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ORIGINAL ARTICLE

INTRODUCTION

In recent years, multiple social crises have substantially 
increased psychological stress among schoolchildren 
(Schmitz et al., 2024). In addition to concerns about the 

future, one’s own health, the well-being of close relatives, 
meeting societal expectations, problems in social relationships 
(Núñez-Regueiro and Núñez-Regueiro, 2021), and a decline 
in social support from parents and peers (Badura et al., 2024), 
school is considered a primary source of stress for young 
people (Seiffge-Krenke, 2021). This is because students are 
subject to an increasing number of school-related stressors 
(Whiting et al., 2021). These stressors encompass school 
transitions, exam anxiety, student rivalries and aggression 
(Seiffge-Krenke, 2008), bullying by classmates, unsatisfactory 
teacher-student relationships (Núñez-Regueiro and Núñez-
Regueiro, 2021), personal performance expectations (Knittel 
et al., 2015), and increased pressure to perform well in class 
(Robert Bosch Stiftung, 2024). Consequently, 40 % of students 
in Germany experience severe school-related stress (Hansen 
et al., 2023). Nevertheless, as numerous studies on the mental 
health of schoolchildren from various countries demonstrate, it 
is a global challenge (e.g., Badura et al., 2024; Martínez-Líbano 
and Yeomans-Cabrera, 2024; Willis et al., 2021). According to 
the transactional stress model (Lazarus and Folkman, 1984), 
stress arises when students perceive that situational demands 
exceed their personal resources (Reif and Spieß, 2018b).

In Germany, the educational standards delineate the skills 
students should attain by the end of lower secondary 
school. In biology, students should develop content 
knowledge and evaluative competence, along with inquiry 
(e.g.,  experimentation and modeling) and communication 
skills (KMK, 2024). Explicitly, the complex challenges 
involved in scientific inquiry-based processes pose a potential 
source of stress, because they entail high cognitive loads and 
increased failure risks (Minkley et al., 2017). The complexity 
of scientific inquiry-based teaching situations arises from their 
dual function: On the one hand, students must learn practical 
scientific methods, and on the other, they must acquire a 
theoretical understanding of science and its epistemological 
nature (Webersen and Riese, 2025). Approximately 40 percent 
of students in Germany do not meet the educational standards 
for inquiry-based work (Stanat et al., 2019; Lewalter et al., 
2023; KMK, 2024), suggesting inadequate individual resources 
in this domain. One can distinguish two types of resources. 
External resources are provided by the situation itself 
(e.g., support from classmates or teachers, or helpful teaching 
materials), while internal resources depend on the person’s 
traits (e.g., students’ competencies or self-efficacy beliefs 
[SEB]) (Wendland and Jansen, 2018). SEB assesses one’s 
ability to take the necessary measures to navigate a situation 
(Bandura, 2002). As an internal resource, SEB can thus notably 
impact situation assessment and stress management (Satow and 
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Bäßler, 1998), even in inquiry-based and communication 
situations in science classes.

Lower secondary school students exhibit various coping 
strategies, such as using humor, engaging in physical or 
passive activities (e.g., sports, playing video games, eating, 
or sleeping), seeking familial support, participating in social 
activities, externalizing feelings (e.g., blaming others), or 
developing proactive orientations (Copeland and Hess, 
1995; Hess and Copeland, 2001). Nonetheless, most young 
people’s stress management is less problem-oriented and 
more emotional (TK, 2021). Hence, it hardly addresses the 
actual stressors sustainably. When coping strategies are 
ineffective or inadequate, stress reactions are emotionally 
and physiologically noticeable (Reif & Spieß, 2018b). Stress 
impacts the frequency and variability of heartbeats (Kim 
et al., 2018), the level of the stress hormone cortisol in body 
fluids (Bozovic et al., 2013), and electrodermal activity (skin 
conductance; Boucsein, 1988). One can also detect mental 
stress at the molecular level by measuring specific microRNAs 
to assess stress-related gene activity (Krammer et al., 2023). 
Furthermore, school stress seriously influences students’ 
overall life satisfaction (Grasaas et al., 2024), their educational 
success, and health (Bäuerle and Kury, 1980; Hoferichter and 
Raufelder, 2022; OECD, 2017). Chronic school-related stress 
can lead to burnout symptoms among students (Hoferichter 
et al., 2023). Therefore, a clear need for preventive measures 
in schools is evident (Reiß et al., 2023).

Effective stress prevention in science education involves 
specifying the primary sources of stress. However, to date, 
only a few studies have explored the effects of individual 
interventions on students’ physiological stress in science class 
(Minkley et al., 2017; Minkley et al., 2018; Minkley et al., 
2024). Accordingly, assessing the specific stress potential of 
inquiry-based teaching situations compared to other teaching 
situations is impossible. To this end, our study focuses on this 
research gap.

METHODOLOGY
In an exploratory field study, we measured the heart rate 
variability ([HRV], a physiological measure of the current 
stress level; Kim et al., 2018) of lower secondary school 
students at comprehensive schools in Germany (n = 112, of 
which n = 86 data sets were evaluable, average age = 13.0) 
during a rest period and a subsequent science lesson. 
Participation was voluntary. As all participants were under 18, 
written informed consent was obtained from their parents or 
legal guardians before participation. Classes typically lasted 
90 min. We aimed to determine students’ physiological stress 
levels during teaching situations involving inquiry-based and/
or non-inquiry-based activities (i.e., communication unrelated 
to inquiry-based activities). HRV testing is an established 
method of evaluating individual stress (Kim et al., 2018). It can 
yield meaningful insights into learner stress during educational 
activities (Kim et al., 2024). The interaction between the 

sympathetic nervous system (SN) and the parasympathetic 
nervous system (PN) causes fluctuations in the interval length 
between heartbeats (i.e., HRV). During relaxation, PN activity 
dominates, elevating HRV. However, in stressful situations, 
SN activity predominates, diminishing HRV (Zetterman et al., 
2023). HRV was continuously detected and recorded as a 
time series of RR intervals (the time between two heartbeats) 
using a chest-strap-based monitoring system (Firstbeat 
Sports, Firstbeat Technologies Oy, Finland; e.g., Jin et al., 
2022; Conte et al., 2025). This method offers greater relative 
freedom from interference for test subjects than measuring 
other biomarkers (e.g., cortisol in saliva or blood). The data 
quality of mobile chest strap sensors is comparable to that of 
wired electrocardiograms (Sammito et al., 2011). In addition, 
continuous HRV recording addresses potential cognitive bias 
issues that can arise with retrospective questionnaires (Stone 
and Shiffman, 2002).

Before the lesson, the students sat quietly at their desks for 
5 min and listened to a relaxing guided imagery story. This type 
of story can facilitate relaxation by activating the PN (Wehrle, 
2011). As an exploratory field study in regular classroom 
instruction, the content of subsequent science lessons differed. 
The teaching situations were categorized into inquiry-based 
situations (applying scientific working techniques, observing, 
comparing, classifying, planning, conducting, and evaluating 
experiments, as well as modeling) and communication 
situations distinguishable from inquiry-based activities 
(e.g., accessing, processing, and exchanging information, 
arguing) based on the competency descriptions of the German 
educational standards (KMK, 2024). The start and end times of 
each teaching situation were recorded on an observation sheet 
to calculate HRV for each situation. Individual assignment in 
the teaching situation was achieved by attaching a number 
label to each student’s clothing.

Using Kubios HRV software (Kubios Oy, Finland; Tarvainen 
et al., 2014), we first visually inspected measurements for low 
signal quality, automatically identified noisy signal segments, 
and performed automatic artifact correction. We discarded 
low-quality measurements (Eronen et al., 2024), so that we 
ultimately encompassed the RR time series of n = 86 students 
in the final assessment. The RR time series were adjusted 
for very low-frequency trends using the smoothness-prior 
method (Tarvainen et al., 2002) to prevent further analyses 
from being impacted by slow heart rate changes (below 
0.04  Hz) over the evaluation period. HRV was calculated 
exclusively for teaching situations lasting ≥5 min, aligning 
with typical short-term HRV measurements (Camm et al., 
1996). Consistent with comparable studies (e.g., Minkley et al., 
2017), teaching situations lasting at least 10 min were divided 
into two or more consecutive 5-min intervals. The Baevsky 
stress index (SI) (Brisinda et al., 2024b), the root mean square 
of successive differences (RMSSD), and the low frequency/
high frequency (LF/HF) ratio (Wang and Huang, 2012) were 
determined as HRV parameters for each 5-min interval. The 
Baevsky SI represents autonomic SN activity (Huizinga et al., 
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2025), whereas the LF/HF ratio depicts the ratio of SN and PN 
activity (Von Rosenberg et al., 2017). Therefore, an increase 
in these parameters indicates a higher physiological stress 
level. Conversely, the RMSSD is considered an indicator of 
parasympathetic activity (Baevsky and Chernikova, 2017) and 
is therefore inversely associated with stress levels. The HRV 
parameters for all 5-min intervals for a person were averaged 
before statistical evaluation of inquiry-based or communication 
activities.

Because HRV depends not only on mental stress (Thielmann 
and Boeckelmann, 2016), but also on movement intensity 
([MI], Zetterman et al., 2023), we recorded it continuously at 
1-s intervals using the 9-axis motion sensors of the Firstbeat 
system to be considered as a covariate. These tools are reliable 
for assessing external stress (Conte et al., 2025). Moreover, a 
questionnaire lasting approximately 10 min was administered 
to n = 68 students (64 of whom were assessable) immediately 
after the lesson. Because subjective stress perception often 
correlates only moderately with the physiological stress 
response (Minkley et al., 2021), we used the Visual Analog 
Scale (Lesage et al., 2012) in the questionnaire to assess 
perceived baseline stress levels in class (i.e., without linking 
them to specific situations). In addition, scientific SEB as a 
measure of available internal resources for managing stress 
(Thielmann and Böckelmann, 2021), was measured by 
adjusting the scale for school-related SEB (Jerusalem and 
Satow, 1999) (15 items, Cronbach’s alpha = 0.852, example 
item translated from German: “When I have to explain 
something using a complicated model in science class, I believe 
that I will be able to do so.”).

Three linear mixed models (LMM; Hox et al., 2017) were 
calculated to investigate the dependence of physiological 
stress levels on teaching situations (rest period, inquiry-based 
activity, and communication). Each LMM had one of the above 
HRV parameters (SI, RMSSD, or LF/HF) as the dependent 
variable (fixed factors: Teaching situation and MI; random 
effects: Person ID; covariance type for repeated measurements: 
Compound symmetry covariance structure with a correlation 
metric; estimation: Restricted maximum likelihood). To assess 
any differences between the teaching situations, we calculated 
estimated marginal means (EMMs) and conducted pairwise 
comparisons with the Sidak correction (see, e.g., Hermann 
et  al., 2020). We used partial eta-squared (2

p, Richardson, 
2011) to measure effect size. According to Cohen (1988), 
2

p = 0.01 is considered a small effect, 0.06 a medium effect, 
and 0.14 a large effect.

Because stress reactions vary individually in other contexts 
(Negrão et al., 2000), we used a hierarchical cluster analysis to 
identify different patterns of personal dispositions, considering 
SEB, the perceived baseline stress, and the physiological 
baseline stress (SI) during the rest period (cluster method: 
Ward, distance measure: Squared euclidean distance). SI 
appeared to be the most appropriate physiological baseline, 
as it is derived from the frequency distribution of RR 
intervals (Huizinga et al., 2025) and was thus the most stable 

parameter over time. We conducted a one-way analysis of 
variance (ANOVA) with Bonferroni-corrected post hoc tests to 
identify differences between the clusters in these dispositional 
variables. We calculated three additional LMMs to explore 
the dependence of SI, RMSSD, and LF/HF ratio on cluster 
membership in teaching situations, treating these clusters and 
the cluster-by-teaching-situation interaction as additional 
fixed factors.

FINDINGS
As Figure 1a-c indicate, no particularly relevant differences in 
SI, RMSSD, and LF/HF were observed between the inquiry-
based activity and the non-inquiry-based (communication) 
situations. Even though the SI during the rest period barely 
differs from that in the other two teaching situations, evidence 
shows a decrease in RMSSD and an increase in the LF/
HF ratio regarding the rest period. Thus, these parameters 
indicate higher physiological stress levels during inquiry-based 
activities and communication situations than during the rest 
period. As expected, the intensity of physical activity (MI) 
differs between teaching situations, with the highest level 
occurring during inquiry-based activities (Figure 1d).

As Table  1 presents, we used three LMMs to investigate 
whether these observations were statistically supported.

For RMSSD and LF/HF, significant main effects of teaching 
situations were found, with medium and large effect sizes, 
respectively (Cohen, 1988). No effect of MI was observed 
(p > 0.05). The SI model showed no significant effects. 
EMM revealed that both RMSSD and LF/HF indicated the 
lowest stress levels during the rest period, but similar levels 
of physiological stress during inquiry-based activity and 
communication. A  pairwise comparison (Sidak-corrected) 
revealed significant differences only between the rest period 
and the two teaching situations, not between the two teaching 
situations themselves (Table 2). Therefore, we observed no 
general difference in stress levels between inquiry-based 
situations and communication situations.

We identified three clusters in the hierarchical cluster analysis 
described above based on obvious distance jumps in the 

Table 1: Results of the linear mixed models (fixed 
effects: Teaching situation, MI; dependent variable: SI, 
RMSSD, or LF/HF)

HRV parameter Effect F (df1, df2) p‑value 𝜂2𝑝
SI Teaching situation 0.10 (2, 120) 0.902 0.00

MI 0.72 (1, 142) 0.398 0.01
RMSSD Teaching situation 4.29 (2, 122) ≤0.050 0.07

MI 1.45 (1, 148) 0.231 0.01
LF/HF Teaching situation 11.33 (2, 128) ≤0.001 0.15

MI 1.15 (1, 159) 0.284 0.01
HRV: Heart rate variability, SI: Stress index, MI: Movement intensity, 
RMSSD: Root mean square of successive differences, LF: Low frequency, 
HF: High frequency. Bold values indicate statistically significant 
differences
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dendrogram. These clusters are referred to as Self-efficacious 
stressed (high SEB, high physiological and perceived 
baseline stress, n = 15), Unconscious burdened (low SEB, 
low perceived and high physiological baseline stress, n = 14), 

and Self-efficacious relaxed (high SEB, low physiological and 
perceived baseline stress, n = 35, Figure 2). ANOVA reveals 
that the clusters differ significantly in all three dispositional 
variables (Table 3).

Table 2: Estimated marginal means  (EMM, only reported in case of significant main effects in Table  1) and pairwise 
comparisons

HRV 
parameter

Teaching 
situation

EMM (SE) p‑value

vs. Resting vs. Inquiry‑based vs. Communication
RMSSD Rest 38.96 (2.30) 0.066 ≤0.050

Inquiry‑based 32.59 (2.75) 0.066 0.995
Communication 33.13 (2.38) ≤0.050 0.995

LF/HF Rest 2.27 (0.25) ≤0.001 ≤0.001
Inquiry‑based 3.53 (0.30) ≤0.001 0.876
Communication 3.33 (0.26) ≤0.001 0.876

HRV: Heart rate variability, EMM: Estimated marginal means, RMSSD: Root mean square of successive differences, LF: Low frequency, HF: High frequency, 
SE: Standard error. Bold values indicate statistically significant differences

Table 3: ANOVA including Bonferroni‑corrected post hoc tests  (reported only if significant)

Cluster variable M (SD) 
A

M (SD) 
B

M (SD) 
C

F (df1, df2) p‑value p‑value

Post hoc
Physiological baseline 
stress (SI rest)

14.25 (4.78) 16.29 (6.22) 9.54 (3.24) 14.09 (2, 61) ≤0.001 A>C 
≤0.010 
B>C 

≤0.001
Perceived baseline stress 61.74 (10.23) 21.80 (15.88) 22.90 (15.78) 40.67 (2, 61) ≤0.001 A>B 

≤0.001 
A>C 

≤0.001
SEB 1.71 (0.47) 1.04 (0.45) 1.95 (0.42) 21.59 (2, 61) ≤0.001 A>B 

≤0.001 
C>B 

≤0.001
SEB: Self‑efficacy beliefs, SI: Stress index, A: Self‑efficacious stressed, B: Unconscious burdened, C: Self‑efficacious relaxed, M: Mean, SD: Standard 
deviation, ANOVA: Analysis of variance

Figure 1: (a-d) Average stress index (a), root mean square of successive differences (b), low frequency/high frequency ratio (c), and movement 
intensity (d) during the three teaching situations (resting = rest period: n = 86, inquiry-based activity: n = 47, communication: n = 62)

dc

ba
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Figure  3a-c illustrates the three HRV parameters for each 
cluster in all teaching situations. Both the SI and the RMSSD 
indicate a greater increase in stress levels during inquiry-based 
situations only for the self-efficacious, relaxed students, with 
higher SI or lower RMSSD indicating higher physiological 
stress. The SI of the Self-efficacious stressed remains relatively 
constant, whereas the RMSSD of this cluster decreases slightly 
during both teaching situations compared with the rest period. 
Hence, the RMSSD indicates a moderately increased stress 
level during both teaching situations.

Nevertheless, the change in SI and RMSSD in the unconscious 
burdened cluster is particularly striking. Both HRV parameters 
indicate a moderate decrease in stress during class compared 
to the rest period, as discussed later. The LF/HF for all 
three clusters indicates a higher stress level during teaching 
situations than the rest period, somewhat deviating from the 
SI and RMSSD findings. The self-efficacious, stressed, and 
unconscious burdened clusters show slightly higher LF/HF 
in inquiry-based situations than in communication situations. 
Conversely, in the self-efficacious relaxed cluster, LF/HF is 
moderately higher in communication situations (Figure 3c).

To determine whether a dependency exists between 
physiological stress levels in class and individual dispositions, 
as suggested by SI and RMSSD, we recalculated the three 
LMMs mentioned above, including the cluster and the cluster 
× situation interaction as additional fixed effects (Table 4). 
Models that include SI or RMSSD as dependent variables 
reveal a significant main effect of cluster membership and the 
cluster × situation interaction on student stress (Table 4). The 
large effect sizes, especially those for the interactions, suggest 
the students’ physiological stress responses strongly depend on 
their personal dispositions. Strikingly, the LF/HF-based model 
does not confirm this dependence. Rather, this model verifies 
that stress levels depend on the teaching situation.

As shown in Table 5, the main effect observed in the LMMs 
(Table 4) is due to the fact that the self-efficacious relaxed 
cluster differs significantly from the other two clusters. 

Figure 2: Dispositional characteristics of the three clusters, with each 
variable normalized to a maximum of 1 (SEB: Self-efficacy beliefs, SI: 
Stress index)

Figure 3: Stress index (a), root mean square of successive differences (b), and low frequency/high frequency (c) for each cluster in all teaching 
situations. Average values for each cluster are connected by dotted lines to underscore their differences

c

ba
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Therefore, both SI and RMSSD indicate that the physiological 
stress response depends on individual dispositions, whereas 
the LF/HF suggests that the teaching situation is significant 
for stress levels. Nonetheless, in the case of the LF/HF model, 
the main effect of the teaching situation is not explained 
by differences in stress between the inquiry-based and 
communication situations, but rather by stress levels during 
both teaching situations relative to the rest period (Table 6).

DISCUSSION AND CONCLUSION
A comparison of the three HRV parameters across the teaching 
situations does not support the initial hypothesis that inquiry-
based situations are inherently more stressful for students than 
non-inquiry-based situations. Even though RMSSD and the LF/
HF ratio differ between situations, this effect indicates higher 
physiological stress during class than during the rest period. 
Because both classroom situations involved greater MI than 
the rest period, increased physiological stress might initially 
be associated with physical activity (Zetterman et al., 2023) 
rather than mental stress (Thielmann and Boeckelmann, 2016). 
To take account of the potential effect of MI, we included it 
as an additional fixed effect in the LMMs alongside teaching 
situation. Consequently, the estimated effects of teaching 
situation on HRV were adjusted for differences in MI. As MI 
did not significantly predict any of the HRV parameters, the 
observed differences are more plausibly linked to mental stress 
responses associated with the teaching situation.

The absence of expected differences across teaching situations 
may stem from the fact that the communication situations 
in the present study were derived from the communication 
skills defined in the German educational standards, which 
involve communicative activities with heterogeneous cognitive 
demands (KMK, 2024). As higher-level argumentative skills 
are moderately developed in comprehensive schools (Müller, 
2025), limited resources in this area (Lazarus and Folkman, 
1984) may result in elevated stress even in non-inquiry-based 
communication situations. Moreover, this exploratory field 
study encompassed various inquiry-based activities aligning 
with educational standards (KMK, 2024); future experimental 
studies should therefore refine the scope of teaching situations, 
particularly those with potentially high emotional stress, such 
as dissections (Kaiser et al., 2023). Another explanation is 
that students may have engaged in inquiry-related cognitive 
processes during seemingly non-inquiry-based communication 
situations. Nonetheless, one cannot capture such internal 
processes using an observation form like the one used in this 
study. Further studies could render these internal processes 
visible by using additional interviews (Roskam, 2020) or 
the thinking-aloud method (Schnell, 2016). However, the 
cognitive strain associated with these methods could adversely 
affect students’ HRV (Hillmert et al., 2020). In addition, 
implementing these approaches would be challenging in a 

Table 6: Estimated marginal means  (EMM, only reported in the event of a significant teaching situation main 
effect in Table  4)

HRV parameter Teaching situation EMM (SE) p‑value

vs. Rest vs. Inquiry‑based vs. Communication
LF/HF Rest 2.52 (0.33) ≤0.050 ≤0.050

Inquiry‑based 3.58 (0.39) ≤0.050 0.990
Communication 3.47 (0.36) ≤0.050 0.990

HRV: Heart rate variability, RMSSD: Root mean square of successive differences, SI: Stress index, EMM: Estimated marginal means, SE: Standard error. 
Bold values indicate statistically significant differences

Table 4: Results of the recalculated LMM  (additional fixed 
effects: cluster, cluster×teaching situation interaction)

HRV parameter Effect F (df1, df2) p‑value 𝜂2𝑝
SI Teaching situation 0.49 (2, 89) 0.614 0.01

MI 0.04 (1, 108) 0.849 0.00
Cluster 13.44 (2, 62) ≤0.001 0.30
Cluster×Situation 4.73 (4, 84) ≤0.010 0.18

RMSSD Teaching situation 1.62 (2, 90) 0.204 0.03
MI 0.27 (1, 107) 0.608 0.00
Cluster 7.48 (2, 63) ≤0.001 0.19
Cluster×Situation 3.98 (4, 84) ≤0.010 0.16

LF/HF Teaching situation 5.43 (2, 92) ≤0.050 0.11
MI 1.27 (1, 113) 0.236 0.01
Cluster 0.24 (2, 65) 0.788 0.01
Cluster×Situation 0.19 (4, 86) 0.945 0.01

HRV: Heart rate variability, LMM: Linear mixed models, SI: Stress 
index, MI: Movement intensity, RMSSD: Root mean square of successive 
differences, LF: Low frequency, HF: High frequency. Bold values indicate 
statistically significant differences

Table 5: Estimated marginal means  (EMM, only reported 
in the event of significant cluster main effects in Table  4) 
and pairwise comparisons

HRV parameter Cluster EMM (SE) p‑value

vs. A vs. B vs. C
SI A 14.52 (0.89) 1.000 ≤0.001

B 14.64 (0.92) 1.000 ≤0.001
C 10.09 (0.58) ≤0.001 ≤0.001

RMSSD A 23.61 (4.47) 0.939 ≤0.010
B 26.92 (4.59) 0.939 ≤0.050
C 41.81 (2.90) ≤0.010 ≤0.050

A: Self‑efficacious stressed, B: Unconscious burdened, C: Self‑efficacious 
relaxed, HRV: Heart rate variability, RMSSD: Root mean square of 
successive differences, SI: Stress index, EMM: Estimated marginal means, 
SE: Standard error. Bold values indicate statistically significant differences
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field study but feasible in a laboratory setting. The absence 
of a significant teaching situation effect on SI in LMM could 
be attributable to the fact that, unlike RMSSD and LF/HF 
ratio, SI arises from the frequency distribution of RR intervals 
(Huizinga et al., 2025). Therefore, minor changes or differences 
in physiological stress may be reflected less evidently.

We identified three types of students in our study: The self-
efficacious stressed, the unconscious burdened, and the self-
efficacious relaxed. These students enter the teaching situation 
with markedly heterogeneous stress levels. Even though 
differences in stress levels across teaching situations facilitate 
conclusions about cluster-specific stress responses, the absolute 
levels of physiological stress across the three clusters should 
be interpreted cautiously. Numerous non-situational stressors, 
in addition to situational stressors, affect HRV (e.g., illness, 
lifestyle; Böckelmann and Sammito, 2020). Nevertheless, it is 
equally plausible that a rest period perceived heterogeneously 
across the clusters led to the differences in absolute 
physiological baseline stress levels. Other educational contexts 
suggest that students with low SEB are more likely to suffer 
from school anxiety (Qudsyi and Putri, 2016). Accordingly, one 
can assume that, due to their low SEB (Moeini et al., 2008), 
mere presence in the science classroom may be stressful for 
the unconscious burdened cluster, which could explain their 
high physiological baseline stress level. This situation would 
also account for the low physiological baseline stress of the 
self-efficacious relaxed group. As expected, based on these 
considerations, the SEB combined with physiological baseline 
stress (as shown by SI and RMSSD) exists between the other 
two clusters for the self-efficacious stressed in the rest period. 
Nonetheless, the inclusion of physiological parameters in the 
study could have caused iatrophobia in students (fear of doctors 
or medical examinations; Hollander and Greene, 2019), leading 
to the impression of a medical examination and, in turn, to 
high baseline physiological stress, regardless of their SEB 
(Fabian et al., 2025). Nevertheless, because estimates suggest 
that iatrophobia impacts only around 2.4% of the German 
population (dpa/tmn, 2018), this potential effect is negligible.

Nonetheless, the heterogeneous changes in SI and RMSSD 
across the three clusters in inquiry-based and non-inquiry-
based communication situations during the rest period 
(evidenced by the significant cluster × situation interaction) are 
more important than the absolute level of physiological stress. 
For the cluster with the lowest SEB in science (unconscious 
burdened), one would expect teaching to be particularly 
stressful due to limited resources (Lazarus and Folkman, 1984; 
Moeini et al., 2008). Interestingly, the stress level during class 
is lower compared to the rest period for this cluster. Conversely, 
the other two clusters (with higher SEB) demonstrate a slightly 
increased or constant stress level during class. A  possible 
explanation stems from the distinction between distress and 
eustress. Distress (negative stress) is considered burdensome, 
and can cause anxiety or feelings of helplessness. Conversely, 
eustress (positive stress) situations are perceived as a challenge 
(Ernst et al., 2022). Eustress urges people to actively tackle 

this challenge (Reif & Spieß, 2018a; Patwary et al., 2025). 
People with high SEB are more likely to experience eustress 
and navigate distress better than those with low SEB 
(Galindo-Domínguez and Bezanilla, 2021). Moreover, SEB 
is a key predictor of motivation, engagement, and active class 
participation (Nong et al., 2023; Basileo et al., 2024). Given 
this fact, one can assume that the unconscious burdened cluster, 
due to its low scientific SEB, is less actively involved in 
inquiry-based activities and communication and adopts a more 
distant attitude. A common coping or avoidance strategy for 
stress involves taking psychological distance (Schuitema and 
Lacchia, 2025). Even though this approach does not address the 
cause of stress, this type of coping can also temporarily reduce 
the stress response (e.g., during the lesson) (Reif & Spieß, 
2018b). Therefore, the physiological stress experienced by the 
unconscious burdened in class is lower than during the resting 
phase. This finding aligns with their relatively low perceived 
baseline stress reported in the questionnaire. Nonetheless, 
emotional distance from the classroom is an unfavorable 
learning condition (Chen et al., in press). Similarly, due to their 
relatively high SEB, one can assume that the self-efficacious 
relaxed and the self-efficacious stressed perceive challenges 
and eustress in communication and inquiry-based activities. As 
indicated by the SI and RMSSD, this circumstance is slightly 
more pronounced in the self-efficacious relaxed group during 
inquiry-based activities than in communication situations. 
Nevertheless, the differences between communication and 
inquiry-based activities at the cluster level are also marginal, 
suggesting that the observed cluster × situation interaction (in 
SI and RMSSD) is more likely driven by differences in changes 
in physiological stress regarding the resting phase. Unlike 
the other two HRV parameters, no significant interaction 
between cluster x situation was observed for the LF/HF ratio. 
This observation may simply reflect the strong dependence 
of the LF/HF ratio on the respiratory cycle (Shaffer and 
Ginsberg, 2017). Accordingly, its findings alone should not 
be overinterpreted (Brisinda et al., 2024a). However, future 
laboratory studies should explore the replicability of the HRV-
based clusters and their stress reactions. These studies should 
consider additional physiological stress markers, such as saliva 
cortisol in (Matousek et al., 2010) and electrodermal activity 
(Boucsein, 1988). This field study did not address this issue; 
rather, it favored ensuring lessons ran smoothly and achieving 
potentially higher ecological validity (van Doornen and 
Turner, 1992). Furthermore, the relative sizes and composition 
of the identified clusters (self-efficacious stressed: n = 15, 
unconscious burdened: n = 14, self-efficacious relaxed: n = 35) 
reflect the present sample and should not be interpreted as 
representative of the broader student population. Therefore, the 
identified clusters should be considered exploratory patterns 
that require validation in additional samples.

In closing, the present exploratory field study provides no 
conclusive evidence that inquiry-based activities in science 
classes typically cause markedly high physiological stress. 
Rather, the identified clusters indicated the inter-individual 
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variability of stress. In line with the transactional stress model 
(Lazarus and Folkman, 1984), our study demonstrates that 
scientific SEB is a relevant factor in determining physiological 
stress levels. Hence, our results provide a foundation for future 
studies on stress prevention in science education. Moreover, 
they can raise awareness among (prospective) science teachers 
about their (future) students’ individual stress responses. In 
particular, the identified clusters illustrate that students may 
respond differently to the same science teaching situation, 
with some students showing increased physiological stress 
responses during learning activities, whereas others show 
stable or reduced responses. Developing such awareness is 
particularly relevant because teachers often find it difficult to 
assess students’ affective characteristics (Zurbriggen et al., 
2023). Furthermore, understanding students’ individual needs 
provides the basis for designing science learning environments 
that adequately address students’ diverse needs (Whiting 
et al., 2021). Providing appropriate scaffolding and supportive 
learning conditions may not only support students’ cognitive 
engagement (van Nooijen et al., 2024) with challenging 
science activities but also help them perceive such demands 
as manageable rather than overwhelming burdens.
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