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Abstract

Engagement can be situative and, when it occurs, a number of experiences will
co-occur. The present study examined the co-occurred experiences of optimal
learning moments (OLM), a type of situated engagement, using the novel network
analysis and including data from two countries: Finland and the US. Both
samples were from high schools and were measured using the experience
sampling method. The Finnish sample consisted of 282 students (age = 15-16)
and was assessed in science lessons only. The US sample consisted of 533
students at the same age. Co-occurrence network analysis showed that, when
OLM occurred, feelings of concentration, success, in control, and meeting self
and others’ expectations appeared frequently. These results were highly
consistent between Finnish and US science classrooms. Further analysis found
optimal learning moments were mutually reinforced by the creative experiences,
feelings of competitiveness and pride, and the attitudes toward science practices.
As a result, an updated optimal learning moment framework was proposed to
understand its enhancers, detractors, accelerants, and outcomes in science
learning situations. This provides new theoretical accounts regarding the co-
occurring experiences of optimal learning moments.
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1. Introduction

Optimal learning moments (OLM), or also being named as situational engagement (J. Inkinen
etal., 2019, 2020), refer to the experienced engagement of an activity that an individual feels interested,
challenged and capable of achieving it (Schneider et al., 2016). The concept of optimal learning moment
is built upon the idea of “flow” defined by Csikszentmihalyi (1990) as situation-specific instances when
an individual is deeply engaged in a task that time loses its temporal boundaries and human needs are
suspended. During these moments, an individual experiences higher than average levels of challenge
and skill; but neither challenge nor skill overtakes the other, meaning that a particular task is within the
boundaries of mastery and not overwhelmingly difficult in terms of one’s current skills. In the learning
context, Schneider et al. (2016) added a new component — interest— to challenge and skill, to constitute
the optimal experience of learning in that a student must have a positive pre- and post- dispositional
affection, i.e., interest, towards the learning objects. Thus, unlike flow which only constitutes the
elements of challenge and skill, the optimal learning moments are operationalized as high levels of
challenge, skill, and interest in task engagement (Schneider et al., 2016).

Research has shown that when students reported more OLM they reported more feelings of
enjoyment, success and happiness, and fewer feelings of confusion, stress and anxiety, and better
attitudes towards science (Schneider et al., 2016), and higher course grades in physics (Hendolin, 2016).
However, previous studies have at least two limitations. First, though the relationships among OLM,
and positive and negative emotions (e.g., enjoyment, happiness, boredom, confusion) have been
examined previously (Schneider et al., 2016), other important experiences such as social-related
emotions (e.g., feelings of cooperative, or competitive), persistent behaviors (Duckworth et al., 2007;
Tang et al., 2019), and creative practices (e.g., exploring) are missing. In other words, a comprehensive
understanding of OLM-related experiences is still needed. Second, the common approach for OLM-
related experiences is the pairwise correlation (Hendolin, 2016; Schneider et al., 2016; except some
regression analyses, e.g., J. Inkinen et al., 2019, 2020), which may limit us to understand the OLM from
a holistic perspective.

Thus, the aim of this study is to extend the understanding of the optimal learning moments by
having more co-existed experiences. To fill this purpose, a novel approach- network analysis - was
applied to capture a holistic landscape of optimal learning moments. Moreover, cross-country
consistencies were examined to find preliminary cross-validation evidence of the findings.

1.1 Optimal learning moments and the co-occurred experiences

While being in optimal learning moments requires the simultaneous feelings of being skilled,
challenged, and interested, there are several experiences that may promote or hinder optimal learning
moments (Schneider et al., 2016). Broadly speaking, three types of experiences are important for the
optimal learning moments. There are enhancers, including enjoyment, successful, happy, confidence
and being active (Pekrun, 2006; Schneider et al., 2016). Those are positive emotions or affective
experiences that co-exist with optimal learning moment. There are also detractors, such as boredom and
confusion as indicators of negative emotions (M. Inkinen et al., 2014; Pekrun, 2006). The last category
is the accelerants, including feelings of stressed and anxious, that might positively or negatively
associate with optimal learning moments depending on their level (Schneider et al., 2016). It has been
shown that some extent of stress and anxiety might stimulate learning but not excessive amounts of
them (de Anda et al., 2000).
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Figure 1. The conceptual framework for optimal learning moments.

Copied from Schneider et al. (2016) with permission.

Despite that the above-mentioned emotions were studied with optimal learning moments
(Schneider et al., 2016), a few more important emotions and experiences are still worth considering, and
they are yet to be examined. One important type of emotions is the social-related affective experiences,
such as loneliness, cooperation, competition, and social expectations (Van Kleef, 2009). Given that
social-related affective experiences are diverse, their relationships with optimal learning moments
should be diverse as well. For instance, the feeling of loneliness (Hawkley & Cacioppo, 2010), a
common indicator of negative emotion may reduce the chance to observe optimal learning moments. In
contrast, the feeling of competition, may act as an accelerant since it can alter the interpretation of
emotions (Van Doorn et al., 2012). However, as a whole, there is lack of research on the relationships
between optimal learning moments and social-related feelings and experiences.

Another less-addressed experiences are the feelings and behaviors of persistence (Duckworth et
al.,2007; Tang et al., 2019). According to the flow theory (Csikszentmihalyi, 1990), the flow experience
is engaging but also shown as a transient state, and thus the persistence of flow experience is less known.
Now since the optimal learning moments add an interest component to skill and challenge, whether they
are accompanied by persistent experiences are unknown. A final missing knowledge is creative practices
and experiences. Flow has been found closely relating to creative experiences (Csikszentmihalyi, 1997),
however, again, whether the optimal learning moments co-exist with creative practices and experiences
is largely unknown.

1.2 Psychological network analysis approach

To find the relationships among optimal learning moments and various emotions and feelings,
this study applied psychological network analysis (Borsboom et al., 2021; Tang, Lee, et al., 2022).
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Unlike social network analysis, which primarily examines the dynamics of individuals, psychological
network analysis focuses on the intricate dynamics of variables. In the present study, these variables are
multiple emotional states (e.g., happy, confidence, confused, anxious) that can be present at the same
moment/ or situation. As a holistic approach, in psychological network analysis, relationships (known
as the edges/ties in network terminology) between any two variables (known as the nodes) are accounted
for other variables in the network. Thus, it provides the conditional relationships among the variables.
Since networks can present the interdependencies among variables, they offer several important
contributions. First, psychological network analysis helps to understand the constructs from a systematic
perspective since any given connection between two nodes is conditioned by the existence of other
nodes. Second, once a psychological network has been constructed, the most significant node(s) can be
identified to see which one plays a critical role in the network. This, on the one hand, informs the relative
importance of variables, and on the other hand gives implications for the most desirable intervention
targets. Moreover, the closeness among variables within a psychological network can be further
examined to see which set of variables functions together. This is particularly useful when multi-
dimensional constructs are examined. Third, it allows systematic cross-network comparisons among
attributes (e.g., classroom, school, country).

Most commonly, psychological network analysis has been conducted based on zero-order or
first-order correlations (Borsboom et al., 2021; Christensen et al., 2020). However, the present study
chose the co-occurrence psychological network analysis, which aims to show how often (or rarely) two
variables co-occur at high levels. This is not only better in line with the typical data pre-process for the
optimal learning moments (J. Inkinen et al., 2019, 2020; Schneider et al., 2016), but also can have
several strengths over correlation-based network analysis (Moeller et al., 2018; Trampe et al., 2015).
First, co-occurrence analysis avoids misinterpretation of correlations. Typically, when interpreting high
positive correlations between two variables (e.g., A & B), researchers conclude that variable A is “high”
when variable B is “high”, even though, in reality, both A and B might be rated at a low level on the
original scale. Because correlations only denote how the ratings of two variables are aligned
consistently, how these two variables occur together at a high level is not necessarily revealed in
correlation analysis. Second, a frequent co-occurrence may occur even if two variables correlate
negatively, which could only be detected using co-occurrence analysis. Thus, the co-occurrence
psychological network analysis can shed unique insights into the feelings and experiences that co-exist
with optimal learning moments.

1.3 The present study

In sum, this study aimed to understand the co-existed experiences of optimal learning moments,
a certain type of situated engagement including situated interest, skill, and challenge. In addition, we
used a network analysis approach and included sample from two countries (i.e., Finland and the US).
As it has been reviewed above, except for those outlined in the original model (Schneider, et al., 2016),
no specific hypotheses can be proposed regarding the OLM, social-related affective experiences,
feelings of persistence, and creative experiences.

2. Method
2.1 Participants

This study used samples from Finland and the US. Both samples’ situational feelings and
experiences were obtained using experience sampling method (ESM) questionnaires delivered via
smartphones.

The first sample consisted of 282 first-year upper secondary school students from nine classes
in three different schools in Helsinki, Finland. Data were collected from the fall of 2018 to the spring of
2019. The students participated in a project-based learning (PBL; Krajcik & Shin, 2014) module that
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consisted of six lessons. This module focused on the basics of Newtonian mechanics and aimed to
engage students in solving real-world scientific problems by exploring and participating in collaborative
inquiry. In each lesson (about 75 minutes), the ESM questionnaire alerted the students three times: at
the beginning, middle, and end of the lesson. Therefore, each student received 18 signals from the
smartphone. Overall, the Finnish sample data comprised 3882 responses.

The second sample comprised 533 US high school students from 28 classes in 22 schools in the
school year of 2018 to 2019. The topic of the lessons was the same as in the previous data-collection. In
this sample, we used data collected during science lessons. The smartphones were programmed to alert
the students randomly 6-8 times per day (at least 3-4 times when they had science lessons) over a period
of 4 days. In total, the data comprised 3234 responses/situations (average response per person during
the science lesson was 6.02 signals).

2.2 Measures

In both samples, the students were signaled to answer an ESM questionnaire in which they first
had to indicate what kinds of activities (e.g., listening, discussion) they were engaged in. Then they were
asked to report their emotions, feelings, and behaviors when they received the signal. We selected those
experiences that were assessed in both two countries to compare their networks.

Three components of optimal learning moments were assessed by answering: a) are you
interested in what you did? (interest); b) did you feel skilled in what you did? (skill); ¢) was your work
challenging? (challenge). Other example questions on emotions, feelings, and behaviors includes: Did
you feel happy (happy)? How well did you focus (concentrate)? Did you cope with your work (control)?
Did your performance meet the expectations of others (other-expect)? A full list of items can be found
in the appendix. All the items were rated on a scale of 1 (not at all) to 4 (very much).

2.3 Analysis approach

To perform co-occurrence analysis, we first dichotomized all our situational experiences at the
scale midpoint. That is, the scores of 3 and 4 were re-coded as 1, and the rest (i.e., 0 and 1) will be re-
coded as 0. A relative index of edge weight was also calculated to present the most frequent experiences
that co-existing with the optimal learning moments (Tang, Renninger, et al., 2022). To do so, the counts
of the variable paired with the optimal learning moments were divided by the total counts of the optimal

learning moments ﬁ In this way, we will know the likelihood that a variable was co-occurring with

the optimal learning moments.

Moreover, community detection algorithm was applied to identify the close correlates for
optimal learning moments. The Louvain community detection algorithm was employed as it has shown
better performance than the Walktrap algorithm (see suggestions from Christensen, Golino, & Silvia,
2020). The analyses of co-occurrence networks were conducted using R-package igraph (Csardi &
Nepusz, 2000).

Finally, we conducted Network Comparison Tests (NCT; van Borkulo et al., 2017) to
understand the similarities and differences between two countries’ networks in terms of pairs with
optimal learning moments. Both network structure invariance tests (Test M; a test of connection strength
matrix) and global connectivity invariance tests (Test S; a test of weighted sum of absolute connections)
were performed. The tests were done by using R-package Network Comparison Test (van Borkulo et
al., 2017). We also tested the individual edge differences between networks in terms of pairs with
optimal learning moments. In other words, the connections between optimal learning moments and other
nodes were compared. Given that multiple comparisons were performed in this step, and p-values were
adjusted using Benjamini-Hochberg method (Thissen et al., 2002).
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3. Results

3.1 Co-occurrences with optimal learning moments

The results of co-occurrences for optimal learning moments can be seen in Table 1 for Finnish
students and Table 2 for US students. In Finnish science classrooms, optimal learning moments appeared
475 times. Given that we received 3882 responses in total, this means the chance to observe optimal
learning moments in Finnish science classrooms was about 12% (475/3882 = 0.1223). When optimal
learning moments occurred, feelings of concentration (edge=432; 90.95%), enjoyment (edge=422;
88.84%), success (edge=415; 87.37%), meeting self-expectations (edge=414; 87.16%), meeting others’
expectations (edge=411; 86.53%), feelings of control (edge=411; 86.53%) were the top five co-
occurring experiences. The results also showed that the general within-level correlations between
optimal learning moments and other experiences were low (max = 0.17), although most were significant.

The co-occurrence of optimal learning moments with social-related feelings were salient. When
optimal learning moments happened, it was unlikely to be lonely (8.21%). The feeling of being
cooperative was also high (85.05%), though was not among the top 5 list. The feeling of competitive
co-occurred with optimal learning moments moderately (39.58%), implying that it may serve as an
accelerant factor. The co-occurrence likelihoods of creative experiences (i.e., practices of exploring
ideas, using imagination, finding new solutions) with optimal learning moments were moderate
(58.95%-68.84%).

In the US science classrooms, optimal learning moments appeared 534 times. Given that we
received 3234 responses in total, this means the chance to observe optimal learning moments in US
science classrooms was about 16% (534/3234 = 0.1665). When optimal learning moments occurred,
feelings of success (edge=527; 91.81%), concentration (edge=513; 89.37%), meeting self-expectations
(edge=496; 86.41%), meeting others’ expectations (edge=477; 83.10%), feelings of control (edge=465;
81.01%) were the top five co-occurring experiences. The results also showed that the general within-
level correlations between optimal learning moments and other experiences were low but still significant
(max = 0.21). Compared to the correlation table using Finnish data, the within-level correlations
between optimal learning moments and other experiences were relatively higher, particularly for the top
10 emotional experiences.

The co-occurrence of optimal learning moments with social-related feelings was salient. When
optimal learning moments happened, it was unlikely to be bored (42.33%). The feeling of cooperative
was also high (77.00%). The feeling of competitive co-occurred with optimal learning moments
moderately (42.58%), implying that it may serve as an accelerant factor. The co-occurrence likelihoods
of creative experiences (i.e., using imagination, finding solutions) with optimal learning moments were
moderate (58.71%-67.25%).

3.2 Network Community

While the previous co-occurrence analysis identified the uni-directional information on the pair
connection with optimal learning moments. That is, the likelihood of occurrence when optimal learning
moments occurred!. The communities among co-occurrence networks indicated the feelings and
experiences that are mutually closely appeared (i.e., the most closely associated variable groups). Each
variable belongs to a certain community. Variables belonging to the different community mean they are
not closely related. With this information, we can then infer the positions of variables in the OLM
framework. According to the Finnish results (see Figure 2), creative experiences and feelings of

! For a variable X, its occurrence likelihood when OLM occurred does not equal to the likelihood of observing OLM when X
occurred.
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competitiveness and pride were in the same community with the optimal learning moments. Positive
emotions, such as happiness, excitement, and enjoyment, tended to cluster together. The same happened
for negative emotions (e.g., feelings of anxious, lonely, stress, bored, confused, give up) as a cluster.

In the US science classrooms (see Figure 3), optimal learning moments formed the group with
the attitudes toward scientific practices (i.e., feeling that the practices is important to self and to the
future). As in the Finnish science classrooms, positive and active experiences (e.g., feelings of happy,
excited, competitive, proud, confident, active) were in the same group, whereas negative experiences
(e.g., feelings of anxious, lonely, stress, bored, confused, give up) were together.

3.3 Network Comparison

Finally, we examined the equivalence of the two countries’ networks by conducting the network
comparison tests based on the Pearson’s correlations (see full results in the online supplementary
materials, https://osf.io/3db4dr/?view_only=3e79a5389ab04fd7bd599d723052be7¢e). The global
strength of the networks (i.e., the global degree of connectivity among variables) was insignificant (Test
statistic S = 5.102; Finnish network strength = 67.269, the US’s network strength = 62.166; p = .12).
The network invariance test that aimed to examine the differences in paired edges was significant (Test
statistic M =1.022, p <.001). Further checking of the individual edges showed that they lied on the pair
of OLM and concentration, and of OLM and future importance of science practice. The US students, in
comparison to Finnish students, reported more feelings of concentration and future importance when
reporting optimal learning moments.
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Table 1

Co-occurrences of OLM-emotion and motivation pairs in the Finnish Sample

Tang et al

Rank Nodel Node2 Edge % of % of OLM Situational- Person-level
weight  all edges' as level correlation
edges  reference correlation
OLM
1 concentrate 432 5.39%  90.95% 0.09*** 0.37%%*
2 enjoy 422 527%  88.84% 0.12%** 0.50%**
3 success 415 5.18%  87.37% 0.171%** 0.41%**
4 self expect 414 5.17%  87.16% 0.09%** 0.31%**
5 control 411 5.13%  86.53% 0.06%** 0.30%**
5 other expect 411 5.13%  86.53% 0.08*** 0.34%**
7 happy 409 511%  86.11% 0.11%%* 0.42%**
8 cooperative 404 5.04% 85.05% 0.09%#** 0.30%**
9 active 399 4.98%  84.00% 0.14%** 0.45%%*
10 important you 393 491%  82.74% 0.03 0.48%%*
11 excited 390 4.87% 82.11% 0.10%** 0.49%**
12 confident 385 4.81%  81.05% 0.11%%* 0.45%%*
13 important future 363 4.53% 76.42% 0.08*** 0.427%#*
14 time 332 4.14%  69.89% 0.13%** 0.41%**
15 exploring 327 4.08% 68.84% 0.17%%* 0.49%**
16 imagination 318 397%  66.95% 0.17%** 0.45%%*
17 solutions 280 3.50% 58.95% 0.14%** 0.45%%*
18 proud 276 3.45% 58.11% 0.16%** 0.49%**
19 competitive 188 2.35%  39.58% 0.10%** 0.40%**
20 confused 132 1.65%  27.79% 0.04%* 0.06
21 stress 130 1.62%  27.37% -0.01 -0.03
22 give up 103 1.29%  21.68% 0.07*** 0.04
23 bored 89 1.11%  18.74% -0.09%** -0.23%**
24 anxious 73 091% 15.37% 0.01 0.01
25 lonely 39 0.49% 8.21% 0.02 -0.01

Note. '"Number of OLM self-edges is 475; ** p < .01, *** p < 001
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Table 2.

Co-occurrences of OLM-emotion and motivation pairs in the US Sample.

Rank Nodel Node2 Edge % of % of OLM Situational- Person-level
weight  all edges' as level correlation
edges  reference correlation
OLM
1 success 527 547% 91.81% 0.15%** 0.30%**
2 concentrate 513 5.33% 89.37% 0.21%** 0.47%**
3 self expect 496 5.15% 86.41% 0.16%** 0.24%**
4 other expect 477 4.95%  83.10% 0.15%** 0.24***
5 control 465 4.83% 81.01% 0.15%** 0.33%**
6 enjoy 455 4.72%  79.27% 0.20%** 0.53%**
7 happy 451 4.68%  78.57% 0.17%%* 0.43%%*
8 cooperative 442 4.59%  77.00% 0.12%** 0.38#*
9 important you 440 4.57%  76.66% 0.21%%* 0.55%**
10 confident 419 4.35%  73.00% 0.15%** 0.40%**
11 time 419 4.35%  73.00% 0.17%** 0.54%**
12 solutions 386 4.01% 67.25% 0.14%** 0.49%**
13 excited 377 391%  65.68% 0.17%** 0.50%**
14 exploring 371 3.85% 64.63% 0.13%** 0.49%**
15 active 362 3.76%  63.07% 0.16%** 0.45%**
16 proud 360 3.74%  62.72% 0.18%** 0.49%**
17 important future 342 3.55%  59.58% 0.19%** 0.53%#*
18 imagination 337 3.50%  58.71% 0.17%%* 0.48%%*
19 competitive 244 2.53% 42.51% 0.15%** 0.45%**
20 bored 243 2.52%  42.33% -0.09%** -0.12%*
21 stress 227 236% 39.55% 0.02 0.07
22 anxious 217 2.25%  37.80% 0.06** 0.25%%*
23 confused 198 2.06% 34.49% 0.01 0.15%**
24 give up 163 1.69%  28.40% 0.03 0.13%*
25 lonely 127 1.32%  22.13% 0.01 0.12%%*

Note. "Number of OLM self-edges is 574; ** p < .01, *** p < .001
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Figure 2. Co-occurrences networks with communities among Finnish sample.

Notes. Nodes under same colours are in the same community; Community 1: olm, competitive, proud,
imagination, solutions, exploring; Community 2: happy, excited, enjoy, Community 3: anxious, lonely,
stress, bored, confused, give up; Community 4: cooperative; Community 5: confident, success;
Community 6: active; Community 7: concentrate; Community 8: control; Community 9: important
you, important future; Community 10: other expect, self expect; Community 11: time. Ties between
nodes are conditional correlations between them.
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Figure 3. Co-occurrences networks with communities among US sample.

Notes. Nodes under same colours are in the same community; Community 1: olm, important you,
important future; Community 2: happy, excited, competitive, proud, confident, active; Community 3:
anxious, lonely, stress, bored, confused, give up; Community 4: cooperative; Community 5:
concentrate; Community 6: enjoy, time.; Community 7: control, success, other expect, self expect,;
Community 8: imagination, solutions, exploring. Ties between nodes are conditional correlations
between them.
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4. Discussion

While optimal learning moments (OLM) were examined with positive and negative emotions
and experiences, there was a lack of comprehensive knowledge of it; particularly regarding its
relationships with social-related experiences (e.g., cooperation, proud), feeling of persistence (e.g., not
giving up), and creative experiences (e.g., using imagination). The present study thus filled those
research gaps by including more experiences and by using two countries’ samples with a holistic
analysis approach. We found that when students indicated that they were in OLM, they were most likely
concentrating on what they were doing, experiencing positive emotions (e.g., enjoyment, happiness) and
success, feeling in control, doing things important to them, and fulfilling both their own and others’
expectations. Moreover, the students in OLM reported rarely being bored, confused, lonely, or anxious,
and were unlikely to give up on what they were doing. However, we also found that social-related
feelings of competitiveness and proud should be better understood as OLM’s accelerants; creative
experiences were enhancers. In sum, our findings corroborate with those of Schneider et al. (2016) and
expand the model with more experiences. We thus propose an updated OLM model in science learning
situations (see Figure 4).

Enhancers:

-attitude toward science
-creative experiences
(e.g., exploring,

imagination)
Most Frequent Outcomes:
-concentration
- - -success
Optimal learning -efficacy (feeling in control)
moments ™ _meeting own and others’
expectations
-enjoyment, happiness
Detractors:
-bored
-confused Accelerants:
—longly -competitive
-anxious ~proud
-stress
-thoughts of giving up

Figure 4. An updated optimal learning moments model in science classrooms.

4.1 Outcomes of OLM

Using co-occurrence network analysis, we found that when OLM occurred, it was high likely
to observe the experiences of concentration, efficacy, enjoyment, happiness, and success. These findings
align with the speculations of Schneider et al. (2016) and the findings of flow theory (Csikszentmihalyi,
1990). When students reported high-level challenge, skill, and interest, they were most likely in the zone
of flow. As a result, they were completely engaged in the situational task, thus forgetting the time and
feeling the pleasure and inner peace. Different from Schneider et al. (2016), those positive experiences
were placed in the outcomes box not in the enhancers box as we did not observe OLM and positive
experiences in the same network community. However, this did not mean the positive experience will
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not facilitate OLM. In the long run, as students engaged in more positive experiences in those situations,
they were more likely to seek them for the OLM.

4.2 Enhancers of OLM

The network community analysis tended to suggest that OLM enhancers were attitudes toward
science (e.g., importance of science for self and the future) and creative experiences (e.g., using
imagination, exploring multiple solutions). That is, when students found the science learning situations
were important for themselves and for their future, they were in turn most likely engaged in the optimal
learning moments. Previous intervention studies (e.g., Hulleman et al., 2010) showed that interest can
be piqued by improving the utility value (i.e., instrumental importance). Thus, it is not surprising to see
OLM was enhanced when students saw the value of science. Additionally, we found that OLM was
enhanced when students were doing creative activities, such as exploring tasks, using imaginations, or
finding new solutions. Creative activities are typically challenging (Runco & Jaeger, 2012); this, in turn,
facilitates the challenge component of OLM and enhances the chance to observe the OLM as a whole.

4.3 Detractors of OLM

In line with Schneider et al. (2016), the present study found that the feelings of boredom and
confusion rarely co-existed with OLM, thus implying that they were detractors of OLM. Since OLM
was co-occurred with many positive experiences, it is not surprising to see negative emotions like
boredom and confusion show opposite direction. This finding extended to a negative social-related
emotion: loneliness. When people feel lonely, they tend not to be very active (Pels & Kleinert, 2016),
thus are less likely to seek for challenges. The same goes for the thoughts of giving up. When this
happens, people stop taking on new situations, this thus will hinder the development of OLM.

However, different from Schneider et al. (2016), the present study found anxious and stressed
experiences should be better understood as detractors rather than accelerants given their low co-
occurrence with OLM. This may due to the fact that OLM co-existed with positive emotions (e.g.,
enjoyment, happiness), thus it is very unlikely to observe anxious and stressed emotions at the same
time.

4.4 Accelerants of OLM

We found that the feelings of competitiveness and pride, on the one hand, were in the same
group as OLM through the network community analysis. On the other hand, the co-occurred chance of
them was moderate (40%-60%) when OLM occurred. That means, they have complex relationships with
OLM, and thus can be regarded as accelerants. This is particularly evident among Finnish high school
students.

Being accelerants means their associations with OLM can be either positive or negative
depending on their level of strength. Previous studies found that competitiveness, as a part of social
pressure, can stimulate motivation and performance when it is at the benign level (Tauer &
Harackiewicz, 2004). However, when the level of competitiveness is too high, it will most likely hurt
learning (Murayama & Elliot, 2012). Similarly, the feeling of pride can also be detrimental to learning
when it is at an excess level (Tracy & Robins, 2007).
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4.5 Implications and Limitations

Using experience sampling method, this study examined a certain type of situated engagement,
i.e., optimal learning moments (OLM), that is formed as high levels of interest, skill, and challenge in
learning situations. We took a further step by including additional emotions and experiences, using data
from two countries, and applying the holistic psychological network approach. The findings extend the
understanding of OLM and thus provide a broader framework for OLM in science learning situations.
This, as a consequence, can shed important theoretical and practical implications to the field.

First, an updated OLM framework was proposed on the basis of Schneider et al. (2016). This
updated framework enriched the understandings of OLM’s enhancers, detractors, accelerants, and
outcomes. More importantly, their relationships have been elucidated in the model.

Second, our findings implied that we should enhance students’ attitudes toward science and
provide creative experiences in order to facilitate optimal learning moments in science lessons. When
students feel science is important to them, they are more willing to take challenging on tasks and put
more effort into the task for further engagement.

Third, we also found that we can harness the power of competitiveness and pride to accelerate
OLM, however, they should be utilized with caution and at the benign level. Social-related emotions
and experiences (e.g., social/peer pressure) can be beneficial for learning and engagement, however,
they should be enhanced under control.

Last, the study also showed that network analysis can serve as a powerful tool to understand the
complex associations among a group of variables. It can shed lights on the bi-directional and uni-
directional influences among them.

Despite the novel findings and contributions, some limitations of the study still need to be
considered. First, the emotions or feelings were measured using self-reported items. Although self-
report is still a vital way to check the mental experiences, it is also subject to reporting bias. Second, it
is still challenging to make causal inference using cross-sectional data, even though psychological
network analysis can partly help to make the causal inferences (Lee et al., 2022). Thus, the causal
interpretation of our findings should be approached with caution.

Keypoints

Optimal learning moments as situated engagement lead to joyful and successful experiences
Positive attitudes and creative experiences facilitate optimal learning moments
Negative experiences like boredom and anxiety deplete optimal learning moments

Competitiveness and pride can increase or decrease optimal learning moments depending on
situations
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Appendix
Experiences measured in the study
What do you feel and think about the activity you did (1 Not at all ..... 4 Very Much)

e Did you feel happy?

¢ Did you feel excited?

e Did you feel anxious?

e Did you feel competitive?
e Did you feel lonely?

e Did you feel stress?

¢ Did you feel proud?

e Did vyou feel cooperative?
e Did you feel bored?

e Did you feel confident?

e Did you feel confused?

e Did you feel active?

e Were you interested in what you did? (interest)

e Did you feel skilled in what you did? (skill)

e  Was your work challenging? (challenge)

e Did you feel that you wanted to give up? (give up)

e How well did you focus? (concentrate)

e Did you like what you did? (enjoy)

¢ Did vou manage vour work? (control)

e Did you succeed? (success)

e Was it what vou did important to you? (important to vou)

e Was it what you did important for your future? (important to future)
e Did your performance meet the expectations of others? (other expect)
e Did you do follow your own expectations? (self expect)

e Were you immersed in what you did not notice the passage of time? (time)
e While working... I used my imagination (imagination)

o  While working... solving problems with multiple answers (solutions)

e  While working... I tried different solutions for exploring (exploring)

Notes. Bolded and underlined ones are newly added experiences in addition to those in Schneider et
al. (2016).
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