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ABSTRACT
 This pedagogical study explores the problem solving technique of 
concept mapping (CM) as opposed to word problem solutions in operations 
and supply chain management. Concept mapping (CM) is a relatively com-
mon technique in the instruction of complex concepts, but not in CM and 
especially not in operations management problems. 
 This study evaluates the unsuccessful comparative benefit of prob-
lem solving concept mapping (PCM) versus the conventional word problem 
presentation in solving nine actual operations management problems.  
 The evaluation was done over a semester in the operations manage-
ment classroom at the University of Wisconsin-Stout. The class consisted 
of juniors and seniors in the Business and Operations Management De-
partments. Although the study exhibited negative results, it is important to 
provide academia with both positive and negative outcomes to balance the 
pedagogy of the subject. It is believed that the more complex the problem, 
the greater the advantage of concept mapping. 

INTRODUCTION and LITERATURE SEARCH 
 The term “concept mapping” (CM) is used frequently in the ped-
agogical approach to explain complex concepts (Vacek, 2009, p.45-48). 
This paper, however, is focused on concept mapping in problem solving 
(PCM) for operations management issues. Applications in problem solving 
are relatively new (Giddens, 2006, p.45-46). CM has been used extensively 
in the health care industry (Chen, Liang, Lee, & Liao, 2011, p.466-469), but 
the literature review did not reveal that it is commonly used in operations 
management applications. 

Benefits of CM and PCM
 Whether the technique is used in explaining a complex issue or, as a 
problem solving tool, it provides a graphic representation of the issue. The 
issues may be a result of a kaizen effort (small process improvement recom-
mendations by employees), or even of a six sigma finding. Visual support 
(Gurlitt & Renkl., 2010, 417-433) affords a unique perspective to the solution. 
A similar concept is historically affirmed in earlier elementary education stud-
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ies (“Teaching Young Children”, 2011, 10-13) where it has been proven that 
children perceive pictures better than words. 

Parallels to CM and PCM
 Similar visual approaches were precursors to the concept map devel-
opment. A simplistic example is in the use of “chunking” (Perlman, Pothos, 
Edwards, and Tzelgov, 2010, 649-661) i.e., the clarification of remembering 
XyyXyXX versus XXXXyyy due to the ordering of symbols. It is also under-
stood in memory techniques whereby long concepts are placed in familiar, 
visual “rooms” (Moonwalking with Einstein, Joshua Foer, 2011). It is demon-
strated that in the study of organic chemistry, stereochemistry displays are 
more descriptive than non-stereo diagrammed chemical formulas. A picture 
is worth a thousand words. Novak (Applied Concept Mapping, Novak et 
al., 2011) summarized the concept nicely. He further introduced a software 
approach to graphically demonstrate its use.

Benefits of PCM
 A prime benefit of concept mapping is its development of critical 
thinking (Chen, Liang, Lee&Liao, 2011, 466-469) via pictures. The medical 
disciplines have surpassed the business industry in the benefits of the con-
cept via diagnostic instructions (Daley & Torre, 2010, 1365-2923). General 
business has had some exposure to CM in teaching but little in PCM (Chei-
Chang, 2006). Education is gradually utilizing the concept (Joseph,& Alber-
to, 2006,175-175)  and replacing abstract thinking with visual learning (Hay, 
Kinchin & Lygo-Baker, 2008, 295-311).  In all age disciplines, CM provides 
increased discussions as to the concept being studied (Imeson, 2011, 8-10). 
Even in lower grades, the approach has become of value (Gallenstein, 2005, 
44-47).

Topic maps versus CM and PCM
 Problem solving concept mapping must be distinguished from other 
graphic approaches, such as topic maps and mind maps which do not include 
calculations. A topic map, as shown in Image I, is a diagram for the repre-
sentation and interchange of knowledge, with an emphasis on the ability to 
locate specific information.         
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IMAGE 1

 A mind map, as shown in Image II, is a diagram used to represent 
words, ideas, tasks, or other items linked to and arranged around a central 
key word or idea. 

IMAGE 2

 A concept map (CM), as shown in Image III, is a diagram showing 
the sequence relationships among the different elements of the base concept. 
It is a graphical tool representing how different causes sequence to each other 
and relate to the basic concept. It is similar to Image I and Image II, but dif-
ferent, which only depict the classification of the elements and not how the 
sequence of the elements lead to each other.
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IMAGE 3

 

 Specifically, a problem concept map (PCM) would include, the rela-
tionships as well as the solution steps or equations to solve the problem, as 
shown in Figure I. 

FIGURE 1
 

 

!

                                                                       Figure I 

        Concept Map for a Problem (PCM) 
!

         
 
                                            Decide the type of inventory ordering 
                                                                                or 

        Single period       Multiple periods 
                              q = d (T + L) + z  - I 

                                                      or 
               P-fixed time inventory is ordered                  Q-fixed order quantity is ordered 
               every period considering inventory               dependent on current inventory  
                  
                                                                                       or 
    Constant demand   Variable demand 
       R = dL +z                                       R = dL +( z L)   
                                                                                    both 

                !"# ! ! ! !"
!

 

!
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 This paper will explore the potential value of PCM in solving oper-
ations problems versus finding a solution by simply giving the word problem 
and equations.

METHODS
 The methodology described below involves student surveys of each 
of the different problem solving approaches (standard vs. concept mapping). 
Each problem was alternated between groups to eliminate the influence of 
the specific group skills in general problem solving. 

The methodology was as follows: 
1. Sample size consisted of 60 junior and senior university students
2. Students’ majors were diverse but in a poly-technical category
3. Ten different problems were administered over a semester (September-De-
cember)
4. Students were divided into two groups (A,B) via their alphabetical  last 
name position
5. Identical problems were given to each group. However, when Group A 
received a regular problem description with possible equations to use Group 
B received a PCM with the appropriate decision tree and equations.
6. Answers were recorded on Desire to Learn D2L software.
7. The problems were operations’ management type problems, as shown in 
Table I:

            TABLE 1: Problem Types
      

Problem 
# Problem type
1 Forecast
2 line balancing
3 learning curve
4 logistics
5 capability index
6 inventory turns
7 ordering
8 kanban
9 critical path

10 waiting line
             

1: Reference group: No mental illness
or mental illness of friend is unknown
2: Reference group: Male 
Source: Social Network of Mental
Illness Survey of UW-Stout Students



233An Unsuccessful Empirical Study of Problem Solving Via Concept- Mapping

An example (learning curve) of a regular problem versus a PCM problem 
follows:
A.Regular Problem (non-concept mapping)

Problem Category: Learning Curve                                                                           
Important Information:
 
Unit #  Cost
1. $10,000
2. $8,300
3. $7,300
4. $6,200
5. $6,000
6. $5,700
7. $5,300
8. $5,100

Problem: 
1. What are the % learning curve characteristics?
 a.Give answer in “%”
2.What are the estimated average costs for the first 500 golf carts?
 a.Give answer as “average cost per golf cart”
3.What are the costs to produce the 500th golf cart?
 a.Give answer in “$ for 500th golf cart”

Input Data-Calculation Approach:
1.% learning curve calculation
 a.% calculation of unit 2 divided by unit 1
 b.% calculation of unit 4 divided by unit 2
 c.% calculation of unit 8 divided by unit 4
 d.Etc., now average the above calculations and divide by the number  
of calculations.

2.Average cost of “x” number of units
 a.Use cumulative values table to obtain factor (learning curve % and  
# units that are of interest)= fc 
 b.(unit #1 cost)*fc (see above)
 c.Divide the “b” answer by the # of units that you are interested in for  
the average/unit.
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3.Cost to produce any particular unit
 a.Using “unit improvement table” and the “% learning curve”: (unit #1 
cost) x (table value for that unit).
B.PCM 

Problem Category: Learning Curve
Important Information:

  
Unit #  Cost
1. $10,000
2. $8,300
3. $7,300
4. $6,200
5. $6,000
6. $5,700
7. $5,300
8. $5,100

Problem Solution via PCM: 
1.What are the % learning curve characteristics?
a.Give answer in “%”
2.What are the estimated average costs for the first 500 golf carts?
a.Give answer as “average cost per golf cart”
3.What are the costs to produce the 500th golf cart?
a.Give answer in “$ for 500th golf cart”

Concept Map 
The concept map is created by the following method and sequence as de-
scribed in the Table I. 
Calculate the learning curve %
 a) % calculation of unit 2 divided by unit 1
 b) % calculation of unit 4 divided by unit 2
 c) % calculation of unit 8 divided by unit 4
 d) Etc., now average the above calculations and divide by the number 
of calculations.

          Calculate the average cost of x number of units

 a)Use cumulative values table to obtain factor (learning curve % and 
# units that are of interest)= fc 
 b)(unit #1 cost)*fc
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 c)Divide the “b” answer by the # of units that you are interested in 
for the average/unit.

  Calculate the cost to produce any particular unit

Using “unit improvement table” and the “% learning curve”: (unit #1 cost) x 
(table value for that unit).

Methodology Analysis
1. Averages were calculated (number of students in each group divided by 
their score).
2. Statistical calculations of significant differences were calculated using: 
http://www.statpac.com/statistics-calculator/means.htm and null hypothesis 
testing of paired differences.
3. Note: problem #1(forecasting) was dropped from the study due to error in 
reporting results. Comparisons were made for the other nine problems.
4. The null hypothesis (H0) to reject is: There is no difference in test scores 
if the problem is presented as a simple word problem or a in the form of a 
concept map.

The alternative hypothesis, H1, is there is a difference in test scores if the 
problem is presented as a simple word problem or a in the form of a concept 
map.

The statistic will be developed using independent group’s t-test between 
means using Stat Pac software.

A p-value of .05 or less rejects the null hypothesis “at the 5% level” that is, 
the statistical assumptions used imply that only 5% of the time would the 
supposed statistical process produce a finding this extreme if the null hypoth-
esis were true. The actual p-value is .025 since it is a two tailed bell shaped 
distribution. Reject if t-value is >2.048.
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RESULTS 

Results of the t-test are shown in Table II

 Based on the calculated t values, none of the nine problems could 
reject the null hypothesis (H0) at a 95% confidence level, thus there is no 
difference in test scores if the problem is presented as a simple word problem 
or a in the form of a concept map. Since the correlation does not support the 
hypothesis, the results must be in the context of this specific problem genre. 
The discussion expands on the potential idiosyncrasies of this study. Simple 
graphing indicates the similarity and cross-over of data which supports the 
conclusion.
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GRAPH 1

DISCUSSION
 Anecdotally, augmenting a problem definition with a “visual step-
through” or concept map would assist the problem-solver. This limited study 
has not demonstrated the CPM advantage. 
Possible conditions affecting the results are: (1) the problem set was too 
simple to demonstrate advantages of CPM versus “Regular Word Problems”; 
(2) the student introduction to the problems was too thorough, i.e., prior 
to assigning the problem(s), a very similar problem was demonstrated thus 
clarifying the route to the problem solution. 

CONCLUSION
 Based on this limited study, problem solving via concept mapping of 
operations management problems (PCM) has no advantage over a solution 
via a normal word problem.    
 Expanding on the (1) discussion point, it is speculated by the authors 
that as the complexity of problem increases, the benefit of concept mapping 
increases. This is based on the belief that the mind has a limited ability to 
associate a great number of variables and visual connections are of value. Ad-
ditional studies of the CPM approach are warranted if the above conditions, 
noted in the discussion, are avoided.
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