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At the end of the presentation
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 Be familiar with the five principles to design an integrated STEM 
learning environment;

 Know if traditional versus integrated STEM impacts attitudes towards 
STEM, motivation, and self-efficacy differently

 Know if traditional versus integrated STEM impacts cognitive outcomes 
(S, T, E, M, iSTEM)

 Insight into differential effects (gender, SES)
 Get to know actionable design rules

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3
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Background: why integrated STEM (iSTEM) 

4

Economic, technological, and societal challenges (energy, healthcare, 
innovation)
Global demand for STEM-literate citizens and professionals
Importance of STEM literacy for all students
Integrated STEM as a response to fragmented, discipline-based curricula.
Persistent Problems across systems

- decline of engagement with age
- transition bottlenecks
- inequities (gender, SES) 

3
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What is integrated STEM (iSTEM) 

5

Emphasis on:
- real world problems
- cross-disciplinary thinking
- authentic practices

Educational rationale for integration

6

 Real-world problems require simultaneous use of science, mathematics, 
technology, and engineering

 Integrated curricula can perform as well as or better than segregated 
curricula academically

 Integration has potential to enhance non-cognitive outcomes such as 
interest and motivation

 These outcomes are directly linked to persistence and participation in 
STEM pathways

5
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Challenges in Implementing iSTEM 

7

Structural challenges
- discipline-based curricula
- timetabling and assessment constraints

Resource challenges
- materials, tools, infrastructure

Teacher-related challenges
- insufficient content and pedagogical knowledge
- limited understanding of ‘Technology’ and ‘Engineering’
- beliefs and resistance to pedagogical change

Conceptual challenge
- lack of consensus on instructional practices

Research gaps 

8

Existing studies:
- mainly focus only on learning outcomes
- often describe activities without theoretical grounding

Lack of:
- systematic synthesis of instructional practices
- Clear theory-informed framework 

Resulting need:
- evidence-informed instructional guidance for integrated STEM 

7
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9

 Integrated STEM education in secondary education was examined 
across instructional, engagement, affective, and cognitive dimensions

 Linked studies: a systematic review and empirical STEM@School studies
 Central question:

What does high-quality iSTEM look like, and what does it change?

 This presentation moves from theoreƟcal framework → classroom 
enactment → student outcomes

The STEM@School project

Three complementary research lines 

10

RL1 review study 
=> defines the state of the field and conceptual lenses

RL2: quantitative
=> identifies patterns, effects, trajectories at scale
=> generalisable 

RL3: qualitative
=> explains mechanisms, experiences, meanings
=> contextually rich 

STEM@school context: shared empirical laboratory 

9
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Purpose Research Line I

11

Address the lack of consensus on integrated STEM instruction
Conduct a systematic literature review
Develop a theoretically grounded framewok for instructional practices in 
secundary education 

Implementation challenges motivating the review

12

 Secondary education is structurally organized around discipline-specific 
subjects

 Teachers need both deep content knowledge and pedagogical content 
knowledge across domains

 There is little consensus on how integrated STEM should be taught in 
practice

11
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The central gap in the literature

13

 Many iSTEM studies describe learning units without explaining 
instructional principles

 Other papers propose principles without clear theoretical grounding
 Existing reviews focus mainly on learning outcomes, not instructional 

practices
 No prior systematic review had synthesized instructional practices for 

secondary iSTEM

Purpose and research questions

14

 Provide a theoretically grounded framework for instructional practices 
in secondary iSTEM

 Research Question 1: Which learning theories underpin integrated STEM 
education?

 Research Question 2: Which instructional practices are used in 
integrated STEM secondary education?

 Framework intended for both classroom design and research analysis

13
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Why a systematic review

15

 Systematic reviews use predefined search strategies to minimize 
selection bias

 All relevant studies are identified, screened, and synthesized 
transparently

 This approach is stronger than narrative reviews based on convenience 
or author preference

 Appropriate when empirical consensus is lacking

Search strategy

16

 Databases searched: ERIC and Web of Science
 Four search strings combining 

“integrated/interdisciplinary/multidisciplinary STEM” with “secondary 
education”

 Initial yield: 405 articles
 Overlaps removed and inclusion criteria applied

15
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Inclusion criteria

17

 Peer-reviewed journal articles or book chapters
 Written in English
 Integration of at least three STEM disciplines
 Explicit description of instructional practices
 Secondary education context only

Final dataset

18

 405 initial articles reduced to 15 after screening
 Snowballing of references added 8 additional studies
 Final dataset: 23 studies
 Indicates limited but focused literature on instructional practices in 

secondary iSTEM

17
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Data analysis approach 

19

Within-case analysis:
- each article analyzed separately
- focus on learning theory  and instructional practices

Cross-case analysis
- identification and grouping of instructional practices
- development of instructional categories

Outcome:
- nine instructional practice categories
- one overarching theoretical framework

Learning theory categories

20

 Behaviorism: learning as behavior change through reinforcement
 Cognitivism: learning as internal mental restructuring and information 

processing
 Social constructivism: learning as active knowledge construction 

through interaction
 The review explicitly searched for these theoretical references

19
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Learning theory findings

21

 Only 7 of the 23 studies explicitly mentioned a learning theory
 All seven referenced social constructivist learning theories
 No reviewed study grounded iSTEM practices in behaviorism or pure 

cognitivism
 Suggests iSTEM is implicitly treated as constructivist even when not 

stated

Implications of social constructivist grounding

22

 Knowledge cannot be transmitted; students must actively construct 
understanding

 Learning is inherently social and interaction-based
 Instruction should involve inquiry, discussion, design, and collaboration
 Teacher role shifts from knowledge transmitter to learning facilitator
Implications for STEM instruction: 

- emphasis on collaboration
- authentic tasks
- student agency with guided support 

21
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Results: Instructional Practices Overview 

23

Nine instructional practice categories identified:
1. Integration of STEM content
2. Focus on problems
3. Inquiry
4. Design
5. Teamwork
6. Student-centered learning
7. Hands-on learning
8. Assessment
9. 21st century skills

Instructional Practice 1: Integration of STEM Content 

24

Multiple forms of integration
- multidisciplinary
- interdisciplinary
- integrated

Key consensus:
- explicit connections across disciplines are essential 

Key caution: 
- integration must be meaningful, not maximal
- disciplinary integrity must be preserved

23
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Instructional Practice 2: Focus on Problems 

25

Problem-based, project-based, and problem-centered learning
Shared features: 

- Real-world relevance
- Authentic, open-ended problems

Instructional design principles 
- problem introduced at the start of the unit
- activate prior knowledge
- provide a coherent learning context

Instructional Practice 3: Inquiry-Based Learning 

26

Key features: 
- questioning and investigating
- Data collection and interpretation
- Concept discovery

Important nuance:
- Guided inquiry, not unguided discovery
- Teacher scaffolding is critical in secondary education

25
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Instructional Practice 4: Design-Based Learning 

27

Central role of engineering design challenges
Characteristics:

- open-ended
- hands-on
- iterative
- multidisciplinary

Emphasis on
- learning from failure
- Testing and redesign
- design justification as evidence for learning 

Instructional Practice 5: Cooperative learning

28

Distinction: 
- collaborative learning vs. cooperative learning 

Selected in the framework
- cooperative learning (structured, teacher-guided)

Key aspects
- positive interdependence
- communication of STEM reasoning 
- development of teamwork skills

27
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Less mentioned practices

29

- Student-centered learning
- Hands-on activities
- Assessment as part of instruction
- 21st-century skills (creativity, critical thinking, collaboration)
- Interpretation:

- Important, but often embedded with other practices
- not always explicitly theoretized

From nine categories to five principles

30

 Framework includes the five most frequently occurring and theoretically 
aligned categories

 When alternatives exist, practices with greater teacher guidance are 
preferred

 Rationale: secondary students need structured support for conceptual 
change

 All principles are rooted in social constructivism

29
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Synthesis: The Five Key Principles 

31

From the nine categories, five were selected as core:
1. Integration of STEM content
2. Problem-centered learning 
3. Inquiry- based learning
4. Design-based learning
5. Cooperative learning 

= > all grounded in social constructivism  
=> The principles are distinct yet interrelated

32

Theoretical framework for instructional practices in integrated STEM  

31
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33

Theoretical framework for instructional practices in integrated STEM  

• Principles overlap and reinforce one another
• Student-centeredness and hands-on learning cut across all principles
• Assessment is embedded but not unique to iSTEM
• Framework allows multi-dimensional description of iSTEM instruction

Principle 1: Integration of STEM content

34

 Requires explicit connections across learning goals, concepts, and 
representations

 Terminology varies (multi-, inter-, integrated)
 Students do not integrate automatically; integration must be 

intentionally supported
 Excessive integration without purpose can undermine learning

33
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Safeguarding disciplinary learning

35

 Students need sufficient subject-matter understanding to integrate 
meaningfully

 Integrated STEM should still respect discipline-specific standards
 Effective integration balances disciplinary depth with cross-disciplinary 

coherence

Principle 2: Problem-centered learning

36

 Instruction begins with authentic, real-world, ill-structured problems
 Problems serve as the organizing center for learning
 Early problem introduction activates prior knowledge
 Problems should be engaging, relevant, and allow multiple solution 

paths

35
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Problem-based, project-based, and problem-centered learning

37

 Project-based: predefined product and teacher coaching
 Problem-based: no predefined solution; students define the problem
 Problem-centered: structured progression with guidance for application 

and transfer
 Framework favors problem-centered approaches for secondary 

education

Principle 3: Inquiry-based learning

38

 Students ask questions, plan investigations, collect and interpret data
 Inquiry is experiential and hands-on
 Inquiry occurs in science, mathematics, and technology contexts
 Conceptual understanding must be demonstrated, not only explored

37
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Guided inquiry is essential

39

 Pure discovery learning is often ineffective for secondary students
 Students may miss key concepts without instructional guidance
 Teachers guide through questioning and feedback
 Goal is conceptual change, not trial-and-error alone

Principle 4: Design-based learning

40

 Students engage in engineering design challenges
 Design processes are iterative: define, design, build, test, optimize
 Challenges are authentic and include constraints and uncertainty
 Design bridges abstract concepts and practical application

39
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Design justification and learning from failure

41

 Failure is treated as a learning opportunity
 Students justify design decisions using evidence
 Justification reveals conceptual understanding
 Supports assessment integrated within instruction

Principle 5: Cooperative learning

42

 Cooperative learning differs from unguided collaboration
 Teacher monitors groups and supports social skills
 Emphasis on communication of STEM reasoning
 Positive interdependence ensures shared responsibility

41
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Framework summary

43

 Framework provides an evidence-based description of quality iSTEM 
instruction

 Implementation is demanding and context-sensitive
 Empirical testing of framework effects = necessary
 The next studies will operationalize and test these principles in practice

Three complementary research lines 

44

RL1 review study 
=> defines the state of the field and conceptual lenses

RL2: quantitative
=> identifies patterns, effects, trajectories at scale
=> generalisable 

RL3: qualitative
=> explains mechanisms, experiences, meanings
=> contextually rich 

STEM@school context: shared empirical laboratory 

43
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STEM@School: shared empirical intervention platform

45

 Collaboration between universities and umbrella organizations 
supporting implementation

 Five iSTEM modules: three grade 9, two grade 10; integrated iSTEM 
subject introduced

 Modules built around societal/ecological challenges requiring cross-
disciplinary application

Example 1: Green wave module 

46

 Challenge: optimize traffic flow with coordinated traffic lights; program 
a car to pass within speed limits

 Domain contributions: acceleration (science), functions (math), 
materials (technology), programming (engineering)

 Built-in inquiry/design: test runs, adjustments, iterative improvement, 
teamwork coordination

45
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Example 2: Energy-efficient house module 

47

 Build a house heated by solar collectors and underfloor heating; 
manage roof strength + temperature regulation

 Science: pressure, gas laws, thermal energy, phase transitions;
 Technology: materials for solar collectors
 Engineering: Arduino 

control loops
 Math:  functions, 

sequences; 

How iSTEM was scheduled and integrated

48

 Implemented partly within regular math/physics/engineering hours 
(content aligned) and partly within optional hours

 Separate subject courses continued but aligned with iSTEM module 
progression

 Support structures: guidance from umbrella organizations + intervision
moments for teachers

47
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STEM@School mapped onto the 5 principles

49

 Integration of STEM content: modules require coordinated use of STEM 
concepts and practices

 Problem-centered learning: authentic challenges (traffic flow, energy 
efficiency, rehabilitation)

 Inquiry + design + cooperative learning embedded through 
investigations, prototyping/programming, and teamwork

Design & timeline 

50



49
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Design & timeline 

51

 Quasi-experimental longitudinal design with 3 measurement moments:
 Time 1: start of Grade 9
 Time 2: end of Grade 9
 Time 3: end of Grade 10

 Quasi-experimental: 
 experimental schools implement iSTEM modules; 
 matched control schools maintain traditional subject-separated instruction

 Same students tracked via anonymous unique codes
 surveys administered during school hours

Participants & matching 

52

 Total:
 859 Grade 9 students
 66% boys, 34% girls
 mean age 13.86 at start

 Schools: 39 total
 Experimental iSTEM: 30 schools / 612 students
 Control traditional: 9 schools / 247 students

 Control group constructed via matching (size, track options, umbrella 
organization), then random invitations
Control schools received modules after the study.

51

52



19-05-26

27

Study tracks (composition + why controlled)

53

 Students distributed across 3 tracks:
 1) Science & mathematics
 2) Engineering
 3) Latin & mathematics

 Track descriptions (functional differences):
 Science & Math: strong science/math + languages
 Engineering: science/math plus mechanics/electricity/electronics
 Latin & Math: broad foundation with strong Latin + math focus

 Track not uniform across sample → included as control in models
 Unequal representation of tracks: majority Science & Math (66%) 

Participation across time & missing data

54

 Recorded responses decline across time:
 Experimental: 599 → 450 → 296
 Control: 246 → 139 → 126

 Missingness tested: Little’s MCAR indicates missing completely at 
random (no selective attrition).

 Analysis uses linear mixed models that include partial cases (not only 
complete cases).

 Yet, there is another elephant in the room! 

53
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The elephant in the “intervention studies” room

55

 Review framework predicts that implementation quality (guided 
inquiry/design/cooperation) affects learner experience

 Use of an “implementation lens”: are principles applied in the 
classrooms?
 ‘implementation fidelity’

 Implementation level can help interpret observed affective and/or 
cognitive patterns 

RL2: Quantitative studies

56

Study 1: focus on affective outcomes
Study 2: focus on cognitive outcomes
(next to study focussing on engagement)  

55
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Research Questions quantitative study 1  

57

1. How do affective outcomes regarding science and mathematics evolve 
over time in traditional education? 

2. What is the impact of an iSTEM curriculum on affective outcomes 
about science and mathematics? 

3. What is the differential effectiveness of the iSTEM curriculum 
regarding student characteristics (i.e., sex and socioeconomic status 
(SES)?

What was measured?

58

 Motivation
 Self-efficacy
 Attitudes

 Demographics 

57
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Motivation scales 

59

 Instrument: adapted Self-Regulation Questionnaire (SRQ) items for 
science/physics and math.

 15 SRQ-based items → controlled vs autonomous moƟvaƟon 
 Controlled motivation = external regulation + introjected regulation

 External example: “I try to do well in physics because that’s what I’m supposed to 
do.”

 Introjected example: “I study math because I’d feel ashamed if I did not.”

 Autonomous motivation = identified regulation + intrinsic motivation
 Identified: “I value this subject” (physics)
 Intrinsic: “I find it interesting” (math)

Self-efficacy scales 

60

 Science self-efficacy assessed for physics learning using 5 items 
from SEMLI-S (Thomas, et al., 2008).

 Students rate frequency (1 never/almost never → 5 always/almost 
always), e.g., “I understand all the basic concepts in class.”

 Math self-efficacy measured with an adapted form of the same 
approach.

 Reported reliability: Cronbach’s α acceptable (≥ .60) for affective scales.

59

60
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Attitudes scales 

61

 Instrument: adapted PATT (Pupils’ Attitude Towards Technology) version 
for science + math attitudes (De Klerk, 1989).

 Career aspirations (7 items): e.g., “I will probably choose a profession in 
science.”

 Interest (6 items): e.g., “If there was a math club at school, I would 
probably join it.”

 5-point Likert (1 strongly disagree → 5 strongly agree).

Demographics  

62

 Demographics + SES: student self-report
 SES built from 

 home language, 
 birth origin, 
 parents’ education & occupation 

 → factor analysis → weighted SES score

61
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Analysis plan 

63

 Checked correlaƟons: generally weak; no mulƟcollinearity → separate 
univariate models per outcome.

 Multilevel structure:
 Level 1: measurement moments
 Level 2: students
 Level 3: schools

 Controls included: condition, time, sex, SES, study track. 

RQ1 Results (Science in traditional education)

64

 In control group, science outcomes show:
 Career aspirations decline (T1 3.51 → T3 3.08)
 Interest declines (3.55 → 3.10)
 Autonomous motivation declines (3.04 → ~2.93 with dip at T2)
 Self-efficacy declines (3.30 → 3.12)
 Controlled motivation increases (2.59 → 2.80)

Insert

 Table 3 (science means over time in traditional education).

63
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RQ1 Results (Math in traditional education): similar pattern

65

 Control group math outcomes mirror science:
 Career aspiraƟons decrease (3.42 → 3.04)
 Autonomous moƟvaƟon decreases (3.36 → 3.15)
 Self-efficacy decreases (3.77 → 3.47)
 Controlled moƟvaƟon increases (2.59 → 2.82)
 Interest shows non-linear change but ends lower at T3 (3.25/3.34 → 3.04)

Insert

 Table 4 (math means over time in traditional education).

RQ1 Interpretation: where does the decline concentrate?

66

 Largest decline often occurs between T1 and T2 (Grade 9 year) for many 
variables.

 Possible mechanisms: 
 curriculum becoming less motivating, 
 puberty/adolescent interest dip, 
 non-linear trajectories not fully captured by measurement timing.

 Despite decline, mean levels remain “generally positive,” but the 
direction matters for long-term STEM participation.

65
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RQ2 Science: overall intervention effects

67

RQ2 Science:  “2 years” is critical

68

 No significant differences between T1 and T2 for any outcomes; effects 
emerge by T3 after two years.

 For several outcomes, differences are significant specifically between T2 
and T3.

 Implication: short-term evaluations risk concluding “no effect” when 
effects are delayed

67
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RQ2 Math: overall intervention effects (less strong)

69

RQ3 Science: differential effects by sex (self-efficacy risk)

70

 Science self-efficacy declines more steeply in iSTEM; this effect is even 
stronger for girls.

 Girls begin with lower self-efficacy than boys in both conditions, making 
the iSTEM disadvantage concerning.

 Practical implication: 
 iSTEM implementation must explicitly support girls’ competence beliefs in 

science/physics contexts.

69
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RQ3 Science: differential effects by SES (equity in attitudes)

71

 SES moderates iSTEM effects on science career aspirations and interest:
 In control, SES becomes increasingly important over time;
 In iSTEM, low-SES students show relatively greater increases in 

aspirations/interest.

 For science self-efficacy, SES impact is lower in iSTEM than control over 
time.

 Interpretation: 
 iSTEM may provide equity gains in science attitudes for low-SES students. 

RQ3 Math: differential effects by sex (different direction 
than science)

72

 Math self-efficacy declines in both conditions, but in iSTEM the decline 
is less steep for girls.

 This contrasts with science/physics self-efficacy, where girls are more 
negatively impacted in iSTEM.

 Implication: 
 “gender effects” are not uniform; they vary by domain and by which affective 

mechanism is measured.

71
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RQ3 Math: differential effects by SES (complex, outcome-
dependent)

73

 For math interest, SES becomes more positively related over time in 
control, but in iSTEM, the relationship is negative, suggesting low-SES 
students gain more interest.

 For autonomous motivation and self-efficacy, SES patterns differ; in 
some cases, SES becomes less important in control than in iSTEM.

 Interpretation: 
 iSTEM can alter SES gradients, but not always in a single direction across outcomes

Why attitudes improve but motivation/self-efficacy can 
worsen?

74

 Measurement level mismatch possibility: 
 attitudes measured as “science as discipline,” 
 while motivation/self-efficacy measured for science as school subject (physics 

learning).

 iSTEM may increase perceived pressure (innovation context) 
→ higher controlled moƟvaƟon.

 Challenging modules may raise difficulty perception 
→ lower self-efficacy.

 The teacher’s motivating style and efficacy support could 
counterbalance negative effects (implementation sensitivity).

73
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Limitations

75

 No implementation fidelity measure: experimental and control schools 
may vary in actual STEM initiatives and module enactment.

 “Active ingredients” not separated: integration vs real-life challenge not 
disentangled.

 Differential effects need a deeper mechanism explanation (why 
girls/SES differ).

Transition to Study 3

76

 Next: Does iSTEM improve cognitive performance (physics, math, 
technology, integrated items) over two years?

 We’ll watch for:
 Timing (effects after year 2?)
 Domain specificity (math vs physics vs integration competence)
 Equity patterns (gender/SES/reasoning)

75
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Study 3: Purpose and research questions

77

 Addresses gap: long-term, large-scale iSTEM study integrating all STEM 
components.

 RQ1: iSTEM impact on cognitive outcomes after 1 year and 2 years in:
 physics knowledge/application, math knowledge/application, technological 

concepts, IPM.

 RQ2: differential effects by gender, SES, and abstract reasoning.

Design and sample

78

 Same quasi-experimental longitudinal structure: T1 start Grade 9, T2 
end Grade 9, T3 end Grade 10.

 Same participant base: 859 students across 39 schools; 612 
experimental vs 247 control.

 Study tracks included; models control track composition differences.

77
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Cognitive outcomes: 6 instruments

79

 Physics knowledge (conceptual recall/understanding)
 Physics application (problem-solving/application)
 Mathematics knowledge
 Mathematics application
 Technological concepts (e.g., programming logic)
 Integrated physics & mathematics (IPM) items (explicit integration)

Instrument construction & administration

80

 Tests constructed by curriculum and subject-matter experts; adapted to 
expected level at each measurement moment.

 Online multiple-choice delivery during school hours.
 To reduce burden: only 8 items per instrument randomly presented to 

each student.
 IPM not measured at Time 1 (students not yet prepared for integrated 

items).

79
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Psychometrics

81

 Psychometric qualities evaluated using Item Response Theory 
(IRT) latent trait models.

 Items with low discrimination removed; best-fitting model selected per 
instrument/time.

 Factor scores computed per student per test per timepoint.
 Physics knowledge at Time 3 failed psychometric quality 

→ no reliable scores at T3

Example items: mathematic knowledge

82

81
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Example items: mathematic application

83

Example items: integration

84

83
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Analysis setup: why separate models per outcome

85

 Intercorrelations among outcomes were small to moderate (~.01 to 
.42).

 Therefore, separate univariate mixed models per outcome rather than a 
single multivariate outcome model.

 This keeps the interpretation domain-specific: math vs physics vs 
technology vs integration.

Multilevel model structure (what clustering is controlled)

86

 3-level model:
 Level 1: measurement moments
 Level 2: students (random factor)
 Level 3: schools (random factor)

 Some outcomes fit better with random slopes (physics application, 
math knowledge).

 Controls: condition, time, gender, SES, abstract reasoning 
(standardized), study track

85

86



19-05-26

44

RQ1 Core Results

87

RQ1 Core results: which domains improved under iSTEM?

88

 Significant iSTEM effects (condition×time) found for:
 Mathematics knowledge
 Mathematics application
 Technological concepts

 No significant intervention effect for:
 physics application, integrated physics & mathematics (IPM)

 Interpretation headline: 
 iSTEM boosts math + technology, 
 but not measured integration competence (IPM).

87
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Why math improved (hypotheses)?

89

 iSTEM may make math less abstract by embedding it in meaningful 
challenges, improving understanding and application.

 Larger effects for math application than math knowledge suggests 
transfer/application practice is strengthened.

 Students in iSTEM may become more practiced at applying concepts 
across domains, helping application performance.

Why physics effects were limited

90

 Physics knowledge limitation: 
 no reliable Time 3 scores due to poor psychometrics 

→ can’t test 2-year physics knowledge effects.

 Physics application: 
 no significant iSTEM advantage observed despite expectations.

 Hypothesis: 
 differences may stem from how integration and module emphasis interact with 

domain learning
 => further empirical work needed

89
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Why technological concepts improved

91

 iSTEM improved technological concepts after two years, but effect size 
was smaller than math outcomes.

 Hypothesis:  more explicit attention to technological concepts within 
modules could increase growth.

 This outcome likely captures programming/logic-like competencies 
aligned with module activities.

The “IPM puzzle”: why integration competence didn’t 
increase

92

 No significant improvement in integrated physics & mathematics (IPM) 
despite an explicitly integrative curriculum.

 Key interpretation: 
 emphasizing connections in the curriculum does not guarantee that students’ 

ability to integrate improves.

 Implication: 
 integration skills may require explicit instruction and assessment, 

not just integrated activities.
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RQ2 Differential effects 1 - gender (physics application)

93

 General pattern: males score higher in physics application overall.
 But intervention effect: 

 females in iSTEM perform better on physics application after two years than 
females in control; 

 no difference for males.

 Interpretation: 
 iSTEM may reduce gender gaps in certain applied physics contexts.

RQ2 Differential effects  - SES and abstract reasoning (equity 
vs stratification)

94

 SES: 
 advantage for high SES on physics application is more pronounced in control; 
 iSTEM reduces SES-linked disadvantage (equity signal).

 Abstract reasoning: 
 stronger relationship between reasoning and math outcomes in iSTEM 
 → iSTEM may benefit high-reasoning students more for math.

 Design implication: 
 iSTEM may need additional scaffolding/differentiation 

to avoid amplifying reasoning-based disparities.
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Integrated synthesis: What holds across all papers?

95

 Framework defines high-quality iSTEM as 5 guided principles rooted in 
social constructivism (integration, problem-centered, inquiry, design, 
cooperative).

 Affective trajectories: 
 in traditional education, attitudes/motivation/self-efficacy generally decline; 
 iSTEM stabilizes attitudes but can worsen motivation quality and science self-

efficacy.

Integrated synthesis: What holds across all papers?

96

 Cognitive outcomes: 
 iSTEM improves math knowledge/application and technological concepts after 2 

years; 
 iSTEM does not improve IPM; 
 subgroup patterns show both equity signals and stratification risks.

 Timing convergence: 
 in affective and cognitive studies, many effects emerge primarily after two years, 

not one.
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Actionable design rules

97

 Design with the 5 principles explicitly: 
 integration must be purposeful and supported; 
 students do not automatically integrate across representations.

 Guided inquiry & design: 
 avoid pure discovery; 
 provide structured coaching and iterative design justification to build competence.

 Cooperative learning with teacher monitoring: 
 strengthen communicative interactions and positive interdependence 

(key engagement drivers).

Actionable design rules

98

 Protect motivation and self-efficacy: 
 autonomy-supportive teaching and competence scaffolds; 
 monitor girls’ science self-efficacy in particular.

 Evaluate at the appropriate horizon: 
 include at least two-year follow-up to capture delayed effects 
 on both beliefs and learning.

 Future research/implementation fidelity: 
 measure the degree of integration, guidance level, time-on-task, teacher factors, 

and isolate active ingredients.
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