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Exploring the Impact of Socio-Scientific Issues and Scaffolding on 
Student Engagement and Performance: Implications for Education 
for Sustainable Development
Anna Katharina Liskes*a and Helena van Vorst

This study investigates the impact of the methods of socio-scientific issues (SSI) and scaffolding on students engagement 
and performance in chemistry education, with a focus on Education for Sustainable Development (ESD). The research 
explores in a quasi-experimental intervention with a 2x2 pre-/post-design whether the integration of SSI, scaffolding, or a 
combination of both enhance students learning outcomes in the context of selected Sustainable Development Goals (SDGs). 
This is being explored because it is still unclear to what extent ESD learning materials can be effectively implemented in 
everyday school life and what influence they have on both affective and cognitive learning factors. A total of 662 students 
from 35 classes in North Rhine-Westphalia, Germany, participated in a 6-week intervention. Using linear mixed effect 
models, the SSI and scaffolding groups showed significant higher performance gains compared to the control group, while 
the students in the combination group do not profit more from the learning material. Engagement was examined both as 
an overall construct and across five subdimensions (cognitive, emotional, behavioural, agentic, and value-related). Analyses 
of engagement subscales revealed divergent developmental patterns. Cognitive and agentic engagement showed small but 
significant increases over time, with gains in cognitive engagement being positively related to performance gains. In contrast, 
emotional and behavioural engagement declined significantly across measurement occasions, while value-related 
engagement remained unchanged. These results contribute to the growing body of research on ESD in chemistry education 
by highlighting the potential of SSI and scaffolding to enhance affective and cognitive learning outcomes. The study 
underlines the need for further research to optimize the combination of differentiation approaches and explores their 
potential for fostering long-term performance and engagement.

Introduction
Education for Sustainable Development (ESD) as a concept has 
been incorporated into the UNESCO education framework as 
part of the Sustainable Development Goals (SDGs) for school 
curricula (UNESCO, 2017). Since its introduction in 1992, ESD 
has received continuous support and is now entering its second 
phase, aiming for systematic integration across all areas of 
students’ lives, particularly through the 17 SDGs formulated in 
2015. Chemistry is particularly well-suited to foster ESD due to 
its direct relevance to many of the 17 global SDGs. It provides 
systematic insights into complex causes and underlying factors 
and offers the potential to transfer the micro-level of chemistry 
to direct application examples. For instance, SDG 12 – 
Responsible Consumption and Production – can be effectively 
addressed in chemistry education through the topic of plastics. 
Students can investigate the chemical structure and synthesis 
of common polymers, examine the environmental impact of 
plastic waste, and explore strategies for recycling and 
developing biodegradable alternatives. Experiments on 

polymer degradation, discussions on life cycle analysis, and 
critical reflection on consumer habits help students connect 
chemical knowledge with pressing sustainability issues, such as 
plastic overconsumption and pollution.
One approach to implement ESD in chemistry education are 
socio-scientific issues (SSI), which link learners’ real-life to 
subject knowledge (Hofstein et al., 2011; Klosterman & Sadler, 
2010) and illustrate the societal relevance of chemistry more 
clearly, especially in the context of real-world challenges 
(Stuckey et al., 2013). Previous studies reveal the potential of 
SSI to increase students’ interest in science, which is also a 
direct aim of the SDGs (Klaver et al., 2023). This seems 
particularly relevant in view of the fact that chemistry is one of 
the least popular subjects among students (Avargil et al., 2020; 
Hofstein et al., 2011). 

However, when implementing SSI in the classroom, teachers 
are not only faced with the challenge of creating new learning 
materials, but also of creating materials that are appealing and 
supportive for everyone, regardless of their learning 
background. Scaffolding methods have been established to 
achieve this goal. Rooted in educational psychology, this 
approach aims to provide structured support that gradually 
decreases as learners gain competence (Belland et al., 2022). 
Through this process, learners develop a systematic 
understanding that enables them to solve problems, complete 
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tasks, and acquire new skills independently (Wood et al., 1976). 
For such support to be effective, it must be both adaptive and 
contingent (van de Pol et al., 2010). This can be achieved 
particularly through level-adaptive scaffolding, in which tasks 
and learning materials are differentiated (Belland et al., 2013). 
In addition to cognitive requirements, scaffolding can also 
address various affective students’ factors and can be used, for 
example, to increase the students’ engagement in the 
classroom (Acosta-Gonzaga & Ramirez-Arellano, 2022; Azevedo 
et al., 2004). However, such approaches are still rare and have 
been subject of little research. In light of the educational goals 
outlined in UNESCO’s Global Education 2030 Agenda, there is 
an urgent need to develop clear guidelines, evidence-based 
recommendations, and practical implementation strategies 
that make ESD accessible for all students. Scaffolding can help 
to achieve these requirements. 

Based on this background, it is the central aim of this study 
to investigate the effects of two differentiated approaches, 
addressing students’ performance and their engagement in 
learning about sustainability. Therefore, a digital learning 
environment on the topics of plastic and the greenhouse effect 
was developed for chemistry lessons complying the guidelines 
of ESD. Additionally, scaffolding based on students’ cognitive 
prerequisites was implemented by conceptual and strategic 
scaffolds. In order to accommodate the diverse students’ 
interests, the learning material was embedded in different SSIs, 
among which students could choose during their learning 
process. This results in two different methods of differentiating 
the learning material: on the one hand, differentiation based on 
students’ cognitive prerequisites is achieved through integrated 
scaffolds; on the other hand, differentiation according to 
students’ affective prerequisites is implemented by embedding 
the learning material in different SSIs. 

To address this gap, this study investigates whether the 
implementation of SSI and scaffolding influences students’ 
engagement and performance in chemistry education. 
Furthermore, it examines whether the combination of both 
strategies produces interaction effects beyond their individual 
contributions.

Theoretical frame
Education for Sustainable Development (ESD)

Global crises, such as pandemics and climate change, are 
compelling us to reconsider our ways of living and to develop 
long-term strategies to address these challenges effectively 
(Burmeister et al., 2012; IPCC, 2022; OECD, 2020). Hence, ESD 
has been incorporated into the UNESCO education framework 
as part of the Sustainable Development Goals (SDGs) for school 
curricula (UNESCO, 2017). Since its introduction in 1992, ESD 
has received continuous support and is now entering its second 
phase, aiming for systematic integration across all areas of 
students’ lives, particularly through the 17 SDGs formulated in 
2015 (UNESCO, 2017) . The education sector, in particular, is 
called upon to create learning opportunities that enable all 
students to engage with these issues in a critical and informed 
manner. This also entails the active implementation of 

sustainable changes within the school system. In the context of 
the 2030 Agenda for Sustainable Development, education is 
outlined as a stand-alone goal (No. 4) (UNESCO, 2017). While it 
is an objective in its own right, it also interacts with and 
supports the achievement of other SDGs by providing a 
foundational basis (Tahtinen & United Nations Department of 
Economic and Social Affairs [UN-DESA], 2020). In particular, the 
UNESCO guidelines offer valuable support and orientation for 
educators, enabling them to select and adapt appropriate 
learning contexts for ESD implementation (UNESCO, 2017). ESD 
identifies explicit learning objectives that can be explored 
within school curricula, using the SDGs as a guiding framework 
for fostering sustainable thinking and action (United Nations 
Department of Economic and Social Affairs, 2025). The 
objectives are formulated in the cognitive, socio-emotional and 
behavioural domain to take all dimensions of learning into 
account. Explicit suggestions and examples of topics are given 
for each SDG. In contrast to traditional school settings, SDG-
related topics are not structured according to age groups or 
conventional subject areas, but are instead organized around 
the 17 overarching goals, which promote cross-thematic and 
cross-curricular approaches to learning (UNESCO, 2017). 
Nevertheless, many of the topics addressed by the SDGs are 
also reflected in existing curricula. Integrating ESD in curricula 
and textbooks is a central goal to implement learning for the 
SDGs like with the Whole School Approach (WSA) (Mathie, 
2024). Especially in light of a rapidly changing world, teachers 
require clearly developed and empirically evaluated learning 
environments that help to implement ESD in the classroom and 
reduce their workload (Mulvik et al., 2021; Waltner et al., 2020). 
This is precisely by generating insights and tools that are not 
only academically relevant but also directly applicable and 
beneficial for teachers in their everyday professional work. 

Heterogeneity and Differentiated Instruction (DI) 

It has long been recognized that school classrooms are 
characterized by a high degree of heterogeneity. Furthermore, 
studies have shown that not all learners benefit from the same 
teaching aims, materials and methods (Pozas et al., 2020). A 
widely used approach to addressing heterogeneity within the 
classroom is the concept of Differentiated Instruction (DI). DI is 
a teaching method, in which a teacher takes abilities or interests 
of smaller groups of students into account and provides a 
corresponding learning offer (Tomlinson et al., 2003).

The common practice is to divide learners into groups within 
the classroom and to adapt learning material in terms of 
difficulty in order to address students with different abilities 
(Letzel-Alt & Pozas, 2023). These differences can relate to a 
wide range of factors, such as prior knowledge, learning pace, 
reasoning and problem-solving skills, language proficiency, or 
metacognitive abilities (e.g., Pozas & Schneider, 2019). They 
may also include affective dimensions such as students’ 
motivation, interest, or engagement in dealing with scientific 
content (e.g., Potvin & Hasni, 2014). Previous research results 
show small positive effects for this approach (Hattie, 2009; Sun 
& Xiao, 2021). Although Hattie (2009) reports rather small effect 
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sizes for ability grouping (d ≈ 0.1–0.2), this does not imply that 
the practice is inherently ineffective or misguided. Its impact 
strongly depends on the way it is implemented and on the 
specific educational context. In almost every classroom, there 
are substantial differences in students’ achievement levels, 
learning pace, motivation, and language proficiency (Deunk et 
al., 2018; Smale-Jacobse et al., 2019). A completely uniform 
approach to teaching would inevitably lead some learners to 
feel overchallenged while others remain unchallenged. 
Differentiation is therefore essential to prevent both overload 
and boredom, and to provide all learners with appropriate 
opportunities for individual learning progress (Bondie et al., 
2019). However, many curricula, textbooks, and assessment 
formats are still designed for relatively homogeneous learner 
groups (Hardy et al., 2019; Langelaan et al., 2024; Saleh et al., 
2005).

Given these challenges, teachers require instructional 
approaches that allow them to address diverse learning needs 
without creating excessive workload or stigmatizing students 
(Gibbs, 2023). Effective strategies must provide a balance 
between individualization and manageability, enabling teachers 
to support all learners while maintaining coherent classroom 
structures (Tomlinson et al., 2003). One promising framework 
that meets these requirements is the concept of scaffolding. It 
offers a way to operationalize differentiation through 
structured, adaptive support that adjusts to students’ evolving 
levels of understanding (Belland et al., 2013). Scaffolding 
provides structured support that helps learners manage 
complex tasks while gradually fostering increasing autonomy 
and competence (van de Pol et al., 2010).

Scaffolding

The approach of scaffolding is defined in a relatively uniform 
manner, drawing on the foundational work of Wood et al. 
(1976). Scaffolding refers to the support provided to students 
as they solve problems, complete tasks, and develop new 
competencies. More specifically, scaffolding involves providing 
adaptive and contingent support tailored to students' current 
level of understanding and adjusted as learning progresses 
(Belland et al., 2013; Hammond & Gibbons, 2005). Different 
types of scaffolding are distinguished in the literature in order 
to meet different students´ needs. 

Belland and colleagues (2017) conducted a comprehensive 
meta-analysis on computer-based scaffolding in Science, 
Technology, Engineering and Mathematics (STEM) education. 
Computer-based scaffolding refers to digital forms of support 
that assist learners in solving complex, open-ended problems in 
order to foster higher-order cognitive skills (Belland et al., 
2017). The study synthesized findings from 144 experimental 
investigations comprising a total of 333 individual effect sizes. 
Across these studies, learners received scaffolded support while 
engaging with complex, ill-structured problem-solving tasks in 
instructional settings. This meta-analysis therefore examined 
the overall effectiveness of digital scaffolding as an instructional 
strategy across different age groups from elementary to adult 
education and a wide range of learning contexts. Overall, 

computer-based scaffolding showed a significant positive 
impact on students’ cognitive learning outcomes. The 
aggregated effect size was ḡ = 0.46, corresponding to a medium-
to-large effect (Cohen, 2013). This positive influence was 
consistently observed across different instructional contexts, 
types of scaffolds, and levels of student performance. A 
particular focus of the meta-analysis was on the natural science 
subjects, biology, chemistry, and physics. Among the included 
studies, 208 effect sizes were related to science instruction. The 
mean effect size of scaffolding within these science-related 
contexts was ḡ = 0.42 (95% CI [0.36, 0.48]). For science 
education in particular, this indicates that computer-based 
scaffolding yields similarly positive effects on students’ learning 
outcomes. Belland et al. (2017) further revealed positive effects 
of scaffolding according to the types of cognitive learning 
outcomes: (1) conceptual and factual knowledge, (2) 
understanding of principles, and (3) application and problem 
solving.

In addition, the effectiveness of scaffolding was examined 
with respect to the nature of the learning task and the 
instructional context. The studies included in the analysis 
encompassed a range of learning environments, such as 
problem-based learning, inquiry-based learning, and general 
problem-solving tasks (Belland et al., 2017).

Accordingly, scaffolding can be implemented in a wide 
variety of ways and is often regarded as a complement to 
existing learning materials. Scaffolds may follow a systematic 
structure, in which the provided supports are organized 
according to predefined stages. This enables learners to access 
assistance step by step and to benefit from different forms of 
support (Belland et al., 2017). This means that tasks and 
learning materials are differentiated according to varying levels 
of difficulty. Additional studies also have demonstrated 
significant positive learning gains associated with the use of 
scaffolds, which supports the results so far. (Faber et al., 2024; 
Kim et al., 2018; van de Pol et al., 2015). For example, Broman 
and colleagues (2018) examine how model-based scaffolds can 
support upper-secondary students when solving open-ended, 
context-based chemistry problems. Results show that students 
without scaffolds tended to remain at low levels of conceptual 
complexity in their solutions, whereas scaffolded tasks helped 
many of them reach higher levels of reasoning. The authors 
conclude that well-designed scaffolds can effectively promote 
deeper engagement and more advanced chemical thinking in 
context-based learning environments.

The literature distinguishes various types of scaffolds based 
on their function and form. Commonly, four major categories 
are identified (e. g., Azevedo & Hadwin, 2005; Belland et al., 
2013; Quintana et al., 2004): 
• conceptual scaffolds, which support understanding of subject 

matter,
• strategic scaffolds, which guide problem-solving approaches, 
• procedural scaffolds, which assist in the use of tools or 

resources, 
• metacognitive scaffolds, which promote reflection and self-

regulation.
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Empirical evidence indicates no statistically significant 
differences in learning outcomes among the different types of 
scaffolds (p > .05) (Belland et al., 2017). Most approaches to 
scaffolding do not explicitly distinguish between students who 
may benefit differently from the provided support. However, 
previous research has already indicated that such scaffolding 
holds substantial potential for improving learning outcomes like 
on students’ learning and self-regulation (Belland et al., 2022; 
Shao et al., 2023). 

To maintain the interest and motivation of high-achieving 
students, it is essential to provide appropriately challenging and 
enriching learning opportunities. However, inherently focuses 
on learners in need of support and thus reaches its limits when 
it comes to addressing the educational needs of high-
performing students, who require less assistance but more 
intellectual stimulation (van de Pol et al., 2010). Expanding the 
concept of scaffolding beyond its conventional remedial 
function therefore becomes necessary. Such an expanded 
perspective should acknowledge that high-achieving learners 
also benefit from adaptive support, yet not in the form of 
simplified guidance, but rather through further-thinking 
scaffolds that open up opportunities for deeper conceptual 
engagement, advanced reasoning, and autonomous 
exploration (Acosta-Gonzaga & Ramirez-Arellano, 2022; Belland 
et al., 2022). In principle, scaffolding offers a flexible framework 
for this, as it enables adaptive adjustments to learners’ varying 
competence profiles (Chernikova et al., 2025). Nevertheless, 
empirical research on how scaffolding can be intentionally 
designed to foster extended engagement and conceptual 
exploration among advanced learners remains limited. Further 
studies are needed to investigate how scaffolded extensions, 
challenge-enhancing prompts, or advanced inquiry elements 
may encourage these students to work more intensively with 
scientific ideas and learning materials.

Affective learning outcomes related to scaffolding, such as 
students’ motivation, interest, or changes in attitudes, have 
received comparatively little attention in the existing research. 
Belland et al. (2017) also emphasized this gap. Their meta-
analysis primarily focusses on cognitive performance measures, 
while affective outcomes were rarely assessed. Only a few 
studies measure affective variables, mostly motivation (Belland 
et al., 2013; Rienties et al., 2012; Tuckman, 2007). However, due 
to the limited number of positive effects of scaffolding on 
motivation, no generalizable conclusion can be drawn from 
these findings. In a study by Acosta-Gonzaga and Ramirez-
Arellano (2022), the effects of metacognitive and conceptual 
scaffolding on students’ motivation, engagement, and learning 
achievement were examined. The research followed a 
quantitative design using structural equation modelling (SEM). 
In this study, scaffolding referred to instructional support 
provided by the teacher, who frames the students’ learning 
process and gradually guides them toward independent 
learning, rather than the digital or computer-based scaffolding 
that has been the focus of much prior research. Teacher-
provided scaffolding showed a significant positive effect on 
students’ emotional and behavioural engagement. However, no 
direct influence of scaffolding on learning motivation was 

found. Instead, motivation acted as a precursor for all forms of 
engagement. So, motivated students employed more 
metacognitive strategies, such as self-regulation and reflection, 
which in turn enhanced their cognitive engagement. Ultimately, 
students’ learning achievement benefited from this increased 
level of engagement (Acosta-Gonzaga & Ramirez-Arellano, 
2022). 

Despite the growing body of research on the cognitive 
effects of scaffolding and a few studies about affective effects, 
there is also a striking lack of intervention studies that explicitly 
aim to influence affective factors, although, they play a crucial 
role in determining the depth and sustainability of learning 
(Acosta-Gonzaga & Ramirez-Arellano, 2022). 

Since one of the main aims of this research is to enhance 
students’ engagement by intentionally addressing affective 
factors, it is essential to select an instructional approach that 
effectively supports this goal. Previous studies on scaffolding 
have predominantly employed conceptual, strategic, or 
metacognitive scaffolds, which are primarily designed to 
support cognitive processes such as problem solving, reasoning, 
and self-regulation. Consequently, scaffolding alone may not 
provide a sufficiently robust framework for systematically and 
deliberately fostering students’ affective characteristics. To 
address these dimensions more directly, it is reasonable to 
consider instructional approaches that have been shown to 
positively impact students’ interest, motivation, and 
engagement. Research indicates that context-based learning 
through socio-scientific issues (SSIs) are particularly effective in 
this regard, as they connect scientific content to learners’ 
everyday experiences, personal values, and societally relevant 
questions. These approaches therefore offer promising results 
for strengthening affective engagement and promoting 
meaningful science learning. Accordingly, the SSI approach is 
implemented in this study to complement scaffolding in order 
to also address the affective dimension in students’ learning. 

Socio-Scientific Issues (SSI)

Socio-scientific issues (SSI) are defined as socially relevant, 
often controversial contexts in science education that integrate 
scientific concepts with ethical, societal, and sustainability 
concerns (Sadler, 2011). They do not only foster scientific 
literacy, but promote critical thinking, social dialogue, and the 
development of informed and responsible decision-making 
skills among students (Sadler & Zeidler, 2005). To reach these 
goals, controversial problems drawn from students' real-life 
experiences are introduced, encouraging active engagement 
with scientific content within real-world contexts (Feierabend & 
Eilks, 2010). Several models for SSI-based learning materials 
have been developed, which Sadler et al. (2016) summarized 
under three central principles: (1) the learning material should 
centre around a complex, socially relevant issue; (2) it should 
promote engagement in higher-order thinking processes; and 
(3) both the scientific and social dimensions of the issue should 
be made explicit. This approach aims to make scientific 
knowledge personally relevant and socially accepted.
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In recent years, research on SSI has increased. A growing 
number of systematic literature reviews and meta-analyses 
have been conducted, each focusing on different aspects of SSI. 
Key themes include decision-making, scientific literacy, and the 
conceptual definitions of SSI, along with how SSI can be 
implemented in classroom settings (Badeo & Duque, 2022; Çalık 
& Wiyarsi, 2021; Tekin et al., 2016; Zulyusri et al., 2022). The 
following section provides a more detailed presentation of 
these results.

Generally, the meta-analyses emphasise the potential of SSI 
for increasing engagement, interest and motivation (Bulte et al., 
2006; Parchmann et al., 2006; Romine & Sadler, 2016). Only 
some of the meta-analyses have shown some first insights into 
students´ engagement with political and societal issues (Klaver 
et al., 2023; Schulz et al., 2018). Reported effect sizes converge 
on ḡ ≈ 1.1, i.e. learners exposed to SSI progress by one full 
standard deviation over students taught with conventional 
approaches (Badeo & Duque, 2022). Badeo and Duque (2022) 
examine twelve experimental and global SSI interventions in 
their meta-analysis and find positive effects on students’ 
scientific literacy (g = 1.08) or content knowledge (g = 1.15), 
competence (g = 0.89), decision-making (g = 1.14), and 
reasoning (g = 0.81). The systematic review from Çalik and 
Wiyarsi (2021) is chemistry-focused and includes 65 papers 
(2008-2020). The results illustrate that most SSI units 
foreground immediate, real‑life connections, a focus that likely 
explains their strong motivational impact. The review also 
highlights those authentic scenarios, such as everyday 
chemicals, fossil‑fuel dilemmas, or microplastic pollution, 
interweave multiple relevance components, thereby further 
enhancing students’ perception of significance. Effects are not 
confined to content recall. They extend to decision‑making, 
argumentative reasoning, and higher-order thinking, 
demonstrating that SSI pedagogy simultaneously strengthens 
conceptual and epistemic dimensions of chemistry learning. 
The strongest effects occur in lower secondary chemistry, 
where motivation for chemistry typically dips, indicating that SSI 
can act as a retention level (Çalık & Wiyarsi, 2021). 

However, research findings indicate further potential in 
distinguishing between specific SSI as contexts for science 
learning, as different learners appear to benefit differently from 
particular contexts (Güth & van Vorst, 2023; Habig et al., 2018; 
van Vorst et al., 2015), depending on their prior knowledge and 
individual interest in chemistry (Güth & van Vorst, 2024). While 
students with low interest and low performance in chemistry 
particularly often choose everyday contexts (van Vorst & 
Aydogmus, 2021)., students with a comparably higher interest 
and performance tend to select uncommon contexts. Learners 
with a high level of interest and high performance in chemistry 
prefer to choose laboratory contexts (Güth & van Vorst, 2024), 
which address a chemical issue within the subject itself 

However, dealing with SSI in the classroom poses particular 
challenges due to their inherent complexity, ambiguity, and the 
need to integrate scientific knowledge with ethical, social, and 
personal perspectives. These characteristics place high 
cognitive and emotional demands on students, especially those 
with lower prior knowledge or less developed reasoning skills. 

As a result, students often require structured instructional 
support to engage productively with SSI and to develop 
informed positions through argumentation and critical 
reflection. For these reasons, combining SSI and scaffolding may 
offer a particularly promising approach.

The Role of Engagement in SSI-based Learning

As SSI-based learning environments require students not only 
to understand scientific content but also to evaluate complex, 
real-world problems, students’ personal involvement, critical 
thinking, and autonomous decision-making are necessary to 
solve SSI-based problems appropriately (Appleton et al., 2008). 
For this reason, it is essential for the successful implementation 
of SSI in the classroom to promote students’ engagement in 
addition to scientific content knowledge. Engagement plays a 
central role in both educational and psychological research, as 
it serves as a key mediator between motivational processes and 
actual learning outcomes (Azevedo, 2015). It reflects the extent 
to which students invest cognitive, emotional, and behavioural 
resources in the learning process. Accordingly, the concept of 
engagement in educational and psychological research is 
generally understood as a multidimensional construct 
encompassing behavioural, emotional, and cognitive 
components (Azevedo, 2015; Finn & Zimmer, 2012; Sinatra et 
al., 2015). Behavioural engagement refers to students’ 
participation, effort, and persistence in academic activities. 
Emotional engagement captures affective reactions such as 
interest, enjoyment, or a sense of belonging that accompany 
learning processes. Cognitive engagement involves the 
investment of mental effort in understanding complex ideas, 
employing deep learning strategies, and engaging in self-
regulated thinking. Together, these dimensions describe the 
quality and intensity of students’ active involvement in learning 
and are considered essential indicators of meaningful 
educational participation. From a psychological perspective, 
engagement represents the visible manifestation of motivation 
(Azevedo, 2015; Ryan & Deci, 2020). In classroom contexts, 
engaged students are more likely to demonstrate curiosity, self-
regulation, and resilience when faced with challenging content. 
In contrast, low engagement often leads to surface-level 
learning and disengagement from science as a discipline 
(Inkinen et al., 2020; Schnitzler et al., 2021). For this reason, 
fostering engagement is considered essential for promoting 
both cognitive growth and positive affective development in 
science education (Azevedo, 2015; Fredricks et al., 2004). 

This perspective allows for a nuanced consideration of the 
level or degree of student involvement or participation within 
the classroom context (Li et al., 2023; Sinatra et al., 2015). 
However, the concept of engagement used in this study extends 
beyond the traditional three-dimensional model (Fredricks et 
al., 2004).  In subsequent theoretical developments, additional 
facets have been incorporated to capture more nuanced forms 
of students’ active participation. Reeve (2013), for instance, 
introduced the notion of agentic engagement, which refers to 
students’ constructive contributions to the flow of instruction, 
such as expressing preferences, asking questions, or proposing 

Page 5 of 29 Chemistry Education Research and Practice

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

C
he

m
is

tr
y

E
du

ca
tio

n
R

es
ea

rc
h

an
d

P
ra

ct
ic

e
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 5

/2
1/

20
26

 1
0:

19
:5

3 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D6RP00019C

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6rp00019c


ARTICLE Journal Name

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

ideas that influence their own learning environment. This 
dimension emphasizes learners’ proactive role in shaping 
educational interactions rather than merely responding to 
them. It also reflects the degree to which students 
autonomously motivate themselves and actively participate in 
shaping their learning (Reeve et al., 2022; Reeve & Shin, 2020). 
Moreover, the concept of engagement, as traditionally 
conceptualized, exhibits notable parallels to Krapp’s (2002) 
theory of interest, particularly in the attribution of an emotional 
component to the state of being engaged. Drawing on Krapp’s 
(2002) theory of interest, the present study therefore extends 
the operationalization of engagement by incorporating the 
value-related component of interest as an additional dimension 
(value-related engagement). This inclusion is grounded in the 
assumption that the subjective value ascribed to a learning 
situation and its content may likewise foster higher levels of 
engagement in class. Value-related engagement refers to the 
perceived personal relevance and importance of learning 
activities (Fechner, 2009). Together, these extensions offer a 
more comprehensive framework for analysing students’ 
multifaceted involvement in learning processes.

Aims and Research Question
Scientific topics coming along with ESD are often complex and 
require substantial background knowledge. To enable students 
to engage competently with these complex issues, both 
performance and engagement must be explicitly promoted. 
Furthermore, students need additional instructional support 
through differentiated learning approaches. The concept of 
scaffolding has already shown positive effects on learning 
outcomes in previous studies (Belland et al., 2017; Faber et al., 
2024; Shao et al., 2023). Nevertheless, its implementation, 
especially in chemistry education, has been rather limited, and 
only few large-scale studies have systematically examined its 
potential impact. The influence of scaffolding on affective 
parameters has also received little attention so far (Belland et 
al., 2017). The integration of SSI with different thematic 
contexts has been shown to positively influence students’ 
engagement (Badeo & Duque, 2022; Feierabend & Eilks, 2010; 
Klaver et al., 2023). However, a clear research gap remains, as 
no studies have yet examined this relationship explicitly, 
particularly regarding whether ESD-related materials based on 
SSI can achieve such effects. Moreover, the combination of both 
approaches, SSI and scaffolding, to simultaneously address 
affective and cognitive aspects of learning has not yet been 
investigated. Hence, the present study aims to investigate the 
effectiveness of scaffolding as an approach to differentiation 
based on learners’ cognitive prerequisites, in comparison to 
differentiation grounded in affective learner characteristics, 
implemented using distinct SSI for ESD. In the present study, 
scaffolding and SSI were conceptualised as distinct instructional 
design principles. As an additional result, instructional materials 
that allow teachers to directly implement empirically tested, 
curriculum-aligned ESD content in their classrooms will be 
developed and evaluated. 

On the one hand, scaffolding will be applied to provide 
cognitive support, ensuring that both lower- and higher-
achieving students can benefit from the learning materials. This 
allows for the investigation of whether scaffolding effectively 
enhances students’ performance across different performance 
levels. On the other hand, SSI will be implemented to address 
affective factors, specifically, students’ engagement, with the 
aim of increasing their proactive attitude and involvement in 
chemistry learning.

Furthermore, the study will examine whether a combination 
of both approaches, scaffolding and SSI, can jointly foster 
cognitive and affective outcomes. Given the considerable 
heterogeneity among students in both cognitive ability and 
affective disposition, this investigation will provide valuable 
insights into how diverse learners can be effectively supported 
in ESD-oriented chemistry instruction. With the help of a 2x2 
study design, the effects of these two methods of 
differentiation are investigated, resulting in the following 
research question (RQ):
To what extent do …
a) socio-scientific issues (SSI), 
b) scaffolding,
c) SSI and scaffolding in combination 
… influence students’ engagement and their performance in 
chemistry education?

Based on the described state of research, the following 
hypotheses can be formulated accordingly:
(1) Engagement is positively influenced by SSI.  

(Badeo & Duque, 2022; J. Bennett & Lubben, 2006)
(2) Performance is positively influenced by scaffolding. 

(e.g., Belland et al., 2017; D. Bennett et al., 2016)
(3) Engagement and performance are positively influenced by 

the combined use of SSI and scaffolding. 

Methods
Material Development

In light of the need to develop materials that align with ESD, the 
school curriculum in organic chemistry was recently expanded 
(MSB KLP, 2019). As a result, new learning materials had to be 
developed, because also no existing resources offered 
appropriate options for differentiated instruction. The 
development of the learning materials in this study is based on 
the concept of Ladders of Learning (LL), which offers a clear, 
structured, and student-centred framework for guiding 
individual learning processes (van Vorst, 2018). In its original 
form, a LL represents both the content and methods of 
instruction through a sequence of structured units arranged in 
a linear progression (Müller et al., 2015). Each content area is 
divided into thematic sections, referred to as milestones, which 
correspond to the rungs of a ladder. Each milestone consists of 
several instructional units that typically follow a consistent 
pattern:

(1) Introductory – acquisition of new knowledge;
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(2) Reinforcement – independent use and consolidation of 
knowledge;

(3) Evaluation – diagnosis of potential knowledge gaps;
(4) Remedial work – targeted exercises to close gaps;
(5) Enrichment – transfer and deeper application of 

acquired knowledge.
Building on the structure from van Vorst (2018), the present 
study adapts the LLs approach to a digital learning material on 
tablets that can be accessed quickly and used across diverse 
classroom settings. Digital implementation enables the 
integration of multimedia elements, interactive scaffolds, and 
adaptive feedback systems that support differentiated learning 
pathways (Maier & Klotz, 2022; Reinhold et al., 2024). 
Furthermore, the digital LL offers the potential for continuous 
empirical evaluation and iterative improvement, ensuring that 
ESD-related content could be implemented efficiently and 
sustainably in contemporary chemistry education.

The learning material for this study contained three 
consecutive learning units on the subject of organic chemistry: 

Milestone 1: polymers and their properties
Milestone 2: a recycling cycle
Milestone 3: the greenhouse effect

These topics are mandatory for the third year of chemistry 
instruction according to the current curriculum (MSB KLP, 
2019). Beyond this, they also address current and socially 
significant issues directly linked to the goals of ESD. Specifically, 
the learning material contributes to SDG 12 – Responsible 
Consumption and Production, by encouraging students to 
critically reflect on the life cycle and environmental impact of 
synthetic materials, and to SDG 13 – Climate Action, by 
connecting chemical principles with climate-related 
phenomena such as the greenhouse effect (UNESCO, 2017). In 
this way, the LL helps students understand how chemistry can 
contribute to sustainable solutions for global challenges. 

The learning material included phases of independent work 
with digital materials as well as structured partner and small-
group activities. In addition to text-based tasks, the materials 
incorporated integrated hands-on activities related to the 
respective content like conducting experiments in the lab or 
creating models as visualisations. Thus, students engaged with 
the subject matter through a combination of individual, 
collaborative, and practical work formats within the 
intervention. 

To support students in the learning process, continuous 
feedback was integrated in the LL. At the beginning of the first 
milestone, students receive initial feedback based on their 
results in the prior knowledge test, indicating which level of 
optional support they might choose. After each reinforcement 
phase and each evaluation, students receive additional 
feedback, allowing for a gradual adjustment in the extent to 
which the scaffolds were used throughout the learning process. 

For each task, scaffolds were integrated optionally, as the 
learning material could also be completed without them. All 
scaffolds were available for every student and were placed next 
to the task. Students could click on a scaffold if they wanted to 
and were allowed to use more than one scaffold. Different 
scaffold formats were implemented:

Strategic scaffolds were used to provide initial assistance by 
encompassing techniques such as paraphrasing, planning 
partial steps or activating prior knowledge. For example, 
relevant information from previous learning materials were 
explicitly referenced to help students complete the current 
task. In addition, the task itself may have been pre-structured, 
allowing learners to organize information more easily, for 
instance, by filling in a prepared table or by receiving suggested 
text elements as guidance.

Conceptual scaffolds that provide supplementary 
information about the learning content were integrated, like 
clarifications of key terms, references to relevant formulas, 
data, or scientific laws. In these scaffolds, students received the 
necessary information directly. Additionally, the theoretical 
content was presented in a simplified and condensed form, 
focusing on the essential concepts, e.g. by using fill-in-the-blank 
exercises or other supportive formats that were meant to 
reduce cognitive load. Supplementary visual elements, such as 
models, photos, and illustrations, are also included to support 
the content. 

Support for further thinking was provided to offer challenges 
for high-achieving students. These scaffolds included additional 
application scenarios, problem-solving tasks, or opportunities 
for generalized learning, and, hence, engaged high-performing 
students more deeply with the topic. The following Figure 1 and 
2 show an example task that illustrates the three different types 
of scaffolding. In the actual learning environment, selecting a 
scaffold revealed only the respective support. For illustrative 
purposes in this article, all scaffolds are shown simultaneously. 
In this example task, students are encouraged to engage in 
further reasoning by developing ideas for a simple experiment 
that could be used to test the theoretical explanation addressed 
in the task. This element represents the scaffold for further 
thinking, as it requires students to apply the acquired concepts 
to a new situation and design a possible experimental approach. 
The strategic scaffold provides a visual hint referring back to a 
previous task, prompting students to transfer their knowledge 
from the earlier thematic context to the greenhouse effect 
discussed in the current task. In contrast, the conceptual 
scaffold supports students by providing a short explanatory text 
in which key terms only need to be integrated into a correct 
sentence, thereby reducing the complexity of the task and 
facilitating conceptual understanding. This is an example, so the 
support methods vary in the tasks and can also take different 
forms as described, so that the learning material remains 
varied.

In contrast to the differentiation provided through 
scaffolding, different SSI were implemented as an overarching 
thematic layer across each milestone (Table 1). Within every 
milestone, students could choose between three different 
thematic SSI in which to work through the learning material.
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Figure 1: Example task from the learning material with the three scaffolding types on the 
right-hand side: support for further thinking (head with brain), strategic (construction 
cone), conceptual (question mark)

Figure 2: Example task from the learning material with the three scaffolding types on the 
right-hand side: support for further thinking (head with brain), strategic (construction 
cone), conceptual (question mark)

All SSI were broadly related to the overarching theme of 
food and nutrition and, in line with the literature (Badeo & 
Duque, 2022; Sadler et al., 2016; van Vorst et al., 2015) 
presented earlier, represented three types of contexts: one 
focused on an everyday-life issue (everyday context), another 
one addressed a special and socially relevant phenomenon 
(uncommon context), and a third context focused on a subject-
specific scientific application in the lab (laboratory context). It 
should be noted that, although the curriculum defines 
overarching topics in organic chemistry (e.g., polymers or the 
greenhouse effect), it does not prescribe specific instructional 
contexts. The selection and implementation of contexts are 
therefore part of the instructional design rather than inherent 
to the curriculum. In the present study, the same curricular 
topics were addressed across conditions, while the contextual 
framing differed systematically. 

Table 1: SSI thematic differentiation through three different contexts for each 
milestone

contextMile-
stone everyday uncommon laboratory

1 Plastic 
packaging in 
our 
everyday 
lives

The 
appearance of 
garbage islands 
due to plastic 
packaging

Use of plastic in 
the laboratory

2 Recycling 
food 
packaging in 
Germany

Recycling 
plastic to 
combat 
pollution in the 
world's oceans

Recycling plastics 
from the 
laboratory

3 How do 
your eating 
habits affect 
the Earth's 
climate?

Algae as the 
food of the 
future: Can it 
solve the 
problem of 
climate 
change?

Demonstrating 
the greenhouse 
effect in the 
laboratory

The selection of these SSI aligns closely with several SDGs, 
particularly SDG 2 – Zero Hunger, SDG 12 – Responsible 
Consumption and Production, SDG 13 – Climate Action, and SDG 
14 – Life Below Water. These connections reflect the relevance 
of sustainable food consumption, the use and recycling of 
plastics in everyday life, and the environmental consequences 
of plastic pollution in marine and terrestrial ecosystems 
(UNESCO, 2017). After completing each milestone, students 
were free to choose a different SSI for the next milestone. 

However, it is essential to emphasize that all students 
engaged with identical content and tasks, while only the 
thematic framing of the learning tasks varied. To maintain 
comparability across conditions, a uniform layout was used for 
every SSI, preventing potential bias in students’ choices due to 
variations in text amount or presentation style. 

Study Design and Instruments 

To answer the research question, a quasi-experimental 
intervention study in a pre-/post-design was conducted in 13 
upper secondary schools (German: Gymnasium) across North 
Rhine-Westphalia, Germany. A total of 20 teachers participated 
with their chemistry courses (n = 35 courses) voluntary. The 
courses were randomly assigned to one of four intervention 
groups in advance, illustrated in Figure 3. Students in 
intervention group S+SSI received both scaffolding and SSI. 
Students in intervention group S only received scaffolding while 
students in intervention group SSI were able to choose between 
different SSI but without scaffolds. The fourth intervention 
group served as a control group (CG) in which neither SSI nor 
scaffolding were available. The control group worked with tasks 
embedded in the laboratory context. This design decision was 
made because previous research suggests that this type of 
context is the least frequently chosen by students when 
alternatives are available (Güth & van Vorst, 2024). At the same 
time, laboratory contexts closely resemble the traditional, 
content-focused approach commonly used in chemistry 
instruction. Using this context for the control group therefore 
allows for a baseline condition that reflects typical classroom 
practice, while minimizing additional motivational influences 
that might arise from more engaging or personally relevant 
contexts. In general, all students worked on the same content 
and tasks, ensuring that potential differences in learning 
outcomes could be attributed to the experimental conditions 

Kunststoffe

c) Now think back to the experiment with the ice cubes from the beginning. Use the
greenhouse effect to explain the observations you made there. Then explain why
tomatoes can be grown in greenhouses even in winter.

The Greenhouse Effect

Experiment Setup
“Ice Cubes in a Glass in the Sun”

Overview NEXTBACK

Milestone 4 Introductory

Kunststoffe

Collect ideas for an experiment that
could help you test your explanation.

BACK

The Greenhouse EffectMilestone 4 Introductory

Overview

Take a look at this tip.

Complete the following sentences using the keywords to answer the question.
The ice cube in the closed beaker melts faster than in the Petri dish because [temperature– glass –
higher] ____________________ . As a result, it can [release – less – heat – to the surroundings]
____________________. Since the greenhouse is also enclosed, [escapes– less – heat – environment]
____________________, so that [tomato plants– winter – better – grow] ____________________ .
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rather than variations in learning material. SSI and scaffolding 
were implemented as independent experimental variables 
within the 2×2 design.

Combination group (S+SSI):
(+) Scaffolding

(+) SSI
nS+SSI = 186

Scaffolding group (S):
(+) Scaffolding

(-) SSI
nS = 184

SSI group (SSI):
(-) Scaffolding

(+) SSI
nSSI = 160

Control group (CG):
(-) Scaffolding

(-) SSI
nCG = 132

Figure 3: Intervention groups of the 2x2-design in the intervention study

Figure 4 summarises the proceeding of the intervention. 
Before the intervention started, students completed a pretest 
during their regular chemistry class. This test measured 
conceptual and factual knowledge relevant to the LL and took 
about 45 to 60 minutes. As a dependent variable students’ 
content knowledge in organic chemistry was assessed with a 
multiple-choice single-select test (Celik, 2022; self-developed). 
The core instrument was previously developed and validated by 
Celik (2022). However, due to the recent extension of the school 
curriculum (MSB KLP, 2019), the original instrument did not 
include items covering newly introduced organic chemistry 
content. Therefore, additional items were developed in 
alignment with the updated curricular specifications (n = 21). 
These newly developed items were evaluated in a pilot study 
prior to the main intervention. Item quality was examined using 
standard procedures of test construction, including analyses of 
item difficulty and discrimination (Bond, 2015). Reliability of the 
pilot instrument was assessed using expected a posteriori (EAP) 
reliability, which indicated good internal consistency 
(EAP = .88). In addition to psychometric criteria, item selection 
was guided by content considerations. As the pilot instrument 
covered a broader range of topics (e.g., alkanes and alkanols), 
only those items were retained that aligned with the content 
focus of the main study (n = 11). This selection was informed by 
the empirically validated learning progression from Celik (2022), 
so that the test now comprises N = 18 items. However, the 
remaining items were used in the prior knowledge test (n = 10). 
In total, there are N = 23 items.  The exact distribution can be 
found in Table 2.

Additionally, students’ engagement in chemistry was 
assessed with an adapted version of the engagement 
questionnaire by Li et al. (2023). The instrument comprises four 
subscales representing emotional, cognitive, behavioural, and 
agentic engagement. To extend the theoretical framework, 
items on value-related valence were included, adapted from 
Fechner (2009), to capture the perceived relevance of learning 
content. All items were rated on a five-point Likert scale ranging 
from 1 (strongly disagree) to 5 (strongly agree). The 
engagement subscales were examined using confirmatory 
factor analysis (CFA). First, a CFA was conducted at pre-
measurement to test the hypothesised five-factor structure of 
the engagement questionnaire (cognitive, behavioural, 
emotional, agentic, and value-related engagement). The model 

showed acceptable fit to the data, χ²(199) = 1066.85, p < .001, 
CFI = .85, TLI = .82, RMSEA = .081, SRMR = .078. All items loaded 
significantly on their respective factors, with standardised 
loadings ranging from .30 to 1.16. Subsequently, a longitudinal 
CFA was estimated to examine the stability of the measurement 
model across time (pre- and post-measurement). Given the 
ordinal nature of the indicators, models were estimated using 
the diagonally weighted least squares (DWLS) estimator. The 
configural model, specifying the same factor structure across 
time, showed an acceptable fit to the data, χ²(857) = 2898.51, 
CFI = .885, TLI = .873, RMSEA = .072, SRMR = .075. Metric 
invariance was tested by constraining factor loadings to be 
equal across time. Model comparisons indicated only negligible 
changes in fit (ΔCFI = .009, ΔRMSEA = −.004), supporting metric 
invariance. Subsequently, threshold invariance was examined 
by additionally constraining item thresholds across time. This 
more restrictive model showed only minor changes in fit (ΔCFI 
= −.01, ΔRMSEA = .000), suggesting that threshold invariance 
can be assumed. Although the chi-square difference test was 
statistically significant, Δχ²(88) = 430.37, p < .001, this result was 
expected given the large sample size. Therefore, the evaluation 
of invariance was primarily based on changes in approximate fit 
indices, which supported the assumption of longitudinal 
measurement invariance (Brown, 2015; Chen, 2007; Meredith, 
1993). Based on these results, measurement invariance was 
supported, and all items were retained. Consequently, the five-
factor structure was maintained for subsequent analyses.

As control variables, students’ descriptive and background 
data were surveyed in the pre-test, including gender, school 
grade, and course choice in upper secondary education. In 
addition, students’ prior knowledge in chemistry, relevant for 
understanding the chemical content in the LL, was measured 
using a multiple-choice single select test (self-developed; Celik, 
2022). After the intervention, dependent variables (content 
knowledge in organic chemistry and engagement) were 
assessed again, using identical instruments as in the pretest. 
Additionally, students’ satisfaction with the learning 
environment (adapted from Engeln, 2004) and its usability 
(adapted from Brooke, 1995) were measured. Unfortunately, it 
was not possible to include tracking data on individual scaffold 
usage as students works on their own digital devices. Table 2 
gives an overview of the instruments used in this study. While 
most scales demonstrated high reliability, the usability scale 
showed poor internal consistency. Therefore, no further 
statistical analysis will be conducted for these measures. This 
low reliability likely resulted from an insufficient distinction 
between satisfaction with the learning material itself and the 
technical aspects of the digital tool used to present the learning 
material.

Pre-
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Intervention
Post-
test

3 lessons 3 lessons 4 lessons

1 
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Intermediate 
test (5-10 
minutes)

Intermediate 
test (5-10 
minutes)

Intermediate 
test (5-10 
minutes)

Figure 4: Proceeding of the conducted intervention

Procedure and Participants

The intervention was conducted during 12 regular chemistry 
lessons (45 minutes each) and was integrated in regular 
chemistry courses in school. Students worked on the LL every 
week during their regular chemistry lessons on their own tablet 
computers. The teacher primarily assumed a facilitating and 
organizational role, providing guidance on the overall workflow, 
answering questions when necessary, and ensuring that all 
students were at the same progress level at the end of each 
lesson. A detailed lesson plan was provided to the teacher to 
support this process. Pre- and post-tests were administered in 
the presence of a trained research assistant to ensure that all 
test items were completed individually and anonymously. This 
research assistant was available for any technical, 
organisational, and content-related questions of the teachers, 
also about the whole execution time both by telephone and 
email.

A total of N = 1177 students started with the intervention, 
while n = 662 complete data sets could be used for further 
analysis. 

The remaining students were distributed almost evenly 
between the intervention groups, nS+SSI = 186, nSSI = 160, nS = 
184, nCG = 132. Students age was around 15 years and about 
52.6 % of the students were female. The school grade was 
within the expected range, which was between 2 and 3b. 
(SD = 0.99). 

The relatively long duration of the intervention and the 
limited time available before the summer holidays meant that 
some classes were unable to complete all learning units. For this 
reason, n = 259 students were sorted out by class. In some 
cases, individual students missed either the pre- or post-test 
due to illness, school absence, or class changes, which led to 
their exclusion from the dataset (n = 215). Other external 
factors also played a role in the data loss. The intervention took 
place during the second half of the school year, when chemistry 
lessons were typically taught two lessons per week, and in some 
schools only one lesson per week due to organizational 
constraints. School vacations, public holidays, excursions, and 
other school events further reduced the available time, creating 
additional time pressure for an already extensive intervention. 
So, n = 703 students remain in the data set for the time being. 
Additionally, students who completed the learning material in 
an unusually short amount of time were excluded, as it was 
assumed that they had clicked through the digital material 
without proper interaction or reflection (n = 41). As the last 
exclusion comprised only about 3% of the dataset, it was 

considered unlikely to introduce systematic bias or 
meaningfully affect the overall results (Little & Rubin, 2002).

Consequently, most of the missing data can be attributed to 
external organizational factors or student absences rather than 
systematic bias. Therefore, the data were assumed to be 
missing completely at random (MCAR) (Barnes et al., 2008). 
Based on this assumption, listwise deletion was applied to cases 
with missing values in order to avoid biasing the dataset. 
Estimating missing values was not considered appropriate 
under the MCAR condition.

b. In Germany, the grading system typically ranges from 1 to 6, where 1.0 
represents "very good," 2.0 "good," 3.0 "satisfactory," and 4.0 "sufficient." 
Grades of 5.0 indicate "poor" performance, while 6.0 represents "fail."
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Table 2: Overview of instruments, subscales, and their reliabilities

Time Instrument Variable type Subscale(s) No. of Items Example Item Reliability (α)

Pre & 
Post

Performance test 
(adapted from Celik, 

2022; self-developed)

Dependent (cognitive)
4-multiple choice, 

single select

Organic chemistry 
knowledge

n = 7 (adapted from 
Celik, 2022)

n = 11 (self-developed)

18
“What are the main differences between 

thermoplastics, duroplastics and 
elastomers?”

Pre = .59, 
Post = .81

Pre & 
Post

Engagement 
questionnaire 
(adapted from 

Fechner, 2009; Li et 
al., 2023)

Dependent (affective)
5-likert scale 22 Pre = .90, 

Post = .93

cognitive 5 “In chemistry class, I try to connect what I'm 
learning with what I already know.”

emotional 5 “I enjoy learning new things in chemistry 
class.”

behavioural 5 “In chemistry class, I listen attentively to my 
teachers and classmates.”

agentic 5
“In chemistry class, I make suggestions on 

how to solve the problems more 
effectively.”

value-related 2 “I find that what I learn in chemistry class is 
very useful.”

Pre Demographic data Control Gender, grade, course 
choice 3 “What is your gender?” —

Pre
Prior knowledge test
(adapted from Celik, 

2022; self-developed)

Control / Covariate
4-multiple choice, 

single select

General chemistry 
knowledge

n = 13 (adapted from 
Celik, 2022)

n = 10 (self-developed)

23 “Which of the following interactions is an 
intermolecular interaction?” .64

Post

Satisfaction with 
learning environment

(Güth & van Vorst, 
2024)

Control
5-likert scale 4 “I was satisfied with the topic of my task.” .92

Post Usability scale
(Brooke, 1995)

Control
5-likert scale 10 “I think working in the online learning 

environment is easy.” .39
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Data Analyses
Given the hierarchical structure of the collected data and the 
2×2 factorial design, a linear mixed-effects model (LMM) is an 
appropriate method for statistical analysis (Molenberghs & 
Verbeke, 2025; Tijmstra & Bolsinova, 2023). This approach 
accounts for both fixed and random effects, allowing the model 
to control for dependencies, in this case, students nested within 
classes. Since randomization was carried out at the class level 
and a 2×2 factorial design was implemented, LMMs are 
particularly well-suited to disentangle treatment effects from 
classroom-level variance and to increase the precision of 
estimated effects by modelling intra-class correlations (Lazega 
& Snijders, 2016). This approach allows for the examination of 
main and interaction effects between the two factors. This is 
particularly important when analysing group differences in 
dependent variables, as it prevents inflation of Type I error rates 
that can occur when ignoring data dependency. Thus, the use 
of LMM in this study provides a statistically sound framework to 
test for differences and interactions in engagement and 
performance across the experimental groups while 
appropriately handling the data structure. In addition, linear 
mixed models are robust to unequal sample sizes across 
treatment groups, as parameter estimation is based on 
(restricted) maximum likelihood, allowing all available data to 
contribute proportionally to the model estimates.

In accordance with common practice in the analysis of linear 
mixed-effects models, this study adopts the conventional 
significance level of α = .05 for hypothesis testing (Luke, 2017). 
This threshold balances the risk of committing a Type I error 
(false positive) with the practical need for detecting meaningful 
effects. However, given the factorial design and multiple 
comparisons involved in examining both main and interaction 
effects, there is an increased risk of inflating the overall Type I 
error rate. To address this issue, an alpha error correction 
method will be applied to control for multiple testing. Such 
corrections reduce the likelihood of false positives by adjusting 
the threshold for statistical significance. Common approaches 
include the Bonferroni correction or the False Discovery Rate 
(FDR) procedure (Benjamini & Hochberg, 1995), which maintain 
the family-wise error rate or the expected proportion of false 
discoveries within acceptable limits. Employing these 
corrections enhances the robustness of the findings by ensuring 
that significant results are not due to chance alone, thus 
increasing the reliability and validity of the conclusions drawn 
from the data.

Findings
To ensure the comparability of the intervention groups, a 

multivariate analysis of variance (MANOVA) including the 
control variables was conducted at the beginning of the data 
analysis. A MANOVA allows the simultaneous examination of 
group differences across several dependent variables while 
controlling for potential intercorrelations among them. This 
approach provides a more comprehensive assessment of 
overall group comparability than separate univariate analyses 

(Field, 2024). There are no significant differences in gender, 
school grade and course choice for upper secondary school 
between students in the four intervention groups. There are 
significant differences between the intervention groups on pre-
performance. Group S+SSI has a significant higher test score 
then the other intervention groups, F(3, 699) = 4.44, p = .004, 
η2 = .02. Also, in engagement there are significant differences at 
the pre-test, F(3, 658) = 2.63, p = .049, η2 = .01. The control 
group reports about a significant higher engagement then 
group S+SSI. Hence, students’ engagement and their pre-test 
results in the performance test have been used as covariates in 
the following analyses. 

Figure 5 and 6 present the descriptive statistics for the 
measured variables performance and engagement across the 
four intervention groups. The descriptive data show an increase 
from pre- to post-test for performance for all groups, suggesting 
general learning progress across conditions. Group SSI shows 
the highest post-test mean (M = 10.73, SD = 3.56), whereas the 
control group exhibits slightly lower performance gains 
(M = 9.83, SD = 3.78). In terms of engagement, mean values are 
relatively stable across groups, with small increases from pre- 
to post-measurement. 

Detailed descriptive statistics for the five engagement 
subscales (emotional, cognitive, behavioural, agentic, and 
value-related) are reported in the Appendix (Figure 7-11). The 
mean values are relatively stable across groups, with partly 
small increases from pre- to post-measurement. On average, 
the mean scores vary somewhat. For example, the mean score 
for emotional engagement in group S+SSI (M = 2.56, SD = 0.71) 
is about one point higher at the pre-measurement than that for 
agentic engagement (M = 1.23, SD = 0.79). However, there is no 
significant change over time in any engagement scale.

Based on these descriptive results, LMMs were calculated to 
reveal differences between the intervention groups. The LMMs 
reported here use the control group as the reference category, 
as this comparison most directly addresses the research 
question. For the sake of statistical completeness and to verify 

M = 7.97, SD = 2.95
M = 10.12, SD = 3.57

M = 7.02, SD = 2.91
M = 10.73, SD = 3.56

M = 6.96, SD = 2.57
M = 10.10, SD = 3.55

M = 7.11, SD = 3.03
M = 9.83, SD = 3.78

Figure 5: Descriptive statistics for performance (total score) with means (M) and 
standard deviation (SD) for all intervention groups pre and post. MT = Measurement, T 
= Treatment, S = Scaffolding, SSI = Socio-scientific Issues
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the robustness of the findings, additional models were 
estimated in which each intervention condition served once as 
the reference group. 

These supplementary analyses produced patterns fully 
consistent with the results presented in the main text. 
Accordingly, no further model outputs are reported here; full 
results are provided in the appendix (Table 8-10).

Results on Performance

The LMM was conducted with performance as the dependent 
variable. Random effects were specified for both classes and 
individual learners to account for the nested data structure. 
Fixed effects included engagement, measurement occasion (pre 
vs. post), intervention group (group S+SSI, S, SSI vs. control 
group), and their interactions. This model structure allows to 
examine how engagement and intervention conditions 
influenced performance over time, whilst controlling for 
variability at the classroom and student levels.

The variance components (Table 3) indicate that the 
majority of variance in performance occurred at the individual 
level rather than between classes. Specifically, student-level 
variance within classes (σ² = 3.67, SD = 1.92) exceeded class-
level variance (σ² = 0.40, SD = 0.63), suggesting that differences 
between students were more pronounced than between 
classrooms. This finding indicates that individual differences 
between students account for most of the variance in 
performance, whereas class-level factors, such as teacher 
influence, play a comparatively smaller role. In other words, 
performance differences are primarily driven by students’ 
individual characteristics and learning processes rather than by 
the specific class to which they belong. This suggests that 
student-level variables, such as performance or engagement, 
are likely to have a greater impact on learning outcomes than 
contextual classroom factors.

The LMM explained approximately 55% of the variance in 
performance (R² = 0.55), indicating a moderate to strong model 
fit.

Table3: LMM with performance as the dependent variable, with class and students (ID) 
specified as random effects, and engagement, measurement occasion, intervention 
group, and their interaction as fixed effects (conditional R2 = 0.55). Model specification: 
Performance ~ 1 + Measurement + Engagement + Treatment + Measurement × 
Treatment + (1 | class / ID). 

Variance Std. Dev.

Intercept
(ID:class) 3.6729 1.9165

Intercept
(class) 0.4018 0.6339 

Residual 5.8997 2.4289 

The overall model effect was statistically significant, 
b = 5.66, t(912) = 9.97, p < .001, supporting the relevance of the 
included predictors. Both measurement occasion (post-test) 
and engagement were significant positive predictors of 
performance, indicating that performance improved following 
the intervention and that engagement was consistently 
associated with better outcomes. This means that students who 
reported higher levels of engagement also achieved better 
performance outcomes. Although the main effects for the 
treatment groups were non-significant, significant interaction 
effects emerged for groups SSI (β = 0.42, p < .01) and S 
(β = 0.40, p < .01). Students in these groups showed greater 
performance gains from pre- to post-test compared to the 
control group as shown in Table 4, suggesting that the 
intervention was particularly effective in these conditions. No 
significant interaction was found for group S+SSI in comparison 
to the control group. The two conditions that received only one 
treatment (SSI or S) were also significantly better compared to 
the S+SSI group. This indicates that students who experienced 
only one differentiation method, either scaffolding or SSI, 
showed significantly greater learning gains than those who 
received no differentiation or a combination of multiple 
differentiation methods.

Table 4: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting performance. The model includes measurement 
occasion, treatment condition, engagement, and their interactions. Asterisks denote 
levels of statistical significance (p < .05 = *, p < .01 = **, p < .001 = ***). 
MT = Measurement, T = Treatment, S = Scaffolding, SSI = Socio-scientific Issues

Std. beta [95% CI] t

MT (measurement) 
[post] 0.64 [0.45, 0.84] *** 6.43

T (treatment) [S+SSI] 0.16 [-0.13, 0.45] 1.09

T (treatment) [SSI] -0.15 [-0.45, 0.15] -0.99

T (treatment) [S] -0.17 [-0.46, 0.12] -1.14

Engagement 0.15 [0.09, 0.21] *** 4.94

MT [post] × T [S+SSI] 0.06 [-0.19, 0.32] 0.50

MT [post] × T [SSI] 0.42 [0.15, 0.68] ** 3.11

MT [post] × T [S] 0.40 [0.14, 0.65] ** 3.02

Figure 6: Descriptive statistics for engagement (mean score) with means (M) and 
standard deviation (SD) for all intervention groups pre and post. MT = Measurement, T = 
Treatment, S = Scaffolding, SSI = Socio-scientific Issues
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Results on Engagement 

The LMM was conducted with engagement as the dependent 
variable. Random effects were specified for both classes and 
individual learners to account for the nested data structure. 
Fixed effects included measurement occasion (pre vs. post), 
performance, intervention group (groups S+SSI, SSI, S vs. control 
group). This model structure allows to examine how 
performance and intervention conditions influenced 
engagement over time, whilst controlling for variability at the 
classroom and student levels. The comparison with the other 
intervention groups as a reference group can be found in the 
appendix, but further analyses confirm the results presented 
here. The variance components (Table 5) indicate again that the 
majority of variance in engagement occurred at the individual 
level (σ² = 0.24, SD = 0.49), with a notably smaller portion 
attributable to differences between classes (σ² = 0.02, 
SD = 0.15). The residual variance was 0.15 (SD = 0.38), 
suggesting that unmeasured individual factors still accounted 
for some variation.

Table 5: LMM with engagement as the dependent variable, with class and students (ID) 
specified as random effects, and measurement occasion, performance, and intervention 
group as fixed effects. Model specification: Engagement ~ 1 + Measurement + 
Performance + Treatment + (1 | class / ID). 

Variance Std. Dev.

Intercept
(ID:class) 0.23625 0.4861

Intercept
(class) 0.02375 0.1541

Residual 0.14712 0.3836

The model (Table 6) explained approximately 65% of the 
variance in engagement (R² = 0.65), indicating a strong model 
fit. The overall model effect was statistically significant, b = 2.15, 
t(915) = 22.76, p < .001. Among the fixed effects, performance 
was a significant positive predictor of engagement (β = 0.14, 
p < .001), indicating that higher-performing students were also 
more engaged. However, neither measurement occasion 
(β = 0.04, p = .43) nor the treatment conditions showed 
significant effects on engagement. Although the coefficient for 
the S+SSI group was negative and approached significance 
(β = –0.31, p = .065), this effect did not reach conventional 
significance thresholds. These results indicate that students 
with higher performance levels also showed higher 
engagement. Students who were more successful in working 
through the material appeared to be more involved and 
motivated overall. At the same time, engagement remained 
relatively stable throughout the intervention and did not differ 
substantially between the treatment groups. The instructional 
methods applied, whether scaffolding, SSI, or their 
combination, did not produce measurable changes in students’ 
engagement levels. The slightly lower engagement scores in the 
S+SSI group may reflect minor variations, but these differences 
were not statistically reliable.

Table 6: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting engagement. Asterisks denote levels of statistical 
significance (p < .05 = *, p < .01 = **, p < .001 = ***). MT = Measurement, T = Treatment, 
S = Scaffolding, SSI = Socio-scientific Issues

Std. beta [95% CI] t

MT (measurement) 
[post] 0.04 [-0.06, 0.13] 0.79

T (treatment) [S+SSI] -0.31 [-0.64, 0.02] -1.85

T (treatment) [SSI] -0.20 [-0.53, 0.14] -1.13

T (treatment) [S] -0.24 [-0.57, 0.09] -1.43

Performance 0.14 [0.07, 0.20] *** 4.23

Results on Engagement Subscales

In order to examine potential differential effects across the 
multidimensional construct of engagement, separate linear 
mixed models were conducted for emotional, cognitive, 
behavioural, agentic, and value-related engagement.

To examine the factorial structure of the engagement 
instrument, a confirmatory factor analysis (CFA) was conducted 
for the pre-test data (Figure 12; Appendix). The hypothesised 
five-factor model comprising cognitive, emotional, behavioural, 
agentic, and value-related engagement showed an acceptable 
overall fit to the data, χ²(199) = 1066.02, p < .001, CFI = .846, 
TLI = .822, RMSEA = .081, 90% CI [.076,  .086], and SRMR = .078. 
Overall, the results provide partial support for the assumed 
multidimensional structure of the instrument. All factor 
loadings were statistically significant. The latent factor 
correlations were positive throughout, indicating that the five 
engagement dimensions were related but empirically 
distinguishable. 
The model structure corresponded to that of the overall 
engagement analysis. Thus, the LMM was conducted with the 
respective engagement subscale as the dependent variable. 
Random effects were specified for classes and individual 
learners to account for the nested data structure. Fixed effects 
included measurement occasion (pre vs. post), performance, 
and intervention group (groups S+SSI, SSI, S vs. control group). 
This modelling approach allowed us to examine whether the 
effects observed for overall engagement were also reflected in 
the individual engagement dimensions. 

Here, more effects are noticeable. These effects are quite 
low and no significant differences between the intervention 
groups can be observed over time. The corresponding tables 
can be found in the appendix in “LMM Engagement Subscales” 
(Table 11-20). However, the analysis reveals different trends 
over time across the engagement dimensions, regardless of the 
intervention group. Across the subscale models, no consistent 
main effects of the treatment conditions nor interaction effects 
between treatment and measurement occasion were observed. 
However, several engagement dimensions showed significant 
changes over time. Cognitive engagement increased slightly but 
significantly from pre- to post-measurement (b = 0.10, 
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t(919) = 2.16, p = .031), and agentic engagement showed a 
stronger positive change over time (b = 0.28, t(916) = 7.65, 
p < .001). In contrast, emotional engagement (b = −0.17, 
t(918)  = −3.99, p < .001) and behavioural engagement 
(b = −0.11, t(915) = −2.84, p = .005) decreased significantly 
across the measurement occasions. No significant change over 
time was observed for value-related engagement (b = 0.07, 
t(915) = 1.38, p = .167).

Taken together, these results indicate that the different 
dimensions of engagement developed in distinct directions over 
the course of the intervention. While students reported slight 
increases in cognitive and agentic engagement, suggesting 
greater mental effort and more active involvement in shaping 
their learning process, emotional and behavioural engagement 
declined over time. This pattern may reflect that students 
became more cognitively involved in the learning tasks while 
simultaneously experiencing decreasing affective enthusiasm 
or persistence during the longer intervention period. As these 
developments occurred across all intervention groups and in 
opposite directions, they likely offset each other when 
engagement was analysed as an overall construct.

Discussion
The results of this study provide valuable insights into how SSI 
and scaffolding influence student performance and 
engagement in chemistry education. The research question 
asked how these two instructional strategies, individually and in 
combination, influence student affective and cognitive 
outcomes, particularly in the context of ESD. The hypotheses 
derived from the literature were: (1) engagement is positively 
influenced by SSI, (2) performance is positively influenced by 
scaffolding, and (3) both engagement and performance are 
positively influenced by the combined use of SSI and 
scaffolding.

With reference to the hypotheses formulated, only the 
second hypothesis can be confirmed with the data. Students 
who received scaffolding (Group S) demonstrated significant 
gains in performance compared to the control group (Group 
CG). The first and third hypothesis, in contrast, were not 
supported: neither SSI (Group SSI) alone nor the combination of 
SSI and scaffolding (Group S+SSI) produced statistically 
significant increases in engagement, and the combined 
intervention did not yield additive effects on performance. 
However, a positive influence of SSI on subject knowledge was 
observed.

With regard to Hypothesis 1, it is necessary to examine the 
construct of engagement first. Engagement emerged as a 
differentiated construct in the present study, revealing a more 
nuanced pattern than suggested by the overall engagement 
scale alone. While no significant changes in global engagement 
were observed across measurement occasions or intervention 
groups, the analyses of the engagement subscales indicate 
divergent developmental trajectories over time. These findings 
underline the importance of conceptualising engagement as a 
multidimensional and dynamic construct rather than a 
unidimensional outcome (Fredricks et al., 2004; Reeve, 2013).

Consistent with prior research, performance was a 
significant positive predictor of overall engagement. Higher-
performing students reported higher engagement levels, 
supporting the well-established reciprocal relationship 
between achievement and engagement (Azevedo, 2015; 
Fredricks et al., 2004). Learners who experience success and 
mastery are more likely to invest effort, persist in challenging 
tasks, and remain cognitively involved (Bandura, 1997; Potvin & 
Hasin, 2014). This association was particularly evident in the 
subscale of cognitive engagement, where gains over time were 
significantly correlated with performance gains. Cognitive 
engagement, as operationalised in this study, explicitly targets 
mental effort, strategy use, and deep processing, which are 
closely aligned with performance-related learning outcomes. 
These results are in line with research on self-regulated 
learning, showing that strategic cognitive engagement is both a 
predictor and a consequence of academic success (Pintrich, 
2000; Zimmerman, 2008).

Beyond cognitive engagement, agentic engagement also 
showed a significant positive increase over time, independent 
of intervention condition. Agentic engagement refers to 
students’ proactive contribution to the learning process, such 
as asking questions, expressing preferences, and influencing 
instructional activities (Reeve & Tseng, 2011). The parallel 
increase in cognitive and agentic engagement suggests that the 
learning environment fostered aspects of self-regulation and 
learner autonomy. Even though the instructional design did not 
explicitly target agentic behaviours, the largely self-directed, 
tablet-based learning format encouraged students to take 
greater responsibility for their learning processes. Previous 
studies have shown that environments that allow choice, 
autonomy, and independent pacing can promote agentic 
engagement, particularly when learners perceive themselves as 
competent (Jang et al., 2016; Reeve, 2013). 

In contrast, emotional and behavioural engagement showed 
significant negative trends over time although numerous 
collaborative tasks were included. With reference to findings 
from research on situational interest, emotional engagement, 
which encompasses interest, enjoyment, and feelings of 
belonging, tends to decrease when instructional contexts 
remain structurally stable over extended periods, like working 
self-regulated on the LL (Renninger & Hidi, 2015; Rotgans & 
Schmidt, 2018).

At the same time, there is a close relation between 
behavioural and emotional engagement, as both contribute to 
learners’ endurance and willingness to remain actively involved 
in learning activities (Li et al., 2023). From this perspective, the 
negative trends in emotional and behavioural engagement 
appear less surprising and do not necessarily indicate a failure 
of the instructional approach, but rather highlight the temporal 
dynamics of engagement during longer interventions (Fredricks 
et al., 2004). 

However, no significant effects were observed for value-
related engagement. This suggests that students’ perceptions 
of the personal relevance or importance of chemistry remained 
relatively stable over time. Value-related engagement is often 
considered a more enduring, belief-like component of 
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motivation that is less susceptible to short-term instructional 
influences (Eccles & Wigfield, 2002; Fechner, 2009; Krapp & 
Prenzel, 2011). Although context-based and SSI-oriented 
instructions have been shown to enhance perceived relevance 
in some studies (Badeo & Duque, 2022; Klaver et al., 2023), such 
effects are not consistently replicated and may depend strongly 
on learners’ prior interests and experiences. In the present 
study, the absence of change in value-related engagement 
should therefore not be interpreted as evidence that the SSI 
were generally not meaningful or relevant to students. Rather, 
research suggests that value-related and interest-related 
aspects of engagement develop more slowly and require 
sustained support over time (Hattie, 2009; van de Pol et al., 
2015). In particular, the development of stable value beliefs is 
associated with repeated opportunities for reflection and 
personal relevance (Wigfield & Eccles, 2000).

Importantly, no differential effects between the 
intervention groups emerged across any engagement 
dimension. Neither SSI, scaffolding, nor their combination led to 
distinct engagement trajectories. Previous research results 
confirm that scaffolding primarily addresses cognitive rather 
than affective processes, which is in line with results in our 
study (Faber et al., 2024; Janson et al., 2020; van de Pol et al., 
2015). While scaffolding has been shown to support motivation 
and engagement, most implementations focus on cognitive 
dimensions such as problem-solving or conceptual 
understanding (Belland et al., 2017). To systematically influence 
emotional or value-related engagement, scaffolding would 
need to explicitly incorporate motivational prompts, reflective 
activities, or opportunities for personal meaning-making 
(Reeve, 2013).

In parallel with Hypothesis 2, the positive impact of 
scaffolding on performance is consistent with the literature 
(e.g., Belland et al., 2017). By providing adaptive support 
tailored to students’ levels of understanding, scaffolding allows 
learners to confront challenging content at their own pace and 
build confidence in problem solving. In line with the results of 
Hammond and Gibbons (2005), this study also suggests that 
differentiated scaffolds (strategic, conceptual, and further 
thinking) support students of varying proficiency in accessing 
the material and making progress. The present study did not 
include usage-tracking data on individual scaffold interaction. 
Consequently, it cannot be determined which specific scaffolds 
were accessed by which students, nor to what extent individual 
differences in usage contributed to performance outcomes. 

Notably, the variance components from the LMM revealed 
that most of the variability in performance was attributable to 
differences between individual students rather than between 
classes. This suggests that it is individual learner characteristics, 
such as prior knowledge, engagement, or learning strategies, 
that predominantly shape performance outcomes. This is also 
supported by the research reviewed so far. Belland and 
colleagues (2017) demonstrated that adaptive scaffolds provide 
particularly effective support for learners’ cognitive processes. 
Similarly, Güth and van Vorst (2023) showed that affective 
factors can be fostered through differentiated context designs, 

as learners choose different contexts for their learning in 
chemistry. 

The results show that not only the use of scaffolding in 
group S, but also the integration of SSI in group SSI, positively 
influenced student performance, as both groups demonstrated 
significantly greater gains than the control group. Consistent 
with the findings of the present study, prior research indicates 
that SSI-based instruction can positively influence students’ 
conceptual understanding. For instance, Sadler and colleagues 
(2016) showed that embedding scientific content in socio-
scientific contexts promotes deeper engagement with 
disciplinary ideas. This provides a possible explanation for the 
positive effects observed in the present study .

The combination of SSI and scaffolding did not yield the 
additive or synergistic effect that was initially anticipated with 
Hypothesis 3. Students in the combined group (S+SSI) did not 
outperform those in the single-treatment groups, despite 
experiencing both real-world context and scaffolds. Moreover, 
students in the combined group (Group S+SSI) did not differ 
significantly from students in the control group in post-test 
performance. The analysis revealed no significant interaction 
effect between SSI and scaffolding on performance, meaning 
that using both strategies together did not significantly support 
performance beyond the gains achieved by each strategy alone. 
However, the present data do not allow for a conclusive 
explanation of this finding. While the lack of additional effects 
in the combined condition may be related to factors such as 
cognitive load (schnotz & Rasch, 2005) or insufficient alignment 
of instructional elements, these interpretations remain 
speculative and cannot be substantiated based on the current 
data. But, these findings indicate that combining multiple 
differentiation approaches does not necessarily lead to 
additional learning gains and may even reduce effectiveness if 
the instructional design is not carefully coordinated.

In summary, the present findings suggest that differentiated 
digital learning materials in the LL can foster self-regulated 
dimensions of engagement, particularly cognitive and agentic 
engagement, regardless of the specific instructional condition. 
At the same time, affective and persistence-related aspects of 
engagement appear more difficult to sustain over longer 
intervention periods and may require targeted instructional 
support. These results underscore the necessity of addressing 
engagement as a multidimensional construct in both research 
and instructional design, and caution against drawing 
conclusions based solely on aggregated engagement measures.

Taken together, the findings indicate that both SSI and 
scaffolding approaches can enhance student performance in 
chemistry while providing meaningful opportunities to 
integrate sustainability into science education. At the same 
time, the results suggest that combining these strategies does 
not automatically lead to additional learning gains.
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Limitations
Some limitations of the present study should be considered 
when interpreting the results. First, the intervention was 
implemented as a quasi-experimental study in real classrooms 
rather than a fully randomized controlled experiment. The six-
week duration and the natural classroom setting meant that not 
all external variables, such as differences in teaching style or 
classroom dynamics, could be strictly controlled. While this 
limits the internal validity of causal claims, it also offers the 
advantage of demonstrating how the approach works in a real-
world educational context, thus enhancing the ecological 
validity of the findings. Even though our LMM showed that the 
class factor had little influence.

Second, the sample was limited to students from 
academically oriented secondary schools (Gymnasium) in 
Germany. As a result, the findings may not fully represent the 
diversity of learners in other educational tracks or cultural 
contexts. The focused sample did allow for consistency in 
instructional conditions and comparability within this school 
type, but it narrows the scope of generalization. Future studies 
should include a broader range of school contexts and student 
backgrounds to examine whether learners with different 
academic profiles respond differently to SSI-based and 
scaffolded instruction.

It should be considered that students in all conditions 
worked in a digital, self-directed learning environment, which 
may have introduced a novelty effect initially. However, given 
the six-week duration of the intervention and students’ prior 
experience with tablets in regular classroom practice, such 
effects likely diminished over time. As all groups used the same 
learning environment, potential novelty effects would have 
influenced all conditions equally. Nevertheless, the design of 
the learning environment may have affected learning behaviour 
independently of the instructional conditions.

Additionally, no data were collected on students’ cognitive 
load during the learning activities. It is conceivable that the 
combination of SSI contexts and scaffolding, while intended to 
enhance learning, might have introduced a higher cognitive 
demand on students. Without measures of cognitive load, it is 
not possible to determine whether the lack of an additive effect 
in the combined condition was partly due to students 
experiencing overload or difficulty in processing the materials. 
Incorporating cognitive load assessments in future studies 
would provide valuable insights into how students are 
managing the complex tasks and whether adjustments to the 
scaffolding design could alleviate any undue cognitive burden.

Also, no tracking or learning analytics data were collected to 
document students’ actual use of the optional scaffolds. 
Consequently, it remains unclear which specific scaffold 
elements were accessed by individual learners and to what 
extent differences in usage patterns may have contributed to 
the observed performance outcomes. Furthermore, the study 
did not include a detailed qualitative analysis of how students 
interacted with the learning materials. A finer-grained look at 
student behaviours, for instance, through classroom 
observations, student interviews, or analysis of student work 

and help-seeking patterns, would be a great complement to the 
quantitative findings. Such qualitative insights could illuminate 
the mechanisms behind the observed outcomes and inform 
improvements in the design and implementation of SSI-based, 
scaffolded learning units.

It should also be noted that not all model fit indices in the 
(longitudinal) CFAs indicated an optimal fit. Although the overall 
model fit was within an acceptable range, the results should be 
interpreted with some caution. Nevertheless, the theoretically 
grounded factor structure, significant factor loadings, and 
evidence for measurement invariance across time support the 
use of the model for longitudinal analyses.

In summary, while this quasi-experimental study offers 
valuable evidence of the potential of SSI and scaffolding in a real 
classroom setting to implement ESD, these limitations highlight 
the need for cautious interpretation and guide the directions for 
future research. Addressing these limitations in subsequent 
studies, through more varied samples, longer intervention 
periods, additional measurement of cognitive and behavioural 
processes, and mixed-method approaches, will help in building 
a more robust understanding of how to effectively differentiate 
science instruction for both cognitive and affective gains. 
Nevertheless, despite these limitations, the present study 
provides meaningful insights into how learners with different 
performance and engagement respond to SSI-based and 
scaffolded instruction. It demonstrates that differentiated 
instruction designs can yield substantial learning gains for ESD 
even in heterogeneous classrooms and offers an empirically 
grounded way for developing adaptive science instruction that 
more effectively supports diverse learners. In addition, it is 
overall a successful material for ESD, which is adaptively 
designed for use in everyday school life and tailored to the 
needs of learners.

Implications for classroom instruction
The contribution of this work lies in its combined focus on 
cognitive and affective outcomes within an ESD-oriented 
chemistry learning environment. In contrast to earlier ESD-
based interventions that primarily emphasized competences 
and decision-making skills development (Cebrián et al., 2020; 
Olsson et al., 2022; Riess et al., 2022), this study explicitly 
considered an affective dimension of learning by examining 
student engagement alongside performance. Examining 
scaffolding and SSI strategies within a real-world classroom 
context further adds to the significance of the findings, as it 
shows that such innovations can be practically implemented at 
schools. The learning unit developed for this study is empirically 
validated and can be adopted by educators to enrich the 
relevance of chemistry instruction with sustainability-related 
content using proven differentiation methods.

The findings offer cautious implications for classroom 
instruction, particularly when integrating ESD into practice. 
Both SSI and scaffolding independently supported students’ 
performance in the present study. Embedding chemistry 
content in socio-scientific contexts can help connect scientific 
concepts to real-world challenges. At the same time, scaffolding 
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appears to support learners in dealing with complex tasks by 
providing adaptive guidance that accommodates different 
levels of prior knowledge and problem-solving ability.

Furthermore, the results point to substantial variability at 
the individual learner level, suggesting that students respond 
differently to the instructional approach. This variability points 
to the need for differentiated instructional strategies in 
heterogeneous classrooms, where flexible support structures 
enable students to engage with tasks at varying levels of 
complexity. Such approaches may help address differences in 
learners’ needs and learning processes.

Although SSI and scaffolding each supported performance, 
their combination did not result in additional learning gains. 
This suggests that different instructional elements need to be 
carefully aligned, so that they complement rather than 
overcomplicate the learning process.

The findings related to engagement further underline the 
importance of considering engagement as a multidimensional 
construct in instructional design. As the present results show 
that different engagement dimensions can develop in distinct 
directions over time, a revised version of the LL on organic 
chemistry should address not only cognitive but also emotional 
and behavioural aspects of engagement. Incorporating 
opportunities for peer discussion, collaborative problem-
solving, or reflective activities that encourage students to 
connect SSI with their own perspectives and experiences could 
be strengthened to address this aspect.

From a practical perspective, to deliberately influence 
affective outcomes, scaffolding strategies would need to 
explicitly target emotional and motivational components, for 
example by integrating reflection prompts or opportunities for 
self-expression. This distinction is crucial for future instructional 
design and research: it may not be sufficient to assume that 
scaffolds automatically support engagement without 
addressing affective dimensions directly. For instance, 
incorporating more reflective elements, peer discussion, or 
real-world relevance could strengthen the emotional dimension 
of engagement. For future research, it will be important to 
explore how longer interventions, repeated exposure, or 
explicitly scaffolding strategies might also influence 
engagement. Moreover, identifying how individual learner 
characteristics, such as prior interest or perceived competence, 
mediate the relationship between engagement and 
performance could offer valuable insights for the design of 
adaptive learning environments. 
Overall, the learning unit for organic chemistry, incorporating 
SSI contexts and scaffolding strategies, represents a promising 
approach for integrating sustainability-related topics into 
chemistry education. However, their effectiveness appears to 
depend, at least in part, on careful instructional design, 
particularly with regard to the balance between cognitive 
support, social interaction, and opportunities for reflection.
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Appendix
Descriptive statistics for Engagement subscales

Cognitive Engagement

Emotional Engagement

Behavioural Engagement

Agentic Engagement

Value-related Engagement

Figure 7: Descriptive statistics for cognitive engagement (mean score) with means (M) 
and standard deviation (SD) for all intervention groups pre and post; S = Scaffolding, SSI 
= Socio-scientific Issues

Figure 8: Descriptive statistics for emotional engagement (mean score) with means (M) 
and standard deviation (SD) for all intervention groups pre and post; S = Scaffolding, SSI 
= Socio-scientific Issues

Figure 9: Descriptive statistics for emotional engagement (mean score) with means (M) 
and standard deviation (SD) for all intervention groups pre and post; S = Scaffolding, SSI 
= Socio-scientific Issues

Figure 10: Descriptive statistics for emotional engagement (mean score) with means 
(M) and standard deviation (SD) for all intervention groups pre and post; S = 
Scaffolding, SSI = Socio-scientific Issues

Figure 11: Descriptive statistics for emotional engagement (mean score) with means 
(M) and standard deviation (SD) for all intervention groups pre and post; S = 
Scaffolding, SSI = Socio-scientific Issues
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LMM Performance; Other Reference Groups (RG)

Reference group: S+SSI
Table 8: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting performance. The model includes measurement 
occasion, treatment condition, engagement, and their interactions. Asterisks denote 
levels of statistical significance (p < .05 = *, p < .01 = **, p < .001 = ***). RG = S+SSI

Std. beta [95% CI] t

MT (measurement) 
[post] 0.71, [0.55, 0.87]) *** 8.64

T (treatment) [CG] -0.16, [-0.45, 0.13]) -1.09

T (treatment) [SSI] -0.31, [-0.58, -0.04]) * -2.44

T (treatment) [S] -0.33, [-0.59, -0.06]) * -2.23

Engagement 0.15, [0.09, 0.21]) *** 4.94

MT [post] × T [CG] -0.06, [-0.32, 0.19]) -0.50

MT [post] × T [SSI] 0.35, [0.11, 0.59]) ** 2.91

MT [post] × T [S] 0.33, [0.10, 0.56]) ** 2.80

Reference group: SSI
Table 9: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting performance. The model includes measurement 
occasion, treatment condition, engagement, and their interactions. Asterisks denote 
levels of statistical significance (p < .05 = *, p < .01 = **, p < .001 = ***). RG = SSI

Std. beta [95% CI] t

MT (measurement) 
[post] 1.06, [0.89, 1.23]) *** 11.93

T (treatment) [S+SSI] 0.31, [0.04, 0.58]) * 2.23

T (treatment) [CG] 0.15, [-0.15, 0.45]) 0.99

T (treatment) [S] -0.02, [-0.29, 0.26]) -0.13

Engagement 0.15, [0.09, 0.21]) *** 4.94

MT [post] × T [S+SSI] -0.35, [-0.59, -0.11]) ** -2.91

MT [post] × T [CG] -0.42, [-0.68, -0.15]) ** -3.11

MT [post] × T [S] -0.02, [-0.26, 0.22]) -0.16

Reference group: S
Table 10: Standardised beta coefficients (with 95% confidence intervals) and t-values 
for the fixed effects in the LMM predicting performance. The model includes 
measurement occasion, treatment condition, engagement, and their interactions. 
Asterisks denote levels of statistical significance (p < .05 = *, p < .01 = **, p < .001 = 
***). RG = S

Std. beta [95% CI] t

MT (measurement) 
[post] 1.04, [0.87, 1.21]) *** 12.21

T (treatment) [SSI] 0.02, [-0.26, 0.29]) 0.13

T (treatment) [S+SSI] 0.33, [0.06, 0.59]) * 2.44

T (treatment) [CG] 0.17, [-0.12, 0.46]) 1.14

Engagement 0.15, [0.09, 0.21]) *** 4.94

MT [post] × T [SSI] 0.02, [-0.22, 0.26]) 0.16

MT [post] × T [S+SSI] -0.33, [-0.56, -0.10]) ** -2.80

MT [post] × T [CG] -0.40, [-0.65, -0.14]) ** -3.02

LMM Engagement Subscales

Cognitive Engagement
Table 11: LMM with cognitive engagement as the dependent variable, with students (ID) 
specified as random effect, and performance and measurement occasion as fixed effects 
(conditional R2 = 0.46). Model specification: Cognitive Engagement ~ 1 + Measurement 
+ Performance + (1|ID).

Variance Std. Dev.

Intercept
(ID) 0.2602 0.5101

Residual 0.3491 0.5908

Table 12: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting cognitive engagement. The model includes 
measurement occasion and performance. Asterisks denote levels of statistical 
significance (p < .05 = *, p < .01 = **, p < .001 = ***).

Std. beta [95% CI] t

MT (measurement) 
[post] 0.12, [0.01, 0.24]) * 2.16

Performance 0.20, [0.13, 0.27]) *** 5.67

Emotional Engagement
Table 13: LMM with emotional engagement as the dependent variable, with students 
(ID) and class specified as random effects, and performance and measurement occasion 
as fixed effects (conditional R2 = 0.53). Model specification: Emotional Engagement ~ 1 + 
Measurement + FW + (1|class/ID).

Variance Std. Dev.

Intercept 
(ID:class) 0.28929 0.5379

Intercept 
(class) 0.03334 0.1826

Residual 0.28982 0.5384

Table 14: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting emotional engagement. The model includes 
measurement occasion and performance. Asterisks denote levels of statistical 
significance (p < .05 = *, p < .01 = **, p < .001 = ***).

Std. beta [95% CI] t

MT (measurement) 
[post] -0.22, [-0.33, -0.11]) *** -3.99
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Performance 0.10, [0.03, 0.17]) ** 2.96

Behavioural Engagement
Table 15: LMM with behavioural engagement as the dependent variable, with students 
(ID) and class specified as random effects, and performance and measurement occasion 
as fixed effects. (conditional R2 = 0.61) Model specification: Behavioural Engagement ~ 1 
+ Measurement + Performance + Treatment + (1|class/ID).

Variance Std. Dev.

Intercept 
(ID:class) 0.29049 0.5390

Intercept 
(class) 0.02332 0.1527

Residual 0.21759 0.4665

Table 16: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting behavioural engagement. The model includes 
measurement occasion, performance and treatment. Asterisks denote levels of 
statistical significance (p < .05 = *, p < .01 = **, p < .001 = ***).

Std. beta [95% CI] t

MT (measurement) 
[post] -0.14, [-0.24, -0.04]) ** -2.84

Performance 0.18, [0.11, 0.24]) *** 5.42

T (treatment) [S+SSI] -0.33, [-0.63, -0.02]) * -2.12

T (treatment) [SSI] -0.21, [-0.53, 0.10]) -1.33

T (treatment) [S] -0.31, [-0.61, -7.15e-04]) * -1.97

Agentic Engagement
Table 17: LMM with agentic engagement as the dependent variable, with students (ID) 
and class specified as random effects, and performance and measurement occasion as 
fixed effects (conditional R2 = 0.61). Model specification: Agentic Engagement ~ 1 + 
Measurement + Treatment + (1|class/ID).

Variance Std. Dev.

Intercept 
(ID:class) 0.41567 0.6447

Intercept 
(class) 0.03614 0.1901

Residual 0.31419 0.5605

Table 18: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting agentic engagement. The model includes 
measurement occasion and treatment. Asterisks denote levels of statistical significance 
(p < .05 = *, p < .01 = **, p < .001 = ***).

Std. beta [95% CI] t

MT (measurement) 
[post] 0.32, [0.24, 0.40]) *** 7.65

T (treatment) [S+SSI] -0.32, [-0.64, -9.13e-03]) * -2.02

T (treatment) [SSI] -0.12, [-0.44, 0.19]) -0.77

T (treatment) [S] -0.08, [-0.40, 0.25]) -0.47

Value-related Engagement
Table 19: LMM with value-related engagement as the dependent variable, with students 
(ID) and class specified as random effects, and performance and measurement occasion 
as fixed effects (conditional R2 = 0.50). Model specification: Value-related Engagement ~ 
~ 1 + Measurement + Performance + Treatment + (1|class/ID).

Variance Std. Dev.

Intercept 
(ID:class) 0.3555 0.5962

Intercept 
(class) 0.0286 0.1691

Residual 0.4112 0.6413

Table 20: Standardised beta coefficients (with 95% confidence intervals) and t-values for 
the fixed effects in the LMM predicting value-related engagement. The model includes 
measurement occasion and treatment. Asterisks denote levels of statistical significance 
(p < .05 = *, p < .01 = **, p < .001 = ***).

Std. beta [95% CI] t

MT (measurement) 
[post] 0.08, [-0.03, 0.19]) 7.65

Performance 0.14, [0.08, 0.21]) *** 4.11

T (treatment) [S+SSI] -0.30, [-0.59, -0.01]) * -2.05

T (treatment) [SSI] -0.30, [-0.60, -4.02e-03]) * -1.99

T (treatment) [S] -0.32, [-0.61, -0.03]) * -2.19
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Confirmatory factor analysis (CFA)
Figure 12: Confirmatory factor analysis for the pre-test data. The five-factor model 
comprising cognitive, emotional, behavioural, agentic, and value-related engagement.
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