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Abstract 
 
Engineers of the 21st century will be called upon to work and learn in ways their 
predecessors never experienced.  They will face novel, ambiguous, complex problems 
that will require adaptability, innovation, and leadership.  To meet the challenges their 
students will face in the future, engineering universities need new approaches and 
structures to motivate their future graduates.   The use of extrinsic (rather than intrinsic) 
motivation to prod student learning is virtually ubiquitous in engineering universities.  
This paper provides an overview of research that has been done on performance and 
motivation, and develops a model of student motivation based on that literature.  The 
main contribution of this paper is a theoretical model of the relationship between types of 
motivation and performance.  It proposes that attempts to optimize student learning has 
resulted in sub-optimization due to local optima and unexplored search spaces.  It 
proposes a re-structuring of engineering education to meet the challenges of preparing 
21st century engineers. 
 
Introduction 
 
The National Science Board found that companies of the future will “want engineers with 
passion, … an ability to innovate, …, an ability to adapt to changing conditions, and an 
eagerness for lifelong learning. This is a different kind of engineer from the norm that is 
being produced now” 1.  
 
Rather than being passionate and driven by curiosity and a desire to learn, too many 
engineering students are passive, dependent learners, whose main question seems to be 
“Will this be on the test?”  Research suggests that the roots of this problem lie in the kind 
of motivation used to prod student learning, which, in turn, springs from the very 
structure of university education.   
 
Examinations, tests, and grades are a nearly ubiquitous feature of the student experience. 
Nearly every course requires a grade, and the method of determination of those grades 
described in painstaking detail is a common feature of course syllabi.  Underlying this 
taken-for-granted feature of university courses is a basic assumption about how to prod 
students to learn: that extrinsic motivators, like grades and homework points are the most 
(or only) effective means of provoking learning, and especially for provoking the type of 
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learning needed by tomorrow’s engineering graduates. While some controversy still 
exists, there appears to be a growing consensus that, for the type of conditions faced by 
university students, this basic assumption is not supported.  Research in extrinsic and 
intrinsic approaches to learning suggests that the current emphasis on extrinsic 
motivation actually sub-optimizes student learning, and may even be the cause of the 
deficiencies ascribed to engineering education. 
 
Intrinsic and Extrinsic Motivation 
 
Intrinsic motivation is at play when one engages in activities because one finds them 
interesting, challenging, involving, and satisfying.  Intrinsic motivation has been linked to 
higher performance in learning, academic performance, and even well-being 2.  It has also 
been predictive of creativity for R&D professionals 3.   
 
Extrinsic motivation, on the other hand, drives behavior when one engages in tasks NOT 
because one finds them inherently captivating, but because of factors like the promise of 
rewards or threats of punishments, dictates from superiors, surveillance, and competition.  
As a result the “goals” of tasks undertaken due to extrinsic motivation tend to be related 
to the factors mentioned (e.g., attaining a reward, staying out of trouble) rather than 
related to the mastery of a skill or finding the answer to a puzzling question. 
 
The most troubling effect of extrinsic motivators is that, in certain situations, they can 
reduce the degree of intrinsic motivation experienced by participants. While more 
comprehensive studies need to be completed in this area, theory suggests that the lack of 
interest in academic topics engendered by grading may contribute to a lack of long-term 
interest in the topic 4. For engineering graduates this may reduce the ability to engage in 
life-long learning. 
 
Research 5, 6, 7 has shown that, even when there is preexisting strong interest in an 
activity, extrinsic rewards can reduce that interest when the rewards are experienced as 
controlling. Ryan and Deci 8 write that “[p]erformance contingent” rewards, like an “A” 
for doing well on a test, are usually experienced as particularly controlling, “so there is a 
strong tendency for these rewards to undermine intrinsic motivation.”   As Ryan and Deci 
further illustrate (pg. 39), grades, in particular, are often experienced as controlling: 
 

“Evaluations and the contingent administration of grades are perhaps the 
controlling methods of motivation that are most prominently used is (sic) 
schools, and evidence suggests that they can be highly detrimental to both 
self-motivation and the quality of learning.  … [A] study by Harackiewicz 
et al. (1984) 9 showed that when participants were told that their 
performance would be evaluated and they were then given positive 
evaluations after they finished the task, they displayed significantly less 
intrinsic motivation than did others who were not told that they would be 
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evaluated but got the same positive feedback.  Smith (1975) 10 reported 
similar results.” 

 
It has been shown that controlling, extrinsic motivators reduce students’ ability to solve 
complex problems that require flexible thinking 11, 12.  Grades, in particular, have been 
shown to focus some students’ attention on the acquisition of the grade rather than 
mastery of the topic 13 , which can result in shallow, mechanistic learning or “cheating”.  
This may lead engineering students to focus on the application of  “plug and chug” 
equations rather than a deeper understanding of the underlying concepts and principles 
that is intended.  
 
Research has shown that even reading with the expectation of being graded, when 
compared to reading for the purpose of simply learning, tends to create reduced long-term 
retention of facts as well as reduced ability to develop conceptual understanding of 
material under study 14, 15 . 
 
Kerr 16 commented on the “displacement” of student goals from learning to grades when 
he wrote: 
 

“If it is assumed that a primary goal of a university is to transfer knowledge 
from teacher to student, then grades become identifiable as a means toward 
that goal, serving as motivational, control, and feedback devices to expedite 
the knowledge transfer. Instead, however, the grades themselves have 
become much more important for entrance to graduate school, successful 
employment, tuition refunds, and parental respect, than the knowledge or 
lack of knowledge they are supposed to signify. It therefore should come as 
no surprise that we find fraternity files for examinations, term paper writing 
services, and plagiarism. Such activities constitute a personally rational 
response to a reward system which pays off for grades rather than 
knowledge.” 

 
The use of extrinsic motivators, particularly grades, is ubiquitous throughout universities, 
even though their negative effects on student learning and interest have been documented 
through hundreds of studies.  One of the main findings, confirming Kerr’s comment on 
“displacement” via Cognitive Evaluation Theory 17 – 22 , is that extrinsic motivators like 
grades tend to reduce interest and enjoyment by shifting perceptions of control toward 
external, rather than internal forces.  
 
While the laboratory and experimental research supporting this is compelling, there is 
also anecdotal support that students intrinsic motivation to learn has been reduced in the 
form of typical complaints that faculty raise when discussing student learning.  
Comments like “they are only interested in what is on the test” or “you have to make it 
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worth points for them to engage” are far too common among faculty.   
 
Grading also may have an effect on the instructors.  By leading instructors to rely on the 
application of extrinsic motivators to learn, faculty may fail to reflect on their own 
approaches to teaching and building supportive relationships with students that foster 
deeper learning  8 (p. 40).  
 
Potential long-term erosion of intrinsic motivation by extrinsic motivators is supported by 
a meta-analysis that 8 (p. 29) indicates that these effects are persistent.  This effect 
suggests that a “recovery period” may be necessary for individuals to regain their sense 
of autonomy after experiencing controlling incidents.  
 
A Mathematical Model of Motivation and Performance 
 
The desired characteristics of future engineers - passionate, driven by curiosity, able to 
innovate and adapt, and eager for lifelong learning – describe individuals who are 
intrinsically motivated.  The passive, dependent learners that engineering faculty see who 
are more interested in “getting a good grade” than mastering the art and science of 
engineering, are symptomatic of reliance on extrinsic motivation.  While there is a clear 
call to change engineering education, there has not been a corresponding call to reduce 
extrinsic motivation in university programs.  This raises the question, “What prevents 
universities from moving to a more intrinsically motivational system?”  While there are 
many answers to this question from many perspectives, this paper focuses on a potential 
systemic cause.  It proposes a relationship between performance and intrinsic/extrinsic 
motivation that makes the present system seem to work, when viewed from the 
perspective of the individual professor.  This paper presents a theoretical model of the 
effects of form of motivation on performance.  It provides a graphical overview, which 
suggests that an inclination to move toward extrinsic motivation is a result of attempts to 
optimize performance when faculty members act as a group.  The model suggests that, 
since individual faculty members do not have a systems perspective on the effects of 
motivation, they sub-optimize student motivation by not exploring a portion of the search 
space. 
 
The available literature suggests several general relationships that are the hypothetical 
basis of this analysis. 

1. Individuals motivated purely by intrinsic motivation produce higher levels of 
learning (e.g., conceptual learning, rather than shallow learning) than those who 
are purely extrinsically motivated. 

2. When mixed motivation occurs (both intrinsic and extrinsic) the extrinsic 
motivators reduce the performance effect due to intrinsic motivation. 

3. When there is a series of motivations, a reduction due to previous extrinsic 
motivation appears in consequent periods 
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Generating an equation to quantify these relationships suggests: 
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Where: 
 
Perf = the learning performance of an individual at the end of a given period 
 

! 

n
int

 = number of instances of intrinsic motivation in a given period 
 

! 

n
ext

 = number of instances of extrinsic motivation in a given period 
 

! 

k
int

 = Intrinsic motivation performance constant.  Since there is no experimental data for 
this number a value of 3 was chosen as a hypothetical figure. 
 

! 

k
ext

 = Extrinsic motivation performance constant.  Since there is no experimental data for 
this number a value of 1 was chosen as a hypothetical figure. 
 

! 

c
ext

 = Extrinsic motivation erosion constant.  This reflects the erosion of intrinsic 
motivation by extrinsic motivation in any given period.  A hypothetical value of 0.333 
was chosen for this constant.  Since the erosion of intrinsic motivation by extrinsic 
motivators is relatively strong, it is hypothesized that number of extrinsic motivators has 
an exponential effect on reducing intrinsic motivation. 
 
f  = Lagged carryover effect of extrinsic motivations.  A hypothetical value of 0.2 was 
chosen for this effect.  It is hypothesized that a portion of the performance increase 
created by extrinsic motivation in previous periods will be removed from later periods.  
 
i = periods of motivation.  Since there is no available data, a reduction in performance is 
hypothesized to last 3 periods.  In reality it is likely that this number varies greatly 
depending on individuals and circumstances. 
 
t – i  thus signifies the individual’s history of motivation, 

! 

n
ext,t" i( )  is the number of 

instances of extrinsic motivation in the previous period when n=1, the one before that 
when n=2, etc. 
 



 

 
Proceedings of the 2009 ASEE Midwest Section Conference of the American Society for Engineering 

Education 

6 
The first set of factors in the numerator signifies the performance due to intrinsic 
motivation, reduced by a factor related to the number of extrinsic motivation instances in 
the current period.  If this is the only period and there are no instances of extrinsic 
motivation the performance value is 3, given the hypothesized values. 
 
The second set of factors in the numerator signifies the performance due to extrinsic 
motivation.   
 
The third set of factors in the numerator signifies the lagged reduction in performance 
due to instances of extrinsic motivation in previous periods. 
 
The equation is normalized by the number of instances of motivation (sum of intrinsic 
and extrinsic) that occurs in any given period.  It is assumed that the same number of 
instances occurs in a given period.  So, for example, a student may be taking several 
courses during a semester, and each course has a similar number of graded or ungraded 
items that occur during a portion of that semester. 
 
Method and Analysis 
 
A spreadsheet was used to calculate values of performance for various cases.  As an 
initial measure, the value of performance was calculated for one period with five 
instances of motivation.  This is analogous to a single student being exposed to five 
instances of motivation during a single period. (See Figure 1.)   At the left side of the 
figure, the student is exposed to five instances that are purely extrinsically motivated, 
such as five quizzes in courses in which he/she is not interested in the subject.  At the 
right side of the figure, the student is exposed to five purely intrinsically motivated 
instances during the same period, such as a Ham Radio club or experiential design team, 
which he/she has a great deal of interest in. In the middle of the figure, there is a mixture 
of intrinsic and extrinsic motivation.  So, for the case where there is one intrinsic and four 
extrinsic instances of motivation, the increase in performance due to intrinsic motivation 
is reduced due to the focus on achieving the rewards of the instances of extrinsic 
motivation.  As a result, overall performance is decreased.  To give an example, a student 
who has four quizzes in one week is likely to be less interested in an experiential design 
team during that week, and would therefore lose the opportunity for learning that would 
come from engaging in that activity.  For this case, there are no lagged effects, since this 
assumes only one period. 
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Figure 1 – Performance vs. instances of intrinsic motivation (five instances) 
 
For this case, the minima is near the middle of the graph.  However, increasing the 
number of instances of evaluation to fifteen (by, for example, adding courses, homework, 
or other activities into the student experience during a period) moves the minima toward 
the right (Figure 2).  This suggests that when an individual instructor is “blindly” 
exploring the search space (by trying out different extrinsic or intrinsic motivators to 
provoke student learning) in most of the cases he or she will find that what “works” is a 
move toward greater extrinsic motivators.  Reducing a reliance on grades or points will, 
in most cases, produce lower levels of performance.  This provides an explanation for 
statements that faculty sometimes make along the lines of “students won’t do anything 
unless it has points attached” or “the only way to make them work is to give them a 
graded incentive”.  Based on the form of the curve this appears to be true, but the result is 
suboptimal learning by the students since increasing extrinsic motivation moves student 
performance toward a local optima rather than the global optima available through 
intrinsic motivation. 
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Figure 2 – Performance vs. instances of intrinsic motivation (fifteen instances) 
 
To further illustrate these effects a three-dimensional graph was plotted incorporating 
multiple instances (Figure 3) during a single period.  As suggested by the previous 
graphs, as the number of instances of motivation increases, overall performance 
decreases when the student experience involves a mixture of intrinsic and extrinsic 
motivation instances.  A large portion of the horizontal plane is tilted toward purely 
extrinsic motivation, suggesting that a faculty member working to improve student 
performance without a systemic view would tend toward a greater reliance on extrinsic 
motivation.  
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Figure 3 – Performance vs. instances of motivation (several instances) 
 
 
To this point the analysis has involved only one period, that is, the lagging effects of 
extrinsic motivation that act to reduce subsequent levels of intrinsic motivation have not 
been considered.  To consider these effects, a simulation was run where an individual 
received a set of instances of motivation during one period, another set during a second 
period, another during a third, etc.  Since there are many possible paths to take (e.g., an 
individual may have varying numbers of instances of intrinsic or extrinsic motivators 
from one period to the next) a random number generator function on a spreadsheet was 
used to create a subset of the potential range of steps that were possible.   Figure 4 shows 
the results on performance after five periods with fifteen instances of motivation per each 
period.  There is a range of values at each instance because of the variety of paths (i.e., 
different combinations of intrinsic and extrinsic motivation during each period) that could 
be taken.  The addition of lagged effects tends to reduce overall performance across the 
board, but the general shape of the graph remains about the same. 
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Figure 4 – Performance vs. instances of intrinsic motivation (5 periods, 15 instances) 

 
To give a picture of the overall shape of the curve at the end of several periods, Figure 5 
uses median values from a set of five randomly generated periods to generate a 3-D graph 
of performance for several sets of instances (from three to twenty).  The data indicate an 
increased loss of performance due to lagging effects, particularly as the number of 
instances of motivation increase.   
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Figure 5 – Performance vs. instances of motivation (5 periods, several instances) 

 
Summary and Conclusions 
 
Extrinsic motivators are ubiquitous throughout university education, despite significant 
studies indicating that they have severe shortcomings, including reducing levels of 
interest and ability to engage in complex learning.  Despite this, they continue to be used, 
and anecdotes by faculty attest to their effectiveness.  While there are institutional and 
cultural reasons for the continued heavy use of extrinsic motivators in university 
education, this paper proposes that systemic effects also tend to perpetuate their use.   
 
An equation was proposed that incorporates findings from research on the effects of 
intrinsic and extrinsic motivators.  While the values of constants in the equation and the 
equation itself have not yet been supported by research data, the nature of the graphs 
generated by the equation do provide an explanation for the effects that are seen.  The 
data suggest that extrinsic motivation continues to be used because it does improve 
performance.  However, the data suggest that it results in a sub-optimization of 
performance because areas involving nearly purely intrinsic motivation are not explored.  
Because of the ubiquity of application of extrinsic motivators, purely intrinsic motivation 
of engineering students is even actively avoided.  The data suggest that even if a small 
group or solitary faculty member were to cease to rely on extrinsic motivators the level of 
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performance of students would likely drop, because of others’ use of those motivators 
and lagged effects.   
 
Research in student motivation and achievement suggests that a “better” approach to 
student learning would rely on intrinsic, rather than extrinsic, motivation.  The 
hypothesized relationships illustrated in this paper suggest that a system-wide change in 
university motivational structure would be needed for a reliance on intrinsic motivation to 
be successful.  Without such a broad change in the structure of a university, isolated 
moves away from extrinsic motivators would not be likely to have much effect.   
 
A suggested approach to university restructuring that eliminates extrinsic motivators can 
be found in the book “Turning Learning Right Side Up” 23 .  In such a structure students 
would not ask, “Will this be on the test?” because testing is used only to provide 
individual feedback about learning, and not as a reward.  Similarly, “cheating” would be 
nonexistent, since there is no incentive to “cheat”.   Research suggests that approaches 
like this (or other unknown university structures based on intrinsic motivation) would 
have significant positive effects on student learning.  However these approaches have 
only been used in a small group of K-12 schools (e.g., the Sudbury Valley School 24). so 
the actual effects of a reliance on intrinsic motivation for engineering students are 
unknown.  In effect, the “search space” for improving student performance remains 
unexplored in a key area where data suggest a global maximum might exist.  Areas for 
potential research include verifying the structure of the equation, especially the erosion 
factors, as well as the “recovery period” that has been anecdotally described 25.  
 
 
Bibliography 
 
1. National Science Board, (2007), Moving Forward To Improve Engineering Education, Internet from 

the NSF web site. Address as of 04/25/08: http://www.nsf.gov/pubs/2007/nsb07122/nsb07122.pdf. 
2. Cooper, H., Robinson, J.C., Patall, E., (2008),  The Effects of Choice on Intrinsic Motivation and 

Related Outcomes: A Meta-Analysis of Research Findings, Psychological Bulletin, Volume 134(2), 
March 2008, p 270–300. 

3. Amabile, T.M. & Gyskiewicz, N.D., (1989), The Creative environment scales: Work environment 
Inventory.  Creativity Research Journal 2: 231-251. 

4. Schwartz, B. (1988), “The experimental synthesis of behavior Reinforcement, behavioral stereotypy, 
and problem solving” in The psychology of learning and motivation, 22, Gordon H. Bower (ed.), San 
Diego Academic Press. 

5. Lepper, M. R., (1998) A whole much less than the sum of its parts.  American Psychologist. 53, 675-
676. 

6. Lepper, M. R., & Greene, D. (1978) The hidden costs of reward, Hillsdale, NJ: Erlbaum. 
7. Deci, E.L., & Koestner, R., & Ryan, R.M., (1999) A meta-analytic review of experiments examining 

the effects of extrinsic rewards on intrinsic motivation.  Psychological Bulletin 125, 627-668. 
8. Ryan, R.M., & Deci, E.L., (2000), When Rewards Compete with Nature:  The Undermining of 

Intrinsic Motivation and Self-Regulation, in Carol Sansone and Judith M. Harackiewicz (eds.) Intrinsic 
and Extrinsic Motivation:  The Search for Optimal Motivation and Performance (pp. 13-54), Academic 
Press, Woodbine, NJ 



 

 
Proceedings of the 2009 ASEE Midwest Section Conference of the American Society for Engineering 

Education 

13 
9. Harackiewicz, J.M., Manderlink, G., & Sansone, C. (1984).  Rewarding pinball wizardry: The effects 

of evaluation on intrinsic interest.  Journal of Personality and Social Psychology, 47, 287-300. 
10. Smith, W.E., (1975). The effect of anticipated vs. unanticipated social reward on subsequent intrinsic 

motivation.  Unpublished dissertation, Cornell University, Ithaca, NY. 
11. McGraw, K.O., & McCullers, J.C., (1979). Evidence of a detrimental effect of extrinsic incentives on 

breaking a mental set.  Journal of Experimental Social Psychology.  15, 285-294. 
12. McGraw, K.O. (1978).  The detrimental effects of reward on performance: A literature review and a 

prediction model.  In M.R. Lepper & D. Greene (Eds.), The hidden costs of reward (pp. 33-60) 
Hillsdale, NJ: Erlbaum. 

13. Kellaghan, T., Madaus, G.F., & Raczek, A. (1996).  The use of external examinations to improve 
student motivation.  Washington, DC: American Educational Research Association. 

14. Grolnick, W. S. & Ryan, R. M. (1987). Autonomy in children's learning: An experimental and 
individual difference investigation. Journal of Personality and Social Psychology, 52, 890-898.  

15. Ryan, M. R., Connell, J. P. & Deci, E. L. (1985). A motivational analysis of self-determination and 
self-regulation in education. In C. Ames & R. Ames (Eds.), Research on motivation in education, Vol. 
2: The classroom milieu (pp. 13-51). San Diego: Academic Press. 

16. Kerr, S., (1995), On the folly of rewarding A, while hoping for B , Academy of Management 
Executive, Vol. 9 No. I. 

17. Deci, E., & Ryan, R.. (1985a), Intrinsic motivation and self-determination in human behavior. New 
York: Plenum. 

18. Deci, E, & Ryan, R (1985b). The general causality orientation scale. Self determination in personality. 
Journal of Research in Personality, 19, 109 – 134. 

19. Deci, E., & Ryan, R. (1991). A motivational approach to self: Integration in personality. In R. 
Dienstbier (Ed.), Nebraska symposium on motivation: Vol. 38. Perspectives on motivation (pp. 237–
288). Lincoln: University of Nebraska Press. 

20. Deci, E. L., & Ryan, R. M. (1995). Human autonomy: The basis for true self-esteem. In M. Kernis 
(Ed.), Efficacy, agency, and self-esteem (pp. 3149). New York: Plenum. 

21. Deci, E., & Ryan, R. (Eds.), (2002). Handbook of self-determination research. Rochester, NY: 
University of Rochester Press. 

22.  Deci, E., & Ryan, R. (2008). Facilitating optimal motivation and psychological well-being across 
life’s domains. Canadian Psychology, 49, 14–23. 

23. Ackoff, R.L., Greenberg, D., (2008), Turning Learning Right Side Up, Wharton School Publishing, 
Upper Saddle River, NJ. 

24. Sudbury Valley, One Person, One Vote. (2009). Internet from the Sudbury Valley School website. 
Address as of 8/18/09: http://www.sudval.org/05_onepersononevote.html  

25. Ridley, K, March (2005). In Kids We Trust, Ode Magazine, Internet from the Ode Magazine website.  
Address as of 8/18/09:  http://www.odemagazine.com/doc/21/in_kids_we_trust/. 

 
Biographical Information 
 
RAY LUECHTEFELD 
Dr. Luechtefeld currently serves as an Assistant Professor in the departments of Engineering Management 
and Systems Engineering at Missouri S & T.  His research interests include approaches to organizational 
learning and effectiveness, action research and Action Science, and facilitating group learning.  He is a 
senior member of the IEEE and a recipient of a National Science Foundation CAREER award. 
 
STEVE WATKINS 
Dr. Watkins is Director of the Applied Optics Laboratory and Professor in the departments of Electrical and 
Computer Engineering at the Missouri University of Science & Technology. His research interests include 
educational improvements and innovation.  He is a senior member of the Institute of Electrical and 
Electronics Engineers (IEEE) and a 2004 IEEE-USA Congressional Fellow, 


