will receive a reward (sticker, star, etc.)
15. I will be able to do in class the activities I want
16. I will receive compliments
My teacher tells me that unless I work hard …

Negative effects Intrinsic 17. I will miss the opportunity to understand interesting issues
18. I will miss the beauty of this subject
19. I will miss the joy of finishing exercises
20. I will miss the opportunity to increase my knowledge

Identified 21. I will not get anywhere in life
22. I will only be able to get low paid jobs
23. I will have a tough life
24. I will have to study the less demanded degrees

Introjected 25. I will feel like a failure
26. I will feel disappointed
27. I will feel sad
28. I will feel ashamed

Extrinsic 29. I will get in trouble
30. I will be punished
31. I will miss my break
32. I will get my parents angry
My teacher tells me that it does not matter if…

Amotivation 33. I work hard, I will fail anyway
34. I come to class, I will fail anyway
35. I do the homework, I will fail anyway
36. I pay attention in class, I will fail anyway
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