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Ab st r act  
I n an effort  t o im prove act ive learning in int roductory stat ist ics, we int roduce the use of 
concept  m apping t echniques as par t  of the course.  While previous papers have t outed t he 
use of this and other  int eract ive t eaching m ethods in stat ist ics educat ion,  we add to t his 
lit erature by provid ing addit ional assessm ent  of it s eff icacy.   This com es t hrough an 
experim ental design that  involves a single inst ructor  t eaching two sect ions of the sam e 
stat ist ics course over  t he sam e sem ester.  Both cover t he sam e m ater ial in the sam e way 
with t he except ion that  concept  m apping is used in one sect ion,  but  not  t he other.   
Assessm ent  of learning out com es is done t hrough t he use of pre- t est s and post - t est s of 
understanding of stat ist ical concepts.   We also t rack changes in studentÕs study habit s over  
the sem ester through addit ional surveys.   We find only weak evidence t hat  concept  
m apping is effect ive in aid ing student  learning of stat ist ics. 
 

 
 

I n t r od u ct i o n  
 

Across the Academ y we have heard t he call to m ove away from  the Òchalk and talkÓ 
approach to t eaching and adopt  a pedagogy t hat  engages students m ore in the learning 
process.   We have at t ended workshops on collaborat ive learning and been int roduced to 
act iv it ies such as classroom  experim ents and one-m inute papers.  We have read the 
journal art icles descr ibing t eaching innovat ions and have been told t hat  these act ivit ies 
enhance student  engagem ent  and increase student  sat isfact ion w ith our  courses. Yet  
relat ively  few of t hese papers evaluate the effect  of these act ivit ies on obj ect ive m easures 
of student  learning.  I ndeed,  Holleran, Taylor,  and Santopiet ro (2006)  report  t he results of 
their exam inat ion of t he contents of the Journal of Econom ic Educat ion and the Journal of 
Econom ics and Finance Educat ion for the period of 2001-2006.  They note that  of nearly  
two dozen ar t icles descr ibing a specific act ive- learning t echnique none reported any 
em pirical ev idence of the effect  of t hat  act iv it y on student  learning.    
 
One goal of th is paper is t o address t his concern by assessing em pir ically  t he effect  of 
int roducing a par t icular  t eaching innovat ion into the classroom .  Specif ically we describe 
the use of Concept  Maps in an int roductory  stat ist ics course and report  the result s of 
test ing t he m arginal effect  of th is exercise on various m easures of st udent  per form ance 
and study- related behavior.   This process of int roducing,  assessing and,  where 
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appropriate, rev ising t eaching and learning act iv it ies is part  of what  can be considered 
classroom  research.   
 
Kochis (2006)  defines classroom  research as Òthe system at ic invest igat ion of t he effect s of 
our  t eaching on student  learning for  t he purpose of im proving inst ruct ionÓ.  These 
invest igat ions produce feedback about  st udent  learning to inst ructors that  is t ypically used 
to inform  teaching decisions m ade by inst ructors in t heir classroom s.  One aspect  of 
classroom  research is the invest igat ion of pat t erns of learning in a part icular  course -  what  
are the barriers to learning,  what  t eaching st rategies can im prove perform ance,  how 
effect ive are t he new st rategies em ployed.   This paper at tem pts to answer such quest ions 
in the context  of a required int roductory  stat ist ics course taken by all business and 
econom ics student s at  t he Universit y  of Minnesota Duluth. 
 
delMars,  Garf ield and Chance (1999)  developed a m odel of classroom  research for  
stat ist ics educat ion st ructured on t he basis of four  quest ions:  
 

¥ What  is the problem ? 
 

¥ What  t echnique can be used to address the learning problem ? 
 

¥ What  t ype of ev idence can be gathered t o show whether the im plem entat ion 
is effect ive? 
 

¥ What  should be done next ,  based on what  was learned? 
 
These quest ions out line both the approach taken in th is study and t he presentat ion of 
results.   I n the f irst  sect ion we discuss the problem  encountered by our  students, 
part icularly  their  failure to understand t he connect ion between key concepts in stat ist ics.  
Follow ing t hat  we descr ibe the int roduct ion of concept  m apping as a t echnique to address 
this learning problem .   Next  we describe our  assessm ent  of the effect iveness of concept  
m aps on student  out com es and f inally we m ake suggest ions about  how we m ight  refine 
the act iv it y  in t he future.  
 
 

W h at  i s t h e Pr ob lem ? 
 
A com m on them e that  runs t hrough t he stat ist ics educat ion literature is t hat  m ost  students 
in int roductory  stat ist ics courses lack an understanding of the relat ionship am ong 
im portant  concepts in stat ist ics ( e.g. , Garfield, 1994;  Schau and Mat tern, 1997;  delMas,  
Garfield, and Chance, 1999) .   Yet  a v ital d im ension of the stat ist ical expert ise needed 
stat ist ical reasoning and problem  solv ing is the Òpresence of an understanding of t he key 
elem ents of stat ist ics and their relat ionshipsÓ (Turns et  al,  2000) . 
 
As inst ructors we view  the int roductory  stat ist ics course as a consistent  story of related 
concepts as we m ove from  descr ipt ion stat ist ics through probability  to stat ist ical inference.  
Unfortunately  students oft en m iss the big p icture and see stat ist ics as a ser ies of 
disconnected topics.  Students m ay be able to calculate a standard deviat ion and a 
standard error  but  often they do not  understand how these concepts are related (both in 
term s of sim ilarit ies and differences) .   As a result ,  st udent s oft en confuse the concepts 
using one when t hey should have used the other.   We part icularly  see the consequences of 
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this lack of understanding in the area of stat ist ical inference as student s fail to m ake the 
connect ions between fundam ental concepts, such as sam ple,  populat ion,  sam pling 
dist r ibut ions,  and sam pling variability.   
 
Because of this isolated understanding of concepts,  student s rem ain nov ices in t heir 
stat ist ical th inking (Schau and Mat ten, 1997) .   Students t end t o m em or ize,  for exam ple, 
the steps of est im at ion and hypothesis t est ing w ithout  t ru ly understanding the process.  As 
we int roduce different  sit uat ions (difference between m eans,  dif ference between 
proport ions,  hypothesis t est ing in regression,  et c.)  student s becom e overwhelm ed t hinking 
of each of these as separate t opics rather  t han a par t  of an int egrated whole.   This failure 
to develop a deep understanding of the int egrat ion of concepts affects t heir  clar it y  of 
learning and retent ion of know ledge.     Ausubel (1968)  advanced a theory which 
cont rasted m eaningful learning from  rote learning.  One characterist ic of rote learning is 
the lack of a deliberate effor t  to relate new knowledge to prior  learning.   This is cont rasted 
with t he affect ive com m itm ent  to relate new knowledge t o pr ior learning which occurs in 
m eaningful learning.   I t  would appear t hat  m any of our stat ist ics student s are engaged in 
rote learning rather  than the m eaningful learning needed for effect ive stat ist ical reasoning 
and problem  solv ing in the int roductory  course as well as retent ion of know ledge necessary 
for success in future courses in the business and econom ics curricula and their  eventual 
careers.  
 
To in it ially  ident ify the problem  students in one sect ion were having with t he course we 
adm inist ered t he GAMES©  Survey I nst rum ent  developed by Marilla Svinick i ( 2004) .   The 
survey it em s consist  of com ponents of effect ive study behavior  -  goal-oriented study (G) ,  
act ive studying ( A) , m eaningful and m em orable study ing ( M) , explaining the m ater ial in 
order to learn it  (E) ,  and self-m onitoring ( S) .  According t o Sv in icki (p.  131)  students who 
engaged in t he learning behaviors reflected by t his m odel will learn at  a deeper level.   
However,  students self- report ed t hat ,  when studying, they seldom  Òm ake connect ions 
between what  I  am  studying and past  classes or  unit sÓ or Òcreate out lines, concept  m aps, 
or  organizat ional chart s of how the ideas f it  together .Ó  The result s of t he survey led us to 
specif ically  int roduce concepts m apping as a class exercise to encourage students t o m ake 
connect ions am ong t he key concepts of stat ist ical inference. 
 
 

W h at  Tech n iq u e  Can  Be Used  t o  Ad d r ess t h e Lear n in g  Pr o b lem ? 
 
Concept  m aps are an increasingly  popular technique used to support  Òm eaningful 
learning.Ó According to Ausubel ( 1968)  Òthe m ost  im portant  single factor  inf luencing 
learning is what  the learner  already knows.Ó  Based on AusubelÕs principles of m eaningful 
learning in which t here m ust  be a deliberate effort  t o relate new know ledge t o pr ior 
learning,  Novak and Gowin ( 1984)  developed concept  m aps for  use in science educat ion.  
Concept  m apping involves the visual representat ion of how concepts within a dom ain are 
int errelated.   A concept  m ap consist s of a h ierarchal st ructure of cells or nodes t hat  
represent  concepts or ideas and labeled cross- links represent ing the relat ions between 
concepts.   These cross- links between concepts can be non- , uni- ,  or  bi-direct ional.   The 
links connect  not  only  adjacent  concepts but  concepts in different  dom ains of the concept  
m ap as well.   I t  is this feature that  dist inguishes concept  m aps from  other  organizers such 
as out lines and m ind m aps.   The result ing network of concepts can be an aid to learning by 
explicit ly  int egrat ing new and old knowledge and assist  st udent s in understanding the 
relat ionships between stat ist ical concepts such as populat ions, sam ples, sam pling 
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dist r ibut ions and stat ist ical inference. 
 

  
Source:  Zeilik (1999)  

 
 
I nt roductory stat ist ics is an ideal course for  im plem ent ing such a learning tool.   The course 
typically is designed to develop groundwork for inferent ial stat ist ics r ight  from  the start  
with each concept  covered build ing upon prev ious concepts.  The successful student  m ust  
relate new know ledge t o prior  learning.   Addit ionally,  relat ional th inking,  seeing t he 
int erconnectedness am ong concepts such as populat ions and sam ples or  variability  and 
sam pling error , is necessary for  t ru ly  and deeply  understanding t he m aterial.  
  
I n addit ion t o creat ing explicit  links between concepts leading t o m eaningful learning,  t he 
process of concept  m apping in class m ay have other  benefit s as well.   Educat ional and 
cognit ive theor ist s have posited t hat  an act ive,  hands- on approach to course m aterial leads 
to higher-order learning;  t hus the m apping process is a learning exper ience in and of itself.   
Concept  m apping is oft en int roduced as a sm all group act iv it y ( e.g. , Brown,  2003;  Prezler,  
2004;  Calderon- Steck,  2006) .  The benefits of cooperat ive/ collaborat ive learning have been 
well docum ented across academ ic discip lines (e.g., Giraud ( stat ist ics) ,  1997;  Maier and 
Keenan ( econom ics) , 1994) .  Several studies have evaluated the usefulness of concept  
m aps across three groups, a cont rol group,  indiv idual m appers and group m appers 
(Brown,  2003;  Calderon-Steck,  2006;  Chiou,  2006)  f inding that  group m appers 
outperform ed those who did no m apping or  who did m apping as individuals. Thus, it  is 
dif ficult  to disentangle t he independent  effect  of the concept  m apping from  the effect s of 
cooperat ive learning. 
 
John Budd (2003)  descr ibes an in-class exercise in which sm all groups of students create a 
Mind Map, which are sim ilar to Concept  Maps, for a specif ic topic.  I n addit ion to the 
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benefit s of a collaborat ive learning t echnique such as this,  he notes t hat  an exercise such 
as th is can re- energize a course.   Just  the process of having students work with colored 
m arkers and large sheets of paper increases t he energy level of t he class and int roduces 
an opportunit y  for  creat ive expression not  found at  other  t im es during t he course.   That  
change of pace can increase student  m ot ivat ion result ing in the outcom e,  as reported in a  
num ber of st udies, that  st udent s th ink that  concept  m apping is a useful exercise. 
 
 

I m p l em en t at i o n  
 
The pr im ary goal in int roducing concept  m aps to students in int roductory  stat ist ics is 
twofold.   The course-specific goal is increasing conceptual understanding of stat ist ical 
inference by explicit ly link ing course content  on an on-going basis throughout  t he course.   
Addit ionally,  we seek t o im prove studentÕs study habit s by prov iding an act ive learning tool 
that  should be useful in m any learning env ironm ents.   One aim  of the current  study is to 
provide evidence as to whether  or not  these goals are m et  through the int roduct ion of 
concept  m apping into t he learning process.   The f irst  st ep in doing t his,  then, is to design 
an experim ent  in which these desired out com es can be m easured.    
 
Desig n  o f  Ex p er i m en t  
With t he sam e inst ructor  t eaching two sect ions of the sam e course,  it  was possible t o 
int roduce t he use of concept  m aps into one and then t reat  the other sect ion as a cont rol 
group w ith which to com pare outcom es.   Having the sam e inst ructor for  both groups 
allowed inst ruct ion in both sect ions to cover t he sam e m ater ial in the sam e way,  rem oving 
the potent ial for inst ructor b ias in the outcom es,  although there are likely  addit ional 
sources of bias in such an experim ent .    
 
The course in which t he exper im ent  took place was a standard int roductory  business 
stat ist ics course,  required for  m ajors in business and econom ics.  Typical content  coverage 
includes organizing data into tables and chart s,  num erical descript ive/ sum m ary stat ist ics,  
probability,  probability  dist r ibut ions,  sam pling dist ribut ions,  stat ist ical inference,  including 
est im at ion and hypothesis t est ing, sim ple regression and correlat ion analysis.   The 
teaching approach was a m ix of lecture,  exam ples and worked problem s,  along w it h 
hands- on pract ice w ith data analysis using Microsoft  Excel.  Standard assessm ent  tools 
were ut ilized in determ ining course grades,  including hom ework,  quizzes,  two m idterm  
exam s,  and a final exam .  The f irst  m idterm  covered m aterial through topics dealing w ith 
sum m arizing data using tables and chart s,  descr ipt ive stat ist ics,  and also the basics of 
probability.   The second m idterm  covered m ater ial through probabilit y  dist ribut ions,  
sam pling dist r ibut ions,  and confidence interval est im ates for  m eans and proport ions. 

 
Total class size for  each sect ion was 46 students, although not  all student s com pleted all of 
the surveys and assessm ent  t ools we refer  to here.  For  the cont rol group t here were 35 
part icipant s and for the m apping group, 38 students com pleted all survey and assessm ent  
m aterials.   These are t hus the sam ple sizes for all that  follows.   The cont rol group, as 
determ ined by coin flip, m et  at  9: 30 AM and the group im plem ent ing concept  m aps m et  at  
2: 00 PM, w ith each sect ion m eet ing tw ice weekly for  one hour and fift een m inutes.  Of the 
part icipat ing students in each sect ion, about  2/ 3 were sophom ores and 1/ 3 juniors,  with 
one freshm an in the cont rol group.   Addit ionally,  the cont rol group was split  nearly  evenly  
between m ales and fem ales,  while the m apping sect ion was 60%  m ale.   Both groups 
contained students who reported som e prev ious exposure to stat ist ics,  eit her  t hrough 
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another  course in stat ist ics or  as part  of a m ath course.  The cont rol group had a greater 
proport ion of student s w ith no previous exposure,  at  60%  versus 43%  for  the m apping 
group.   
 
For  the concept  m apping sect ion, developm ent  of concept  m aps was done at  two point s in 
the sem ester,  in t he class session just  pr ior  to each of the m idterm  exam s.  
Im plem entat ion proceeded as follows. 
 
Con cep t  M ap  Ex er ci se  1  
Prior  t o the class session in which the f irst  concept  m aps were developed students were 
given a short  int roduct ion to concept  m aps and inst ruct ion on t heir const ruct ion and use. 
This included reference to online resources at  www.studygs.net / m apping for  m ore 
inform at ion and exam ples.  Follow ing t his shor t  int roduct ion t o concept  m aps, st udent s 
were inform ed that  the next  class per iod would be spent  work ing in groups to develop such 
m aps as a m eans of review ing for  t he upcom ing exam .  Students were asked to br ing in 
individual lists of t erm s and ideas from  which they could draw  in put t ing t ogether their  
m aps.   The word around which t he list s,  and therefore t he concept  m aps,  were t o be built  
was Òpopulat ionÓ,  represent ing t he cent ral unifying t hem e Ð study of a populat ion 
characterist ic of int erest .   The list s were m eant  t o help student s begin to start  t hink ing 
about  the connect ions between t he topics thus far and prepare for  discussion and 
collaborat ion w ith others in developing t he concepts m aps.    
 
On t he day of im plem entat ion students were assigned to groups of 5 or  6.   Each group was 
given scrat ch paper for  developing rough draft s,  colored m arkers,  and a poster  sized sheet  
of paper for  the final product .  Group m em bers used their  list s to develop a group concept  
m ap linking m aterial covered up to that  point  and using t he t erm  ÒPopulat ionÓ as the 
cent ral them e.   This took place in three phases:  first ,  groups were given about  twenty- five 
m inutes to brainstorm  and com e up wit h in it ial draft s of concept  m aps;  next  groups were 
asked to assign m em bers to visit  w it h other  groups to observe their  approaches and get  
ideas for  im provem ent ;  finally,  aft er 10 m inutes of Òm inglingÓ,  t he groups cam e back 
together to com plete their  group m aps.   I n t he last  few  m inutes of class each of the eight  
groups presented t heir m ap to t he class. 
 
Con cep t  M ap  Ex er ci se  2  
The second concept  m apping exercise took place about  a m onth aft er  t he first  and,  as a 
cont inuat ion of the init ial concept  m apping experience,  was intended t o expand upon the 
prev iously  const ructed m aps.   Again the unify ing them e was the study of a populat ion, 
only th is t im e we added topics and ideas from  probability  and probability  dist r ibut ions,  w ith 
the int ended focus being on how sam pling dist ribut ions fit  in  with everything else covered 
in the course up t o that  point .  As in the previous exercise,  student s were inst ructed t o 
bring in a list  of t erm s and ideas,  focusing on m aterial covered since t he first  m apping 
exercise.    
 
On t he day of t he exercise,  the follow ing took place:  
 

− I n an effort  t o assess the usefulness of concept  m apping in aiding student  
understanding, a short  quiz was given at  t he beginning of the class per iod,  with a 
follow-up quiz g iven aft er  the exercise.   
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− The m aps from  the previous exercise were posted in t he front  of t he classroom  so 
students could draw from  otherÕs ideas.    
  

− Students were assigned t o eight  n ew  groups of 5 or  6 student s.   Groups were 
asked to start  from  scratch, ut ilizing t he old m aps and also the studentÕs individual 
list s to develop concept  m aps linking all of the m aterial covered in the course to 
that  point .    
 

− The class was given 15 m inutes for each group t o com e up with a f irst  draft  and 
then again allowed to m ingle w it h other groups to see their  approaches.   

− After  10 m inutes of m ingling, the groups cam e back t ogether  and spent  10 m inutes 
com plet ing their  m aps.   
  

− Dur ing the post -quiz the com pleted m aps were posted in front  of t he room  and 
students were asked to vote on t he best  m apping.  Groups were barred from  vot ing 
on their  own.  Ext ra credit  point s were given to the two groups w it h the m ost  
votes.    

 
 

Ev id en ce  o f  Ef f ect iv en ess? 
 

To evaluate whether  or  not  the obj ect ives of the experim ent  have been m et ,  com parisons 
are m ade between the sect ion t hat  produced concept  m aps and t he cont rol group who did 
not .   Both goals stated above were assessed through the use of pre-  and post - t ests and 
surveys.   
 
Assessm ent  of learning out com es was done through the use of the Stat ist ics Concept  
I nventory  (SCI )  ( see t he SCI  websit e at  ht tps: / / engineer ing.purdue.edu/ SCI / index.htm  for 
details on th is inst rum ent  and it s use) .   This 38 quest ion t est ing inst rum ent  is designed t o 
m easure the im pact  of alt ernat ive t eaching and learning st rategies on the understanding of 
core concepts t ypically covered in an int roductory stat ist ics course.  This is done through 
com par ison of results obtained by adm inist ering the t est  at  t he beginning of t he course,  
prior  t o any inst ruct ion,  and t hen again at  t he end of the course.  Both the m apping group 
and t he cont rol group took the t est s on the sam e days. 
 
Potent ial im pact  on student  study habits and learning st rategies over the sem ester  was 
also t racked.  This was done through the use of the GAMES Survey I nst rum ent  developed 
in Svin ick i ( 2004) .   This survey,  int ended t o reveal student  learning sty les and study 
m ethods,  also was adm inist ered both at  t he beginning and at  the end of the course in 
order to t rack how those m ay change over the sem ester.   This part  of the assessm ent  is 
not  course or  content  specific,  but  m erely  an at t em pt  to see if student s report  changes in 
learning behavior  over  t he sem ester and at t em pt  t o determ ine if  exposure to concept  
m apping has any influence on this. 
 
I n addit ion t o the above, standard assessm ent  t ools - -  exam s, quizzes, and hom ework - -  
were used and scores on these were the pr im ary determ inant  of studentÕs course grades.  
I n analyzing learning out com es we use several bases for com par ison,  including pre and 
post  results for the SCI , percentage point  im provem ent  on the SCI ,  norm alized gain on the 
SCI ,  and overall course grade.   Norm alized gain is m easured as 
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PostSCI - PreSCI
Gain

MaxSCI - PreSCI
= , 

 
where MaxSCI  =  38,  the m axim um  possible correct .   Gain is t hus a m easure of the 
proport ion of t he short fall in points between t he score on the pre- t est  SCI  and the 
m axim um  possible score that  is m ade up on the post - t est  ( see Hake(2001)  and references 
therein for  a m ore com plete discussion of this m easure) .  Table 1 reports t he m eans and 
standard dev iat ions of the result s from  each of t hese m easures for  each group in t he  
 
study.   The average gain report ed in t he table is the average of the indiv idual gains from  
each sect ion.   Alt ernat ively , the norm alized gain can be calculated based on the class 
average as a whole.   This m ethod generates a gain of 9.8%  for  t he cont rol group and 
7.2%  for  t he concept  m apping group.   Although slight ly  larger in m agnitude,  the result s 
are not  qualitat ively  different . 
 
 
                           Tab le  1 .  Means and standard deviat ions of scores 

Control        
N = 35

CM              
N = 38

Total            
N = 73

Mean 39.5% 39.3% 39.4%
s.d. 9.7% 12.3% 11.1%

Mean 45.4% 43.6% 44.5%
s.d. 10.8% 12.2% 11.5%

Mean 5.9% 4.4% 5.1%
s.d. 10.1% 12.8% 11.5%

Mean 9.0% 5.2% 7.0%
s.d. 17.1% 19.8% 18.5%

Mean 82.0% 84.7% 83.4%
s.d. 11.2% 8.3% 9.8%

PREPct

Section

Course_Grade

SCI_Gain

SCI_Improve

PostPct

 
 
 
Table 1 indicates that  out com es on t he pre- t est  SCI  were very close between t he two 
sect ions, indicat ing a sim ilar  average star t ing point  for both groups.   We also see that  
out com es were close,  on average,  for the rem aining inst rum ents as well,  w it h average 
im provem ent  and gain by t he cont rol group slight ly  greater  on t he SCI  t han t hat  for  t he 
concept  m apping group.   Table 2 report s t - t est  results at  the 5%  level of signif icance for 
equalit y  of m eans between the two sect ions for each of the out com es reported in Table 1.   
These were done under the pre- t ested assum pt ion of equivalence in variances across 
groups.   I n no case can we rej ect  t he null hypothesis that  average class per form ance is the 
sam e across the two groups.   Unfor tunately,  th is provides no ev idence t hat  use of concept  
m aps m ade any difference in per form ance on post - t est s or course grades.   
 

 
         Tab le  2 .  t - test  result s for  difference in me ans 
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PREPct PostPct SCI_Improve SCI_Gain Course_Grade

Mean Difference 0.21% 1.78% 1.58% 3.73% -2.70%

Std. Error Difference 2.61% 2.71% 2.72% 4.35% 2.30%

t 0.0790 0.6590 0.5800 0.8580 -1.1770

df 71 71 71 71 71

Sig. (2-tailed) 0.937 0.512 0.564 0.394 0.243

95% CI for Difference:

Lower -5.01% -3.62% -3.84% -4.94% -7.28%

Upper 5.42% 7.19% 7.00% 12.41% 1.88%  
 
 
 
 
Using addit ional data on student  character ist ics that  was collected wit h the SCI  
( sum m arized in Table 3) ,  we can cont rol for the effect s of gender, class standing,  and 
whether or  not  students have had previous exposure to stat ist ics, say in h igh school or  in a 
m ath class at  som e point .  Table 4 report s univariate ANOVA analysis of the result s for 
pre- t est  SCI  scores,  post - t est  SCI  scores,  im provem ent  on the SCI ,  norm alized gain, and 
final course grades.   Along with class sect ion, the new variables are included as factors in a 
m ult ifactor  univar iate ANOVA m odel.  I n addit ion t o allowing us to assess possib le 
int eract ions of t hese addit ional factors with class sect ion we m ay also gain insight  int o 
potent ial effect s on per form ance out com es across t hese subcategories as well.   I n addit ion 
to p- values for the significance of each factor or  int eract ion effect  in t he m odel,  Table 4 
report s the par t ial eta squared stat ist ic,  an indicator of effect  size of each on variabilit y in 
the dependent  variable.  Finally,  t he R2 and adj usted R2 m easures of fit  for  each m odel are 
reported. 
 
 
                                                     Tab le  3 .  Addit ional factors 

N

Control 35

CM 38

Male 41

Female 32

Sophomore 52

Junior 20

Freshman 1

None 39

Some Previous 
Experience

34

Between-Subjects Factors

StatEx

Standing

Gender

Section

 
 
 
Even allow ing for  t he possib ility  of int eract ion effects,  sect ion now only d irect ly  has a 
stat ist ically significant  im pact  on overall course grade, w it h the concept  m apping group 
averaging 84.7%  for  the course and the cont rol group averaging 82.0% .  There is also a 
significant  int eract ion effect  wit h class standing on course grade,  with sophom ores in the 
cont rol sect ion outper form ing juniors to a m uch greater degree t han in the concept  
m apping sect ion.  The effect  size of the int eract ion t erm  is larger  than that  for  sect ion 
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it self,  so it  is likely that  this is the dr iving force behind sect ion being significant  at  all.   Thus 
even here there is lit t le convincing ev idence t hat  the concept  m apping exercises had an 
effect  on course grade.   All other  int eract ion term s involving sect ion were insignificant .   
Class standing and previous stat ist ics experience,  which seem s to have hurt  rather  than 
helped,  were both signif icant  and individually  had m uch larger  effect  sizes on course grade 
than did class sect ion.   These variables,  along w ith gender, all have significant  int eract ion 
effect s on course grade as well.  
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Tab le  4 .  Univar iate ANOVA Result s 

Dependent Variable: 

Source Sig.

Partial Eta 

Squared Sig.

Partial Eta 

Squared Sig.

Partial Eta 

Squared Sig.

Partial Eta 

Squared Sig.

Partial Eta 

Squared

Corrected Model 0.077 0.325 0.018 0.381 0.303 0.254 0.151 0.293 0.001 0.456

Intercept 0.000 0.849 0.000 0.883 0.016 0.099 0.031 0.080 0.000 0.977

Section 0.959 0.000 0.318 0.018 0.340 0.016 0.346 0.016 0.023 0.088

Gender 0.344 0.016 0.001 0.176 0.027 0.085 0.025 0.087 0.045 0.070

Standing 0.076 0.088 0.006 0.166 0.083 0.085 0.050 0.101 0.000 0.270

StatEx 0.834 0.001 0.245 0.024 0.213 0.028 0.103 0.047 0.002 0.152

Section * Gender 0.959 0.000 0.171 0.033 0.229 0.026 0.096 0.049 0.663 0.003

Section * Standing 0.195 0.030 0.333 0.017 0.041 0.072 0.025 0.086 0.012 0.106

Gender * Standing 0.827 0.001 0.022 0.090 0.023 0.089 0.015 0.100 0.077 0.055

Section * Gender * 

Standing
0.057 0.063 0.024 0.087 0.740 0.002 0.628 0.004 0.213 0.028

Section * StatEx 0.279 0.021 0.558 0.006 0.647 0.004 0.503 0.008 0.818 0.001

Gender * StatEx 0.045 0.070 0.759 0.002 0.035 0.077 0.024 0.088 0.071 0.057

Section * Gender * 

StatEx
0.280 0.021 0.743 0.002 0.490 0.009 0.337 0.016 0.215 0.027

Standing * StatEx 0.025 0.087 0.120 0.043 0.505 0.008 0.521 0.007 0.002 0.165

Section * Standing * 

StatEx
0.966 0.000 0.308 0.019 0.374 0.014 0.181 0.032 0.846 0.001

Gender * Standing * 

StatEx
0.801 0.001 0.760 0.002 0.612 0.005 0.350 0.016 0.616 0.005

Section * Gender * 

Standing * StatEx
0.159 0.035 0.751 0.002 0.315 0.018 0.292 0.020 0.682 0.003

Course_Grade                              

R 2 = .456 (Adj. R 2 = .300)

PREPct                                          

R2 = .325 (Adj. R 2 = .132)

PostPct                                         

R2 = .381 (Adj. R 2 = .204)

SCI_Improve                               

R 2 = .254 (Adj. R 2 = .041)

SCI_Gain                                      

R2 = .293 (Adj. R 2 = .092)

 
Shaded cells indicate significance of fact ors or interact ions at  a 10%  level or less. 
  
 
The only  other stat ist ically  signif icant  im pacts from  sect ion appear t o be in int eract ion with 
other variables.   For the pre- t est  SCI  score,  sect ion int eracts w ith class standing and 
gender to produce a relat ively  sm all and likely  inconsequent ial effect ,  given the R2 of t he 
m odel.    Sect ion int eract s wit h class standing to have a sm all signif icant  effect  on absolute 
im provem ent  in SCI  scores between t he pre-  and post - t est s,  with sophom ores in the 
cont rol sect ion again signif icant ly  outperform ing juniors,  with 7.6 and 0.9 percentage point  
gains, respect ively .  Finally,  t he norm alized gain on t he SCI  had signif icant  int eract ion 
effect s between sect ion and gender and sect ion and standing.   I n both cases inspect ion of 
cross tabulat ions indicates th is is due to signif icant  d if ferences with in the cont rol sect ion, 
rather  t han the m apping sect ion.  Males in t he cont rol sect ion averaged a norm alized gain 
of 12.1 percent  and fem ales 4.3 percent , whereas in t he concept  m apping sect ion the 
gains were 6.1 percent  and 4.3 percent ,  respect ively.   At  any rate, the effect  sizes of these 
interact ions are again quit e sm all,  especially g iven t he explanatory  power of the overall 
m odels. 
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Unfortunately,  t he results t hus far  offer lit t le ev idence that  concept  m apping had any 
im pact  on course out com es or  on studentÕs conceptual understanding of st at ist ics,  as 
m easured by t he SCI .   There m ay be a num ber of explanat ions for  t his,  not  the least  of 
which is the sm all sam ple size upon which we are basing our  conclusions.   Addit ionally,  
any gains in understanding that  m ay be realizable from  the incorporat ion of concept  m aps 
into such a course m ay not  be well m easured by eit her  t he SCI  or  standard course 
assessm ent  tools, as at tem pted here.  This bears fur ther considerat ion in future 
experim ents of th is sort .    
 
 

GAMES Sel f - Rep o r t ed  Ou t co m es 
 
Alt hough the result s pertain ing to course specif ic learning out com es were som ewhat  
disappoint ing,  it  is possib le that  the int roduct ion of a learning tool such as concept  m aps 
can have an im pact  on how students approach learning.   The GAMES survey,  described 
above,  was adm inist ered in order  to help assess whether  or  not  th is was the case.   For  
each learning st rategy list ed on the survey form , student s provide a rank ing on a scale 
from  one t o five on t heir use of that  part icular  st rategy, wit h 1 indicat ing the st rategy is 
never used,  2 rarely  used,  3 som et im es,  4 oft en, and 5 indicat ing the t echnique is always 
used.   
 
Table 4 contains the quest ions from  the GAMES survey and reports t he proport ion of each 
class sect ion report ing an increase in t he use of each par t icular  learning st rategy over  the 
course of t he sem ester.  Here we em ploy two alternat ive definit ions of what  an increase in 
usage m ay pertain to.  We define an increase of Type A as represent ing greater  usage of a 
sk ill on the post - survey t han reported on the pre-survey for  that  it em ,  so this m easure 
count s any upward m ovem ent  in report ed usage as an increase.  A Type B increase,  on t he 
other hand,  is m easured as a m ovem ent  from  a report  of either  ÒNeverÓ or ÒSeldom Ó on 
the pre-survey to any of t he higher three rank ings on the post - survey,  represent ing an 
adopt ion of t he m ethod by a student  who reported lit t le, if  any,  use of it  prior to the 
course.  Any differences between sect ions that  are stat ist ically  signif icant  at  t he 10%  level 
are indicated by an asterisk in t he CM colum n.  We do note t hat  in a num ber of cases there 
were no changes in a studentÕs use of a par t icular st rategy and som e even reported 
declines in usage of som e st rategies from  what  was in it ially  report ed.  The shaded 
quest ions in the table are t hose which refer specif ically to t he use of concept  m aps or  of 
m aking explicit  connect ions between topics, which is a prim ary characterist ic of concept  
m aps. 

 
The result s in Table 4 indicate that  the concept  m apping group reported greater  
proport ionate increases in learning st rategy usage over  the sem ester  t han did t heir 
counterpar t s in the cont rol group for slight ly m ore than half of t he surveyed st rategies 
(56% ) .  They also report  a greater  adopt ion rate for  previously  unused/ seldom  used 
learning st rategies for  65%  of t he techniques covered.   Of course t he reported differences 
in proport ion are stat ist ically significant  for  only a handful of t he survey quest ions,  due to 
the sm all sam ple sizes. 
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        Tab le  4 .  Proport ion of class report ing an increase in t he use of each learning st rategy 

Type of increase  (see text for definitions) :

Section: Control CM Control CM

Goal-or iented study 
1.       Analyze what I have to do before beginning to study. 28.6% 26.3% 5.7% 7.9%

2.       Set a specific content learning goal before beginning to study. 34.3% 44.7% 14.3% 23.7%

3.       Set a specific work effort (time or amount) before beginning to study. 31.4% 26.3% 17.1% 18.4%

4.       Figure out why I am learning the material I'm about to study. 45.7% 42.1% 14.3% 23.7%

5.       Be sure to understand what is expected of me in terms of learning and assignments. 25.7% 21.1% 0.0% 5.3%

Active Study 
6.       Make notes in the margins of the text when I read. 28.6% 42.1% 17.1% 21.1%

7.       Ask myself questions before, during, and after studying. 40.0% 42.1% 20.0% 13.2%

8.       Pause periodically to summarize or paraphrase what I've just studied. 28.6% 34.2% 11.4% 5.3%

9.       Create outlines, concept maps, or organizational charts of how the ideas fit together. 31.4% 50.0% * 14.3% 28.9% *

10.   Look for connections between what I'm studying right now and what I've studied in 
the past or heard in class. 

31.4% 34.2% 8.6% 18.4%

11.   Write down questions I want to ask the instructor. 34.3% 50.0% * 17.1% 28.9%

12.   Reorganize and fill in the notes I took in class. 34.3% 31.6% 14.3% 13.2%

13.   Work through any problems that are illustrated in the text or in my class notes. 28.6% 36.8% 17.1% 18.4%

14.   Create vocabulary lists with definitions and my own examples. 20.0% 28.9% 8.6% 7.9%

15.   Take breaks periodically to keep from getting too tired. 17.1% 10.5% 0.0% 0.0%

Meaningful and memorable 

16.   Make up my own examples for concepts I am learning. 20.0% 18.4% 11.4% 10.5%

17.   Put things in my own words. 8.6% 21.1% * 0.0% 5.3%

18.   Make vivid images of concepts and relationships among them. 31.4% 13.2% * 8.6% 5.3%

19.   Make connections between what I am studying and past classes or units. 28.6% 18.4% 8.6% 5.3%

20.   Be sure I understand any example the instructor gave me. 31.4% 31.6% 8.6% 10.5%

21.   Create concept maps and diagrams that show relationships among concepts. 34.3% 39.5% 17.1% 28.9%

22.   Ask the instructor for more concrete examples and picture them in my mind. 22.9% 36.8% * 11.4% 23.7% *

23.   Look for practical applications and real life settings for the things I'm learning. 14.3% 15.8% 8.6% 10.5%

Explain to understand 

24.   After studying, meet with a partner to trade questions and explanations. 34.3% 52.6% * 14.3% 31.6% *

25.   Write out my own descriptions of the main concepts. 28.6% 23.7% 11.4% 15.8%

26.   Discuss the course content with anyone willing to listen. 17.1% 34.2% * 8.6% 23.7% *

27.   Answer questions in class. 34.3% 26.3% 22.9% 21.1%

28.   Make a class presentation. 25.7% 18.4% 8.6% 10.5%

29.   Help another student who is behind in progress. 22.9% 34.2% 11.4% 10.5%

Self-monitor  

30.   Make sure I can answer my own questions during studying. 34.3% 26.3% 11.4% 5.3%

31.   Work with another student to quiz each other on main ideas. 25.7% 34.2% 11.4% 13.2%

32.   Keep track of things I don't understand and note when they finally become clear and 
what made that happen.

31.4% 26.3% 17.1% 10.5%

33.   Have a range of strategies for learning so that if one isn't working I can try another. 34.3% 42.1% 20.0% 28.9%

34.   Remain aware of mood and energy levels during study and respond appropriately if 
either gets problematic. 

37.1% 36.8% 14.3% 10.5%

Type A Type B

 
* indicates difference is signif icant  at  10%  level 
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Of t he categor ies in the survey, the concept  m apping group shows greatest  relat ive gains 
of t ype A in the ÒAct ive StudyÓ and ÒMeaningful and Mem orableÓ categor ies.  With in Act ive 
Study,  quest ions 9 and 10 direct ly  per tain to learning st rategies that  m ay be related to the 
use of concept  m apping.    For  both of these st rategies t he m apping group reported a 
greater percentage increase in use t han did the cont rol group.   However, only  for  quest ion 
9, which m ent ions concept  m aps explicit ly,  is the difference stat ist ically  significant .   Wit hin 
the Meaningful and Mem orable category two quest ions pertain ing direct ly to concept  
m appingÕs potent ial st rengths,  quest ions 18 and 19, go the other  direct ion,  with t he 
cont rol group exhibit ing a proport ionately  greater increase in the use of these st rategies,  
with t he difference in quest ion 18 being stat ist ically significant .  Quest ion 21,  again direct ly  
m ent ioning concept  m aps, shows only  slight ly  greater increases over  the cont rol group for 
those actually  experiencing their  use in the course, despite t he result s for  quest ion 9,  
which is very sim ilar.   Using th is m easure,  there is only  m ixed ev idence of any posit ive 
im pact  on learning behavior  and study m ethods from  the int roduct ion of concept  m aps.   Of 
the two stat ist ically  significant  quest ions t hat  pertain direct ly to concept  m apping,  t he 
ev idence is cont radictory. 

 
For  the Type B increases,  which essent ially  m easure new adopt ion of the learning st rategy 
in quest ion,  there were even fewer stat ist ically  significant  d if ferences in relat ive take up 
rates between the two groups.   Of these, quest ion 9 in t he Act ive Study category indicates 
the concept  m apping group had double the adopt ion rate for this st rategy than t hat  of the 
cont rol group.   Quest ion 21 also indicates a large,  but  stat ist ically insignificant  d if ference 
here.   This m ay seem  an obv ious result  of the int roduct ion of these m ethods in that  
sect ion,  but  t he second m apping exercise t ook place about  a m onth previous to the post -
survey,  with no m ent ion of it  in between.  This leads us t o believe t hat  student  report ing of 
concept  m aps being adopted as a learning st rategy is genuine.   I f that  is t he case, and 
students d id add t his learning tool to t heir repertoire,  then that  can only  be considered a 
success.    

 
Another use for  t he data gleaned from  the GAMES surveys is to see if  increased use or  
adopt ion of t he learning st rategies addressed on it  had any im pact  on t he learning 
out com es reported above.   We invest igate th is for  those quest ions,  h ighlighted in table 4,  
that  per tain m ost  t o the use of concept  m apping, t he m ain aim  of this study.   Table 5 and 
Table 6 report  the result s of m ult ifactor  univar iate ANOVA for the im pacts on im provem ent  
in SCI  scores,  t he norm alized gain in SCI  scores, and overall course grades from  gains of 
type A and t ype B in t he highlighted survey quest ions.   For  t his analysis the data was 
pooled across sect ions and the analysis done separately  for  each GAMES category, due to 
overlap in t he quest ions being asked. 
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            Table 5.   I mp act  of  Type A increases in GAMES st rategies on learning outcome s 

Dependent Variable: 

Source Sig.
Partial Eta 

Squared
Sig.

Partial Eta 

Squared
Sig.

Partial Eta 

Squared

Corrected Model 0.383 0.043 0.520 0.032 0.023 0.128

Intercept 0.000 0.198 0.001 0.148 0.000 0.985

TypeA_9 0.562 0.005 0.635 0.003 0.006 0.104

TypeA_10 0.141 0.031 0.152 0.029 0.044 0.058

TypeA_9 * TypeA_10 0.337 0.013 0.646 0.003 0.152 0.030

Dependent Variable: 

Source Sig.
Partial Eta 

Squared
Sig.

Partial Eta 

Squared
Sig.

Partial Eta 

Squared

Corrected Model 0.229 0.129 0.294 0.118 0.031 0.204

Intercept 0.030 0.071 0.084 0.045 0.000 0.978

TypeA_18 0.051 0.057 0.076 0.048 0.549 0.006

TypeA_19 0.764 0.001 0.900 0.000 0.273 0.018

TypeA_21 0.228 0.022 0.225 0.023 0.092 0.043

TypeA_18 * TypeA_19 0.379 0.012 0.576 0.005 0.758 0.001

TypeA_18 * TypeA_21 0.379 0.012 0.368 0.012 0.384 0.012

TypeA_19 * TypeA_21 0.986 0.000 0.929 0.000 0.004 0.118

TypeA_18 * TypeA_19 * 

TypeA_21
0.288 0.017 0.263 0.019 0.694 0.002

SCI_ImprovePCT SCI_Gain Course_Grade 

R Squared = .043                        

(Adj R Squared = .001)

R Squared = .032               

(Adj R Squared = -.010)

R Squared = .128             (Adj 

R Squared = .090)

SCI_ImprovePCT SCI_Gain Course_Grade 

R Squared = .129              

(Adj R Squared = .036)

R Squared = .118              

(Adj R Squared = .023)

R Squared = .204              

(Adj R Squared = .119)  
Shaded cells indicate significance at  a 10%  level 

 
 
Table 5 indicates there is weak ev idence that  greater usage of st rategies 9 and 10 on the 
GAMES survey had an im pact  on overall course grades,  but  no ev idence t hat  t hese 
m at tered for  per form ance on the SCI .   Quest ions 10 and 19 are nearly  ident ical,  yet  in t he 
lower panel of t he table quest ion 19 only has an im pact  in com binat ion w it h the use of 
concept  m aps,  as indicated by quest ion 21.   Quest ions 9 and 21 also are very close,  and 
both prov ide weak evidence that  greater  use of concept  m aps or sim ilar tools im pacted 
course grades.  The only  ev idence of effect  on t he SCI  is for  im provem ent  of the use of 
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visualizing concepts and relat ionships from  quest ion 18.   Here again the ev idence is weak 
at  best . 
 
 
 
 
            Tab le  6 .  I mp act  of  Type B increases in GAMES st rategies on learning outcom es 

Dependent Variable: 

Source Sig.
Partial Eta 
Squared

Sig.
Partial Eta 
Squared

Sig.
Partial Eta 
Squared

Corrected Model 0.110 0.083 0.175 0.069 0.407 0.041

Intercept 0.003 0.124 0.011 0.089 0.000 0.966

TypeB_9 0.470 0.008 0.484 0.007 0.286 0.016

TypeB_10 0.718 0.002 0.859 0.000 0.312 0.015

TypeB_9 * TypeB_10 0.056 0.052 0.071 0.046 0.589 0.004

Dependent Variable: 

Source Sig.
Partial Eta 
Squared

Sig.
Partial Eta 
Squared

Sig.
Partial Eta 
Squared

Corrected Model 0.107 0.124 0.127 0.118 0.152 0.111

Intercept 0.414 0.010 0.454 0.008 0.000 0.921

TypeB_18 0.743 0.002 0.986 0.000 0.264 0.019

TypeB_19 0.379 0.012 0.399 0.011 0.772 0.001

TypeB_21 0.015 0.084 0.011 0.092 0.277 0.018

TypeB_18 * TypeB_19 . 0.000 . 0.000 . 0.000

TypeB_18 * TypeB_21 0.117 0.036 0.109 0.038 0.800 0.001

TypeB_19 * TypeB_21 0.028 0.070 0.034 0.066 0.032 0.067

TypeB_18 * TypeB_19 * 
TypeB_21

. 0.000 . 0.000 . 0.000

SCI_ImprovePCT SCI_Gain Course_Grade 

R Squared = .083              
(Adj R Squared = .043)

R Squared = .069                    
(Adj R Squared = .028)

R Squared = .041               
(Adj R Squared = -.001)

SCI_ImprovePCT SCI_Gain Course_Grade 

R Squared = .124               
(Adj R Squared = .058)

R Squared = .118              
(Adj R Squared = .052)

R Squared = .111              
(Adj R Squared = .045)  

Shaded cells indicate significance at  a 10%  level 
 
 
Table 6 does provide som e evidence t hat  the adopt ion of t he selected learning st rategies 
had som e im pact  on SCI  per form ance.  The com binat ion of m aking connect ions between 
topics and form alizing those connect ions in som e way,  as indicated in quest ions 9 and 10 
on the survey, does show a slight  stat ist ically  signif icant  im pact  on im provem ent  on the 
SCI  over  t he sem ester,  as m easured by t he norm alized gain and the percentage point  
change in scores.   Quest ion 21 addresses the use of concept  m aps specifically and the 
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ev idence her  shows that  adopt ion of th is learning tool also had a sm all but  signif icant  
effect  on t he SCI  m easures. 

 
All in all t here is not  a lot  of evidence here suggest ing that  there was a great  benefit  from  
the use of concept  m aps for either  the students that  part icipated in t he exercises or  for all 
of the student s that  report ed greater  usage or  adopt ion of t his t ype of tool on t he GAMES 
survey.   While th is is a d isappoint ing result ,  the presence of even weak ev idence of effect  
suggest s it  is worthwhile to cont inue t o invest igate t hese quest ions and collect  addit ional 
data in the hopes of st rengthening the result s. 
 
 

W h at  Sh ou ld  Be  Don e Nex t  Based  On  W h at  W e Lear n ed ? 
 
Heinze, Fry and Novak (1990)  noted t hat  the int roduct ion of concept  m aps should not  be 
considered a Òquick fix.Ó  Concept  m apping does appear t o m ove students toward 
m eaningful learning but  t his m ovem ent  m ay be slow.  This m ay be due t o the fact  t hat  it  
takes t im e for student s t o learn the process of concept  m apping and realize its potent ial 
(Wandersee, 1990) .   Or,  as suggested by Santhanam , et .  al.  ( 1998)  student s,  especially  
underclassm en, view  rote m em orizat ion as the opt im um  approach to study.   These habits 
that  have served t he students well t hroughout  h igh school m ay be difficult  to break.   
Alt hough in our  case it  appears that  t he concept  m apping did change study behaviors as 
reflected by the GAMES©  survey,  it  is probably  t he case that  the m apping was done too 
infrequent ly  to have a significant  im pact  on per form ance. 
  
One issue raised in t he literature has been does it  m at t er  who prepares t he m ap and how.  
On t he one hand concept  m aps can be const ructed by the t eacher,  by student s in groups 
or  by individual students.  Students can f ill in  t he details of a m ap that  has been par t ially 
const ructed by the inst ructor  or can develop a m ap from  scratch.   Wandersee ( 1990)  
argued that  the educat ional benefit  accrues chiefly to t he m apper.   As noted ear lier  
according t o prev ious studies m apping done collaborat ively  enhances per form ance m ore 
than t hat  done by individuals.  However,  given t he independent  effects of collaborat ion on 
perform ance we cannot  be sure how m uch of t he im provem ent  should be at t r ibuted t o 
concept  m apping.   I f Wandersee is correct ,  there is an argum ent  to be m ade for indiv idual 
student s to const ruct  their  own m aps.   One st rategy that  m ight  be considered is for  each 
student  to prepare a concept  m ap rather than sim ply a list  of concepts pr ior  to t he exercise 
and t hen have students work from  those m aps t o const ruct  one group m ap.   I n t his way 
we can retain t he benefit s of collaborat ion while increasing individual accountabilit y. 
 
Finally,  no at t em pt  was m ade t o grade the concept  m ap it self.   Several scoring rubr ics can 
be found in the literature w it h the com m on feature of scoring on the basis of com plexit y 
and validit y.   For  instance,  scores are based on t he num ber of concepts and correctness of 
relat ionships indicated by the cross links.   Making the concept  m apping a graded exercise 
likely  would increase student  m ot ivat ion. 
 

 
Con cl u sio n  

 
The goal of th is exercise was t o determ ine t he effect iveness of a par t icular learned focused 
act iv it y.   While m uch previous work suggests t hat  such act iv it ies are useful in enhancing 
student  learning,  there is typically  lit t le em pirical support  offered.   I n this paper we find 
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lit t le evidence t o support  concept  m apping as an effect ive tool g iven the m easurem ent  
tools em ployed.   One possib le explanat ion for  t h is involves t he t ypes of out com es 
m easured,  which included pre-  and post - t ests and course grades.  These gross m easures 
of per form ance m ay not  be sensit ive enough to the type of learning that  concept  m apping 
enhances,  i.e. the relat ionships between the concepts covered in the course t hat  m ay not  
be direct ly addressed on a m ult iple choice exam .   I t  m ay also be t he case that  t he design 
and frequency of the act ivity  was insufficient  to m easurably  alt er  learning out com es in t he 
course.  However,  the self- report ed result s from  students on the GAMES survey suggested 
som e potent ial for  im provem ent  in study habits as a result  of int roducing students t o 
concept  m apping. 
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