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Abstract - The  Vanderbilt-Northwestern-Texas-

Harvard/MIT  Engineering Research Center for ) .
Bioengineering Educational Technologies (VaNTH) is an Clough et al.[2] emphasize that the “Engineer of 2020”
ERC aimed at developing a new approach to should be characterized by strong analytical skills, practical
bioengineering education. The goal of the VaNTH ERC is ingenuity, creativity, high ethical standards, dynamism,
to integrate |earning Science, |earning techno|ogy, aglllty, reSilience, ﬂEX|b|||ty and abilities for ”felOl’l@arning
assessment and the domain subjects of bioengineering

into a new paradigm for the education of bioengineers. ADAPTIVE EXPERTISE

VaNTH has formulated concepts from learning science

into a fundamental hypothesis--the “How People Learn Adaptive e>_<pertise is a desirable goal for learners .in any
Framework” (HPL). Achievements of the center include field. Adaptive experts have deep content knowledge in their
the following: 1. the identification of principles basedon fields that is contextualized and automatized for efficient
HPL that allow the design of effective instructional access in use [1,4,5]. They are appropriately flexible and
modules; 2. the development of principles for the consider multiple solutions to problems [6]. They seek
evaluation of effectiveness of VaNTH instructional Opportunities for new learning throughout their careets [7
systems; 3. testing of new materials has occurred in 55 They monitor their own state of knowledge [8]. Adaptive
courses with a student population of 2,123 students with expertise is often contrasted to routine expertise. Reutin
diverse backgrounds; 4. new technologies for interactive €xperts have the content knowledge of adaptive experts, but
presentation of bioengineering to students, and for lack other key characteristics Particularly, they tend to
designing, assembling and delivering a range of perform less flexibly in novel situations. Developing ailse

techn0|ogy-based instructional materials. expertise is critical in fields like engineering in whicte th
Index Terms —ERC, adaptive expertise, bioengineerindnowledge changes quickly [9].
education We are interested in how people move toward
adaptive expertise, even in contexts like undergraduate
| NNOVATION IN ENGINEERING education in which they are unlikely to reach full levels of

adaptive expertise. We have used a developmental model for

Recently, there has been a significant concern expressedaggptive expertise from Schwartz, Bransford, and Sears[10].
academic, scientific, business and governmental leaddrdis model includes axes for growth along two dimensions:
regarding the ability of the United States to compete in ignovation and efficiency. Innovation is the adaptive etspe
global market [1,2,3]. A persistent theme in these disonss [t addresses how people react in new situations.

is the role and importance of scientific and engineeringfficiency is using the knowledge a person has effectively,
education in making the US workforce competitive. Issueéiickly and appropriately. We suggest that if people
regarding “innovation” are prominent in these discussiars €Xxperience consequential opportunities to engage in activities
well as other important characteristics. A key question i§at promote both efficiency and innovation, they can

How can these concepts be effectively designed into tp@gress along an adaptive expertise trajectory. Curricula
engineering education syste€mLearning scientists have based on How People Learn (HPL) principles include

conceptualized many of these ideas as “adaptive expertise.xperiences that improve students’ efficiency and
innovation[12,13] .
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integrate engineering knowledge. Third, computational
HPL FRAMEWORK environments for simulating and visualizing phenomena, and
other computing approaches have been recently developed
The “How People Learn” (HPL) [11, 14, 15] framework isand used to increase student interest, learning, and feedback
based on principles for the design of effective learninip mechanics and transport. The SL Cycle builds in these
environments stemming from educational research. An HRypes of resources and promotes student learning.
learning environment is student centered, knowledge
centered, assessment centered, and community centered. AEXPERIENCE IN VANTH WITH BIOMECHANICS AND
student-centered learning environment uses studentgnturr BIOTRANSPORT
capabilities as a starting point for learning. A knowledge-
centered learning environment focuses teaching on tAs part of VaNTH, Roselli transformed biomechanics and
important content in the domain and on achieving mastery liiotransport courses from traditional lecture-based couoses
the content area. An assessment-centered learniofly-implemented challenge-based courses [24,25]. Each
environment builds in opportunities for students and t&&ch course is based on 11-13 separate challenge-based modules.
to acquire feedback on students’ progress throughout tAe three-year study was designed in biomechanics to
learning process and thus monitor and adjust whedetermine the effectiveness of these HPL-inspired methods.
knowledge and skills deficiencies exist. A communityStudents in challenge-based classes did significantly lwetter
centered learning environment is appropriate to thB1% of domain-based questions designed to assess adaptive
community context and builds a community that promotesxpertise, while students in traditional classes did
learning. In addition to improving the learning of factuakignificantly better on only 2% of the questions. Staden
material, these curricula led bioengineering students smrveys indicated that most students preferred the challenge
outperform on adaptive expertise measures comparisbased approach compared to the traditional approach. The
students learning in traditional lecture format [12,13]. effectiveness of individual challenge-based modules and
To integrate various types of instruction fortechnological interventions were assessed using pre/post
engineering, VaNTH implemented the HPL framework withests, student surveys and the VaNTH classroom observation
the technology of the STAR.Legacy (SL) Cycle (Schwartz etystem [26, 27, 28]. In-class formative assessment @asing
al [16]). Case-based learning can be beneficial in practicglectronic classroom communication system (Personal
fields that require the mastery of significant amounts dResponse System, PRS) was evaluated and shown to improve
factual information, such as law and medicinelassroom participation. In addition, student performance
(Williams[17]). For this reason, challenge cases are thweas found to be related to class participation [25]. Pamdly
motivating or anchoring activity in the SL Cycle. Anothercolleagues also developed a challenge-based biomechanics
finding is that students learn more when they generats idecourse [29] and used the Jumping Jack module to develop a
and attempt to solve problems prior to consulting resourcemthod for assessing adaptive expertise [30]. Freeman also
and hearing expert opinions (Schwartz & Bransford [18]mplemented this course at the University of Texas Pan
Schwartz & Martin[19] ). The SL Cycle gives students thémerican [31,32]. Diller implemented a fully challenge-
opportunity to generate their own ideas and solutiofisrée based biotransport course at the University of Texas, [22]
they consult resources and hear lectures and other formsanfl is in the process of developing new assessment tools and
direct presentations. Another important finding is thieing extending the single module measurement of adaptive
students formative feedback and having them revise thexpertise to an entire course.
work in light of that feedback can improve learning (Vye et al
[20]). The SL Cycle includes opportunities for feedback an GeNERAL APPROACH TO ASSESSMENT INVANTH
revision. Finally, the necessity of creating an autheiral f
product is motivating for students and allows them &zfite | the studies conducted within VaNTH on effectiveness of
applying what they have learned to a realistic situation th‘F}’PL-inspired modules (and courses), the main hypothesis
might face in an actual career setting (Barron et al. _[211)\ras that modules producegreater learning  with
Thus, the SL Cycle can conclude with an opportunity tQnqerstanding about bioengineering than traditional
create an authentic product. The “go public” phase also migRkiryctional strategies. Randomized experiments have long
be a report or examination. o __ been regarded as the most trustworthy means of assdssing t
The SL Cycle is an efficient tool for designingcaysal effect of an innovation [33]. When randomization of
challenge-based modules. First, using the SL Cycle givegdents to conditions is not feasible, a class of research
students structure and makes it easier for professorsdto %‘ésigns known as quasi-experiments can be used to
the active aspects of HPL to the direct presentation Strategé?ﬁ)roximate estimates of effects [34, 35]. Approximately 50
with which they are familiar and comfortable. Second, thg,oqules have been developed throughout VaNTH; to date,
HPL f(_)cus on knovyledge-centereo! instrgctiqn has led 8 have been tested, using experimental or quasi-
extensive efforts to integrate learning objectives and claggperimental designs to estimate the effects of the module on
activities (Diller & Martin [22], Roselli et al [23]). Tt effort knowledge-based outcomes.
helps achieve the goal that curriculum innovation should
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The modules tested within VaNTH, by designScience, National Academy of Engineering, InstitoteMedicine, National
differed in content. The nature of the assessment instiumé&f2demy Press, Washington, DC, 2005.
was tailored to the content of each module, and to thg Gjaser, R. Expert knowledge and processehioking. In D. F. Halpern
research design that was used to assess relative effectivenggggnhancing Thinking Skills in the Sciences and Matites Hillsdale,
In order to “sum-up” what was learned from this collectibn oNJ: Erlbaum, 1992.
InveStlgatlon.S’ .meta_analySIS r.nethOdS were used [.36'3?5]]' Schneider, W., & Shiffrin, R. M. Controlled andutomatic human
Meta'analy3|s_|nV0|Ves converting the S.tUdy results into igormation processing: Detection, search, andnditie. Psychological
common metric — known as an effect size (ES). The effertview, 84,1977,1-66.
size is a descriptive statistic that expresses the differen[ceH G gl WK T ¢ iz, I H. S ;
H atano, G., nagakl, K. |wo courses o elSt[KE. n H. Stevenson, J.
betwee.n the means .Of the eXpe”mef‘t"’?' and (.IontrOI ggouPSA@nma & K. Hakuta (Eds.hild development and education in Japbiew
a learning outcome in standard deviation units [ES = {M vk NY: W. H. Freeman & Co., 1986, pp. 262-272.
M)/ SD,00ied — the pooled standard deviations is the square
root of the weighted variances within each condition]. €boh L7] Fijhez, F.F, & Peterzon, P. A tdool to ;’niesadaptive expertise in
; iomedical engineering studenBroceedings of the 2001 American Society
.[38] suggests that effeCt. sizes of 0.20, .0'50 and O'Smeanf?r Engineering Education Annual Conference, Alterque, NM, 2001.
interpreted as representing small, medium and large effects,
respectively. Converting each study result into this comma@8g] wineburg, S. Reading Abraham Lincoln: An esfexpert study in
metric provides a statistical basis for determining the overditerpretation of historical text€ognitive Science, 22), 1998, 319-346.
eﬁeCt. o.f the HPL modules and prowdes a statistical basis f T Advisory Committee to the National Science Rdation,Shaping the
examining differences across VaNTH sponsored modulggyre, volume II: Perspectives on undergraduateication in science,
The methodology used to sum up the overall effects of HPhathematics, engineering, and technola§98.

inspired modules and courses is described and illustiated
Cordray et al [39] [10] Schwartz, D. L., Bransford, J. D., & Sears,linovation and efficiency

in learning and transfer. In J. Mestre (Edlyansfer of learning from a
modern multidisciplinary perspectitd¢ahwah, NJ: Erlbaum, 2005, pp. 1-51.
OVERALL EFFECTS OF HPL-INSPIRED MODULES

[11] Bransford, J. D., Brown, A. L., & Cocking, R. (Eds.).How people

Preliminary effect sizes were calculated for 32 experimen rn: Brain, mind, experience, and schodWashington, DC: National
. . . . ademy Press,1999.

and quasi-experiments on the effects of HPL-inspire
modules and courses. These effect sizes ranged from -0.471% Martin, T., Rayne, K., Kemp, N. J., Hart, & Diller, K. R. Teaching
3.53 (standard deviation units) across the 32 stud@sthis for adaptive expertise in biomedical engineerindiast Science and
collection of studies, the weighted average effect is 0.68579ineering Ethics, i), 2005, pp.257-276.
that is, across all studies the average HP_L mean was ingrﬁlgj Pandy, M. G., Petrosino, A., Austin, B. A., Barr, R. A. Assessing
over two-thirds of a standard deviation higher than the noadaptive expertise in undergraduate biomechanicsEng. Ed., 9(),
HPL means. The distribution of the effect sizes is present@ep4.pp.1-12.
in Figure 3 As can be See.n’ Only two effects were negat 4] Harris, T.R., Bransford, J.D. and Brophy, SHles for Learning
The' r'emalnder shows evidence of an advgntag'e fOI’ H iences and Learning Technologies in Biomedicaifierering Education:
participants. However, as noted above, studies diffei#d WA Review of Recent Advancesinnual Review of Biomedical Engineering
respect to the type of design used and the type of compariget®02, pp.29-48.

that was made to obtain the effect size estimate. More refmﬁgl] Harris, TR and Brophy, SP Challenge-basettiation in biomedical

explanatory analyses [39, 40] are currently underway. engineering: A scalable method to increase theieffey and effectiveness
of teaching and learning in biomedical engineerikigdical Engineering
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