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ABSTRACT
Situational engagement is a key element in promoting students’ maintained interest and focused 
attention in learning. Most research on students engagement has been variable-centered, and 
only few studies have examined situational patterns of student engagement. The present study 
used person-oriented approach (e.g., latent profile analysis with Mplus multigroup comparison 
and 3-step procedure) to examine patterns of students’ situational engagement in science (e.g., 
situational interest, skills, and challenge), differences in the engagement patterns during regular 
vs. intervention science lessons, and the extent to which situational expectations and task values 
(e.g., attainment and utility values) are associated with engagement patterns. Chilean ninth grade 
students participated in the study using Experience Sampling Method (N = 77 students; 475 
situational responses). Three patterns of engagement were identified: a) medium interest and skills 
(21% and 23% of the moments during regular/intervention lessons, b) high interest and skills (12% 
and 16%), and c) low interest, skills, and challenge (13% and 15%). Situational task values and 
expectations were positively associated with high and medium engagement patterns, especially 
during the regular science lessons.

In the light of international research findings (OECD, 2007, 
2015) fostering students’ engagement, motivation, and opti-
mal learning experiences has become a dominant concern 
due to students’ increasing disengagement and boredom at 
school (Shernoff & Csikszentmihalyi, 2009; Stephan et  al., 
2011). Concerns about declining engagement have been 
expressed also in science domains where students’ interest 
has been continuously decreasing (OECD, 2007; Osborne & 
Dillon, 2008; Zeyer et  al., 2013). Similarly, the PISA 2006, 
2015, and 2018 results showed that Chilean students’ science 
enjoyment has been declining and performance ranking at 
the bottom (OECD, 2015, 2016, 2019), increasing concerns 
about the level of students’ engagement in science, and 
intentions to find new ways to promote students’ engagement.

Students’ motivation and engagement vary in different 
classroom situations (Dietrich et  al., 2017), emerging as 
diverse engagement patterns (see also Schnitzler et  al., 2020). 
Hence, in the present study, patterns of situational engage-
ment (e.g., simultaneous experiences of skills, interest, and 
challenge) (Inkinen et al., 2019; Linnansaari et  al., 2015; 
Schneider et  al., 2016) were examined during science class 
situations. While performing science activities in the class-
room, students may experience high skills, interest, and 
challenge (high engagement), or low skills and interest but 
high challenge (disengagement). These engagement patterns 
can be captured by methods typically used in person-oriented 
approach (e.g., latent profile analysis, LPA) which enable 
researchers to identify various homogeneous patterns of 

students’ situational experiences (von Eye & Bogat, 2006). 
Moreover, students who show high task motivation are typ-
ically highly engaged while doing their assignments (Martin 
et  al., 2017). However, there is a lack of research examining 
the patterns of situational engagement, and their associations 
with concurrent situational motivation (Salmela-Aro et  al., 
2016). Consequently, the present study focused on examining 
these research questions. Situational engagement and moti-
vation were measured using experience sampling method 
(ESM) via smartphones. ESM provides researchers a tool to 
capture students’ experiences and behaviors in the moments 
they are occurring (Hektner et  al., 2007), giving researchers 
broader insights about the phenomena of interest (see also 
Ainley & Ainley, 2011).

Because concerns about engagement in science have led 
to proposals to modify science teaching according to an 
interdisciplinary approach focused on scientific competen-
cies’ pertinence to students’ everyday life (U.S. Department 
of Education, 2016), a secondary goal of this study was to 
compare patterns of engagement during regular science 
classes with those carrying out an intervention designed to 
follow the interdisciplinary science approach.

Situational engagement

Student engagement is a broad construct which exists in 
different grain sizes and can be conceptualized in multiple 
ways (Nguyen et  al., 2018; Sinatra et  al., 2015). The grain 
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sizes can vary from microlevel (e.g., engagement in learning 
situations) to macrolevel (e.g., engagement of students in a 
class or school) (Sinatra et  al., 2015), and often require new 
conceptualizations of engagement and/or new approaches of 
measurement (Nguyen et  al., 2018). In the microlevel learn-
ing situations, students’ engagement can be measured 
through their experiences of interest, skills, and challenge 
while performing different classroom activities (Linnansaari 
et  al., 2015; Schneider et  al., 2016). Research on situational 
engagement originates in studies on optimal experience, or 
flow, often described as experiences in which students feel 
so deeply engrossed in the activity in which they are 
involved and so enjoying the tasks at hand that other envi-
ronmental factors and individual needs retreat to the back-
ground (Csikszentmihalyi, 1990). While experiencing flow 
individuals are engaged in challenging activities, which 
stretch their existing skills neither overstretching nor 
underutilizing them (Nakamura & Csikszentmihalyi, 2014). 
Much like Vygotsky’s zone of proximal development, most 
learning occurs in situations where students take just one 
step beyond the skills they have already mastered (Shernoff 
& Csikszentmihalyi, 2008). Moreover, besides skills and chal-
lenge, concurrent interest plays an important role in stu-
dents’ situational engagement (Linnansaari et  al., 2015; 
Schneider et  al., 2016; Shernoff et  al., 2014). Situational 
interest has been described as focused attention and a key 
element in continuing engagement ( Hidi & Renninger, 2006; 
see also Rotgans & Schmidt, 2011; Shernoff et  al., 2014 ). 
Using this conceptualization, high situational engagement 
can be described as moments when students experience high 
interest in their current tasks, combined with high confi-
dence in their own skills to accomplish the tasks, which are 
also perceived as optimally challenging (Linnansaari et  al., 
2015; Schneider et  al., 2016).

According to previous research students experience high 
situational engagement during approximately 15% of the class-
room situations (Inkinen et  al., 2020), suggesting that during 
the remaining classroom situations students experience other 
patterns of engagement (e.g., different combinations of situ-
ational interest, skills, and challenge). These different engage-
ment patterns can be examined with person-oriented research 
(e.g., LPA) which, on the basis of clustering, seeks to identify 
different homogeneous patterns of students’ situational expe-
riences (von Eye & Bogat, 2006). However, to the best of the 
authors’ knowledge, it yet remains to be examined what kind 
of patterns of skills, interest, and challenge are identifiable 
in natural settings (e.g., during classroom activities, as 
opposed to retrospectively).

While engagement research has increased in the past 
decade, only a small number of studies has examined stu-
dents’ engagement in science, and even a smaller number 
has focused on situational engagement in science domains 
(Schmidt et  al., 2018). Simultaneously, researchers worldwide 
have expressed growing concerns about students’ declining 
science interest (Jack & Lin, 2017; Mostafa et  al., 2018; 
OECD, 2007; Osborne & Dillon, 2008; Zeyer et  al., 2013), 
leading to development of a variety of enrichment programs 
that promote student participation and active learning 
(Penuel & Fishman, 2012; Valla & Williams, 2012). Previous 

studies have underscored the need for more engaging science 
instruction (Schmidt et  al., 2018), and shown that interven-
tions may promote students’ achievement and self-regulated 
learning in science (Capraro & Corlu, 2013; Han et  al., 
2015). Consequently, in the present study the patterns of 
engagement were examined both during regular and inter-
vention (designed to enhance students’ engagement in sci-
ence) lessons (Appendix).

Situational attainment- and utility values, and 
expectations

Aside from the way lessons are designed, which should 
impact students in a relatively homogeneous way, engage-
ment can also be affected by individuals’ motivation. 
According to the expectancy-value model ( EVT; Eccles & 
Wigfield, 2002; Wigfield & Eccles, 2000 ), students’ expec-
tancy beliefs and subjective task values play an important 
role in achievement motivation, and have further conse-
quences on students’ persistence or giving up on a task, 
achievement, engagement, future course selection, and 
aspirations (Eccles & Wigfield, 2002; Martin et  al., 2017; 
Wigfield & Eccles, 2000). Expectancies are students’ assess-
ment of how well they think they will perform in a specific 
task or domain (Eccles & Wigfield, 2002; Wigfield & 
Eccles, 2000). The value aspect of motivation includes 
constructs such as importance or attainment, utility value 
or usefulness of the task (Eccles & Wigfield, 2002; Wigfield 
& Eccles, 2000). Importance to oneself (e.g., attainment 
value) refers to the importance of doing well at a given 
task, whereas future importance (e.g., utility value) 
describes how well accomplishing the task would fulfill 
one’s future plans and goals (Eccles & Wigfield, 2002; 
Wigfield & Eccles, 2000).

Even according to the EVT task values and expectancies 
are associated with students’ learning, persistence, and 
engagement (Eccles & Wigfield, 2002), these associations 
have seldom been tested in actual classroom situations. 
Research within the EVT (Eccles (Parsons), 1983) frame-
work has typically examined the interindividual differences 
in students’ motivation and learning, however, recent find-
ings have highlighted the importance of examining also 
situational fluctuation in students’ task values, expectations, 
and engagement (Dietrich et  al., 2017; 2019; Tsai et  al., 
2008). Examining patterns of situational engagement 
together with task values will help teachers and practitioners 
to better understand how to support students’ engagement 
during different classroom activities (see also Tsai et  al., 
2008). Moreover, high situational engagement and task val-
ues play a crucial role in skill development, persistence, 
aspirations, and ultimately, future science career choices 
(Sinatra et  al., 2015; Tytler & Osborne, 2012).

Research questions

The present study sought answers to following research 
questions:
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1. What kind of patterns of students’ situational engage-
ment (e.g., situational experiences of skills, interest, 
and challenge) in science can be identified?

2. Do these patterns reflecting varying levels of situa-
tional skills, interest, and challenge differ when reg-
ular science lessons are compared to those 
implementing an intervention?

3. To what extent situational utility and attainment val-
ues, and expectations are associated with the patterns 
of situational engagement during regular and science 
intervention lessons?

Method

Data collection

To measure students’ situational interest, skills, and challenge 
in science lessons, ESM with smartphone technology was 
used. With the ESM procedure researchers are able to obtain 
data in the moment that students’ experiences are occurring, 
thus reducing recall bias, and the potential for giving socially 
desirable responses (Mulligan et  al., 2005). In the present 
study, the ESM instrument was transferred to the Paco 
mobile app (www.paco.com) using a web-based dashboard 
that allowed for instantaneous data uploading in addition 
to housing the data.

Students received a pre-programmed smartphone for a 
period of 9 weeks during the spring term 2017. Across the 
9-week period, students were signaled during six physics 
lessons, and they were asked to respond to a set of identical 
items within a 15-minute window. The duration of each 
physics class was 90 minutes, and the signals were prepro-
grammed to occur thrice during each class: once approxi-
mately 30 minutes after the beginning, then 30 minutes later, 
and once approximately 10 minutes before finishing the class. 
All the students received the beeps simultaneously. On aver-
age, it took about 150 seconds to complete the ESM items, 
which were selected based on their performance in previous 
ESM studies (see also Schneider et  al., 2016). In addition 
to students, teachers received a briefing of the study pro-
cedures. Approximately 54% of the signals occurred during 
intervention lessons.

Participants

The participants were 77 (N = 475 situational responses) 
Chilean ninth grade students (15% female, age M = 14.5) 
from two schools (one physics classroom from each school) 
in Santiago, Chile. The participating schools represented 
achievement diversity among Chilean students. Both schools 
were urban and the family socioeconomical status in one 
school was mostly middle class (though 9-34% of the stu-
dents came from lower SES families), and in the other 
school approximately half of the families were middle class, 
while 34-52% of the students came from lower SES families. 
The schools and teachers were selected on a voluntary basis 
and all students in the physics lessons were asked to 

participate, on the basis of informed consent of their par-
ents. The project followed the ethical protocol of the host 
university, which are in accordance with the international 
guidelines of human rights. The students’ parents provided 
a written consent for students to participate, and students 
signed assent forms.

Measures

Situational Engagement. When signaled, students answered 
with a four-point Likert scale (1 = not at all; 4 = very much) 
to questions concerning their current activity and experi-
ences (How did you feel about the activity you were doing 
[when you received the signal] skilled”; “interested”; “chal-
lenged”) (Schneider et  al., 2016).

Task Values and Expectancies were examined with three 
questions (“Was this [main activity] important for you?” 
(attainment value); “How important was this [main activity] 
in relation to your future goals/plans?” (utility value); “Were 
you living up to your expectations?” (expectancies); 1 = not 
at all; 4 = very much). The questions were based on previous 
research on EVT (Wigfield & Eccles, 2002), and modified 
to concern students’ situational task values and expectations.

Regular Lessons were coded as 1; intervention lessons 
were coded as 2.

Analytic plan

The data were analyzed using latent profile analysis (LPA; 
Muthén & Muthén, 1998–2020) which is a type of finite 
mixture analysis based on the assumption that homogeneous 
patterns, i.e. latent classes, can be identified in the observed 
data, and that the parameters of these patterns can be esti-
mated. Thus, LPA enabled us to examine whether naturally 
occurring homogeneous latent patterns of students’ experi-
ences can be identified according to their levels of situational 
interest, skills, and challenge (N = 475 situational responses). 
Compared to traditional cluster analyses, the advantage of 
LPA is that it is model based and uses statistical criteria 
for deciding the number of latent classes. The estimation 
was performed step by step starting from the one-class 
solution to estimate parameters for 2,3,…, k-class solutions.

All the analyses were performed using the Mplus statis-
tical package (Version 8; Muthén & Muthén, 1998–2020). 
The estimation method was maximum likelihood estimator 
with robust standard errors (MLR). Because the moments 
were nested within students, the ‘complex’ option which 
adjusts the standard errors for non-independence of obser-
vations was used to control for the fact that moments were 
nested within students. The LPAs were performed for dif-
ferent latent pattern solutions, and the resulting fit indices 
and class frequencies were compared. Five criteria were used 
to decide the final number of classes: (a) the Bayesian infor-
mation criterion (BIC), and (b) the Akaike information 
criterion (AIC), according to which the model with the 
smallest value is considered the best model; (c) the 
Vuong-Lo-Mendell-Rubin (VLMR) test of fit, which com-
pares solutions with different numbers of profiles (a low p 

http://www.paco.com
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value indicates that the k model has to be rejected in favor 
of a model with at leat k + 1 profiles); (d) entropy values, 
which determine classification quality (values close to 1 
indicate clear classification) (Celeux & Soromenho, 1996); 
and (e) the clarity and interpretation of the profiles.

To determine the number of latent patterns and then to 
compare the final latent pattern solution between regular 
and intervention lessons the analyses were performed in 
two steps: First, the patterns were estimated for all the 
moments regardless of the lesson type (e.g., all the situations 
without dividing them in regular versus intervention situa-
tions) in order to test the feasibility of the latent profile 
analysis (e.g., where we were able to identify different pat-
terns). Second, the patterns were estimated separately for 
moments during and outside of the intervention lesson using 
the multiple group (e.g., knownclass) option with LPA.

Next, to investigate the extent to which situational task 
values and expectations are associated with different engage-
ment patterns, the two last steps of the manual 3-step pro-
cedure were conducted (Asparouhov & Muthén, 2014). In 
the 3-step procedure, after determining the number of latent 
patterns (step 1, as described above), the pattern probabil-
ities for each situation in each pattern were saved in a new 
data set with the covariates (step 2), and using the new 
data set the role of the antecedents was examined further 
(step 3; see Asparouhov & Muthén, 2014 for further details 
of the analyses). The benefit of the 3-step procedure is that 
the forming of the latent patterns is free from the effect of 
the covariates.

Results

Patterns of students’ situational engagement in science

The means, variances, and correlations between all the vari-
ables are presented in Table 1. In order to examine whether 
different patterns of students’ situational interest, skills, and 
challenge could be identified, LPAs were performed. Table 2 
presents the fit indices for the models with different numbers 
of latent patterns. The results showed that the VLMR test 
supported a two-pattern solution, whereas the BIC and AIC 
indices supported the four-pattern solution. The results for 
the four-pattern solution showed, however, that the only 
difference with the three-pattern solution was that in the 
four-pattern model one of the patterns split in two similar 
patterns, decreasing the clarity and interpretation of the 
results. Thus, as the clarity and interpretation of the 
three-pattern solution exceeded those of the other solutions, 

and also showed relatively good fit, the three-pattern model 
was chosen as the final latent pattern solution.

The results for the whole sample showed that three pat-
terns could be identified according to students’ situational 
experiences of interest, skills, and challenge in science 
(Figure 1). The first ‘high skills and challenge’ pattern (that 
occurred during 57% of the moments) was characterized by 
experiences of low interest, high skills, and high challenge. 
The second ‘low interest, skills, and challenge’ (28%) pattern 
was characterized by experiences of low interest, skills, and 
challenge. The third ‘high interest and skills’ (15%) pattern 
was characterized by experiences of high interest and skills, 
and medium challenge in science situations.

Patterns of situational engagement during regular and 
science intervention lessons

Next, the multiple group procedure was used to determine 
whether students’ situational experiences during their sci-
ence lessons differed in regular versus intervention lessons. 
The results showed, that when the multigroup procedure 
was applied to the data, the pattern originally described as 
‘high skills and challenge’ slightly changed as a proportion 
of the situational experiences (13%) which initially belonged 
to this pattern now belonged to the ‘high interest and skills’ 
pattern of engagement. Thus, the remaining content of the 

Table 1. correlations between all the variables (n = 475 situational responses).

1. 2. 3. 4. 5.

1. skills
2. interest .43
3. challenge −.14 .35
4. attainment value .34 .54 .30
5. utility value .22 .32 .30 .50
6. expectations .27 .36 .24 .52 .44
M 3.17 3.00 2.20 3.10 2.66
Var .52 .90 .71 .33 .67

Note. all the correlations were significant p <.001.

Table 2. fit indices for the compared latent pattern models (n = 475 situational 
responses).

Model Bic ΔBic aic entropy VlMr

difference 
in the 

number of 
parameters

one 
pattern

3904.59 3885.55 3879.61

Two 
patterns

3827.17 3795.43 3785.54 0.83 −1933.81 4

Three 
patterns

3666.65 3622.22 3608.37 0.80 −1826.16 4

four 
patterns

3358.32 3301.19 3283.38 0.93 −1664.31 4

note: Bic, Bayes information criteria; aic, akaike information criteria; VlMr, 
Vuong–lo–Mendell–rubin.

Figure 1. General Pattern without lPa and three patterns of students’ situa-
tional engagement (e.g., interest, skills, and challenge) in physics with the 
percentages of the moments they are describing.
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first pattern after the multigroup procedure was better 
described as ‘medium interest and skills’ pattern which 
consisted 21% and 23% of the moments during regular and 
intervention lessons, respectively. The content of the two 
other patterns remained similar to the initial ones.

Wald tests were then used to further compare the level 
of interest, skills, and challenge in each pattern during reg-
ular vs. intervention lessons (Table 3). The tests confirmed 
that while experiencing the medium interest and skills (e.g., 
‘medium’) pattern, students’ interest and skills were higher, 
and experiences of challenge were lower during the inter-
vention lessons (in comparison to regular science lessons) 
(Table 3, Figures 2, 3). Moreover, while experiencing the 
high interest and skills (e.g., ‘high’) pattern students’ interest 
was lower and experiences of challenge were higher during 
the intervention lessons (in comparison to regular science 
classes). Further, no differences emerged between the com-
ponents of the low interest, skills, and challenge (e.g., ‘low’) 
pattern between regular vs. intervention science lessons.

Associations between situational utility and attainment 
values, expectations, and engagement patterns

To examine the associations between situational task values, 
expectancies, and the probability of situational engagement 
patterns during regular and intervention lessons, the final 
step of the 3-step procedure (Asparouhov & Muthén, 2014) 

was conducted. The results showed that when students expe-
rienced high situational attainment values, they more often 
experienced the high engagement pattern rather than the 
medium pattern during the regular science lessons (Table 4). 
In addition, when students experienced high attainment val-
ues or expectations they were more likely to experience the 
high or medium engagement pattern rather than the low 
engagement pattern during regular and the intervention les-
sons. When students reported high situational utility values, 
they were more likely to experience the medium rather than 
the low engagement pattern during regular science lessons. 
Students reporting high utility values were also more likely 
to experience the high rather than the low engagement pat-
tern both during regular and intervention lessons.

Discussion

This study employed situation-oriented approach (see also 
von Eye & Bogat, 2006) to examine latent patterns of stu-
dents’ situational engagement in science (e.g., situational 
interest, skills, and challenge), and differences in these pat-
terns during science intervention versus regular science 
lessons. Moreover, associations between situational engage-
ment patterns, task values and expectations were explored. 

Table 3. Wald Test comparisons between the situational engagement 
components during regular and science intervention lessons.

Wald test df p
high pattern
interest 27.48 1 <.001
skills 2.39 1 n.s.
challenge 19.01 1 <.001
Medium pattern
interest 35.95 1 <.001
skills 60.42 1 <.001
challenge 10.95 1 <.001
low pattern
interest 2.72 1 n.s.
skills 0.15 1 n.s.
challenge 2.04 1 n.s.

Table 4. logistic regression coefficients (standard errors in Parenthesis) and 
odd’s ratios While Predicting the Patterns of situational engagement with 
concurrent attainment and utility Values, and expectations during regular and 
intervention (in italics) lessons.

Medium vs. high 
pattern

Medium vs. low  
pattern

high vs.  
low pattern

Β OR Β OR Β OR
attainment value −1.02 (.42)* .36 1.20 (.29)*** 3.32 2.23 (.57)*** 9.30

−.35 (.37) .70 1.52 (.61)* 4.57 1.86 (.69)** 6.42
utility value −.33 (.22) .72 .53 (.24)* 1.70 .85 (.31)** 2.34

−.13 (.27) .88 .65 (.34) 1.92 .78 (.36)* 2.18
expectations −.01 (.24) .99 1.09 (.24)*** 2.97 1.10 (.32)** 3.00

.11 (.34) 1.12 1.35 (.41)*** 3.86 1.46 (.46)** 4.31
Note. ***p<.001; **p<.01; *p<.05.

Figure 3. The patterns of students’ situational engagement (e.g., interest, skills, 
and challenge) during the intervention lessons. note. * = component signifi-
cantly different compared to the regular science lessons; all differences are p 
< .001.

Figure 2. The patterns of students’ situational engagement (e.g., interest, skills, 
and challenge) during regular physics lessons.
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Using situation-oriented LPA, three engagement patterns 
were identified, namely high skills and challenge (57% of the 
moments), high interest and skills (15%), and low interest, 
skills, and challenge (28%) patterns. Multiple group compar-
isons further revealed that slight differences emerged in the 
engagement patterns between regular and intervention 
classes. High situational task values and expectations were 
associated with students’ experiences of high and medium 
engagement patterns, especially during regular science 
lessons.

Patterns of situational engagement

Importantly, the present results indicated that students’ 
engagement is malleable, fluctuating from situation to situ-
ation (see also Fredricks et  al., 2004), and that distinct 
patterns of situational engagement can be identified during 
science lessons (Schmidt et  al., 2018). Approximately during 
57% of the moments in science lessons students’ experienced 
a pattern of high engagement, which was described as stu-
dents’ experiences of high skills and challenge, also resem-
bling experiences of ‘flow’ (Nakamura & Csikszentmihalyi, 
2014). This pattern was relatively large, considering that the 
results were obtained among Chilean students, whose per-
formance and enjoyment in studying science has been rather 
low in international comparisons (OECD, 2015, 2016). These 
results are also promising, as previous studies suggest that 
the zone of proximal development in learning is reached 
when students take one step beyond their mastered skills 
and meet the new challenges while experiencing flow 
(Shernoff & Csikszentmihalyi, 2008). In addition to the high 
pattern, situational engagement fluctuated between science 
class situations, and during 15% and 28% of the remaining 
situations students experiences high interest and skills, and 
low interest, skills, and challenge patterns of engagement. 
These results also indicated diversity in students’ engage-
ment, and suggested that even students attend the same 
lessons and perform the same tasks, their experiences and 
level of engagement can be substantially different (Schnitzler 
et  al., 2020).

When the patterns of situational engagement were exam-
ined by comparing them between the implemented inter-
vention and regular science lessons, slight changes occurred 
in the ‘high skills and challenge’ pattern, which was now 
better described as a ‘medium interest and skills’ (e.g., 
‘medium’) pattern. The two other (‘high’ and ‘low’) engage-
ment patterns remained similar to the initial patterns. In 
general, students’ experiences of interest and skills were 
slightly higher during the intervention than regular science 
lessons, which may reflect the fact that, on the whole, inter-
ventions motivate students to learn (see also Harris et  al., 
2015) and increase their interest in the current topic 
(Hulleman & Harackiewicz, 2009). During the intervention 
lessons experiences of challenge slightly increased in the 
‘high’ engagement pattern, resembling previously described 
optimal learning moments (e.g., OLM, experiences of simul-
taneously high interest, skills, and challenge) which is often 
associated with positive learning outcomes (Inkinen et  al., 

2020; Schneider et  al., 2016). Students’ experienced the ‘high’ 
pattern approx. 16% of the situations during intervention 
lessons, consistent with previous research among Finnish 
students showing that students experience OLM in approx-
imately 15% of the moments (Inkinen et  al., 2020). Thus, 
the results suggested that the intervention designed to 
enhance students’ science learning and engagement increased 
experiences of high engagement and OLM, a condition that 
further promotes students’ learning and motivation 
(Schneider et  al., 2016).

During 15% of the situations students experienced the 
low engagement pattern, even during intervention lessons. 
Students may experience low situational engagement across 
a variety of different activities, such as laboratory or indi-
vidual work (Schmidt et  al., 2018). The ‘low’ engagement 
pattern may reflect boredom or moments of relaxation in 
between ‘medium’ or ‘high’ engagement (see also Nakamura 
& Csikszentmihalyi, 2014), and serve as regulatory states 
between learning (see also Elpidorou, 2018). However, more 
future research would be needed to better capture the causes 
leading to low situational engagement. Further, and inter-
estingly, the medium and high engagement patterns increased 
in their similarity during intervention lessons, suggesting 
that students’ experiences were less differentiated.

Associations between situational task values, 
expectancies, and engagement patterns

Students with high attainment and utility values were more 
likely to experience the high or medium patterns rather 
than the low pattern of situational engagement in science. 
These results add to previous findings by showing that pos-
itive associations between attainment and utility values and 
engagement (see also Ainley & Ainley, 2011; Lau & Roeser, 
2002) emerge also in science classroom situations. These 
results add to the previous literature by showing that besides 
the OLM pattern, both high and medium patterns of situ-
ational engagement are associated with high concurrent 
attainment and utility values (see also Schneider et  al., 
2016). These patterns were alike in that both of them 
involved average/high situational skills, possibly reflecting 
students’ situational self-concept or perceptions of perfor-
mance, which are often positively associated with task values 
(see also Wigfield & Eccles, 2000). Moreover, in previous 
research, especially utility values promoted students’ situa-
tional interest and subsequent performance in math 
(Hulleman et  al., 2010). Our results partly support these 
findings and add to them by showing that situational utility 
and attainment values are associated with experiences of 
high situational engagement.

During regular science lessons high situational attainment 
values were associated with the high rather than the medium 
pattern, and high situational utility values were associated 
with the medium rather than the low pattern. During the 
intervention lessons these differences diminished. These results 
may reflect the fact during the intervention lessons the high 
and medium engagement patterns became more alike (e.g., 
both skills and interest were average/high), and task values 
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were associated with both patterns equally. Moreover, it is 
possible that during the intervention students’ experiences 
became less dependent on their situational task values, at least 
to some extent. It is possible that the implementation of inter-
vention itself was perceived as important task to accomplish 
(see also Harris et  al., 2015), and that the effect of situational 
task values became less important in predicting students’ sit-
uational engagement. Further, students who reported high 
situational expectations more often experienced the high or 
medium rather than the low pattern both during regular and 
intervention lessons. These results are in line with previous 
literature indicating that high teacher expectations are asso-
ciated with high student engagement (Rubie‐Davies, 2010) 
and show that also students’ own expectations contribute to 
their concurrent engagement in science situations.

Limitations

The study has some limitations. First, the number of partic-
ipants was relatively small preventing the usage of multilevel 
models. In future research it would be important to examine 
the different patterns of situational engagement using larger 
data sets with science interventions. Second, the majority of 
the participants (85%) were male students. Thus, it was not 
possible to examine the possible gender differences in the 
situational engagement patterns. Third, some variables that 
were not examined in the present study might have affected 
the results. For example, concurrent emotions (Sinatra et  al., 
2015; Winberg et  al., 2014) and type of the current activity 
in which students are involved (Inkinen et  al., 2020; 
Linnansaari et  al., 2015) may contribute to their situational 
engagement in science. In the future, it would be important 
to examine differences in patterns of situational engagement 
during varying academic tasks. In a similar vein, more 
research would be needed examining which patterns of sit-
uational engagement would lead to sustained engagement 
and interest in science domains (see also Linnenbrink‐Garcia 
et  al., 2013). Moreover, as engagement is highly influenced 
by context (Schmidt et  al., 2018; Tas, 2016), the results of 
the present study can be generalized only to students’ expe-
riences in science lessons. The subject content (e.g., math, 
science, languages) influences also the type of activities teach-
ers choose for the classroom, which may further manifest in 
situational engagement (Nguyen et  al., 2018; Parsons et  al., 
2018). More future research would be needed to examine 
situational engagement in different subject contents.

Conclusions

The results of the present study add to previous findings 
on students’ situational engagement (Pöysä et  al., 2019) by 
showing that different patterns of engagement emerge while 
learning science (Salmela-Aro et  al., 2016; Schmidt et  al., 
2018). Simply distinguishing students to engaged and dis-
engaged does not fully describe the complexity of students’ 
learning experiences (Schnitzler et  al., 2020), and examining 
student engagement at different grain levels (Nguyen et  al., 

2018), such as the microlevel (e.g., situational engagement; 
Sinatra et  al., 2015) may help in identifying different pat-
terns of engagement. Knowledge of engagement at the finer 
grain levels brings us better understanding on how engage-
ment may change from moment to moment and what other 
factors are present simultaneously. Importantly, the present 
study indicated that students experience different patterns 
of situational engagement during science lessons, and that 
a large amount of these experiences resemble previously 
described ‘flow’ (e.g., experiences of concurrent high skills 
and challenge) (Nakamura & Csikszentmihalyi, 2014), which 
may reflect students’ active seeking for a subjective balance 
between their skills and challenges (Engeser & Rheinberg, 
2008). In addition to skills and challenges, it would be 
important for science teachers to create learning situations 
which promote students’ interest in the current task or activ-
ity (Schmidt et  al., 2018; Singh et  al., 2002). Students’ suc-
cess in future achievements depends on their willingness to 
be learners and on their motivation to seek out challenges 
which develop new valuable skills (Rege et  al., 2020). Our 
results showed that an intervention in which students were 
guided to meet challenges and to engage more in learning 
science produces simultaneous experiences of high skills, 
challenge, and interest (OLM, high situational engagement), 
which promote further learning (Schneider et  al., 2016). 
Situational engagement is a core factor of students’ educa-
tional resilience, which helps students to perform well and 
maintain attention regardless of the type of the task (e.g., 
easy, difficult, boring, task) (Torsney & Symonds, 2019). 
Thus, it is important to encourage students becoming active 
learners who seek out new challenges and experiences, even 
it might sometimes be difficult or unpleasant (Rege et  al., 
2020). When students meet challenges, and use their prior 
knowledge and skills to solve problems, they acquire new 
science knowledge and transferable skills which provide 
important constituents for future human capital (National 
Research Council, 2012b). Students are sensitive to different 
learning situations, and by providing elements to support 
students’ perceived importance and future utility of the cur-
rent task or activity teachers can endorse students’ situa-
tional engagement and learning (Tsai et  al., 2008), and 
prevent situational and chronic disengagement (Stephan 
et  al., 2011). More studies would be needed in the future 
examining whether teachers recognize different engagement 
patterns, how accurately they assess them, and how accu-
rately they can guide students employing different levels of 
engagement (see also Schnitzler et  al., 2020). By supporting 
students’ engagement in science teachers may enhance stu-
dents’ skill development, aspirations, and choices to make 
science a career (Sinatra et  al., 2015; Tytler & Osborne, 
2012). Similarly, interventions themselves may motivate stu-
dents to learn (see also Harris et  al., 2015) by increasing 
students’ problem-solving skills and deep understanding of 
the topic (Han et  al., 2016). Finally, the present results 
indicated that students engage in learning in complex ways 
(Schmidt et  al., 2018), and with ESM it is possible to capture 
patterns of situational engagement closer to the point of 
actual occurrence (Sinatra et  al., 2015).



ThE JoUrNAL of EdUCATioNAL rESEArCh 401

Note

 1. Authors: Barbara Ossandón, U. of Santiago and Malva Uribe, 
Chile Ministry of Education

Funding

This study was funded by Academy of Finland; CONICYT/Doctorado 
Nacional/2017.

ORCID

Katja Upadyaya  http://orcid.org/0000-0002-4793-1799
Patricio Cumsille  http://orcid.org/0000-0002-3911-2910
Beatrice Avalos  http://orcid.org/0000-0001-6269-291X
Jari Lavonen  http://orcid.org/0000-0003-2781-7953
Katariina Salmela-Aro  http://orcid.org/0000-0003-1901-4712

References

Ainley, M., & Ainley, J. (2011). Student engagement with science in 
early adolescence: The contribution of enjoyment to students’ con-
tinuing interest in learning about science. Contemporary Educational 
Psychology, 36(1), 4–12. https://doi.org/10.1016/j.cedpsych.2010.08.001

Asparouhov, T., & Muthén, B. (2014). Auxiliary variables in mixture 
modeling: Three-step approaches using M plus. Structural Equation 
Modeling: A Multidisciplinary Journal, 21(3), 329–341. https://doi.or
g/10.1080/10705511.2014.915181

Capraro, R. M., & Corlu, S. W. (2013). Why PBL? Why STEM? Why 
now? An introduction to STEM project-based learning. In R. M. 
Capraro, M. M. Capraro, & J. R. Morgan (Eds.), STEM project-based 
learning (pp. 1–5). SensePublishers.

Celeux, G, & Soromenho, G (1996). An entropy criterion for assessing 
the number of clusters in a mixture model. Journal of Classification, 
13(2), 195–212. https://doi.org/10.1007/BF01246098

Csikszentmihalyi, M. (1990). Flow: The psychology of optimal experience. 
Harper Perennial.

Dietrich, J., Moeller, J., Guo, J., Viljaranta, J., & Kracke, B. (2019). 
In-the-moment profiles of expectancies, task values, and costs. 
Frontiers in Psychology, 10, 1662. https://doi.org/10.3389/
fpsyg.2019.01662

Dietrich, J., Viljaranta, J., Moeller, J., & Kracke, B. (2017). Situational 
expectancies and task values: Associations with students’ effort. 
Learning and Instruction, 47, 53–64. https://doi.org/10.1016/j.learn-
instruc.2016.10.009

Eccles (Parsons), J. (1983). Expectancies, values, and academic behav-
iors. In J. T. Spence (Ed.), Achievement and achievement motivations 
(pp. 75–121). W. H. Freeman & Co.

Eccles, J. S., & Wigfield, A. (2002). Motivational beliefs, values, and 
goals. Annual Review of Psychology, 53(1), 109–132. https://doi.
org/10.1146/annurev.psych.53.100901.135153

Elpidorou, A. (2018). The good of boredom. Philosophical Psychology, 
31(3), 323–351. https://doi.org/10.1080/09515089.2017.1346240

Engeser, S., & Rheinberg, F. (2008). Flow, performance and moderators 
of challenge-skill balance. Motivation and Emotion, 32(3), 158–172. 
https://doi.org/10.1007/s11031-008-9102-4

Ford, M. J. (2015). Educational implications of choosing “practice” to 
describe science in the next generation science standards. Science 
Education, 99(6), 1041–1048. https://doi.org/10.1002/sce.21188

Fredricks, J. A., Blumenfeld, P. C., & Paris, A. H. (2004). School 
engagement: Potential of the concept, state of the evidence. Review 
of  Educational Research ,  74(1),  59–109. https://doi.
org/10.3102/00346543074001059

Han, S., Capraro, R., & Capraro, M. M. (2015). How science, tech-
nology, engineering, and mathematics (STEM) project-based learn-

ing (PBL) affects high, middle, and low achievers differently: The 
impact of student factors on achievement. International Journal of 
Science and Mathematics Education, 13(5), 1089–1113. https://doi.
org/10.1007/s10763-014-9526-0

Han, S., Capraro, R. M., & Capraro, M. M. (2016). How science, 
technology, engineering, and mathematics project based learning 
affects high-need students in the US. Learning and Individual 
Differences, 51, 157–166. https://doi.org/10.1016/j.lindif.2016.08.045

Harris, C. J., Penuel, W. R., D’Angelo, C. M., DeBarger, A. H., Gallagher, 
L. P., Kennedy, C. A., Haugen Chen, B., & Krajcik, J. S. (2015). Impact 
of project‐based curriculum materials on student learning in science: 
Results of a randomized controlled trial. Journal of Research in Science 
Teaching, 52(10), 1362–1385. https://doi.org/10.1002/tea.21263

Hektner, J. M., Schmidt, J. A., & Csikszentmihalyi, M. (2007). 
Experience sampling method. Measuring the quality of everyday life. 
Sage Publications.

Hidi, S., & Renninger, K. A. (2006). The four-phase model of interest 
development. Educational Psychologist, 41(2), 111–127. https://doi.
org/10.1207/s15326985ep4102_4

Hulleman, C. S., Godes, O., Hendricks, B. L., & Harackiewicz, J. M. 
(2010). Enhancing interest and performance with a utility value 
intervention. Journal of Educational Psychology, 102(4), 880–895. 
https://doi.org/10.1037/a0019506

Hulleman, C. S., & Harackiewicz, J. M. (2009). Promoting interest and 
performance in high school science classes. Science (New York, N.Y.), 
326(5958), 1410–1412. https://doi.org/10.1126/science.1177067

Inkinen, J., Klager, C., Juuti, K., Schneider, B., Salmela-Aro, K., Krajcik, 
J., & Lavonen, J. (2019). Science classroom activities and student 
situational engagement. International Journal of Science Education, 
41(3), 316–329. https://doi.org/10.1080/09500693.2018.1549372

Inkinen, J., Klager, C., Juuti, K., Schneider, B., Salmela, ‐Aro, K., 
Krajcik, J., & Lavonen, J. (2020). High school students’ situational 
engagement associated with scientific practices in designed science 
learning situations. Science Education, 104(4), 667–692. https://doi.
org/10.1002/sce.21570

Jack, B. M., & Lin, H. S. (2017). Making learning interesting and its 
application to the science classroom. Studies in Science Education, 
53(2), 137–164. https://doi.org/10.1080/03057267.2017.1305543

Lau, S., & Roeser, R. W. (2002). Cognitive abilities and motivational 
processes in high school students’ situational engagement and 
achievement in science. Educational Assessment, 8(2), 139–162. 
https://doi.org/10.1207/S15326977EA0802_04

Linnansaari, J., Viljaranta, J., Lavonen, J., Schneider, B., & Salmela-Aro, 
K. (2015). Finnish students’ engagement in science lessons. Nordic 
Studies in Science Education, 11(2), 192–206. https://doi.org/10.5617/
nordina.2047

Linnenbrink‐Garcia, L., Patall, E. A., & Messersmith, E. E. (2013). 
Antecedents and consequences of situational interest. British Journal 
of Educational Psychology ,  83(4), 591–614. https://doi.
org/10.1111/j.2044-8279.2012.02080.x

Martin, A. J., Ginns, P., & Papworth, B. (2017). Motivation and en-
gagement: Same or different? Does it matter?Learning and Individual 
Differences, 55, 150–162. https://doi.org/10.1016/j.lindif.2017.03.013

Mostafa, T., Echazarra, A., & Guillou, H. (2018). The science of teach-
ing science: An exploration of science teaching practices in PISA 
2015. OECD Education Working Papers, No. 188, OECD Publishing. 
https://doi.org/10.1787/f5bd9e57-en.

Mulligan, C. B., Schneider, B., & Wolfe, R. (2005). Non-response and 
population representation in studies of adolescent time use. Electronic 
International Journal of Time Use Research, 2(1), 33–53. https://doi.
org/10.13085/eIJTUR.2.1.33-53

Muthén, L., & Muthén, B. O. (1998–2020). Mplus. User’s guide. Muthén 
& Muthén.

Nakamura, J., & Csikszentmihalyi, M. (2014). The concept of flow. In 
M. Csikszentmihalyi (Ed.), Flow and the foundations of positive 
psychology (pp. 239–263). Springer.

National Research Council. (2012a). A framework for K–12 science 
education: Practices, crosscutting concepts, and core ideas. National 
Academies Press.

http://orcid.org/0000-0002-4793-1799
http://orcid.org/0000-0002-3911-2910
http://orcid.org/0000-0001-6269-291X
http://orcid.org/0000-0003-2781-7953
http://orcid.org/0000-0003-1901-4712
https://doi.org/10.1016/j.cedpsych.2010.08.001
https://doi.org/10.1080/10705511.2014.915181
https://doi.org/10.1080/10705511.2014.915181
https://doi.org/10.1007/BF01246098
https://doi.org/10.3389/fpsyg.2019.01662
https://doi.org/10.3389/fpsyg.2019.01662
https://doi.org/10.1016/j.learninstruc.2016.10.009
https://doi.org/10.1016/j.learninstruc.2016.10.009
https://doi.org/10.1146/annurev.psych.53.100901.135153
https://doi.org/10.1146/annurev.psych.53.100901.135153
https://doi.org/10.1080/09515089.2017.1346240
https://doi.org/10.1007/s11031-008-9102-4
https://doi.org/10.1002/sce.21188
https://doi.org/10.3102/00346543074001059
https://doi.org/10.3102/00346543074001059
https://doi.org/10.1007/s10763-014-9526-0
https://doi.org/10.1007/s10763-014-9526-0
https://doi.org/10.1016/j.lindif.2016.08.045
https://doi.org/10.1002/tea.21263
https://doi.org/10.1207/s15326985ep4102_4
https://doi.org/10.1207/s15326985ep4102_4
https://doi.org/10.1037/a0019506
https://doi.org/10.1126/science.1177067
https://doi.org/10.1080/09500693.2018.1549372
https://doi.org/10.1002/sce.21570
https://doi.org/10.1002/sce.21570
https://doi.org/10.1080/03057267.2017.1305543
https://doi.org/10.1207/S15326977EA0802_04
https://doi.org/10.5617/nordina.2047
https://doi.org/10.5617/nordina.2047
https://doi.org/10.1111/j.2044-8279.2012.02080.x
https://doi.org/10.1111/j.2044-8279.2012.02080.x
https://doi.org/10.1016/j.lindif.2017.03.013
https://doi.org/10.1787/f5bd9e57-en
https://doi.org/10.13085/eIJTUR.2.1.33-53
https://doi.org/10.13085/eIJTUR.2.1.33-53


402 K. UPAdYAYA ET AL.

National Research Council. (2012b). Education for life and work: 
Developing transferable knowledge and skills in the 21st century. 
https://www.nap.edu/catalog/13398/education-for-life-and-work-devel-
oping-transferable-knowledge-and-skills

Nguyen, T. D., Cannata, M., & Miller, J. (2018). Understanding student 
behavioral engagement: Importance of student interaction with peers 
and teachers. The Journal of Educational Research, 111(2), 163–174. 
https://doi.org/10.1080/00220671.2016.1220359

OECD. (2007). PISA 2006: Science competencies for tomorrow’s world 
– volume 1- analysis. OECD Publishing.

OECD. (2015). Draft science framework. http://www.oecd.org/pisa/pis-
aproducts/DraftPISA2015ScienceFramework.pdf.

OECD. (2016). PISA 2015 Results (Volume I): Excellence and Equity in 
Education. OECD Publishing. https://doi.org/10.1787/9789264266490-en

OECD. (2019). PISA 2018 Results (Volume I): What Students Know 
and Can Do. OECD Publishing. https://doi.org/10.1787/5f07c754-en

Osborne, J. (2014). Teaching scientific practices: Meeting the challenge 
of change. Journal of Science Teacher Education, 25(2), 177–196. 
https://doi.org/10.1007/s10972-014-9384-1

Osborne, J., & Dillon, J. (2008). Science education in Europe: Critical 
reflections. The Nuffield Foundation.

Penuel, W. R., & Fishman, B. J. (2012). Large‐scale science education 
intervention research we can use. Journal of Research in Science 
Teaching, 49(3), 281–304. https://doi.org/10.1002/tea.21001

Pöysä, S., Vasalampi, K., Muotka, J., Lerkkanen, M. K., Poikkeus, A. 
M., & Nurmi, J. E. (2019). Teacher–student interaction and lower 
secondary school students’ situational engagement. British Journal 
of Educational Psychology, 89(2), 374–392. https://doi.org/10.1111/
bjep.12244

Rege, M., Hanselman, P., Solli, I. F., Dweck, C. S., Ludvigsen, S., 
Bettinger, E., Crosnoe, R., Muller, C., Walton, G., Duckworth, A., 
& Yeager, D. S. (2020). How can we inspire nations of learners? 
An investigation of growth mindset and challenge-seeking in two 
countries. American Psychologist. https://doi.org/10.1037/amp0000647

Rotgans, J. I., & Schmidt, H. G. (2011). Situational interest and aca-
demic achievement in the active-learning classroom. Learning and 
Instruction, 21(1), 58–67. https://doi.org/10.1016/j.learnin-
struc.2009.11.001

Rubie‐Davies, C. M. (2010). Teacher expectations and perceptions of 
student attributes: Is there a relationship?British Journal of 
Educational  Psychology ,  80(1) ,  121–135.  https://doi.
org/10.1348/000709909X466334

Salmela-Aro, K., Moeller, J., Schneider, B., Spicer, J., & Lavonen, J. 
(2016). Integrating the light and dark sides of student engagement 
using person-oriented and situation-specific approaches. Learning 
and Instruction, 43, 61–70. https://doi.org/10.1016/j.learnin-
struc.2016.01.001

Schmidt, J. A., Rosenberg, J. M., & Beymer, P. N. (2018). A person‐
in‐context approach to student engagement in science: Examining 
learning activities and choice. Journal of Research in Science Teaching, 
55(1), 19–43. https://doi.org/10.1002/tea.21409

Schneider, B., Krajcik, J., Lavonen, J., Salmela‐Aro, K., Broda, M., 
Spicer, J., Bruner, J., Moeller, J., Linnansaari, J., Juuti, K., & 
Viljaranta, J. (2016). Investigating optimal learning moments in US 
and Finnish science classes. Journal of Research in Science Teaching, 
53(3), 400–421. https://doi.org/10.1002/tea.21306

Schnitzler, K., Holzberger, D., & Seidel, T. (2020). All better than 
being disengaged: Student engagement patterns and their relations 
to academic self-concept and achievement. European Journal of 
Psychology of Education ,  1–26. https://doi.org/10.1007/
s10212-020-00500-6

Shernoff, D. J., & Csikszentmihalyi, M. (2008). Flow in schools. In M. 
J. Furlong, R. Gilman, & E. S. Huebner (Eds.), Handbook of positive 
psychology in the schools. (pp. 131–145). Routledge.

Shernoff, D. J., & Csikszentmihalyi, M. (2009). Cultivating engaged 
learners and optimal learning environments. In M. J. Furlong, R. 
Gilman, & E. S. Huebner (Eds.), Handbook of positive psychology 
in schools (pp. 131–145). Routledge.

Shernoff, D. J., Csikszentmihalyi, M., Schneider, B., & Shernoff, E. S. 
(2014). Student engagement in high school classrooms from the 
perspective of flow theory. In M. Csikszentmihalyi (Ed.), Applications 
of flow in human development and education (pp. 475–494). Springer. 
https://doi.org/10.1521/scpq.18.2.158.21860

Sinatra, G. M., Heddy, B. C., & Lombardi, D. (2015). The challenges 
of defining and measuring student engagement in science. 
Educational Psychologist, 50(1), 1–13. https://doi.org/10.1080/00461
520.2014.1002924

Singh, K., Granville, M., & Dika, S. (2002). Mathematics and science 
achievement: Effects of motivation, interest, and academic engage-
ment. The Journal of Educational Research, 95(6), 323–332. https://
doi.org/10.1080/00220670209596607

Stephan, Y., Caudroit, J., Boiché, J., & Sarrazin, P. (2011). Predictors 
of situational disengagement in the academic setting: The contri-
bution of grades, perceived competence, and academic motivation. 
British Journal of Educational Psychology, 81(3), 441–455. https://
doi.org/10.1348/000709910X522285

Tas, Y. (2016). The contribution of perceived classroom learning en-
vironment and motivation to student engagement in science. 
European Journal of Psychology of Education, 31(4), 557–577. https://
doi.org/10.1007/s10212-016-0303-z

Torsney, B. M., & Symonds, J. E. (2019). The professional student 
program for educational resilience: Enhancing momentary engage-
ment in classwork. The Journal of Educational Research, 112(6), 
676–692. https://doi.org/10.1080/00220671.2019.1687414

Tsai, Y. M., Kunter, M., Lüdtke, O., Trautwein, U., & Ryan, R. M. 
(2008). What makes lessons interesting? The role of situational and 
individual factors in three school subjects. Journal of Educational 
P s y c h o l o g y ,  1 0 0 ( 2 ) ,  4 6 0 – 4 7 2 .  h t t p s : / / d o i .
org/10.1037/0022-0663.100.2.460

Tytler, R., & Osborne, J. (2012). Student attitudes and aspirations to-
wards science. In B. Fraser, K. Tobin, C. J. McRobbie (Eds.), Second 
international handbook of science education (pp. 597–625). Springer.

Valla, J. M., & Williams, W. (2012). Increasing achievement and 
higher-education representation of under-represented groups in sci-
ence, technology, engineering, and mathematics fields: A review of 
current K-12 intervention programs. Journal of Women and 
Minorities in Science and Engineering, 18(1), 21–53. https://doi.
org/10.1615/JWomenMinorScienEng.2012002908

von Eye, A., & Bogat, G. A. (2006). Person-oriented and 
variable-oriented research: Concepts, results, and development. 
Merrill-Palmer Quarterly, 52, 390–420.

Wigfield, A., & Eccles, J. S. (2000). Expectancy-value theory of achieve-
ment motivation. Contemporary Educational Psychology, 25(1), 
68–81. https://doi.org/10.1006/ceps.1999.1015

Wigfield, A., & Eccles, J. S. (2002). The development of competence 
beliefs, expectancies for success, and achievement values from child-
hood through adolescence. In A. Wigfield, J. S. Eccles & The 
Institute for Research on Women and Gender (Eds.), Development 
of achievement motivation (91–120). Academic Press.

Winberg, T. M., Hellgren, J. M., & Palm, T. (2014). Stimulating 
positive emotional experiences in mathematics learning: influence 
of situational and personal factors. European Journal of Psychology 
of Education ,  29(4),  673–691. https://doi.org/10.1007/
s10212-014-0220-y

Zeyer, A., Çetin‐Dindar, A., Md Zain, N., Juriševič, A., Devetak, M., 
& Odermatt, I., F. (2013). Systemizing: A cross‐cultural constant 
for motivation to learn science. Journal of Research in Science 
Teaching, 50(9), 1047–1067. https://doi.org/10.1002/tea.21101

https://www.nap.edu/catalog/13398/education-for-life-and-work-developing-transferable-knowledge-and-skills
https://www.nap.edu/catalog/13398/education-for-life-and-work-developing-transferable-knowledge-and-skills
https://doi.org/10.1080/00220671.2016.1220359
http://www.oecd.org/pisa/pisaproducts/DraftPISA2015ScienceFramework.pdf
http://www.oecd.org/pisa/pisaproducts/DraftPISA2015ScienceFramework.pdf
https://doi.org/10.1787/9789264266490-en
https://doi.org/10.1787/5f07c754-en
https://doi.org/10.1007/s10972-014-9384-1
https://doi.org/10.1002/tea.21001
https://doi.org/10.1111/bjep.12244
https://doi.org/10.1111/bjep.12244
https://doi.org/10.1037/amp0000647
https://doi.org/10.1016/j.learninstruc.2009.11.001
https://doi.org/10.1016/j.learninstruc.2009.11.001
https://doi.org/10.1348/000709909X466334
https://doi.org/10.1348/000709909X466334
https://doi.org/10.1016/j.learninstruc.2016.01.001
https://doi.org/10.1016/j.learninstruc.2016.01.001
https://doi.org/10.1002/tea.21409
https://doi.org/10.1002/tea.21306
https://doi.org/10.1007/s10212-020-00500-6
https://doi.org/10.1007/s10212-020-00500-6
https://doi.org/10.1521/scpq.18.2.158.21860
https://doi.org/10.1080/00461520.2014.1002924
https://doi.org/10.1080/00461520.2014.1002924
https://doi.org/10.1080/00220670209596607
https://doi.org/10.1080/00220670209596607
https://doi.org/10.1348/000709910X522285
https://doi.org/10.1348/000709910X522285
https://doi.org/10.1007/s10212-016-0303-z
https://doi.org/10.1007/s10212-016-0303-z
https://doi.org/10.1080/00220671.2019.1687414
https://doi.org/10.1037/0022-0663.100.2.460
https://doi.org/10.1037/0022-0663.100.2.460
https://doi.org/10.1615/JWomenMinorScienEng.2012002908
https://doi.org/10.1615/JWomenMinorScienEng.2012002908
https://doi.org/10.1006/ceps.1999.1015
https://doi.org/10.1007/s10212-014-0220-y
https://doi.org/10.1007/s10212-014-0220-y
https://doi.org/10.1002/tea.21101


ThE JoUrNAL of EdUCATioNAL rESEArCh 403

Appendix

Science intervention

The science intervention module1 was designed in collaboration with 
science teachers to meet the new vision of scientific competencies 
known as Interdisciplinary Science Research (U.S. Department of 
Education, 2016), also emphasized in the current science curriculum 
in Chile. The intervention focused on optical phenomena, and on 
learning science research. Special emphasize was paid on students’ 
active use and learning of new knowledge while engaging in scientif-
ic and engineering practices, such as design of experiments, interpret-
ing data and solving of technological problems. In a similar way, 
science curriculum in various countries emphasize the use of knowl-
edge in different situations and students’ active engagement (Ford, 
2015; National Research Council, 2012a; Osborne, 2014). Thus, in 
learning, knowing and doing cannot be separated but should be com-
bined in contextualized inquiry, problem solving and decision making 
situations (Ford, 2015; Osborne, 2014).

The basic principles on which the intervention was based acknowl-
edge that, given the complexities the world we live in, a new set of 
technical and practical skills are needed to solve problems. Thus, a 
number of components and competencies were included in the inter-
vention. Some of the central components were: activities that invite to 
play and take challenges, interdisciplinary approaches flexible and in-
clusive learning environments and innovative and accessible ways to 
assess learning. In order to develop competencies, learning experiences 
should have attributes such as contextualization of problems relevant to 
the students’ lives, incorporation of skills or practices of the research 
process, and to make connections among disciplines. While designing 
the module, the knowledge related to student engagement in science 
learning was taken into account (Inkinen et  al., 2020). The intervention 
covered the physics of light, and included activities to apply laws of 
reflection from flat mirrors to convex lenses that help improve human 
vision (e.g., microscope, optical glasses), and to utilize and connect 
prior knowledge in multiple science related fields. Students were also 
building and making observations with a telescope collaboratively.
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