
 

    
    
  

 

 
 

 

 
 

 
  

 
 

 
 
 

 
 

 

 

 
 

 
 

 

 

  
 

   
 

 
 
 

 
 

  
 
 

  
  

 
 

  

  

   

 
   

 
   

   
 
  

  
   

 
 

  

 

 
  

  

 
 

 

 

 

  

Work in Progress: How Do We Teach and Measure 

Systems Thinking? 


Linda Vanasupa a, Erika Rogers, Katherine Chen 

Abstract - Since the 1990's blue-ribbon commissions on 
engineering education have called for educators to 
graduate engineers who are capable of systems thinking. 
However, there is sparse information on how to cultivate 
this type of cognitive development. How do we develop 
and measure systems thinking? In this paper, we present 
the first of a series of methods that we are piloting to 
initiate the systems thinking process. This exercise, 
developed by Checkland and Scholes and called "Rich 
Pictures," requires the participant to express a reality in 
terms of images and connections between these images. 
We utilized the Rich Pictures exercise in combination 
with an appreciative inquiry strategy in pursuit of an 
initial research hypothesis regarding the impact of 
project-based learning on female students. We only 
partially answered our initial question, but the exercise 
unexpected yielded enthusiastic participation by the 
students and a rich set of data regarding unanticipated 
factors that influenced students' learning. The value of 
the activity is that it initiates the process of thinking non
linearly, an important first step in students' cognitive 
development for systems thinking. 

Index Terms – causal loop diagrams, rich pictures, soft 
systems methodology, systems thinking 

INTRODUCTION 

Despite the many calls for educational reform that place a 
high demand for engineering graduates to think 
holistically[1-3], there is little research-based information in 
the literature on how to develop this skill. This cognitive 
ability emphasizes seeing the whole, identifying trends over 
time and seeing connections that create these trends. As a 
cognitive activity, systems thinking challenges engineering 
students because it goes against the grain of typical 
engineering curricular approaches. For example, 
engineering curricula contain a strong analytical component, 
where the focus is to break a problem down into smaller 
components. In contrast, systems thinking requires seeing 
the whole. Oftentimes in engineering curricula, time is 
ignored as a variable (e.g., by assuming steady state 
conditions) to simplify the problem and enable a solution. 
The fact that systems have a dynamic
properties change in time is a critical foundation of systems 

nature, where 

thinking. Engineers are often taught to think linearly and 
convergently. For example, V=I x R is just one of the 
primary linear relationships that engineers utilize. Its 

remarkable simplicity enables engineering students to 
converge on an answer if a couple parameters are known. In 
contrast, mathematical models developed out of systems 
thinking are often non-linear models, stressing trends in 
time, rather than converging on a single answer. Clearly 
students need guidance within the curriculum if they are to 
develop this foreign way of viewing and addressing 
problems. Through the work discussed in this paper, we 
sought to initiate the process of developing and verifying 
methods that would enable students to more effectively 
think holistically. 

THE BASICS OF SYSTEMS THINKING 

Much of the systems thinking literature has come from the 
business and organization world(e.g., see [4]), where the 
systems thinking tools have been effective at enabling 
organizational transformation[5]. As a way of approaching a 
problem, Anderson and Johnson[6] describe five 
characteristics of systems thinking which we quote here: 
•	 Thinking of the “big picture”; 
•	 Balancing short-term and long-term perspectives; 
•	 Recognizing the dynamic, complex and interdependent 

nature of systems; 
•	 Taking into account both measurable and 

nonmeasurable factors. 
Systems thinking practitioners utilize a few graphical 

tools to assist the process. One such tool is called “behavior 
over time” (BOT) graphs. These are usually schematic 
depictions of how an important variable behaves over time, 
although they can also include real data. Another tool that is 
used is a “causal loop diagram.” These diagrams are similar 
to concept maps, showing how one concept (e.g., interest in 
a major) is linked to another (e.g., retention). The 
difference, however, is that causal loop diagrams depict how 
changes in one concept are linked to changes in another. For 
example, when “interest in a major” decreases, “retention” 
also decreases. Once a comprehensive causal loop diagram 
is created, one can begin addressing systemic problems.   

METHODS 

Pilot study participants were recruited from students who 
are majors in the Department of Materials Engineering. The 
Department Chair sent letters of invitation (including a copy 
of the Informed Consent Form) to 8 males and 8 females, 

and juniorsophomore, (freshman, 
thus ensuring representation of students at all four levels of 
academic standing 
senior). The students were offered a movie ticket and a 



 

    
   
  

  

   

 

 
  

 
    

 
 
 

 

 
  

 

 
  

 

  
 

 

 
 

 

 
 

 

 

  
   

 

  
 

 
 

 
 

 

 
 

 

 
 

 

   
 

 
 

  
 

   

 

 

 

 

   
  

  
  

Certificate of Participation as incentives to participate in the 
project. 

Seven women responded and were scheduled to meet 
on from 5 to 7pm. Their ages ranged between 18 and 22 
years of age, and the majority was of Caucasian ethnicity, 
with one Mexican American and one mixed 
Asian/Caucasian. Five of the seven participants had come to 
the Materials Engineering major at Cal Poly as their first 
choice, while the other two transferred in from other Cal 
Poly Engineering majors. 

All eight of the male participants responded and met on 
the following day from 6 to 8pm. They ranged in age from 
19 to 26 years of age, and the majority was of Caucasian 
ethnicity, with two of Mexican American heritage, and one 
Asian/Caucasian. Seven of the eight came to the Materials 
Engineering major at Cal Poly as their first choice, while the 
oldest participant was a transfer student from another 
college. 

The participants were given a brief explanation of the 
overall purpose and conduct of the activity. A brief 
PowerPoint overview of Soft Systems Methodology 
(SSM)[7] was then presented with the purpose of 
introducing the technique of SSM as a systems thinking 
approach. Checkland’s specific concept of information 
gathering through “Rich Pictures” was emphasized, as a 
lead-in to the later activities. Examples of Rich Pictures 
were shown, and the presentation concluded with some 
references for further exploration. 

After the presentation, the activity outline was reviewed 
with particular emphasis on the definition of “perceived 
efficacy,” and the Materials Engineering Department’s 
interest in improving this. This was followed by a warm up 
task, in which each participant individually listed his/her 
three top “desired effects” as outcomes of their engineering 
careers, and gave a personal rating of perceived efficacy – 
i.e., how much does the individual believe that he/she can 
achieve his/her career outcomes. 

RESULTS AND DISCUSSION 

Each group generated a drawing depicting a “successful” 
engineering student and an “unsuccessful” engineering 
student. While space does not permit these images to be 
presented here, we have included the female group’s 
depiction of the “unsuccessful” in Figure 1. 

Images from male and female groups shared many 
themes, demonstrating the competing demands on their 
time. These included leisure activities, relationships, family, 
financial concerns, and time management. However, the 
major benefit of the rich pictures activity was that it enabled 
each group of students to generate more than ten individual 
factors influencing their success, enabling the next step of 
constructing an accurate causal loop diagram. 

Incidentally, the researcher observed that all students 
were enthusiastically engaged in the activity of constructing 

thinking. We suspect that part of its appeal to engineering 

students, aside from the fact that there were no negative 
consequences to doing it, was that it engaged right-brain 
functions of social exchange and creativity. 

FIGURE 1. FEMALE GROUP’S “UNSUCCESSFUL” STUDENT 

SUMMARY 

SSM and Rich Pictures appears to serve as a viable 
activity to broaden students’ consideration of systemic 
factors, a precursor to systems thinking. 

ACKNOWLEDGMENT 

This work is supported in part by a grant from the National 
Science Foundation (Grant#EEC-0530760). The viewpoints 
expressed are those of the authors and do not necessarily 
reflect those of the National Science Foundation. 

REFERENCES 

[1]	 Jamieson, L., "Keynote of the American Society for Engineering 
Education Annual Conference 2007," 2007. 

[2]	 The Engineer of 2020: Visions of Engineering in the New Century. 
Washington DC: National Academy Press (U.S.), 2004. 

[3]	 Duderstadt, J. "Engineering for a Changing World: A Roadmap to the 
Future of Engineering Practice, Research, and Education," The 
University of Michigan, Ann Arbor, MI 2008. 

[4]	 P. Senge, C. O. Scharmer, J. Jaworski, and B. S. Flowers, Presence: 
Exploring Profound Change in People, Organizations, and Society. 
New York: Currency Doubleday, 2004. 

[5]	 B. Sugarman, "A Learning-Based Approach to Leading Change," The 
PricewaterhouseCoopers Endowment for The Business of 
Government 2006. 

[6]	 V. Anderson and L. Johnson, Systems Thinking Basics: From 

John Wiley & Sons, 2006. 

the Rich Pictures and indicated their desire to use the 
method within the curriculum to enable “out of the box” 

concepts to Causal Loops vol. 7. Waltham, Massachusetts, 1997. 

[7] P. Checkland and J. Poulter, Learning for Action. New York, NY: 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




