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Multiple external representations in STEM education
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Why?
• „at the core of understanding“ in STEM subjects (e.g., Duval, 1999)

• tools for building sound conceptual knowledge (Stylianou, 2020) 
that can be used flexibly to solve (real-world) problems (Star & Rittle-Johnson, 2008)

• foster learning and problem solving compared to single representations (e.g., 
Rau, Aleven & Rummel, 2009; Hu, L., Chen, G., Li, P., & Huang, J.; 2019)

But..
• each type presents specific disciplinary challenges (Fredlund et al., 2014), and 

relating multiple representations can be difficult for students (e.g., van der Meij & de 
Jong, 2006)

• presented or assembled inappropriately, they produce extraneous cognitive 
load and hinder learning (e.g., “redundancy effect”, Sweller, 2005)
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Information processing
Perception Understanding Knowledge

Atkinson & Shifrin, 1968; Mayer, 2001
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Information processing

Mayer, 2001; Paivio, 1986; Schnotz & Bannert, 2003
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Information processing

Mayer, 2001; Paivio, 1986; Schnotz & Bannert, 2003
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Information processing
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More types of representations

e.g., Wu & Puntambekar, 2012
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More types of multiple representations

Malone et al. 2020; Ott et al., 2018
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First insights

Performance
• Homogeneous symbolic/heterogeneous MERs > single 

representations

• homogeneous symbolic MERs = heterogeneous MERs

Processing
• more cross-representational gaze switches with heterogeneous 

MERs 

• more cross-representational integration with heterogeneous 
MERs according to verbal reports

Malone et al., 2020; Ott et al., 2018
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DeFT-Framework

• Design aspects (types of representations, modality, sequencing,…) 

• Functions

• Tasks (understand, interpret, select, construct,…)  use their representational competence

Ainsworth, 1999; 2006
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DeFT-Framework

• Design aspects (types of representations, modality, sequencing,…) 

• Functions

• Tasks (understand, interpret, select, construct,…)  use their representational competence

• OUTCOMES? PRINCIPLES?
Ainsworth, 1999; 2006
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Cognitive Load in learning with multiple representations

Altmeyer et al. 2020; Malone et al. 2021; Mayer, 2009; Rau, 2017; Sundararajan & Adesope, 2020; Sweller et al., 1998
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Conclusions
theory
• extend theoretical models towards representational systems beyond text + picture

future research
• systematically investigate different kinds of representational systems
• use non-intrusive methods (e.g., eye tracking, smart pens) as process measures

practice
• consider all factors that may influence learning with multiple representations
• adapt systems to different levels of representational competence
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