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Abstract - A previously hypothesized formula for
calculating components of adaptive expertise (AE= 0.10F
0.40C + 0.50T, where F = Factual knowledge, C=
Conceptual knowledge, and T = Transfer) was tested and
the weighting adjusted based on analysis undertaken ugjn
2-group MANOVA with the original study data. This data
included measures of change along three facets of adaptive
expertise: factual knowledge, conceptual knowledge and
transfer. Analysis of the univariate effects reveals a
significant difference in the transfer gain £=10.573,p=
.004) but no significant difference on gains in conceptual
knowledge F= .920, p= .349) or factual knowledge k=
3.104, p= .094). The linear combination that maximally
separated the two groups was: 0.14F - 0.36C + 1.27The
relative magnitudes of the weights share the same ordinal
trend (F < C < T) as the original formula. The formula has
theoretical underpinnings in How People Learn and
attempts to describe points along the trajectory of novice
to expert development in bioengineering education.

Index Terms — Adaptive Expertise, Bioengineering education

INTRODUCTION

Much of the research and educational activities ongoing in the

Vanderbilt-Northwestern-Texas-Harvard-MIT (VaNTH)

Engineering Research Center for Bioengineering Educational
Technologies are based on the belief that the How People
Learn (HPL) [1] framework can provide a strong foundation

for significantly improving bioengineering education.

Research on the development of expertise has shown that
experts’ knowledge is connected and organized around big

ideas or core principles of the expert’s discipline [2]haitgh

expert knowledge rests on a foundation of factual knowledge
about the content area [3, 4, 5], experts’ knowledge carmnot b

reduced to a set of isolated facts, but instead is conditzed

to reflect the contexts in which it is applicable [6, 7] and

organized into conceptual schema such that it is readily
accessible [8, 9, 10]. Experts notice features about a given
problem that are different from those noticed by novices [1,

3]. Finally expertise may involve the ability to apply
knowledge to solving problems in a variety of contexys b

govern the given situation; this ability is called trangfdr

Adaptive experts not only have knowledge that is well

organized, but also display the ability to transfer their Figure 1. Screen shot showing the various steps of the Legacy
knowledge, skills, beliefs, and attitudes to new situations Cycle, whichwas used to integrate the four types of learning envi-
Thus, adaptive expertise is a combination of factual ronments(leamercentered,knowledgetentered,assessmentcen—

knowledge, conceptual knowledge and the ability to transfer
that knowledge to novel situations [1].

INSTRUCTION FOR ADAPTIVE EXPERTISE

Previous research into adaptive expertise in the context of
biomechanics led to the generation of a metric for quantifying
adaptive expertise [10]. This research involved a compariso
of gains in the three facets of expertise for two groups of
students (control and experimental). The experimental group
completed biomechanics and muscle physiology modules in
which they were expected: (a) to be able to define and
calculate the velocity and acceleration of a point on a body
segment; (b) to be able to apply the Impulse-Momentum
method to find the velocity and acceleration of the center of
mass of the body; (c) to be able to define and calculate the net
muscle moment acting about a joint; (d) to be able to ttescr
and explain the relationship between a joint moment, muscle
force, and muscle lever arm; and (e) to be able to describe an
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explain the dependence of muscle force on length, contractidactual knowledge in the proportions of 40 percent and 10
velocity, and activation level. percent, respectively. These weightings were chosen to reflect
The modules are based on the Star Legacy Cycle [6fne of the main tenets of the HPL approach—the ability to
which is designed to scaffold student inquiry. Thesegrasp key concepts (conceptual knowledge) and to apply those
challenge-based modules include various stages: 1) Loatoncepts in solving novel problems (transfer) is much more
Ahead, 2) The Challenge, 3) Generate Ideas, 4) Multiplanportant to the development of adaptive expertise thdmeis t
Perspectives, 5) Research & Revise, 6) Test Your Mettle, arability to recall facts. Thus, adaptive expertise in movement
7) Go Public (Figure 1). biomechanics was quantified as:
Changes in student achievement were quantified using
pre-test (PRE) and post-test (POST) questionnaires @éesign  AE= 0.10F + 0.40C + 0.50T,
to measure changes in three facets of adaptive expertise: (a)
factual knowledge (F), which gauges a student’'s ability tavhereF = Factual knowledgeC = Conceptual knowledg§,
retain key facts and principles; (b) conceptual knowledgde (C= Transfer.
which measures a student’'s ability to grasp the underlyin
principles of the material taught as well as his or her METHODS
quantitative skills (i.e., ability to manipulate mathematical
symbols and numbers to arrive at the correct answer); and

transfer (T), which measures a stud_ent’s.abili_ty to extead hiMANOVA and the original data. The original data measured
or ger knot\)/v!edge todnewl anddunrl:amlhﬁr snzatlonﬁ [flj.tFﬁs changes in student achievement along three facets of adaptive
end, a rubric was developed that allowed each facet to té‘?(pertis:e: (a) factual knowledge (b) conceptual knowledge;

scored individually. and (c) transfer. The weightings were adjusted basetiisn
PARTICIPANTS AND INITIAL METHODS analysis.

previously hypothesized metric for calculating adaptive
pertise in biomechanics was tested using 2-group

Previous classroom assessment was conducted using students RESULTS
from a senior-level undergraduate biomechanics course (MBependent Variables

354M) taught in the Department of Mechanical Engineering gt " +,4sfer Gain. T = Q3POST + Q2POSTT — Q2PRET
The University of Texas at Austin. Approval for this dstu ” Conceptual knowledge Gain, C = Q3POSTC +

was obtained from the Institutional Review Board at The Q2POSTC + Q1POSTC — Q2PREC — Q1PREC

University of Texas at Austin. The assessment was based oa £ootal Knowledge Gain, F = Q3POSTF + Q2POSTC +
two-group design, in which the class of twenty-five staslen Q1POSTF — Q2PREF — (191PREF

was divided randomly into a control group and an
experimental (HPL) group. The control group received
traditional instruction comprised of lectures and example
problems solved in class. The HPL group received the first

challenge of the module. : :
. . . Where Q1 stands for the first question, Q2 for the s&con
Students in both the control and HPL groups first reszbiv and Q3 for the third, PRE stands for pre-test and PloStRe

an introductory half-hour lecture. Students in the HPOUP .4 test and F stands for factual knowledge, C for conakpt
were given two class periods, each 1.5 hours long, to campl nowledée and T for transfer '

Challenge 1 of the jumping module. Students in the cbntro Box's M Test was not significant suggesting model
group received lectures on jumping biomechanics over theﬁ%sumption of homoscedasticity holds god=( .818,p =

Between-subjects Factor
HPL vs. Control condition

same two class periods. In addition to the lectures, sever
examples on how to calculate jump height using equations 0

Lo : . The overall multivariate effect of between-subjects factor
projectile motion and vertical ground force were workedWas

significant £ = 3.99,p = .025) with a large effect size

through. ; — -
. - artial eta-squared = .413) but moderate power (power =
The data collected in the initial study were evaluated t(gF7)37). g ) P (P

for generating the initial metric, and re-evaluated for this

study Analysis of the univariate effects suggest that there is a

significant difference in the transfer gain between the two
INITIAL METRIC groups F = 10.573,p = .004). This effect had a large effect
size (partial eta-squared = .358) as well as high power (powe
In order to quantify adaptive expertise in movement= .869). In other words, students in the treatment ciomd{i/
biomechanics, a metric was formulated based on a linear1.73,SD = 1.10) achieved significantly higher transfer gains
combination of weighted factual and conceptual knowledgéhan those in the control grouldl & .40,SD = .70).
and transfer [11]. The weightings were chosen basedeon th  There was no significant difference between the groups
relative importance of each facet of expertise consistent withn gains in conceptual knowledge € .920,p = .349) or
the HPL approach. Specifically, transfer was weighted modactual knowledgeR = 3.104,p = .094). Although, the gain
heavily, accounting for 50 percent of the total score owengi on factual knowledge may be considered to be of marginal
question, with the remainder divided between conceptual argignificance.
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Exactly one canonical dimension maximally separated th€inally, we realize our adaptive expertise formula is tied to
two groups. The linear combination that maximally separatednly a small data set and yet attempts to describe a

the two groups was: complicated construct. As such, we will pursue greater fidelity
of measure and welcome comments and critiques from
AE=0.14F - 0.36C + 1.27T interested colleagues.
When contrasted with the paper’s linear combination, CONCLUSION AND FUTURE WORK

) . ; is paper describes the refinement of a formula for
magnitudes of the weights share the same ordinal trend (F < antifying adaptive expertise and is an outcome of a
ET)' O|:1e catr: also sﬁ? that thﬁ We'ghht of T, relative tg F aNultimedia-based learning module focused on biomechanics.
» 0ug tto € much larger than what was propose In thﬂ1e modules are based on a model of learning and itistruc
original metric, though the results are generally consistent, n a5 the How People Learn (HPL) framework. This study
with the original metric. However, the effect of conceptualy ..\« upon research undertaken to test the hypothesth¢hat

knowledge is reversed. In other words, controlling e p) 5h5r0ach increases adaptive expertise in movement
gains in Factual Knowledge and Transfer, higher scores Momechanics

Conceptual Knowledge yield lower differences between the
two groups.

AE= 0.10F + 0.40C + 0.50T, one can see that the relati\r/%'

The original data, which included student achievement
scores on pre- and post-test questionnaires designed to

DISCUSSION measure changes in three facets of adaptive expertise: factual
and conceptual knowledge and transfer inspired the atigin

The purpose of this study was to propose an updatedcmetmetric and was analyzed with two-group MANOVA to

for adaptive expertise in biomechanics based on data from pagnerate a more accurate metric. The linear combination that

research involving the development and implement of newnaximally separated the two groups was:

multimedia-based learning modules. The weightings of the

new metric reported in this study may be interpreted in a AE=0.14F - 0.36C + 1.27T

number of ways.

One possible explanation for this could be that iniaglv The assessment study is currently being extended to
post-test question three, students used additional fattteuwwi include participation from a greater number of students, to
using any additional concepts. include all three challenges of the module, and to evaluate the

A second explanation is at the heart of the argument. Wefficacy of the module in more than one course and across
are making an assumption that there exists a lineaeveral institutions. Also of interest to us are the
combination of F, C, and T that gives us a metric forgeneralizability and validity of this metric; future reseanch
measuring AE. This is quite a plausible assumption, hewev address to what extent it could be applied to other areas of
we are also making the additional assumption that differencengineering and beyond.
between the two groups is due to AE. If the first aggion is
true, then the data clearly do not support the second ACKNOWLEDGMENT

assumption. This Is bepause only when bOth. thg assumpt'ogﬁpported by the Engineering Research Centers Program of
are true can one attribute the linear combination from th e National Science Foundation under Award Number

analysis to substantively represent the construct of A It EC9876363. We thank Chihchung Chang, Ajay Seth, Alan
conceivable that the true difference between the HPL angociowitz F;hilip Cureton. and John Cocl,<erham for'their
contrql groups is not entirely man_|fested in terms of AE. help with module development.

Finally, one could also attribute this to a very small
sample size, especially when there are 3 dependent variables. REFERENCES
Any interpretation must be constrained by the small sample
size. i
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