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http://math.ucr.edu/~jdp/Relativity/EM_Propagation.html 

Interactive Simulation 
 
 
 
 
 
 
 
 

 http://hfradio.org/ace-hf/ace-hf-antenna_is_key.html 

Two important and 

very widely used 

ILEs especially in 

science and 

engineering 
(Yaman, Nerdel, & Bayrhuber, 2008) 



Do learners learn from ILEs? 
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Promote deeper and clear understanding of the domain 

knowledge (Lengler  and Eppler,2007) 

Foster students’ analytical skills, challenges their  creativity, 

abstract thinking and  reasoning abilities (Chaturvedi, 2006; Vidal, 

2006, Part et al., 2008) 

Especially beneficial for learning scientific concepts, 

processes, principles  (Hansen, 2005; Rutten et al., 2011, Cook, 2006) 
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knowledge (Lengler  and Eppler,2007) 

Foster students’ analytical skills, challenges their  creativity, 

abstract thinking and  reasoning abilities (Chaturvedi, 2006; Vidal, 

2006, Part et al., 2008) 

Especially beneficial for learning scientific concepts, 

processes, principles  (Hansen, 2005; Rutten et al., 2011, Cook, 2006) 

•Inconsistent results; learning success is not 

overwhelming (Kombartzky, 2007).  

 

• higher level of interaction could not 

guarantee  positive learning effects (Boucheix  

& Schneider, 2009) 

 

•Interactions may just provoke students to 

play with different dynamic objects forgetting 

the real meaning (Guzman,  Dormido, and  Berenguel, 2010).  

 

•deep learning is not promoted unless careful 

consideration is given to interactive 

features (Moreno, & Valdez , 2005) 
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Promote deeper and clear understanding of the domain 

knowledge (Lengler  and Eppler,2007) 

Foster students’ analytical skills, challenges their  creativity, 

abstract thinking and  reasoning abilities (Chaturvedi, 2006; Vidal, 

2006, Part et al., 2008) 

Especially beneficial for learning scientific concepts, 

processes, principles  (Hansen, 2005; Rutten et al., 2011, Cook, 2006) 

Mixed and 

conditional results  

•Inconsistent results; learning success is not 

overwhelming (Kombartzky, 2007).  

 

• higher level of interaction could not 

guarantee  positive learning effects (Boucheix  

& Schneider, 2009) 

 

•Interactions may just provoke students to 

play with different dynamic objects forgetting 

the real meaning (Guzman,  Dormido, and  Berenguel, 2010).  

 

•deep learning is not promoted unless careful 

consideration is given to interactive 

features (Moreno, & Valdez , 2005) 
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Under what conditions, ILE leads to 

effective learning? 

Overarching Research Issue 



Exploring Interactive Learning Environments 
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an animated or 

simulated model of 

the content*  

a user interface that allows 

interactions with the dynamic 

content being presented* 

a human facilitator or 

an instructor for briefing 

and debriefing 

sessions* 

* Quadrat-ullah, 2010  



Possible solution approaches in ILEs 
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Solution approach selected for the study 

11 
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Interactions and Interactivity in ILEs 



13 

Interactions and Interactivity in ILEs 



• learners' behaviour depends on the action of the system, which in turn depends on the 

reaction of the learner, and so on (Domagk et al., 2010) 
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Interactions and Interactivity in ILEs 

Link 
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Learning process of Interactive Learning Environment and its basic stake-holders  

Synthesizing Literature Survey  

Link 
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Synthesizing Literature Survey  

Interactions in ILEs 

link 
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Level of 
interaction 

Apt interaction 

designing  

Higher 
interaction 
level with 

poorly 
designed 

interaction 
features 

Lower 
interaction 
level  with 
carefully 
designed 

interaction 
features 

Literature Synthesis to Research Questions 
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RQ1:  

"Does higher level of interaction lead to effective learning 

in ILE?” 

Level of 
interaction 

Apt interaction 

designing  

Higher 
interaction 
level with 

poorly 
designed 

interaction 
features 

Lower 
interaction 
level  with 
carefully 
designed 

interaction 
features 

Needed 

rigorous 

validation  

Literature Synthesis to Research Questions 



 What will be ‘carefully designed’ interactions?  
Exploring through an associated Research Issue: Cognitive Processing of learners 

A major goal of multimedia learning and instruction  
“manage essential processing, reduce extraneous 
processing and foster generative processing”. 
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the essential 

material or 

information to be 

learned. 

reduces the 

chances that 

transfer of 

learning 

activity of 

organizing and 

integrating 

information 

Triarchic model of cognitive load (Mayer, 2009) 
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Synthesizing Literature Survey  

Cognitive processing in ILEs 



Need to augment Interactivity in ILEs?  
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Learner 

Need to support Content Manipulation Interactions 

Multimedia principles and Cognitive Load Theory of Multimedia learning guidelines for 

designing support to learners while learning from ILE (Mayer, 2008).  

 

However, the recommendation primarily fulfil design requirements for Information delivery and 

Representation Strategy Interactions. 

 

There is a dearth of such recommendations for designing Content Manipulation Interactions, 

especially needed in Interactive Simulations.  



Proposing 'Interactivity Enriching Features' (IEFs) in ILE 

22 



 Proposing 'Interactivity Enriching Features (IEFs)'  

• 'Interactivity Enriching Features‟ (IEFs) are conceptualized as 

interaction features in ILE offered to user in the form of an 

affordance.  

 
 

• IEFs can take form of add-on features added to the basic level of 

interactivity present in ILE.  

 
 

• The features are referred to as „Interactivity Enriching Features‟, as 

it is anticipated that these features would enrich the quality of 

interactions.  
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Determining Interactivity Enriching Features (IEFs) 
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1 

2 

3 

4 

1. Define generalized pedagogical 

requirements (as specified in 

Learning Objectives)  

 

2. Identify learning demands that can 

be put up on learner in ILE while 

meeting these pedagogical 

requirements.  

 

3. Search the Knowledge Database 

(Educational Theories, Learning 

Theories, Learning Principles) to 

establish mapping between the 

learning demands and theoretical 

recommendations. 

 

4. Define IEFs by establishing mapping 

between learning demands and 

theoretical recommendations.  
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Interactivity Enriching Features designed 

Reciprocative Dynamic Linking: RDL  

Productively Constrained Variable Manipulation: PCVM  Discretized Interactivity Manipulation: DIM  

Permutative Variable Manipulation: PVM  

Link 

Link 

Link 

Link 
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RQ1. Does higher level of 

interaction lead to 

effective learning in ILE 

for a given type of 

knowledge and cognitive 

level?  

 

 

 

 

 

 

 

 

 

Refining Research Questions 
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RQ1. Does higher level of 

interaction lead to 

effective learning in ILE 

for a given type of 

knowledge and cognitive 

level?  

 

 

 

 

 

 

 

 

 

RQ2. How do 

Interactivity Enriching 

Features affect students' 

learning outcome? 

 

 

 

 

 

  

Refining Research Questions 
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RQ1. Does higher level of 

interaction lead to 

effective learning in ILE 

for a given type of 

knowledge and cognitive 

level?  

 

 

 

 

 

 

 

 

 

RQ2. How do 

Interactivity Enriching 

Features affect students' 

learning outcome? 

 

 

 

 

 

  

RQ3. What is the 

effect of including 

Interactivity Enriching 

Features on students’ 

cognitive load?  

Refining Research Questions 



 Research Scope 

 Students learn from ILE in self-learning mode. (Instructor support is not being 
considered as a variable).  

 

 Interactions being considered are only those between ILE and learner. The 
interactions between instructor and learner or among learners are excluded from 
the scope of this research work.  

 

 ILEs are overall well-designed to begin with, i.e. ILEs are in accordance with 
the well-established multimedia learning principles and are aligned with learning 
objectives.  

 

 Variation in the learner characteristics or customization of learning material 
as per this variation are not being considered as variables of this research 
work.  
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Research Context:  

ILEs in 'Signals and Systems' Education 

• Signals and Systems, a course second year from Electrical 
Engineering and allied undergraduate programs.  

 

• One of the foundation courses in the field of Communication and 
Signal Processing. 

 

• Findings from Signals and Systems Concept Inventory ( SSCI) and 
supporting disciplinary research articles were referred while 
determining pedagogical requirements and topics of research 
studies.  

33 
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Productively Constrained  

Variable Manipulation  

(PCVM) 

Discretized Interactivity 

Manipulation (DIM) 
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Overview of the research design  

36 
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General Overview of the 

procedure followed for 

Validating the effectiveness of 

Interactivity Enriching Features 



Validating the effectiveness of Interactivity Enriching 

Features: Research experiments to answer RQ1  
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Research 

Experiments E1 E2 E3 
Research Method Quantitative research Quantitative research Quantitative research 

Research Context Signal Transformation  Convolution  Fourier Transform Properties 

Research Design Quasi experiment with ‘post test only’ Two group Quasi experiment with ‘pre-test post-

test’ 

Two group Quasi experiment with ‘pre-test post-

test’ 

Sample Second year Electrical Engineering students  

(N=41+ 35+23 resp.) 

Second year Electrical Engineering students  

( N=70+71 resp.) 

Second year Electrical Engineering students  

( N=36+ 35 resp.) 

Treatment Non-Interactive 

Learning Environment 

(Non-ILE) 

Animation 

(ANM)  

Simulation 

(SIM) 

 

  Animation  

(ANM)   

Simulation  

(SIM) 

Animation  

(ANM)  

Simulation  

(SIM) 

Data Collection   Post test Pre-test and post-test Pre-test and post-test 

Instruments Validated peer-reviewed  test Instrument fo r UC, UP and AP 

link 
Validated peer-reviewed test Instrument for AC, UP and AP link 

 

Validated peer-reviewed test Instrument for AC, UP and AP link 

 

Statistical 

Analysis methods 

Independent Sample t test, ANOVA, Kruskal 

Wallis test, Mann-Whitney test 

Independent Sample t test, Paired  Sample t test, 

ANCOVA 

Independent Sample t test, Paired  Sample t test 

../../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix B_Instrument _E1.pdf
../../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix C_ Instrument E2.pdf
../../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix D_Instrument E3.pdf
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Answering RQ1 

Answering RQ 1 : 

 

Higher level of interaction does not necessarily lead to effective learning 

in ILE.  

  

Different knowledge types and cognitive levels require different level of 

interaction for effective learning in ILE.  

Research Question RQ1: 

 Does higher level of interaction improve learning in ILE? 

Research 

Experiments E1 E2 E3 
Results and 

findings 

 

Non-ILE ≈ ANM ≈ SIM ( UC) 

Non-ILE > ANM~SIM (UP) 

Non-ILE≈SIM ≈ ANM (AP)  

link 

 ANM ≈  SIM (AC) 

ANM ≈ SIM (UP) 

ANM ≈ SIM (AP) 

link 

ANM > SIM (AC) 

ANM ≈ SIM (UC) 

ANM ≈ SIM (AP) 

link 
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Research 

Experiments E1 E4 E5 
Research Method Mixed Research Method  

(Explanatory sequential design) 

Mixed Research Method  

(Explanatory sequential design) 

Mixed Research Method  

(Explanatory sequential design) 

Research Context Signal Transformation Convolution  Time and Frequency domain representation of 

sinusoids 

Research Design Two group Quasi experiment with ‘post test 

only’ 

 Two group Quasi experiment with ‘post test 

only’ 

Two group Quasi experiment with ‘post test only’ 

Sample Second year Electrical Engineering 

students  (N=23+35 resp.) 

Second year Electrical Engineering students  

( N=33+34 resp.) 

Second year Electrical Engineering students  

( N=12+12 resp.) 

Treatment Simulation (SIM)  

(ILE without IEF) 

Interactivity 

Enriched ILE (IELE) 

[PCM+PCVM] 

 Simulation (SIM) 

(ILE without IEF) 

 

Interactivity Enriched 

LE( IELE) 

 [DIM] 

Simulation (SIM) 

(ILE without IEF) 

 

Interactivity Enriched 

LE(IELE)    

[RDL] 

Data Collection   Post test + screen capture + semi-

structured interviews 

Post test+ CL test+ survey + semi-structured 

interviews 

Post test+ CL test+ survey + semi-structured 

interviews + screen capture 

Instruments Validated peer-reviewed test Instrument for UC, UP and AP 

link 
Validated peer-reviewed test Instrument for AC, UP and AP   link 

 

Validated peer-reviewed test Instrument for AC, UP and AP link 

 

Statistical 

Analysis methods 

Independent Sample t test, Kruskal Wallis 

test, Mann-Whitney test 

Independent Sample t test Independent Sample t test 

Validating the effectiveness of Interactivity Enriching 

Features: Research experiments to answer RQ 2   

../../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix B_Instrument _E1.pdf
../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix E_Instrument_E4.pdf
../../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix E_Instrument_E4.pdf
../../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix F_Instrument_E5.pdf


42 

Research Question RQ2: 

How do Interactivity Enriching Features affect students' learning outcome?  

Answering RQ 2: 

 

Interactivity in ILE can lead to higher learning only after getting 

augmented by strategically designed Interactivity Enriching Features 

(IEFs) for Apply and Analyze Procedural knowledge.  

Research 

Experiments E1 E4 E5 
Results and 

findings 

SIM ≈ IELE  (UC) 

IELE>SIM (UP) 

IELE>SIM (AP) 

 link 

SIM ≈ IELE  (AC) 

IELE> SIM (UP) 

IELE>SIM (AP) 

link 

SIM ≈ IELE (UC+AC) 

IELE>SIM (AP) 

IELE>SIM (ANP) 

link 

Answering RQ2 
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Research Experiments 
E4 E5 

Research Method Mixed Research Method  

(Explanatory sequential design) 

Mixed Research Method  

(Explanatory sequential design) 

Research Context Convolution  Time and Frequency domain representation of sinusoids 

Research Design Two group Quasi experiment with ‘post test only’ Two group Quasi experiment with ‘post test only’ 

Sample Second year Electrical Engineering students  

( N=33+34 resp.) 

Second year Electrical Engineering students  

( N=12+12 resp.) 

Treatment  Simulation (SIM) 

(ILE without IEF) 

Interactivity Enriched LE 

(IELE) 

 [DIM] 

Simulation (SIM) 

(ILE without IEF) 

Interactivity Enriched 

LE(IELE)    

[RDL] 

Data Collection  Post test+ CL test+ survey + semi-structured interviews Post test+ CL test+ survey + semi-structured interviews + 

screen capture 

Instruments Validated peer-reviewed test Instrument for AC, UP and AP  link Validated peer-reviewed test Instrument for AC, UP and AP link 

 

Statistical Analysis methods Independent Sample t test Independent Sample t test 

Validating the effectiveness of Interactivity Enriching 

Features:  Research experiments to answer RQ 3   

../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix E_Instrument_E4.pdf
../../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix E_Instrument_E4.pdf
../../../Thesis Writing _Post APS 4/Thesis Chapters/Appendix/Appendix F_Instrument_E5.pdf
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Answering RQ3 : 

 
Learners learning with (IELE) designed with 'Interactivity Enriching Features' (IEFs) 

exhibited same mental effort (indication of equal Intrinsic Cognitive Load), but lower 

perceived mental difficulty level (indication of higher Germane Cognitive Load) as 

compared to learners learning from the ILEs without IEFs.  

 

IEFs supported learners by improving their Germane Cognitive Load.  

Research Question RQ3:  

What is the effect of including Interactivity Enriching Features on students’ cognitive load?  

Research Experiments 
E4 E5 

Results and findings Mental effort scores SIM ≈ IELE 

Germane Cognitive Load scores (measured construct 

Mental difficulty) 

SIM ≈ IELE …AC, SIM > IELE …UP, SIM > IELE …AP 

link 
 

Mental effort scores SIM ≈ IELE  

Germane Cognitive Load scores (measured construct 

Mental difficulty) 

SIM ≈ IELE …UC+AC, SIM > IELE …AP, SIM > IELE 

…ANP                                            link 
 

Answering RQ3 



Summarizing findings 
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Claims Findings as evidence 

Higher level of interaction does not 

necessarily lead to effective learning in ILE. 

a) For procedural knowledge at understand level, non-interactive visualization 

performed better than animation and simulation. The animation and Simulation 

were found to be equally effective. 

b) For conceptual knowledge at apply level, simulation was found to be better 

than animation. 

(Based on experiments in three different topics in S&S) 

Different knowledge types and cognitive 

levels require different level of interaction for 

effective learning in ILE. 

ILE can lead to higher learning only after 

getting augmented by strategically designed 

Interactivity Enriching Features (IEFs). 

Learners performed better with Interactivity Enriched Learning Environment 

(IELE) using 'Interactivity Enriching Features' (IEFs) as compared to the ILEs 

without IEFs. When augmented with appropriate IEF, ILEs could deliver its 

learning benefits, especially for procedural knowledge for given cognitive 

levels. 

(Based on experiments in three different topics in S&S) 

Interactive Simulation designed with 

‘Interactivity Enriching Features’ improves 

learning in ILE by fostering Germane 

Cognitive Load. 

Learners learning with Interactivity Enriched Learning Environment (IELE) 

using 'Interactivity Enriching Features' (IEFs) exhibited same mental effort 

(indication of equal Intrinsic Cognitive Load), but lower perceived mental 

difficulty level (indication of higher Germane Cognitive Load) as compared to 

learners learning from the ILEs without IEFs. 

(Based on experiments in two different topics in S&S) 

OVERALL CLAIM: The findings from the research studies validated learning effectiveness of IEFs. 



Discussion 

46 

Investigating learning effectiveness of IEFs  

and 
 their impact on cognitive processing 

Presenting findings in 

the form of  model: 

MIELE 

Extent of 
generalizability 

Limitations Future  
directions 



47 

The concept of 

Interactivity 

Enriching Features 
and characterizing its role in 

learning from ILEs  

Four Interactivity 

Enriching Features 

PCVM, PVM, DIM, 

RDL 

Determine, design 

Five empirical studies to 

test effectiveness of IEFs  

with the designed IELEs 
Investigate 

Interactivity Design Principles  

Interactivity 

Enriched Learning 

Environments 

(IELE) 

Model for Interactivity Enriched Learning 

Environment (MIELE)  

Integrated perspective of IEF designing and its learning 

impact in ILEs  

eIDT: Enriched Interactivity Design Tool 

Thesis Overview 

Impact of IEFs on germane cognitive load 

../../eIDT/eIDT.pdf
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Presenting thesis findings as MIELE 
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Prescriptive 

perspective 

of MIELE  

Explanatory 

perspective 

of MIELE  
Descriptive 

perspective 

of MIELE  



Extent of Generalizability 
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• Generalizability of the IEFs 
– role of domain in the designing of IEFs has been low, while the role 

of a particular interaction designed for manipulating variables is 
prominent. 

– the designing of IEFs derived its basis from relevant educational 
theories with pan-domain applicability 

 

• Generalizability of claims about testing effectiveness of 
IEFs 
– Generalizable for specific types of knowledge from courses with 

similar pedagogical requirement for engineering student population 

  

• Factors such as learner age and learner characteristics would 
need further investigation.  
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Establishing 

generalizability 

of the IEFs 
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Limitations of the Thesis  

 • The results from this thesis need to be considered along with the following limitations.  

– Learner characteristics: Learner characteristics has not been a confounding variable 

considered.  

 

– Instructor and instructional strategies: Contribution of instructor's role has been kept outside 

this thesis.  

 

– Sample: Demographic details of the sample have assumed to be non-influential on the 

findings.  

 

–  Domain and educational settings: The basic premises and assumptions might not hold true 

for school level ( other than tertiary level educational setting) educational set-up.  

 

– Research Methods 

• the treatments given were of short duration nature  

• Assessment of lower cognitive levels 

• Use of self-reported cognitive load subjective rating scale.  

 

– IEFs need not be the only solution approach  
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Future Directions 

“Creating learner-centric, technology-enabled effective learning 

environment that is capable of fully utilizing its potential to offer the 

most enriched learning experience to learners” 

 

• Validating IEFs for more topics from associated domains  

 

• Validating IEFs for additional learner characteristics  

 

• Validating IEFs in the presence of internal/external instructional strategies  

 

• Investigating IEFs' effectiveness for higher cognitive levels  
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Thesis Contributions 

 

• The concept of Interactivity Enriching Features and characterizing its role in learning from ILEs.  
 

• Four Interactivity Enriching Features: Determine, design and evaluate IEFs for interactive 

animations and simulations. The thesis contributed by conceiving and defining attributes of these 

IEFs.  

– Permutative Variable Manipulation (PVM )  

– Productively Constrained Variable Manipulation ( PCVM)  

– Discretized Interactivity Manipulation (DIM)  

– Reciprocative Dynamic Linking (RDL)  

• Five empirical studies to test effectiveness of IEFs  
 

• Interactivity Design Principles  
 

• Interactivity Enriched Learning Environments (IELE) 
 

• Integrated perspective of IEF designing and its learning impact in ILEs in the form of three-layer 

Model for Interactivity Enriched Learning Environment (MIELE):  
 

• eIDT: Enriched Interactivity Design Tool 
 

• Validated instruments 
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../../eIDT/eIDT.pdf


Publications 

• Journal Publication  

– Patwardhan, M., & Murthy, S. (2015). When does higher degree of interaction lead to higher learning in visualizations? Exploring 

the role of “Interactivity Enriching Features”. Computers & Education, 82, 292–305. doi:10.1016/j.compedu.2014.11.018  

• Conference Publications  

– Patwardhan M., S. Murthy, “How Reciprocative Dynamic Linking Supports Learners' Representational Competence: An 

Exploratory Study ", Proceedings of 23rd International Conference on Computers in Education, Hangzhou, China, November- 

December 2015.  

– Banerjee G., Patwardhan M., S. Murthy, "Learning Design Framework for Constructive Strategic Alignment with Visualizations", 

Proceedings of 22nd International Conference on Computers in Education, Nara, Japan, November- December 2014.  

– Banerjee G., Patwardhan M .& Mavinkurve M. (2013), “Teaching with visualizations in classroom setting: Mapping Instructional 

Strategies to Instructional Objectives”, Proceedings of 5th IEEE International Conference on Technology for Education (T4E), IIT 

Kharagpur.  

– A. Diwakar, M. Patwardhan and S. Murthy, “Pedagogical Analysis of Content Authoring tools for Engineering Curriculum”, selected 

for paper publication at "International Conference for Technology for Education (T4E) 2012" at IIIT Hyderabad, July 2012.  

– M. Patwardhan and S. Murthy, “Teaching-learning with interactive visualization: How to choose the appropriate level?,” 2012 IEEE 

International Conference on Technology Enhanced Education (ICTEE), pp. 1-5, Jan. 2012.  

 

• Journal paper - Manuscript under review (Second revised version of the paper has been submitted on November 5th, 2016) 

– Patwardhan, M., & Murthy, S. (2016), "Designing Reciprocative Dynamic Linking to improve learners' Representational 

Competence in Interactive Learning Environments submitted to Research and Practice in Technology Enhanced 

Learning (RPTEL) 
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Results of E1 
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Results of E1 
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Results of E2 

61 



Results of E3 
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Results of E4  
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Results of E4  
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Results of E4  
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Results of E5  
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Results of E5  
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Qualitative Findings for E1 
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Qualitative Findings for E4 

69 



Qualitative Findings for E5 
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Different levels of interactions (Schulmeister, 2003)  

Interaction Level Screenshot of example Interaction Level Screenshot of example 

Viewing static picture, still 

images, no interaction 

Manipulating visualization 

contents through different  

interaction features  

Viewing video, visualization that 

includes play, pause, stop, 

repeat, rewind, speed control   

 

Allows generating 

visualizations through 

programs, data, model building 

 

Permits control functions such 

as viewing order (changing the 

order / sequence of viewing), 

zooming, rotating (no change in 

content)   

Receiving feedback on 

manipulations of visual objects 

...  virtual /remote labs for 

engineering applications  
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Lower level of interaction  a behaviourist character; 

 higher level of interaction constructivist learning 
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What does literature say about ILE learning? 

Learning impact 
of Interactive 

Learning 
Environments 

Research Stream-I 

 

 Establishing learning 
potential of ILEs 

Research Stream-II 

 
 

Failure in confirming the 
learning potential of ILEs 

Research Stream-III 

 

Conditional Learning 
 in ILEs 



Highlights of the Research streams 
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• learning success  inherent features of dynamic 
depiction and exploration affordance Research Stream-I  

Establishing learning potential  

•Changing nature of ILE learning effectiveness. 
•learning effectiveness became a multidimensional 
construct 

 

Research stream-II  

Failure in confirming the learning 
potential of ILE  

• The notion of ‘moderators’ in ILE got introduced 

• more divergent RQs emerged. Such as “whys,” 
“whens,” and “for whoms” in addition to whethers” 
and “how muchs.” 

Research stream-III   

Conditional Learning in ILEs 



Categorizations of Interaction Features in ILE 

Features that controls how 
information / content should get 

delivered to the learner 
(play/pause/ navigation  / 

direction control etc.) (Choo, 1992). 

 

Information Delivery 
Interaction (IDI)  

 

 

 

Features that allow learner to 
observe the same educational 

content in different 
representation formats ( zoom 

in/ zoom out/ 2D/3D etc.) (Reichert 

& Hartmann, 2004). 

 
Representation Strategy  

Interaction (RSI)  

Features that allows educational 
content of ILE to get 

manipulated dynamically ( vary/ 
key-in/ select value etc.) (Choo, 

1992). 

 

Content Manipulation 
Interaction (CMI) 

74 

Categorization of interaction features in ILE was done and the 

following overarching categories were created 
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PCVM: Productively Constrained Variable Manipulation  

76 

only one variable for 
manipulation 

two variables for 
manipulation all variables for 

manipulation 

• It restricts the number of variables to 

be offered for manipulation 

simultaneously; yet allows full 

exploration opportunities. 

 

•This ensures that learner uses all the 

exploration and  learning opportunities 

provided in ILE.  

 

•In spite of forcing learner to manipulate 

variables in a constrained manner, it is a 

‘productive constraint’ as it will aid the 

learning process and will foster learning 

by aligning instructor's learning 

objectives with the exploration pattern of 

learner in an interactive simulation.  



DIM: Discretized Interactivity Manipulation 

77 

•It allows learner to execute a given task / 

process / procedure in the form of 

discretized steps to strengthen internal 

mental representation of the task. 

 

• Learning sciences related to Event 

Cognition report that while learning a given 

process/ event, generally learners 

construct an internal mental representation 

composed in several discrete steps.  

 

•As  per DIM, ILE can offer interactivity 

that enables learner to select individual 

steps discretely, thus creating a discretized 

mental model of the continuous event/ task 

to be accomplished. 



PVM: Permutative Variable Manipulation 
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While learning procedural knowledge in ILE, 

this affordance will enable learner to make 

decisions about sequencing the steps of 

procedural task  (i.e. all possible 

permutations) to improves learning. 

 

Embedding Permutative variable as an 

additional interactive feature will be useful for 

allowing number of permutations of action 

sequences especially while executing a 

procedural task. Due to PVM, learner will be 

able to see what change takes place in the 

outcome of the process due to change in the 

order of the steps (or different permutations).  

 

'Permutative Variable Manipulation' (PVM) 



RDL: Reciprocative Dynamic Linking  
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It is an affordance offered to select and 

manipulate each of the multiple 

external representations individually in 

a reciprocative manner.  

 

While learning from Dynamically 

Linked Multiple Representations 

(DLMR), RDL will offer design 

interactivity using Reciprocative 

Dynamic Linking (RDL) feature which 

allows learners to manipulate both ( or 

more) DLMRs in a reciprocative 

manner.  

 

Reciprocative Dynamic Linking (RDL) 
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ILE without IEF 

IELE: ILE with IEF ‘DIM’ 


