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Abstract - Infusing engineering instruction into pre-college 
education has been the focus of a number of outreach 
programs, such as the Infinity project, which have 
primarily focused on curriculum development. In contrast, 
our goal is to provide a set of guidelines for the design of 
engineering instruction that promotes problem solving 
skills and cognitive flexibility in pre-college engineering 
education programs. Based on the existing educational 
psychology theories and engineering education research, 
we have identified four high priority research areas that 
need to be addressed for systematically building up a 
fundamental understanding of effective instructional 
design for pre-college engineering education: 1) 
Representations of engineering concepts, worked 
examples, and practice problems that promote students’ 
problem solving and cognitive flexibility, 2) Problem-
solving practice designs that promote students’ learning, 3) 
Peer-model pedagogical agents, and 4) Examination of the 
role of spatial abilities, prior knowledge, and gender on the 
strategies examined in the preceding three areas. 
  
Index Terms – Cognitive flexibility, Instructional design, 
Problem solving skills, Research priorities. 

INTRODUCTION 

Infusing engineering instruction into pre-college education has 
been the focus of a number of outreach programs, such as the 
Infinity project. Despite the fact that engineering problem 
solving skills are crucial for the successful completion of these 
programs, there is a pronounced lack of research investigating 
the relationship between the instructional methods used in 
such programs and students’ success. Therefore, the purpose 
of this work in progress is to systematically examine how pre-
college students’ learning and perceptions about learning are 
affected by the instructional design of engineering education. 
Unlike other outreach programs that focus primarily on 
curriculum development, our goal is to provide a set of 
guidelines for the design of engineering instruction that 
promotes problem solving skills and cognitive flexibility. 
Based on the existing educational psychology theories and 
engineering education research, we have identified four high 
priority research questions that need to be addressed for 
systematically building up a fundamental understanding of 
effective instructional design for pre-college engineering 
education. Our research questions are embedded in the context 

of the cognitive-affective theory of learning with media 
(CATLM) [1]. Our research questions assume a learning 
program consisting of (i) an introductory module introducing 
the learning objectives, (ii) a theoretical module explaining the 
conceptual and procedural knowledge, (iii) an application 
module presenting worked examples, and (iv) a practice 
problem module.  

REPRESENTATION OF CONCEPTS, EXAMPLES, AND 
PRACTICE PROBLEMS 

How should engineering concepts, practice problems, and 
worked examples be represented to promote students’ problem 
solving and cognitive flexibility? Within this overarching 
question, we have identified four specific research questions: 

I. Do Students Learn Better when Instruction Presents 
Abstract or Contextualized Engineering Diagrams? 

This question is aimed at examining whether asking students 
to practice with a set of richly contextualized problems fosters 
their problem solving transfer, especially far transfer. In the 
abstract representation, an electrical system, for instance, is 
presented as an abstract circuit diagram without specifying 
which components the different circuit elements represent or 
what their purpose is. In contrast, in a contextualized problem, 
the device under consideration (e.g., I-Pod) is presented along 
with a representation of the different electrical components of 
the system in basic circuit elements. Although abstract 
representation may be used to introduce and emphasize points 
at the lower levels of thinking, to promote cognitive 
flexibility, students need to transition from solving abstract 
problems to solving real world, highly contextualized 
problems. 

II. Can Animations Help in Understanding Engineering 
Principles Better Than Static Diagrams? 

Despite the increasing development of animated 
representations of engineering problems, still open is the 
question of whether visual representations should be animated 
to help students’ visualize the relationship between the 
elements of the system [2] or help students change their 
misconceptions in a domain. We find it therefore necessary to 
investigate the effectiveness of instructional engineering 
animations, considering both local animations of the system 
parts of interest (e.g., an animation of a branching point of an 
electric current) as well as global animation of the system 
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(e.g., an animation of the current flow around the entire 
circuit) in comparison with the more traditional static 
diagrams. 

III. Do Students Learn to Solve Engineering Problems Better 
when Multiple Representations are Integrated? 

Although most engineering education practices recognize the 
benefits of presenting multiple representations of knowledge, 
still missing is research regarding how students connect the 
different representations with each other. According to the 
spatial contiguity principle of instructional design, students 
learn better when multiple sources of visual information are 
integrated rather than separated [3]. Therefore, we will 
investigate whether different methods to integrate engineering 
equations and diagrams, such as static integration (all 
equations are integrated in a diagram) and dynamic 
cumulative integration (equations are progressively filled in), 
help students’ problem solving and cognitive flexibility. 

IV. Do Students Learn Better When Signaling Methods Select 
Relevant Information? 

Signaling methods are aimed at promoting students’ learning 
by reducing extraneous processing. One of the challenges of 
teaching novice students is that they lack the necessary 
background knowledge to help them distinguish between what 
is relevant and what is not relevant in a problem situation, 
especially when the problem includes multiple representations 
[4]. Signaling methods may help overcome this challenge by 
guiding students’ visual attention to relevant pieces of 
information during learning. In our research we examine the 
signaling effects of non-agent (i.e., arrows) and agent cues 
(i.e., pointing gestures). 

PROBLEM SOLVING PRACTICE DESIGNS 

Once we have established the optimal knowledge 
representation design, we will investigate the effectiveness of 
a set of problem-solving practice methods. In past research, 
we have investigated the benefits of having learners transition 
from studying worked examples to independently solving 
problems [5]. However, it is still not clear if the advantage of 
gradually increasing the practice of solving more steps is 
dependent on the order of the steps that need to be solved. 
Also, the impact of different types of adapting feedback to 
incorrect solution attempts needs to be investigated.  

PEER-MODEL PEDAGOGICAL AGENTS 

Although recent reviews of pedagogical agent research do not 
support the idea that their visual presence promotes deeper 
learning, this limitation may be due to the facts that the vast 
majority of past research was conducted with college students 
(who may not be as motivated by the presence of agents as 
younger students) and that most studies did not use a 
theoretical framework to guide the agent’s design [6]. For pre-
college engineering education, we find it therefore necessary 
to examine an agent design that is consistent with social 
cognitive theories of learning, including research on 
observational learning and modeling [7]. We expect that 

students who learn with the presence of a peer-model agent 
throughout the program will learn more and give more 
favorable learning perceptions than their counterparts. 

IMPACT OF INDIVIDUAL DIFFERENCES 

Regarding individual differences in engineering education, a 
significant effort has been made in the past to better 
understand the role of students’ learning styles [8] and 
teaming skills. However, less clear is the relationship between 
students’ spatial abilities, prior knowledge, gender, or attitudes 
on learning engineering topics. Therefore, it is of high priority 
to examine the role of students’ individual differences in two 
ways. First, for each of the above research questions, it is 
important to compare the performance of high and low prior 
knowledge students, high and low visuo-spatial ability 
students, and boys and girls. Second, it is vital to assess the 
participants’ self-efficacy and beliefs (i.e., value, interest) in 
math, science, and engineering, their academic motivation, 
and future goals. 

CONCLUSION 

We have outlined four key research areas for systematically 
establishing the fundamental underpinnings of effective 
instructional design for pre-college engineering education. In 
our work-in-progress we are examining the outlined areas 
through experiments with a diverse pre-college student 
population  in engineering outreach programs.  

ACKNOWLEDGMENT 

Supported by NSF grant 0648568 

REFERENCES 

[1] Moreno, R., “Instructional technology: Promise and pitfalls”, In L. 
PytlikZillig, M. Bodvarsson, & R. Bruning (Eds.), Technology-based 
education: Bringing researchers and practitioners together, Information 
Age Publishing, Greenwhich, CT, pp. 1-19. 

[2] Hegarty, M., Kriz, S., & Cate, C., “The roles of mental animations and 
external animations in understanding mechanical systems”, Cognition 
and Instruction, Vol. 21, No. 4, 2003, pp. 325-360. 

[3] Mayer, R. E. & Moreno, R., “Nine ways to reduce cognitive load in 
multimedia learning”, Educational Psychologist, Vol. 38, 2003, pp. 43-
52. 

[4] Moreno, R. & Mayer, R. E., “Role of guidance, reflection, and 
interactivity in an agent-based multimedia game”, Journal of 
Educational Psychology, Vol. 97, 2005, pp. 117-128. 

[5] Moreno, R., Reisslein, M., & Delgoda, G.M., “Toward a Fundamental 
Understanding of Worked Example Instruction: Impact of Means-Ends 
Practice, Backward/Forward Fading, and Adaptivity”, Proceedings of 
IEEE Frontiers in Education Conference, San Diego, October 2006. 

[6] Moreno, R., “Multimedia learning with animated pedagogical agents”, 
In R. Mayer (Ed.), Cambridge handbook of multimedia learning, 
Cambridge University Press, 2005, pp. 507-524. 

[7] Schunk, D. H. & Hanson, A. R., “Peer models: Influence on children’s 
self-efficacy and achievement”, Journal of Educational Psychology, 
Vol. 77, 1985, pp. 313-322. 

[8] Felder, R.M., & Brent, R., “Understanding Student Differences”, ASEE 
Journal of Engineering Education, Vol. 94, 2005, pp. 57-72. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


