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Abstract 

Background: To examine relationships between teachers’ experienced classroom 
demands and autonomic stress reactions, we report the results of a pilot study. Based 
on an integrative literature review, we identified and described the following situ-
ational classroom demands: time and work pressure (including missing rest periods, 
time pressure, and pressure to get through the subject matter), vocal strain, uncer-
tainty concerning the subject matter, uncertainty concerning didactical decisions, 
achievement-related diversity in class, lack of social appreciation, disquietude in class, 
classroom disturbances, behavioral problems of students, insufficient skills and concen-
tration of students, and insufficient motivation of students.

Method: These identified categories of teachers’ situational classroom demands are 
the basis for the empirical item identification and selection (Study A). The identified 
items were used in a single-case, short-term longitudinal study in which we examined 
relationships between experienced classroom demands and autonomic stress reac-
tions as well as between autonomic stress reactions and affective stress experience via 
first-order vector autoregressive modeling (Study B).

Results: Concerning our hypotheses, we found evidence that some of the experi-
enced classroom demands (“I cannot respond to students’ different needs”; “There is 
disquietude in class”) had time-lagged associations with autonomic stress measures. 
Furthermore, we found that physiological arousal triggers affective stress experience 
due to a time-lagged effect.

Conclusion: The research approach and results of our pilot study can be the basis for 
further process-oriented research in vocational education and training (VET). From a 
practical point of view, our results on experienced classroom demands could be used 
in VET teacher education to prepare student teachers for specific skills to cope with 
such demands.

Keywords: Teacher stress, Classroom demands, Heart rate, Heart-rate variability, 
Experience sampling, Ambulatory physiological assessment
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Introduction
Teachers are exceptionally vulnerable to feeling stressed at work and to suffering from 
stress-related chronic diseases (e.g. Kaerner et al. 2016; Kyriacou 2011; Rothland and 
Terhart 2007; Schaarschmidt and Kieschke 2007; Sembill 2015). According to Kyri-
acou and Sutcliffe (1978, p. 2):

“Teacher stress may be defined as a response of negative affect (such as anger or 
depression) by a teacher usually accompanied by potentially pathogenic physio-
logical and biochemical changes (such as increased heart rate or release of adren-
ocorticotrophic hormones into the bloodstream) resulting from aspects of the 
teacher’s job and mediated by the perception that the demands made upon the 
teacher constitute a threat to his self-esteem or well-being and by coping mecha-
nisms activated to reduce the perceived threat.”

The model of Kyriacou and colleagues is based on the basic ideas of the transac-
tional stress model of Lazarus and colleagues (e.g., Lazarus and Folkman 1984). Thus, 
the model is generic concerning its basic psychological ideas. Even though the model 
of Kyriacou was first published in 1978, it has been continuously used in psychologi-
cal teacher stress research and has been applied in further applications (e.g., Kyriacou 
2001, 2011; Kyriacou and Sutcliffe 1978). Figure 1 illustrates Kyriacou and Sutcliffe’s 
(1978 et passim) model of teacher stress. Because of the complexity of the model, 
in our pilot study we only focus on the sources of stress in classroom work (Fig.  1, 
box  1; see Sect. “Literature review on teachers’ situational classroom demands” for 
a detailed description) and on teachers’ stress outcomes in terms of physiological 
response correlates and negative affect (Fig.  1, box  5; see Sect. “Physiological and 
affective response correlates of stress” for a detailed description).

Existing literature among teacher demands (e.g., Kramis-Aebischer 1995; Kyriacou 
2001; Rudow 1994; Schumann 2019; Van Dick 1999) shows that stressors are catego-
rized referring to different levels of analysis. Van Dick (1999), for example, differenti-
ates between stressors at the personal level (e.g., conflicts with colleagues), the school 
level (e.g., class size), and the system level (e.g., legal requirements). Considering that 
teachers are exposed to class-related stressors every day, existing approaches (e.g., 
Christ et al. 2004; Rudow 2000; Van Dick 1999) lack the theoretical foundation and 
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Fig. 1 A model of teacher stress (adapted from Kyriacou and Sutcliffe 1978, p. 3)
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empirical investigation of teachers’ experienced situational classroom demands that 
occur during education. Thus, we pursue the following research aims:

• Categorize teachers’ classroom demands based on a literature review (Sect. “Lit-
erature review on teachers’ situational classroom demands”) as a basis for the for-
mulation of the items that are used in the empirical Studies A and B;

• Identify teachers’ classroom demands empirically via a questionnaire study (Sect. 
“Study A: Empirical identification of teachers’ classroom demands and item selec-
tion”), resulting in items that are used in the single-case, short-term longitudinal 
study; and

• Examine the relationships between classroom demands and autonomic stress 
reactions as well as between autonomic stress reactions and affective stress expe-
rience via a single-case, short-term longitudinal study (Sect. “Study B: Examining 
relationships between teachers’ classroom demands and autonomic stress reac-
tions as well as between autonomic stress reactions and affective stress experi-
ence”).

Literature review on teachers’ situational classroom demands

To categorize teachers’ classroom-related situational stressors, we reviewed existing 
classifications among teacher demands as well as the educational literature. A literature 
search was conducted via systematic keyword search using international and German 
databases (VOCEDplus, PSYNDEX, PsycINFO, PsycArticles, ERIC, Teacher Reference 
Center, and Fachportal Paedagogik; examples of keywords: teacher*, class*, demand*, 
stress*, situation*). The classroom-related situational stressors found in the literature 
were summarized by the authors, bearing in mind that some of the categories partly 
overlap. Table 1 summarizes the identified demand categories that are described below.

1) Time and work pressure (including the following subcategories 1a, 1b, and 1c)

1a) Missing rest periods: During class, teachers have to monitor constantly what is 
going on in the classroom. That is what Kounin (1970) describes as “with-it-
ness” in terms of a permanent perceptual “omnipresence.” Due to a high degree 
of classroom interaction density and many decisions that have to be made (Hill-
ert et al. 2013; Miller 1989), and due to what Weinert and Schrader (1986) call 
a permanent “pressure to act,” teachers are constantly mentally activated and 
strained (Krause 2004; Rothland 2009; Rudow 2000). Thus, during class, teach-
ers do not have sufficient rest periods to withdraw and calm down (Krause 2004; 
Krause and Dorsemagen 2007; Kaempf and Krause 2004; Rudow 1994).

1b) Time pressure: Kyriacou (2001) identified “time pressures and workload” as one 
of the main sources of class-related stress. During class, teachers have to pursue 
different (possibly conflicting) goals that have to be chronologically prioritized 
and realized (Krause 2003; Krause and Dorsemagen 2007). For example, time 
restrictions (e.g., lesson periods of 45 min) might impede teachers from looking 
after students’ individual learning problems (Kyriacou and Sutcliffe 1978; Sol-
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Table 1 Literature review on teachers’ situational classroom demands

No Demand category Reference literature

1 Time and work pressure (including the following 
subcategories 1a, 1b, and 1c)

1a Missing rest periods due to permanent mental 
activation and a permanent “pressure to act”

(Hillert et al. 2013; Kaempf and Krause 2004; Kounin 
1970; Krause 2004; Krause and Dorsemagen 2007; 
Miller 1989; Rothland 2009; Rudow 1994, 2000; 
Weinert and Schrader 1986)

1b Time pressure due to time restrictions (e.g. lesson 
periods of 45 min) and chronologically conflicted 
goals

(Dunham and Varma 1998; Friesen and Williams 1985; 
Kaempf and Krause 2004; Kaerner 2015; Krause and 
Dorsemagen 2007; Krause 2003, 2004; Kyriacou and 
Sutcliffe 1978; Kyriacou 2001; Seifried 2009; Solman 
and Feld 1989; Spanhel and Hueber 1995)

1c Pressure to get through the scheduled subject 
matter

(Dubs 1989; Herzog 2007; Kaerner 2015; Seifried 2009)

2 Vocal strain due to permanent speaking (Rudow 1994; Schoenwaelder et al. 2003; Seiboth 
2015)

3 Uncertainty concerning subject matter due to 
subjective or objective knowledge deficits

(Kaerner 2015; Kramis-Aebischer 1995; Rudow 1994; 
Wulk 1988)

4 Uncertainty concerning didactical decisions and 
unpredictability of the course of the lesson

(Baumert and Kunter 2006; Gebert 1981; Grimm 1993; 
Helsper 2003; Kaerner et al. 2020; Kramis-Aebischer 
1995; Paseka et al. 2018; Rudow 1994; Soltau and 
Mienert 2010; Wulk 1988)

5 Achievement-related diversity in class and the 
perceived responsibility to fulfil the teacher’s role 
to respond to students’ different needs

(Brown and Ralph 1998; Dunham and Bath 1998; 
Grimm 1993; Herzog 2007; Kaerner et al. 2021; 
Kyriacou and Sutcliffe 1978; Kyriacou 2001; Needle 
et al. 1981; Meder et al. 2008; Pieren and Schaerer 
1994; Rothland and Terhart 2007; Rudow 1994; Sei-
both 2015; Spanhel and Hueber 1995; Stiller 2015; 
Trachsler et al. 2006; Van Dick 1999; Wulk 1988)

6 Lack of social appreciation due to problematic 
teacher–student relationships

(Donker et al. 2018; Grimm 1993; Kaerner 2015; Sei-
both 2015; Seifried 2009; Seifried and Sembill 2005; 
Sembill 1987, 2004; Wulk 1988)

7 Disquietude in class due to disturbing noise (Bieri 2002; Kaempf and Krause 2004; Kaerner 2015; 
Kramis-Aebischer 1995; Krause 2004; Kyriacou and 
Sutcliffe 1978; Meder et al. 2008; Ritterstaedt et al. 
1980; Rudow 1994; Schoenwaelder et al. 2003; 
Seiboth 2015; Wulk 1988)

8 Classroom disturbances through disruptive stu-
dents

(Belt and Belt 2017; Blase 1986; Dunham 1981; Grimm 
1993; Haebler and Kunz 1985; Kaempf and Krause 
2004; Krause and Dorsemagen 2007; Krause 2004; 
Kyriacou 1998; Schoenwaelder et al. 2003; Seiboth 
2015; Van Dick 1999; Wulk 1988)

9 Behavioural problems of students (e.g. aggressive 
behaviour and conflicts between students)

(Bieri 2002; Herzog 2007; Kramis-Aebischer 1995; 
Pieren and Schaerer 1994; Schoenwaelder et al. 
2003; Seiboth 2015; Spanhel and Hueber 1995; 
Trachsler et al. 2006; Wulk 1988)

10 Problems to address the scheduled subject matter 
due to insufficient skills and concentration of 
students

(Bieri 2002; Blase 1986; Dunham 1981; Grimm 1993; 
Haebler and Kunz 1985; Kaempf and Krause 2004; 
Krause and Dorsemagen 2007; Krause 2003; Kyri-
acou and Sutcliffe 1978; Pieren and Schaerer 1994; 
Spanhel and Hueber 1995; Van Dick 1999; Wulk 
1988)

11 Insufficient motivation, involvement, and participa-
tion of students

(Bieri 2002; Blase 1986; Brown and Ralph 1998; Grimm 
1993; Haebler and Kunz 1985; Kramis-Aebischer 
1995; Krause and Dorsemagen 2007; Krause 2003; 
Kyriacou 1998, 2001; Kyriacou and Sutcliffe 1978; 
Needle et al. 1981; Schoenwaelder et al. 2003; 
Seiboth 2015; Van Dick 1999; Warwas et al. 2016; 
Wulk 1988)
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man and Feld 1989) because teachers have to get through the scheduled subject 
matter.

1c) Pressure to get through the subject matter: Closely linked to teachers’ experi-
enced time pressure, teachers experience a high workload because they have to 
get through the scheduled subject matter (Spanhel and Hueber 1995). Increas-
ing amounts of curriculum-related content force teachers to teach an increasing 
wealth of material within unchanged lesson periods (Dubs 1989; Herzog 2007). 
Further, the teachers’ aim to support students’ individualized learning chrono-
logically conflicts with the aim to fulfill the curriculum.

2) Vocal strain: Teachers’ classroom work is characterized by high degrees of verbal 
communication (Wuttke 2005). Thus, teachers have to use their voice continuously, 
and they are physically strained due to constant speaking (Rudow 1994; Schoen-
waelder et al. 2003; Seiboth 2015).

3) Uncertainty concerning subject matter: A main task of teachers is to support the 
learners’ knowledge acquisition. Thus, teachers have to have sufficient expert knowl-
edge in the domain they teach (Achtenhagen and Weber 2015). If teachers do not 
have sufficient knowledge (“objective knowledge deficits”), or if they are not confi-
dent about their domain-specific knowledge (“subjective knowledge deficits”), teach-
ers will experience high degrees of uncertainty concerning the subject matter that 
has to be imparted (Kramis-Aebischer 1995; Rudow 1994; Wulk 1988).

4) Uncertainty concerning didactical decisions: During class, teachers normally do not 
have access to valid and reliable behavioral indicators of student characteristics and/
or to their learning experiences and progress. Thus, teachers have to make didactical 
decisions under uncertainty and act under uncertain conditions (Helsper 2003; Sol-
tau and Mienert 2010). Due to information deficits, an uncertain information basis, 
and a lack of adequate action rules and heuristics (Kaerner et al. 2020), the course 
of the lesson might be experienced as uncertain and unpredictable (Baumert and 
Kunter 2006; Gebert 1981; Grimm 1993; Rudow 1994).

5) Achievement-related diversity in class: Addressing student diversity in the classroom 
with respect to both cognitive and non-cognitive prerequisites of successful learn-
ing by adapting instruction to learners’ needs challenges teachers in their daily work 
(Corno and Snow 1986; Heinrichs and Reinke 2019; Kaerner et  al. 2021; Terhart 
2014). The existing literature shows that teachers experience the “ability mix” in the 
classroom and substantial performance differences between low and high achieving 
students as a main classroom stressor (Brown and Ralph 1998; Krause 2003, 2004; 
Krause and Dorsemagen 2007; Pieren and Schaerer 1994; Seiboth 2015; Trachsler 
et al. 2006; Van Dick 1999; Wulk 1988). One reason for this is that teachers have to 
adapt their teaching to different learners’ needs (Bruehwiler and Blatchford 2011). 
Another reason is that teachers perceive the responsibility to fulfill their role to 
respond to students’ different needs. Teachers are stressed because they have to meet 
students’ and parents’ expectations to fulfill their roles of being a “learning coach” 
on the one hand and a “student evaluator” on the other hand (Grimm 1993; Rudow 
1994; Trachsler et al. 2006). Thus, teachers might experience role conflicts and ambi-
guity when trying to find the right mixture between challenging and developing stu-
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dents with different strengths and weaknesses (Dunham and Bath 1998; Kyriacou 
2001; Rothland and Terhart 2007).

6) Lack of social appreciation: Problematic teacher–student relationships, a crude com-
munication atmosphere in the classroom, or conflicts between the teacher and stu-
dents can lead to a lack of social appreciation and a feeling of not being taken seri-
ously (Grimm 1993; Seiboth 2015; Sembill 1987, 2004; Wulk 1988).

7) Disquietude in class: Disquietude due to disturbing noise stresses teachers because 
they might feel they have to raise their voices against the noise level in the class-
room. They also have to perform classroom management to get students to quiet 
down (Bieri 2002; Kramis-Aebischer 1995; Krause 2004; Kyriacou and Sutcliffe 1978; 
Rudow 1994; Schoenwaelder et al. 2003; Seiboth 2015; Van Dick 1999).

8) Classroom disturbances: Classroom disturbances can be a result of discipline prob-
lems of some students (Blase 1986; Dunham 1981; Haebler and Kunz 1985; Needle 
et al. 1981; Van Dick 1999) or what Kyriacou (1998) calls “overt indiscipline.” If the 
planned course of the lesson is, for instance, disrupted by students, teachers are 
stressed because their schedule is interrupted, resulting (among other things) in time 
pressure and pressure to get through the subject matter (Grimm 1993; Krause and 
Dorsemagen 2007; Seiboth 2015; Wulk 1988).

9) Behavioral problems of students: Another classroom-related stressor that is closely 
related to classroom disturbances and discipline problems of students is students’ 
unsocial and aggressive behavior (Bieri 2002; Kramis-Aebischer 1995; Pieren and 
Schaerer 1994; Seiboth 2015; Trachsler et al. 2006). Thus, students can have behavio-
ral problems that result in conflict between students and aggression against teachers 
(Spanhel and Hueber 1995; Wulk 1998).

10) Insufficient skills and concentration of students: Lacking competencies, insuffi-
cient skills, and lacking concentration are reasons that some students are not able to 
follow the subject matter. Thus, teachers are faced with the problem to address the 
scheduled subject matter and students who struggle to follow the class (Grimm 1993; 
Haebler and Kunz 1985; Kaempf and Krause 2004; Van Dick 1999; Wulk 1988).

11) Insufficient motivation of students: Aside from lacking skills and concentration, 
some students might be unmotivated, not involved, and not participate in class (Hae-
bler and Kunz 1985; Kramis-Aebischer 1995; Schoenwaelder et  al. 2003; Van Dick 
1999; Warwas et al. 2016; Wulk 1988). Thus, teaching students who lack motivation 
is a main challenge teachers face during education (Kyriacou 2001). The fact that 
some students are passive and do not take an active part in class might result, for 
instance, from diverging goals between teachers (e.g., addressing the subject mat-
ter) and students (e.g., talking to a friend about plans for the weekend) (Krause 2003; 
Krause and Dorsemagen 2007).

Physiological and affective response correlates of stress

After categorizing different situational classroom demands as potential stressors for 
teachers, we now describe the response correlates of stress in greater detail (see Fig. 1, 
box 5). In a general way and from a somatic point of view, Selye (1973, p. 692) defines 
stress as “the nonspecific response of the body to any demand made upon it.” Aside 
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from neuroendocrine systems, the autonomic nervous system (ANS) is involved in the 
physiological stress reaction (Kemeny 2003). The situational adaptability of the ANS 
is indicated by the antagonistic relationship between the sympathetic nervous system 
(SNS) and the parasympathetic nervous system (PNS). The SNS enables the organism 
to adapt rapidly to demanding situations, and the PNS controls physiological resting 
functions. The dynamic interplay between the SNS and PNS, and thus the adaptabil-
ity of the ANS according to changing situational demands, can be operationalized by 
changes in heart rate (HR) and heart rate variability (HRV), both of which are indica-
tors of the cardiac system’s activity (Kemeny 2003; Task Force of the European Society 
of Cardiology and The North American Society of Pacing and Electrophysiology 1996). 
HR (measured in beats per minute [bpm]) indicates the contractions of the heart per 
minute. As a time-domain measure of HRV, the root mean square of successive differ-
ences (RMSSD, measured in milliseconds [ms]) is operationalized as the square root 
of the mean of the sum of the squares of differences between adjacent NN (normal-to-
normal) intervals. As a frequency domain measure of HRV, the LF/HF ratio indicates 
the power in the low frequency range (LF, 0.04–0.15 Hz, measured in  ms2) in relation 
to the power in the high frequency range (HF, 0.15–0.4 Hz, measured in  ms2). LF pri-
marily reflects the activity of the SNS, and HF primarily reflects the activity of the PNS 
(Task Force of the European Society of Cardiology and The North American Society of 
Pacing and Electrophysiology 1996). Existing literature (Castaldo et al. 2015; Jaervelin-
Pasanen et al. 2018; Kim et al. 2018) predominantly indicates increases of the HR and 
the LF/HF ratio and decreases of the RMSSD under stress (Table 2).

Table 2 Changes of HR, RMSSD, and the LF/HF ratio under stress

↓↓ (↑↑) significant lower (higher) under stress (p < 0.05):↓ (↑) – lower (higher) under stress (p > 0.05); abbreviations: HR 
(heart rate), LF (low frequency domain) / HF (high frequency domain) ratio, RMSSD (square root of the mean of the sum of 
the squares of differences between adjacent NN (normal‑to‑normal) intervals); overview adapted from Castaldo et al. (2015), 
Jaervelin‑Pasanen et al. (2018), and Kim et al. (2018)

ANS indicators Change Measures and correlates Reference literature

HR ↑↓ Job Stress Questionnaire Clays et al. (2011)

Simulated emergency case Kaegi et al. (1999)

Speech task Schubert et al. (2009)

RMSSD ↓↓ Effort-Reward Imbalance Questionnaire Garza et al. (2015)

Game task Li et al. (2009)

Occupational Stress Questionnaire Lindholm et al. (2009)

Job Content Questionnaire Loerbroks et al. (2010)

Physical-mental task Taelman et al. (2011)

Effort-Reward Imbalance Questionnaire Uusitalo et al. (2011)

↓ Academic examination Tharion et al. (2009)

LF/HF ratio ↑↑ Job Stress Questionnaire Clays et al. (2011)

Effort-Reward Imbalance Questionnaire Garza et al. (2015)

Arithmetic aloud task Traina et al. (2011)

↑ Computer work task Hjortskov et al. (2004)

Stroop Colour Word Test Kofman et al. (2006)

Academic examination Papousek et al. (2010)

Speech task Schubert et al. (2009)

↓↓ Job Content Questionnaire Hernández-Gaytan et al. (2013)

↓ Academic examination Tharion et al. (2009)
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In addition to the somatic stress reactions, there are also affective reactions. According 
to Cox (1978, p. 26), “it is the experience of stress which represents a central and per-
sonal element […] For the individual it is one of the most obvious aspects of the occur-
rence of stress; it is what they feel.” There is an ongoing philosophical and psychological 
discussion on the relationship between somatic and psychological phenomena (see Beck 
1994 for a discussion). In accordance with Schachter and Singer (1962), Rausch (2011), 
and Sembill and Kaerner (2018), (2020), we hold that autonomic somatic processes pri-
marily trigger psychological experiences. However, it is assumed that, in the course of 
time, somatic processes interact with psychological experiences.

Research aims and hypotheses

Based on the reviewed literature, we aim to investigate associations between teachers’ 
experienced situational classroom demands and physiological and affective response 
correlates of stress. As written in Sect. “Introduction” and in reference to the model 
of teacher stress by Kyriacou and Sutcliffe (1978; Fig. 1), we limit our analysis to rela-
tionships between potential classroom stressors and teachers’ stress reactions.

Thus, we must first identify the categorized classroom demands (Table 1) empiri-
cally and select corresponding items (Study A). Second, we must examine relation-
ships (a) between classroom demands and autonomic stress reactions as well as (b) 
between autonomic stress reactions and affective stress experience (Study B). Here, 
we hypothesize the following relationships:

a) Teachers’ classroom demands should be positively associated with the HR and the 
LF/HF ratio, and they should be negatively associated with the RMSSD. Because of 
possible time-lagged effects of a stressor on the physiological response correlates 
of stress, we must examine simultaneously not only effects at time t but also time-
lagged effects of t − 1 on t.

b) Further, we hypothesize that autonomic stress reactions trigger affective stress expe-
rience. Thus, we must examine time-lagged effects of autonomic stress reactions on 
affective experience.

Study A: empirical identification of teachers’ classroom demands and item 
selection
Method and sample

To operationalize the identified demand categories (see Sect. “Literature review on teach-
ers’ situational classroom demands”, Table  1) via items to use them in the single-case, 
short-term longitudinal study (Study B), we first conducted a questionnaire study using 
convenience sampling. The questionnaire was provided via an online tool. In total, 108 
practicing teachers (83 females, 24 males, 1 unknown) with a mean age of 38.2  years 
(standard deviation [SD] = 9.5, range from 18 to 64 years) and mean teaching experience 
of 11 years (SD = 9.1, range from 0 to 41 years) completed the questionnaire. Participants 
worked at the following school types: primary schools (31.5%), secondary schools (25.9%), 
common schools (19.4%), vocational schools (15.7%), and special needs schools (7.4%).
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Item development and selection

First, based on the identified classroom demands, 38 items were formulated by the 
authors and discussed with a practicing teacher concerning contentual understandability 
and meaningfulness. The items were presented via questionnaire, and the participants 
were asked to put themselves in a position to give a lesson and imagine how demand-
ing they would evaluate the presented situations. The items were rated on a 5-point 
Likert scale: 1 = “not demanding,” 2 = “less demanding,” 3 = “neutral,” 4 = “demanding,” 
and 5 = “very demanding.” Second, based on the data, we conducted a principal com-
ponent analysis, and the 38 items condensed to 11 factors that explained 70.7% of the 
total variance. As empirical item selection criteria, factor loadings must be greater than 
0.4 (range between 0.405 and 0.869), and items must have a high mean value within 
the corresponding factor. For content-related item selection criteria, the chosen items 
must represent the identified classroom demands (Sect. “Literature review on teachers’ 
situational classroom demands”). Principal component analysis shows that classroom 
demands concerning missing rest periods, time pressure, and pressure to get through 
the subject matter condense to one scale that describes time and work pressure (Cron-
bach’s alpha = 0.754). Balancing empirical item selection criteria and content-related 
item selection criteria, the following items were selected:

 1. Time and work pressure
 1a) Missing rest periods: “I am lacking rest periods.”
 1b) Time pressure: “I am under time pressure.”
 1c) Pressure to get through the subject matter: “I must get through the subject matter.”
 2. Vocal strain: “I cannot rest my voice.”
 3. Uncertainty concerning subject matter: “I do not feel certain about the subject mat-

ter.”
 4. Uncertainty concerning didactical decisions: “I have to make didactical decisions 

under uncertainty.”
 5. Achievement-related diversity in class: “I cannot respond to students’ different 

needs.”
 6. Lack of social appreciation: “I do not feel taken seriously.”
 7. Disquietude in class: “There is disquietude in class.”
 8. Classroom disturbances: “Some students are disturbing my class.”
 9. Behavioral problems of students: “Some students show behavioral problems.”
 10. Insufficient skills and concentration of students: “Some students are not able to fol-

low the subject matter.”
 11. Insufficient motivation of students: “Some students are unmotivated.”

Study A results

Table  3 contains descriptive data and Spearman correlations. Participants evaluated 
the uncertainty concerning didactical decisions as least demanding (mean [M] = 2.83), 
and they evaluated behavioral problems of students as most demanding (M = 4.16). 
The standard deviations ranged from 0.76 to 1.36 points, whereby the lowest standard 
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deviation is in the evaluation of behavioral problems of students, and the highest stand-
ard deviation is in the evaluation of the uncertainty concerning didactical decisions.

The Spearman’s rank correlation coefficients show significant positive correlations 
between experienced classroom demands, whereby the highest significant positive cor-
relation appears between disquietude in class and classroom disturbances (rs = 0.535), 
and the lowest significant positive correlation between time and work pressure and 
classroom disturbances (rs = 0.191). The negative correlations between experienced 
classroom demands are not significant.

Teachers’ experienced classroom demands are not significantly correlated with sex, 
teaching experience, or working at a secondary school. The older the participants, the 
less demanding they evaluate time and work pressure (rs = –0.240) and behavioral 
problems of students (rs = –0.272); this phenomenon may be a result of work experi-
ence. Participants who work at primary schools evaluate the demand of achievement-
related diversity in class and the perceived responsibility to fulfill the teachers’ role to 
respond to students’ different needs as more demanding compared with participants 
who work at other schools (rs = 0.215). Participants who work at vocational schools 
(rs = –0.242) or special needs schools (rs = –0.224) evaluate diversity in class as less 
demanding compared with participants from other schools. Vocational school teach-
ers evaluate problems to address the scheduled subject matter due to insufficient 
skills and concentration of students as less demanding compared with participants 
who work at other schools (rs = –0.193). Primary school teachers evaluate disquietude 
and noise in class as less demanding compared with others (rs = –0.205). Common 
school teachers evaluate disquietude and noise in class (rs = 0.206) as well as class-
room disturbances (rs = 0.092) as more demanding compared with others. These cor-
relational patterns may result, among other things, from different degrees of student 
diversity and educational goals in different types of schools. However, the sample is 
not representative and the findings are not generalizable.

In summary, in Study A we identified empirically the categorized teachers’ class-
room demands. Even though some of the categories partly overlap, the results show 
sufficient discriminatory power between the items that were used in the single-case, 
short-term longitudinal study described below.

Study B: examining relationships between teachers’ classroom demands 
and autonomic stress reactions as well as between autonomic stress reactions 
and affective stress experience
Method and sample

To examine relationships between classroom demands and autonomic stress reac-
tions as well as between autonomic stress reactions and affective stress experience, 
we conducted a single-case, short-term longitudinal study. Potential participants were 
asked to participate in the study, and we chose a teacher who agreed to participate. 
Hence, the current sample is a convenience sample. The participant, a 31-year-old 
female teacher, has worked since 2014 at a German high school and teaches econom-
ics in grades 8, 10, 11, and 12. The participant was observed over a period of three 
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weeks; we gathered 66 observation points in total with a mean time lag (t − 1 → t) of 
about 26 min.

For the realization of our single-case study, we used a smartphone-based experi-
ence sampling application (Movisens GmbH, Karlsruhe, Germany). At randomly cho-
sen points in time, the participant was asked how she felt at the moment. According 
to Verhagen et  al. (2016), assessments are collected using a random time sampling 
protocol, and we choose a stratified random schedule with restricted intervals: every 
45 min there were three measures with a time difference of at least 10 min. The items 
(see Sect. “Study A: Empirical identification of teachers’ classroom demands and item 
selection”) for assessing the participant’s experienced classroom demands were rated 
on a 5-point Likert scale from 1 = “I strongly disagree” to 5 = “I strongly agree.” The 
participant’s affective states were rated on a 5-point Likert scale from 1 = “relaxed” to 
5 = “stressed” (cf. Schallberger 2005).

The participant’s autonomic reactivity was measured continually during the obser-
vation period via a psycho-physiological ambulatory measurement system for the 
assessment of electrocardiography (ECG) signals (Movisens GmbH, Karlsruhe, Ger-
many). For statistical analysis, the assessed ECG measures were aggregated via arith-
metic means (2 min before the experience sampling signal, 2 min after the experience 
sampling signal, and the minute including the experience sampling signal) in order to 
synchronise them with experienced classroom demands and affective states. The fol-
lowing ECG indices were assessed: HR (bpm), RMSSD (ms) as a time-domain meas-
ure of HRV, and the LF/HF ratio as a frequency domain measure of HRV (see Sect. 
“Physiological and affective response correlates of stress”).

Study B results

Descriptive data and correlations

Table  4 contains descriptive data and Spearman correlations among the 66 observa-
tions of our single case. The participant evaluated the lack of social appreciation as least 
demanding (M = 1.23), and she evaluated the uncertainty about didactical decisions as 
most demanding (M = 2.58). The standard deviations range from 0.42 to 0.75 points, 
whereby the lowest standard deviation is for the evaluation of the lack of social apprecia-
tion, and the highest standard deviation is for the evaluation of the uncertainty about 
didactical decisions. With respect to the scale range from 1 = “I strongly disagree” to 
5 = “I strongly agree,” the participant’s evaluations of experienced classroom demands 
show only below-average values. Descriptive data of affective states show that the par-
ticipant was relatively “relaxed” (M = 1.42, SD = 0.53) within the period of observation 
(possible range from 1 = “relaxed” to 5 = “stressed”). Measures of HR, RMSSD, and the 
LF/HF ratio show normal values (cf. Task Force of the European Society of Cardiology 
and The North American Society of Pacing and Electrophysiology 1996).

The Spearman’s rank correlation coefficients show significant positive correlations 
between experienced classroom demands, whereby the highest significant positive cor-
relation appears between classroom disturbances and disquietude in class (rs = 0.497), 
and the lowest significant positive correlation is between insufficient student skills and 
behavioral problems of students (rs = 0.243). The negative correlations between expe-
rienced classroom demands are not significant. The participant’s states of actual stress 
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experience are consistently positively associated with assessed classroom demands. 
There are no significant correlations between self-assessments (stress experience and 
experienced classroom demands) and ECG measures at time t. As one would expect, HR 
and RMSSD are significantly negatively associated (rs = –0.392), and HR and the LF/HF 
ratio are significantly positively associated (rs = 0.281). Moreover, RMSSD and the LF/
HF ratio are significantly negatively associated (rs = –0.529).

Time series analysis

Examining time-lagged relationships between teachers’ experienced classroom demands 
and autonomic stress reactions as well as between autonomic stress reactions and affec-
tive stress experience, we used an N = 1 time series analysis with a bivariate cross-lagged 
model for continuous dependent variables, which is also referred to as a first-order vec-
tor autoregressive [VAR(1)] model (Muthén and Muthén 1998‒2017). We assessed all 
possible combinations of teachers’ experienced classroom demands and autonomic 
markers as well as all possible combinations of autonomic markers and stress experi-
ence, and we report three models that contain marginally significant effects.

Corresponding to our hypotheses, in the following text, we will report relationships 
(a) between classroom demands and autonomic stress reactions as well as (b) between 
autonomic stress reactions and affective stress experience.

Relationships between classroom demands and autonomic stress reactions

Figure  2 illustrates the relationship between “I cannot respond to students’ differ-
ent needs” and the HR. Here, we expectedly found an almost significant (p = 0.066) 
positive effect of the experienced demand of achievement-related diversity in class 
and the perceived responsibility to fulfill the teacher’s role to respond to students’ 
different needs (at time t − 1) on the HR at time t. Thus, the more demanding the 
diversity in class at t − 1 was evaluated by the participant, the higher was her HR at 
time t (controlling for the significant autoregressive effect of HR at time t − 1 on HR 
at time t). The scatterplot illustrates the time-lagged relationship between “I cannot 
respond to students’ different needs” (t − 1) and HR (t).

Analogously, Fig.  3 illustrates the relationship between “There is disquietude in 
class” and the RMSSD. Here, we expectedly found an almost significant (p = 0.078) 
negative effect of the experienced demand of classroom disturbances through dis-
ruptive students (at time t − 1) on the HRV indicator RMSSD at time t. Thus, the 
more demanding the classroom disturbances at t − 1 were evaluated by the partici-
pant, the lower was her RMSSD value at time t.

Relationships between autonomic stress reactions and affective stress experience

Assessing relationships between autonomic responses and subjective stress experi-
ence, we found a significant (p = 0.016) time-lagged effect of the LF/HF ratio (t − 1) 
on the stress experience at time t (Fig. 4). Thus, the higher the physiological arousal 
at time t − 1, the higher the subjective stress experience at time t.
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Discussion
Summary of findings

We conducted a pilot study to gain insights into relationships between teachers’ expe-
rienced situational classroom demands and autonomic stress reactions as well as 
between autonomic stress reactions and affective stress experience. Via an integrative 
literature review, we first identified different categories that refer to teachers’ situa-
tional classroom demands (Sect. “Literature review on teachers’ situational classroom 
demands”). The identified categories were the basis for empirical item selection (Sect. 
“Study A: Empirical identification of teachers’ classroom demands and item selection”, 
Study A) as well as for the empirical examination of relationships between classroom 
demands and autonomic stress reactions via a single-case, short-term longitudi-
nal study (Sect.  3, Study B). Concerning our hypotheses (Sect. “Research aims and 
hypotheses”), we found evidence that some of the experienced classroom demands 
(“I cannot respond to students’ different needs”; “There is disquietude in class”) had 
time-lagged associations with autonomic stress measures (see Figs. 2 and 3). Further-
more, we found that physiological arousal (the LF/HF ratio) triggers affective stress 
experience due to a time-lagged effect (see Fig. 4).
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Limitations of the study
There are some limitations of our pilot study. First, in Study A we used convenience 
sampling, which could lead to a lack of representation of the population concerning 
different teacher characteristics (e.g., age, teaching experience, school types). In addi-
tion, we examined relationships between classroom demands, autonomic stress reac-
tions, and stress experience via a single-case study (Study B). This could be useful 
to gain experiences concerning methodological procedures, but the findings are not 
generalizable.

Because of the complexity of the referred model of teacher stress (Kyriacou and Sut-
cliffe 1978 et passim; Fig. 1) and the pilot character of our study, we limited our analy-
sis to relationships between potential classroom stressors and teachers’ stress reactions. 
Thus, future studies should consider personal appraisals of potential classroom stressors 
in addition to coping mechanisms as mediating variables. Including more participants 
in longitudinal field studies will also allow us to include relatively stable teacher char-
acteristics in the analysis to examine, for example, effects of specific characteristics on 
individual growth trajectories or possible moderating effects of teacher characteristics 
on the relationship between situational classroom demands and physiological and affec-
tive response correlates of stress (e.g., Kaerner et al. 2017).

Concerning the theoretical modeling (see Sect. “Introduction”), the strict causal chain 
assumed would be the following: situational stimulus (t − 1) → physiological response 
(t) → affective experience (t + 1). Because of the complexity of this assumption and the 
relatively small dataset (with only 66 observations), we were not able to analyze the 
entire causal chain with our data. Thus, we had to model two parts of the model sepa-
rately: (a) situational stimulus (t − 1) → physiological response (t) and (b) physiological 
response (t) → stress experience (t + 1). In subsequent studies, it would be fruitful to 
examine empirically the abovementioned complete causal chain based on an extended 
sample of persons and observations.

Another limitation of Study B is that we do not have information about what was really 
going on in class. We only have the information provided by our single-case participant; 
this design restricts the validity of our findings because we only have one source of infor-
mation. Thus, future studies should use video-based observations of what is going on in 
the classroom and use established coding systems such as the “Instrument to Identify 
Regulation Hindrances in Industrial Work” (RHIA) to identify regulation barriers and 
capacity-overtaxing factors in classroom teaching (Meder et al. 2008). Combining infor-
mation about “objective” situational context conditions with information on self-reports 
along with physiological measures (e.g., Kaerner and Koegler 2016; Kaerner et al. 2017) 
seems to be fruitful and would give us better insights about teachers’ stress in the class-
room (for a good methodological example, see Donker et al. 2018).

Conclusions and outlook
Altogether, the study approach and the methodological procedures we used can be a 
fruitful basis for further investigations. In particular, the integration of psychophysiolog-
ical research methods in vocational educational research could be advantageous because 
such methods provide “objective” data that is relatively independent from self-report 
biases (Dawson et  al. 2011). However, referring to Selyes’s (1973, p. 692) definition of 
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stress as a “nonspecific response of the body to any demand made upon it,” physiologi-
cal measures are not meaningful per se, but they have to be interpreted in their inter-
play with particular context-related information (e.g., teachers’ experienced classroom 
demands) (cf. Kaerner 2017). The research approach and results of our pilot study can 
be the basis for further process-oriented research in vocational education and train-
ing using a larger sample for an ambulatory physiological assessment and experience 
sampling study. From a practical point of view, our results on experienced classroom 
demands could be used in teacher education to prepare student teachers for specific 
skills to cope with such demands. In detail, the following framework could be an anchor 
for empirical and practical continue of work.

Taking into account that person-related situational behavioral, somatic, and psycho-
logical states are “nested” within persons (characterized by various traits relevant in 
the working context of teachers, such as, for instance, expertise and coping skills) and 
continuous changing conditions of the working context (such as, for instance, varying 
demands of the tasks teachers have to fulfill), more in-depth knowledge about the com-
plex interrelations between traits, states, and continuous changing context conditions 
seems to be essential for a more holistic understanding of teacher stress. Thus, from a 
methodological point of view, the application of cross-classified data structures and cor-
responding multilevel statistical models (e.g., Heck et al. 2010) seems to be the method 
of choice. In that regard, cross-classification considers that multiple state measures are 
not only nested within persons, but that they also belong to observation units of the 
working context corresponding to the time of measurement (Goldstein 1994; Hill and 
Goldstein 1998; for applications see, for example, Kaerner and Koegler 2016; Kaerner 
et al. 2017; Kaerner and Warwas 2018). Figure 5 illustrates a cross-classified data struc-
ture with person-related states (e.g., varying HR or RMSSD values, or stress experience) 
nested within persons/teachers (1…n; e.g., varying levels of psychological resilience or 
coping skills) working in a specific working context (1…k; e.g., different types of schools) 
and exposed to continuously changing context conditions (1…t; e.g., varying levels of 
work-related demands).

With regard to high-frequency assessments of working conditions and continu-
ously measured states, future research could focus on a “multidimensional mapping” 
of work-related contextual conditions and on an analysis of corresponding effects on 
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person-related outcomes (e.g., well-being, stress). Such research could finally also result 
in empirically validated “multidimensional data cubes” that characterize the antecedents 
and effects of humane working environments for teachers (cf. Kaerner et al. 2017; Sem-
bill and Kaerner 2020).
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