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We consider contact representations of graphs where vertices are represented by cuboids, i.e. interior-disjoint axis-
aligned boxes in 3D space. Edges are represented by a proper contact between the cuboids representing their end- ver-
tices. Two cuboids make a proper contact if they intersect and their intersection is a non-zero area rectangle contained 
in the boundary of both. We study representations where all cuboids are unit cubes, where they are cubes of differ-
ent sizes, and where they are axis-aligned 3D boxes. We prove that it is NP-complete to decide whether a graph admits a 
proper contact representation by unit cubes. We also describe algorithms that compute proper contact representations 
of varying size cubes for relevant graph families. Finally, we give two new simple proofs of a theorem by Thomassen 
stating that all planar graphs have a proper contact representation by touching cuboids.

On Point-sets that Support Planar Graphs
V. Dujmovic, W. Evans, S. Lazard, W. Lenhart, G. Liotta, D. Rappaport, and S. Wismath

Computational Geometry: Theory and Applications, Vol. 46, Issue 1, january 2013.

A universal point-set supports a crossing-free drawing of any planar graph. For a planar graph with n vertices, if 
bends on edges of the drawing are permitted, universal point-sets of size n are known, but only if the bend points are 
in arbitrary positions. If the locations of the bend points must also be specified as part of the point set, we prove that 
any planar graph with n vertices can be drawn on a universal set Sn of O(n^2/\log n) points with at most one bend 
per edge and with the vertices and the bend points in S. If two bends per edge are allowed, we show that O(n\log n) 
points are sufficient, and if three bends per edge are allowed, O(n) points are sufficient. When no bends on edges are 
permitted, no universal point-set of size o(n^2) is known for the class of planar graphs. We show that a set of n points 
in balanced biconvex position supports the class of maximum-degree-3 series-parallel lattices.

Toward Practical Real-Time Photon Mapping: Efficient GPU Density Estimation
Mara ‘12, Luebke, and McGuire

March, ACM SIGGRAPH Symposium on Interactive 3D Graphics and Games, 2013-02-20.

We describe the design space for real-time photon density estimation, the key step of rendering global illumination 
(GI) via photon mapping. We then detail and analyze efficient GPU implementations of four best-of-breed algorithms. 
All produce reasonable results on NVIDIA GeForce 670 at 1920x1080 for complex scenes with multiple-bounce diffuse 
effects, caustics, and glossy reflection in real-time. Across the designs we conclude that tiled, deferred photon gathering 
in a compute shader gives the best combination of performance and quality.

GPU Ray Tracing
Parker, Friedrich, Luebke, Morley, Bigler, Hoberock, McAllister, Robison, Dietrich, Humphreys, McGuire, and Stich

Communications of the ACM, Vol 56, No 5, May 2013.

The NVIDIA® OptiX™ ray tracing engine is a programmable system designed for NVIDIA GPUs and other highly 
parallel architectures. The OptiX engine builds on the key observation that most ray tracing algorithms can be imple-
mented using a small set of programmable operations. Consequently, the core of OptiX is a domain-specific just-in-
time compiler that generates custom ray tracing kernels by combining user-supplied programs for ray generation, 
material shading, object intersection, and scene traversal. This enables the implementation of a highly diverse set of 
ray tracing-based algorithms and applications, including interactive rendering, offline rendering, collision detection 
systems, artificial intelligence queries, and scientific simulations such as sound propagation. OptiX achieves high per-
formance through a compact object model and application of several ray tracing-specific compiler optimizations. For 
ease of use it exposes a single-ray programming model with full support for recursion and a dynamic dispatch mecha-
nism similar to virtual function calls.
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Scale Microfossils from the Mid-Neoproterozoic Fifteenmile Group, Yokon Territory
Phoebe A. Cohen and Andrew H. Knoll

Journal of Paleontology, 86(5), 2012, p. 775–800.

ABSTRACT—Microscopic phosphatic scales are found in limestones and cherts from the 812–717 million year old 
Fifteenmile Group of the Yukon Territory. These enigmatic microfossils, which to date have not been identified in 
any other locality, display a diversity of intricate morphologies. Here we describe six new genera containing 17 new 
species of scale microfossils obtained from macerated limestone. We also revise existing taxa described originally 
from chert thin sections and now additionally freed from limestone by acid dissolution. New taxa described here 
are: Archaeoxybaphon serratacapacis n. sp., Archeoxybaphon serratapusilla n. sp., Paleoscutula inornata n. gen. n. 
sp., Paleoscutula serrata n. gen. n. sp., Paleoscutula convocationis n. gen n. sp., Hexacatillus allmonii n. gen. n. sp., 
Hexacatillus retetantillus n. sp., Quadrireticulum allisoniae n. gen. n. sp., Quadrireticulum palmaspinosum n. gen. n. 
sp., Circidentatus pistricis n. gen. n. sp., Circidentatus variodentatus n. gen. n. sp., Ospercapatera awramikii n. gen. n. 
sp., Circitorquis soccus n. gen. n. sp., Paleohexadictyon alexandrae n. sp., Paleomegasquama arctoa n. sp., Petasisquama 
petasus n. sp., and Thorakidictyon circireticulum n. gen. n. sp. Taxa described or amended here are Characodictyon 
skolopium Allison and Hilgert, 1986, Paleohexadictyon myriotrematum Allison and Hilgert, 1986, Archeoxybaphon 
polykeramoides (Allison and Hilgert, 1986) emend., Paleohexadictyon litosum (Allison and Hilgert, 1986) emend., 
and Thorakidictyon myriocanthum (Allison and Hilgert, 1986) n. comb. Many eukaryotic clades include species with 
surficial scales but none provides a close morphological analog to the Fifteenmile scales. Nonetheless, comparative 
and functional morphology suggest that the diversification of heavily armored and morphologically complex cell-
coverings records a changing ecological landscape in Neoproterozoic seas. 

Lithologic Controls on Lavaka Occurrence in Madagascar
Voarintsoa, N.R., Cox, R., Madison, R.M.O, and Rakotondrazafy, A.F.M.

 South African Journal of Geology, 115, 225-250, 2012

The characteristic gullies of central Madagascar—lavakas—vary greatly in abundance over short distances, but existing 
understanding does not explain why some hillsides should have high concentrations of lavakas when nearby slopes 
have fewer. We present a GIS analysis of lavaka abundance in relation to bedrock geology and topography, covering 
two areas in the central highlands: the region near Ambatondrazaka and that around Tsaratanana. Both regions have 
similar average lavaka density (6 lavakas/km2 in Ambatondrazaka, and 5 lavakas/km2 in Tsaratanana, but local lavaka 
concentrations vary widely. Individual one-km2 squares can host up to 50 lavakas/km2 in Tsaratanana and up to 150 
lavakas/km2 in Ambatondrazaka. We find no predictive relationship between bedrock type and lavaka abundance. 
There is, however, a relationship between lavakas and slope such that lavakas increase in abundance as slopes get 
steeper, up to an optimum steepness, beyond which they become less numerous. The optimum steepness for lavaka 
development is about 10-15° in Tsaratanana and 25-30° in Ambatondrazaka. Lavakas also seem to favour slopes where 
the gradient is changing locally, with an optimum change in grade somewhere in the range 2-5°. Our results provide 
quantitative constraints on lavaka distribution that can be tested in other areas. 

Boulder Ridges on the Aran Islands (Ireland) are Built and Moved by Storm Waves
Cox, R., Zentner, D.B. ‘09, Kirchner, B.J. ‘13, and Cook, M.S.

Journal of Geology, 120, 249-272, 2012

Boulder ridges on the Atlantic coasts of the Aran Islands are linear or arcuate deposits of cobbles, boulders, and mega-
gravel that have accumulated and migrated during the last two millennia, and are still active at the present time. Diverse 
sources provide the evidence for ridge activity. First, shells of Hiatella arctica (subtidal rock-boring bivalves preserved 
in life position within ridge boulders) yield radiocarbon ages from ≈200 AD to modern (post-1950 AD). Second, GIS 
comparison of 19th C Ordnance Survey maps with 21st C orthophotos shows that in several areas the boulder ridges 
have advanced 10s of metres inland since the mid-19th C, overrunning old field walls in the process. These advancing 
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ridges contain boulders with masses up to 78 tonnes at 11 m above high water, so wave energies sufficient to transport 
those blocks must have occurred since the 1839 survey. Finally, recent motion is attested to by eye-witness accounts 
that pin movement of several individual 40-80 tonne blocks to a specific 1991 storm, and by repeat photography over 
the last few field seasons (2006-2011) that captures movement of boulders (masses up to ≈10.5 tonnes) even in years 
without exceptionally large storms. Thus there is abundant evidence for ridge activity since the 1839 mapping; and as 
there have been no tsunami in the northeastern Atlantic in that time period, we conclude that the Aran Islands boulder 
ridges are built and moved by storm waves. 

Using the Accumulation of CBD-Extractable Iron and Clay Content to Estimate Soil Age on 
Stable Surfaces and Nearby Slopes, Front Range, Colorado

Dethier, David P., Birkeland, Peter W., and McCarthy, James A. ’11

Geomorphology, 173-174, 17-29, 2012

In many transport-limited environments, morphology, pedogenic iron and clay content provide a basis for estimat-
ing the exposure age of soils and associated landforms. We measured citrate-buffered dithionite (CBD)-extractable Fe 
(Fed) and clay concentration in fresh rock, saprolite, morainal and colluvial materials, and soil horizons from stable 
surfaces and hillslopes in the Colorado Front Range. Fresh igneous and highgrade metamorphic rocks contain ~1% 
Fed and 1 to 5% clay. As bedrock and surficial deposits age, Fed and clay accumulate from weathering and dustfall. 
Late Holocene regolith at warm, dry sites contains small amounts of Fed and clay, but relatively moist soils developed 
on early Holocene cirque deposits contain as much as 1.5% Fed and 8% clay. Concentrations and total profile accu-
mulation of Fed and clay increase with age in soils developed on stable surfaces of glacial deposits as old as ~130 kyr. 
On stable sites, Fed and clay accumulation from weathering and dust is ~0.02 g cm−2 kyr−1 and ~0.2 g cm−2 kyr−1, 
respectively. We used the Fed and clay inventory in soil profiles at dated, stable Front Range surfaces to calculate accu-
mulation functions, which allowed us to estimate soil age at hillslope sites. Heterogeneous parent material, particularly 
on hillslopes, and climate-related effects add to variability in measured relations. Mobile regolith in Gordon Gulch, one 
of the Boulder Creek Critical Zone Observatory (CZO) catchments, yields profile ages from about 0.5 to 5Å~104 yr, 
comparable to values measured using other techniques. Calculated profile ages are older on a north- vs. south-facing 
slope and increase from the drainage divide to the footslope. Ages calculated for stabilized colluvium and well-devel-
oped buried profiles at nearby hillslope sites (Lefthand, Ward and Rollinsville) suggest that these soils have stabilized 
over periods >105 yr. In the absence of radiometric ages, the accumulation of Fed and clay in soils on stable sites and 
hillslopes provides a useful, local chronofunction for 103 to ~3Å~105 yr. Local footslope thickening of mobile regolith, 
buried soils, and areas of Fed- and clay rich stabilized colluvium suggest that steady-state models of hillslope regolith 
must be modified to account for observed soil properties.

Changing Mountain Permafrost from the 1970s to Today – Comparing Two Examples from 
Niwot Ridge, Colorado Front Range, USA

Leopold, Matthias, Völkel, jörg, Dethier, David, and Williams, M. W.

Zeitschrift für Geomorphologie, Supplementary Issue DOI: 10.1127/0372-8854/2013/S-00129, 2013

Melting mountain permafrost is reported from alpine areas around the world as a direct consequence of rising air tem-
peratures over the past decades. However, alpine sites that offer sufficient older data to compare with recent conditions 
are rare. The study site Niwot Ridge, situated at ~ 3600 m a.s.l. in the Front Range of the Rocky Mountains, Colorado, 
USA, offers permafrost distribution data from the early 1970s. We used four different approaches to evaluate and com-
pare the old data with recent conditions and to discuss consequences in how the old data should be considered.

  (i) Air photographs and survey stakes were used to compare modern surface conditions of a solifluction lobe 
with those in the past. Despite high resolution of the air photographs (0.3 m), the error of position after geo-rectifica-
tion was higher (± 1.0 m) than average displacementrates of gelifluction lobes (10 mm * a–1), rendering this approach 
unsuitable. Replication of a 1963 –1967 study of soil movement from 2006 – 2009 yielded average movement rates of 
11.4 mm * a–1 compared to 9.4 mm * a–1 in the 1960s.

(ii) Temperature profiles of a three-year survey (2007– 2009) to depths of 7 m were compared with data from the 1970s 
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from the same site. Modern temperature profiles document a complex annual curve that includes several weeks of un-
frozen conditions; this finding is in contrast with the permafrost conditions reported from the 1970s.

(iii) Electric resistivity profiles on a gelifluction lobe, surveyed in different seasons during the year, show the freezing 
front down to 2 m depth during the early winter, the melting process during spring conditions and the complete melt 
of all ice lenses during the summer months. Geophysical results corroborate data from nearby temperature loggers and 
were used to extend the survey to other areas on Niwot Ridge.

(iv) A simple 1 D-heat flow model was driven by the annual temperature variations of 1972 and

2008, resulting in several weeks of unfrozen conditions at various depths but with temperatures close to freezing dur-
ing the 1970s.

Our study documents that at present, on south facing slopes, permafrost neither exists at 2 m depth on wet sites nor 
at 4 m depth on dry sites as suggested during the 1970s. Our modeling approach further suggests that, except on wet 
gelifluction lobes, it is likely that permafrost was not present at 3600 m during 1970, if so, permafrost degradation on 
south facing slopes on Niwot Ridge was not driven by recent climate change. However, north-facing slopes do cover 
permafrost, and certainly did in the 1970s, they are most probably affected by climate warming as already documented 
by a changing hydro-chemical signal in nearby streams.

Subsurface Architecture of the Boulder Creek Critical Zone Observatory from Electrical 
Resistivity Tomography

Leopold, Matthias, Völkel, jörg, Huber, juliane, and Dethier, David

Earth Surf. Process. Landforms DOI: 10.1002/esp.3420. 2013

The architecture of the critical zone includes the distribution, thickness, and contacts of various types of slope deposits 
and weathering products such as saprolite and weathered bedrock resting on solid bedrock. A quantitative analysis of 
architecture is necessary for many model-driven approaches used by pedologic, geomorphic, hydrologic or biologic 
studies. We have used electrical resistivity tomography, a well-established geophysical technique causing minimum 
surficial disturbance, to portray the subsurface electrical resistivity differences at three study sites (Green Lakes Valley; 
Gordon Gulch; Betasso) at the Boulder Creek Critical Zone Observatory (BcCZO). Possible limitations of the tech-
nique are discussed. Interpretation of the specific resistivity values using natural outcrops, pits, roadcuts and drilling 
data as ground truth information allows us to image the critical zone architecture of each site. Green Lakes Valley (3700 
MASL), a glacially eroded alpine basin, shows a rather simple, split configuration with coarse

blockfields and sediments, partly containing permafrost above bedrock. The critical zone in Gordon Gulch (2650 
MASL), a montane basin with rolling hills, and Betasso (1925 MASL), a lower montane basin with v-shaped valleys, 
is more variable due to a complex Quaternary geomorphic history. Boundaries between overlying stratified slope de-
posits and saprolite were identified at mean depths of 3.0_2.2m and 4.1_3.6m in the respective sites. The boundary 
between saprolite and weathered bedrock is deeper in Betasso at 5.8_3.7 m, compared with 4.3_3.0m in Gordon Gulch. 
In general, the data are consistent with results from seismic studies, but electrical resistivity tomography documents 
a 0.5–1.5m shallower critical zone above the weathered bedrock on average. Additionally, we document high lateral 
variability, which results from the weathering and sedimentation history and seems to be a consistent aspect of critical 
zone architecture within the BcCZO.

Using Geophysical Techniques in the Critical Zone to Determine the Presence of Permafrost
Lewis, Gabriel ’13, Leopold, Matthias, and Dethier, David

Geological Society of America Abstracts with Programs, 44 (7), 460, 2012

Electric Resistivity Tomography (ERT) and Ground Penetrating Radar (GPR) are geophysical techniques utilized 
worldwide to study the evolution of alpine permafrost and ice lenses. Combining these techniques maximizes the 
accuracy of each method while reducing their inherent ambiguities and limitations. The alpine Green Lakes and 4th 
of july Valleys within the Colorado Front Range offer ideal locations to verify the existence of ice masses within rock 
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glaciers, where they are predicted by many models. On nearby Niwot Ridge, geomorphological, hydrological, and GIS 
techniques have been used to calculate probabilities of permafrost at depth, but predictions have not previously been 
verified in the field. Permafrost and ice lenses beneath active solifluction lobes were also documented in several studies 
during the 1970’s along Niwot Ridge. This study examines: (1) the results of 15 ERT lines totaling 765 meters within 
the Critical Zone, sited to test permafrost predictions in alpine zones; (2) soil temperature profiles and morphology in 
several pits excavated to saprolite along ERT lines; and (3) measurements of the 4th of july Rock Glacier’s retreat during 
the past century including its implications for nearby permafrost. Analysis of seven ERT lines from elevations of 3500 
to 3900 meters on Niwot Ridge demonstrates that these locations lack permanent ice lenses (resistivity of approxi-
mately 200-1000 kΩm) beneath a surface layer of coarse, blocky debris (resistivity of ~ 20 kΩm). Solifluction lobes, as 
well as nearby snow field areas may retain semi-permanent ice lenses that were considered permafrost features, but ice 
often melts out completely by late summer. The rock glaciers have experienced decades of retreat due to high-elevation 
warming and decreases in moisture supply (i.e. droughts during the winters of 2002-2003 and 2011-2012), resulting in 
partial melting of subsurface ice and deposition of a layer of rocks previously supported by ice. Better understanding of 
the present distribution of permafrost and active periglacial features may help predict changes to alpine landscapes as 
permafrost disappears as well as implications for the quantity of runoff from these areas in the future. 

Physical and chemical properties of a strongly developed buried soil, exposed laterally for 100 m in Betasso Gulch (a 
Boulder Creek Critical Zone Observatory catchment), illustrate the potential and pitfalls in using paleosols on hill-
slopes to infer past environmental conditions. The buried soil consists of a >100 cm thick A/Bt/BC profile that devel-
oped in granitic colluvium on a 10 degree, forested footslope. Luminescence dating suggests that a 3-m thickness of 
underlying colluvium accumulated between 18 and 12 ka; younger slope deposits buried the soil by about 6 ka. Organic 
matter in the buried A gave radiocarbon ages between 8550 and 8995 cal. BP. Hillslopes generally are stable in the dry 
modern environment and the younger deposits support thin, sandy A/Bw sequences. In contrast, both the A and Bt 
horizons of the buried soil contain 28 to 35 percent clay, most of it smectite, and substantial amounts of pedogenic Fe, 
properties consistent with an extended period of soil formation and/or changed climate. However, the 14C and lumi-
nescence ages allow <6 kyr of pedogenesis on the hillslope. NMR spectroscopy also demonstrates that black color of 
the buried A horizon reflects large amounts of aromatic components (fine charcoal), rather than pedogenic accumula-
tion of organic matter. Thick, smectite-rich soil profiles developed in granitic saprolite crop out along upper slopes and 
ridgecrests at Betasso. Field and laboratory data suggest that the properties of the Betasso paleosol are consistent with 
upslope erosion of saprolitic soils, downslope redeposition of older soil material, and considerable eolian input. Soils 
developed on hillslopes in deeply weathered environments may thus contain only indirect information about time of 
formation and paleoclimate. 

Inferring Age and Paleoclimate from a Hillslope Paleosol-- a Cautionary Tale from the Front 
Range, Colorado

Dethier, David P., Leopold, Matthias, Völkel, jörg, Blum, Alex E., Huber, juliane, and Steffens, Markus

Geological Society of America Abstracts with Programs. 44(7), 303, 2012

Physical and chemical properties of a strongly developed buried soil, exposed laterally for 100 m in Betasso Gulch (a 
Boulder Creek Critical Zone Observatory catchment), illustrate the potential and pitfalls in using paleosols on hill-
slopes to infer past environmental conditions. The buried soil consists of a >100 cm thick A/Bt/BC profile that devel-
oped in granitic colluvium on a 10 degree, forested footslope. Luminescence dating suggests that a 3-m thickness of 
underlying colluvium accumulated between 18 and 12 ka; younger slope deposits buried the soil by about 6 ka. Organic 
matter in the buried A gave radiocarbon ages between 8550 and 8995 cal. BP. Hillslopes generally are stable in the dry 
modern environment and the younger deposits support thin, sandy A/Bw sequences. In contrast, both the A and Bt 
horizons of the buried soil contain 28 to 35 percent clay, most of it smectite, and substantial amounts of pedogenic Fe, 
properties consistent with an extended period of soil formation and/or changed climate. However, the 14C and lumi-
nescence ages allow <6 kyr of pedogenesis on the hillslope. NMR spectroscopy also demonstrates that black color of 
the buried A horizon reflects large amounts of aromatic components (fine charcoal), rather than pedogenic accumula-
tion of organic matter. Thick, smectite-rich soil profiles developed in granitic saprolite crop out along upper slopes and 
ridgecrests at Betasso. Field and laboratory data suggest that the properties of the Betasso paleosol are consistent with 
upslope erosion of saprolitic soils, downslope redeposition of older soil material, and considerable eolian input. Soils 
developed on hillslopes in deeply weathered environments may thus contain only indirect information about time of 
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formation and paleoclimate.

A Comparative Study of Snowmelt-Driven Water Budgets in Adjacent Alpine Basins, Niwot 
Ridge, Colorado Front Range

Nesbitt, Ian M. ’13, and Dethier, David P.

Geological Society of America Abstracts with Programs. 45(1), 101, 2013

The critical zone in alpine and subalpine headwaters areas delivers drinking water to urban corridors near mountain-
ous areas of North America. Snowmelt runoff from alpine areas typically accounts for over 80% of annual flow, but 
water budgets are not well quantified nor well understood in detail. Redistribution of snow by wind, the difficulty of 
estimating water losses from sublimation and evapotranspiration, and groundwater gains and losses associated with 
unconsolidated subsurface material make streamflow and water budget measurements challenging. We investigate 
two adjacent catchments, Martinelli and Saddle, both about 0.25km2 at ~3500m, on Niwot Ridge in the Colorado 
Front Range. Nearby Long-Term Ecological Research (LTER) monitoring stations indicate mean annual precipitation 
is between 1210 and 950mm. Mean annual runoff is ~310mm at Martinelli and ~230mm at Saddle, based on 12 and 28 
years of gaging records, respectively. 

Saddle basin is not fed by an extensive seasonal snowpack, but records indicate ablation-season discharge is still closely 
related to snowmelt in the basin. Martinelli shelters a ~6m thick snowpatch in 8 ha of the basin, even in a low snow 
year. During much of the ablation season, snowpack mass density (ρ) is 0.5g cm-3 and ablation rates are ~100mm day-
1. Since vegetation is shallow-rooted or nonexistent in Martinelli, evapotranspiration (ET) may not be a major factor. 
Saddle is more heavily vegetated, but only the lower reaches are wooded; ET may be as much as 260mm. Runoff during 
2012 was ~270mm yr14C at Martinelli and ~35mm at Saddle. By monitoring snowpack area changes and longitudinal 
discharge, we were able to demonstrate that at low flow at least 30% of snowmelt discharge at Martinelli and over 50% 
at Saddle becomes subsurface flow and is unrecorded by the gages. We believe similar hydrologic budgeting can be ap-
plied to a wide range of small alpine catchments with similar “losing stream” characteristics. 

Detailed Volcanostratigraphy of an Accreted Seamount: Implications for Intra-plate Seamount 
Formation 

Susan R. Schnur and Lisa A. Gilbert

Geochemistry. Geophysics. Geosystems, 12, Q09001, doi:10.1029/2012GC004301, 13 pp., 2012

Seamounts are a ubiquitous feature of the seafloor but relatively little is known about their internal structure. A sea-
mount preserved in the Franciscan mélange of California suggests a sequence of formation common to all seamounts. 
Field mapping, geophysical measurements, and geochemical analyses are combined to interpret three stages of sea-
mount growth consistent with the formation of other intraplate seamounts such as the Hawaiian volcanoes and the 
island of La Palma. A seamount begins to form as a pile of closely packed pillows with a high density and low porosity. 
Small pillow mound volcanoes common at mid-ocean ridges are seamounts that do not grow beyond this initial stage 
of formation. The second stage of seamount formation is marked by the first occurrence of breccia. As the seamount 
grows and becomes topographically more complex, slope varies and fractured material may begin to accumulate. 
Magma supply may also become spatially diffuse as the seamount grows and new supply pathways develop through the 
edifice. The second stage thus exhibits variability in both flow morphologies and geophysical properties. The final cap 
stage is composed of thin flows of various morphologies. These sequences reflect the shoaling of the seamount and a 
greater variability in extrusion rate resulting from waning magma supply and increased mass wasting. Understanding 
the growth and structure of seamounts has important implications for intra- plate volcanism and for models of hydro-
thermal circulation in the oceanic crust.
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Not just “Rocks for jocks”: Who Are Introductory Geology Students and Why Are They Here? 
Lisa A. Gilbert, jennifer Stempien, David McConnell, David Budd, Katrien van der Hoeven Kraft, Ann Bykerk-

Kauffman, Megan jones, Catharine Knight, Ronald Matheney, Dexter Perkins, and Karl Wirth

Journal of Geoscience Education, 60(4), 360–371, 2012

Do students really enroll in Introductory Geology because they think it is ‘‘rocks for jocks’’? In this study, we examine 
the widely held assumption that students view geology as a qualitative and remedial option for fulfilling a general 
education requirement. We present the first quantitative characterization of a large number of Introductory Geology 
students, their demographic characteristics and motivations at the start of the course, and their reasons for enrolling. 
More than 1,000 undergraduate students from seven institutions across the U.S. participated in this study, provid-
ing demographic information and responses to the Motivated Strategies for Learning Questionnaire. Students taking 
Introductory Geology either to fulfill a general education requirement (72% of the survey population) or because they 
thought it would be easy (19%) had relatively low motivation. The youngest students (18 or 19 years, 62% of the survey 
population) and those who had not declared a major or were planning a non-science major (79%) also had relatively 
low motivation. In contrast, students taking the course for a major or minor (26%), because of prior interest in geology 
(31%), or because of interest in the interactions between humans and the environment (15%) had relatively high mo-
tivation. The differences in motivation we identify have important implications for Introductory Geology instructors, 
particularly those teaching large-enrollment courses, and validate the need for understanding student characteristics 
when designing course goals and selecting instructional strategies.

Evolution of Permeability in the Upper Oceanic Crust Formed From Super-Fast Spreading: 
IODP Hole 1256D

Miranda L. Bona ‘13, Lisa A. Gilbert, and Reinhard A. Wobus

Eos Trans. AGU, 93(52), Fall Meet. Suppl., OS13A-1694, 2012

Permeability is the principal hydrologic parameter responsible for controlling fluid flow through conduits in the Earth’s 
crust, yet determining permeability has proven to be a challenge. For a detailed examination of the core-scale permea-
bility of basalts and gabbros recovered from the Integrated Ocean Drilling Program (IODP) Hole 1256D, we calculated 
maximum original permeability, a two-dimensional permeability value based on the size and shape of micro-fractures 
measured in thin section. Core-scale maximum original permeability ranges from 10^{-14} to 10^{-18} m^{2}, which 
is several orders of magnitude higher than measurements made in the laboratory under pressure and saturated with 
seawater. However, these calculated maximum original permeability values are within the same range as laboratory 
measurements of dry core samples measured at ambient pressures. The maximum original permeability values are thus 
more reminiscent of permeability of the upper oceanic crust prior to hydrothermal mineral precipitation. All micro-
fractures observed in thin section were filled with one or more generations of mineral precipitates, such as smectite, 
sulfides, quartz, and chlorite. Some open pore space remained in vesicles located higher in the section, but porosity 
and permeability both decrease with depth, particularly as the previously water-filled spaces are filled with smectite. 
Maximum original permeability values inform our understanding of the permeability of the upper oceanic crust and 
space available for diverse and complex microbial life within the subseafloor.

Dike Intrusion Controls on Permeability and Hydrothermal Circulation of Oceanic Crust at 
IODP Hole 1256D

Lisa A. Gilbert, Paola Tartarotti, Emanuele Fontana, Miranda L. Bona ‘13, Daniel Gross ‘12 , Grace LaPier ‘12, and 
Connor Dempsey ’13 

Eos Trans. AGU, 93(52), Fall Meet. Suppl., OS13A-1695. 2012

We examine the hydrothermal structure of the lava-dike transition zone in oceanic crust of Integrated Ocean Drilling 
Program (IODP) Hole 1256D using detailed sample measurements of permeability, porosity, metamorphic minerals, 
and structures. The transition zone consists of basaltic sheet and massive flows, a cataclastic unit, and hyaloclastitic 
breccias. Structural investigations show that this transition occurs through a larger depth interval than that previously 
defined, extending 254 m upward from the top of the Sheeted Dike Complex (811.4 to 1065.7 meters below seafloor 
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(mbsf)). Through the transition zone, models predict a general decrease in permeability, based on a corresponding 
decrease in porosity with depth. Laboratory measurements of physical properties show porosity decreases drastically, 
as does permeability. Thin sections reveal no open pore space, and all structures are filled: veins (mm- to cm-thick), 
sets of parallel veins, vein networks, Riedel-deformation bands, cataclasites (<mm), incipient breccia, and hyaloclastic 
breccia hosting sulfide mineralizations. Smectite, mixed chlorite-smectite, Fe-oxyhydroxide, quartz, chalcedony, and 
calcite are the main secondary minerals; hyaloclastic breccia hosts sulfides (mainly pyrite) and is cemented by chal-
cedony, quartz, calcite, anhydrite, and minor amphibole. The dip angle of planar structures (including cataclasites) 
show an average downdip increase, thus such sub-vertical structures may represent original cooling fractures and/or 
might be related to the regional tectonics (i.e., extensional tectonics of the rift zone) or to the local tensional stress field 
created at the top of the dikes as a direct consequence of dike intrusion. Since this transition zone is located near the 
boundary between the Low Temperature Alteration Zone (above) and the Hydrothermal Alteration Zone (below), we 
postulate that fracturing and hydrothermal alteration in the investigated crustal interval likely occurred during dike 
intrusion. Consequently, the lower part of the lavas (below 811.4 mbsf or 561 meters sub-basement) seems to mark a 
boundary layer between different stress fields, permeability regimes, and metamorphic imprints. 

What Darwin Did Not See: Pleistocene Fossil Assemblages on a High-Energy Coast at Ponta das 
Bicudas, Santiago, Cape Verde Islands

Baarli, B.G., Santos, A., Mayoral, E.j., Ledesma-Vázquez, j., Johnson, M.E., Silva, C.M. da, and Cachão, M.

Geological Magazine, 150, 183-189, 2013

Two distinct Pleistocene assemblages from SE Santiago Island are comparable to modern analogues elsewhere in the 
Cape Verde Islands. A low diversity Siderastrea radians assemblage lived atop basalt knobs surrounded by sand on a 
slope below a cliff. A Millepora alcicornis-Megabalanus azoricus assemblage occupied the cliff. The latter was a typical 
rocky-shore assemblage from a high-energy setting below the tidal zone. Bioerosion structures in basalt by Circolites 
kotoncensis and Gastrochaenolites isp. also occur there. Despite extensive studies on local limestone deposits in 1832 
and 1836, lack of exposure prevented Darwin from seeing these fossils.

Coastal Dunes with High Content of Rhodolith (Coralline Red Algae) Bioclasts: Pleistocene 
Formations on Maio and São Nicollau in the Cape Verde Archipelago

Johnson, M.E., Baarli, B. G., Silva, C.M. da, Cachão, M., Ramalho, R.S., Ledesma-Vázquez, j., Mayoral, E.j., and 
Santos, A.

Aeolian Research, 8, 1-9, 2013

Rhodoliths are spherical growths (coralline red algae) that contribute bioclasts to coastal dunes in the Gulf of California 
(Mexico) and the Canary Islands (North Atlantic). Pleistocene dunes on Maio and São Nicolau islands in the Cape 
Verde archipelago were studied to quantify rhodolith contribution relative to other sources. Near Pilão Cão on Maio, a 
transverse dune at Lomba Greija covers 0.3 km2, exposing stoss slopes that dip 8º - 10º NE and leeward slip faces that 
dip 28º -32º SW and SE. Point counts on thin-section samples show that basalt and other non-carbonate materials ac-
count for 5%, on average, whereas fine matrix and voided space (dissolved grains) account for 67%. Among remaining 
identifiable bioclasts (coralline red algae, mollusks, corals, foraminifera, and echinoderms), rhodolith grains with an 
average diameter of 0.5 mm account for 74%. Near Carriçal at Covoadinha de Chacina on the SE coast of São Nicolau, 
the stoss slope dips 8º SE for 70 - 80 m on narrow longitudinal dunes. Point counts on a thin-section sample taken 2.5 
m above basement rock, reveal that basalt and other non-carbonate materials account for 10%, on average, whereas 
fine matrix and voided spaces account for 60%. Among identifiable bioclasts from the remainder (coralline red algae, 
mollusks, echinoderms, and bryozoa), rhodolith grains ranging in size from 0.5 - 1 mm account for 96%. Potential 
enrichment from coralline red algae may be overlooked in coastal dunes, because content normally is described as 
dominated by mollusk shells, the tests from abundant foraminifera, and/or ooids.

Ichnology in Oceanic Islands; Case Studies from the Cape Verde Archipelago
Mayoral, E., Ledesma-Vázquez, j., Baarli, B.G., Santos, A., Ramalho, R., Cachão, M., da Silva, C.M., Johnson, M.E.

Palaeogeography, Palaeoclimatology, Palaeoecology, 381-382, 47-66, 2013
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Miocene and Pleistocene marine deposits in the Cape Verde Archipelago are represented by a series of thin, transgres-
sive sandy-bioclastic limestones that typically occur between subaerial and/or submarine volcanic flows. This posi-
tion within volcanic flows makes them an ideal palaeobathymetric case study, because the submarine/subaerial pas-
sage zone above them provides a reliable and independent indicator of palaeodepth. In terms of palaeoichnology, the 
older Miocene sediments are characterized by the Thalassinoides ichnoassociation, whereas Pleistocene sediments are 
characterized by the Macaronichnus-Dactyloidites ichnoassociation. The fair-weather suite of the proximal Cruziana 
ichnosubfacies is represented by the ichnotaxa Dactyloidites, Bichordites, Cardioichnus, Phycodes, Teichichnus, aff. 
Taenidium, Palaeophycus and Thalassinoides in addition to the Thalassinoides ichnoassociation. The Macaronichnus-
Dactyloidites ichnoassociation is more complex, including representatives of both the proximal Cruziana and 
Skolithos ichnofacies. Only representatives of the Skolithos ichnofacies (Skolithos, Macaronichnus, Conichnus and 
Ophiomorpha) are represented in the post-storm suite. So far, bioerosive structures were found on the Miocene/
Pleistocene unconformity surface of Maio Island, and on basaltic palaeocliffs at Ponta das Bicudas, on Santiago Island. 
They are represented by the ichnoassemblage Gastrochaenolites torpedo-Entobia isp. corresponding to the Entobia 
ichnofacies. Bathymetric calibration deduced from the position of the following passage zone between submarine and 
sub-aerial lava flow allows for confirmation of the proximal Cruziana ichnosubfacies and Skolithos ichnofacies at a 
palaeodepth between 12 to 18 m depth.

Coral-Stromatoporoid Faunas from the Shores of a Late Silurian Island, Inner Mongolia, North 
China

Rong, j., Johnson, M.E., Deng, Z., Dong, D., Xue, Y., Baarli, B.G., and Wang, G.

Association of Australasian Palaeontologists Memoirs, 44, 95-105, 2013

Previous research on a small continental island called Bater Island from south-central Inner Mongolia focused on 
palaeogeographic relationships in the context of the North China Block and the prevailing pattern of atmospheric 
and oceanic circulation interpreted from Ludlovian (Upper Silurian) strata surrounding an Ordovician diorite inlier. 
Preliminary information first available regarding the palaeontology of a rare rocky-shore environments preserved on 
this ancient island is revised and expanded based on a study of the dominant coral and stromatoporoid sponge fos-
sils. The Silurian rocky-shores of Bater Island contain a fauna of tabulate corals (including 7 genera, Mesoculipora, 
Thamnopora, Striatopora, Cladopora, Taxopora, Planocoenites and Okopites) and stromatoporoid sponges 
(Clathrodictyon and Actinostromella) which are herein described and illustrated for the first time. Compared to other 
rocky-shore faunas from North America, the diversity of the tabulate corals from the more sheltered, leeward side of 
Bater Island is high (AFR19) and no tabulates have been discovered on the windward, rough-water side of the island, 
where only stromatoporoids were found. Bater Island also remains the only known locality worldwide to feature stro-
matoporoids in a rocky-shore setting.

Disparate Paths in the Geologic Evolution of the Northern and Southern Appalachians; a Case for 
Inherited Contrasting Lithospheric Substrates

Hibbard, james, and Karabinos, Paul

Geological Society of America Abstracts with Programs, 44, 510, 2012

Modern understanding of the tectonic evolution of the Appalachians allows for recognition of most of the first-order 
lithotectonic elements and events of the orogen. Comparison of these features and events along the length of the orogen 
indicates that the northern and southern segments of the Appalachians display distinct first-order differences.

Contrasts between these segments of the orogen existed from the outset of the Appalachian cycle. Mesoproterozoic 
basement rock types south of Pennsylvania are different than those to the north and basement rocks in each area dis-
play distinct Nd and Pb isotopic signatures. A subsequent phase of c. 770-680 Ma, Cryogenian rifting is recorded in 
the southern Appalachians, but is missing in the northern part of the orogen. During the Paleozoic, the accretion of 
peri-Gondwanan terranes was partitioned, with Carolinia and Suwanee confined to the southern Appalachians and 
Ganderia, Avalonia, and Meguma limited to the northern Appalachians. Consequential to this partitioning, associated 
magmatism and some attendant tectonism is asymmetrically distributed between the two segments of the orogen. 
The terminal Appalachian collisional event, the Carboniferous Alleghanian orogeny, is distinctly different in the two 
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segments of the orogen; there is an asymmetry with respect to the volume of magmatic rocks in the northern and 
southern Appalachians and their Carboniferous tectonic styles contrast sharply. Lastly, there is a modern first-order 
topographic change in the foreland of the orogen; the southern foreland is characterized by a continuous elevated pla-
teau, whereas north of the New York promontory, foreland topography is more varied.

All of these varied first-order changes occur in the vicinity of the New York promontory, suggesting that it represents 
an enduring, fundamental boundary in the orogen. The nature and duration of differences between the two segments 
of the Appalachians indicate that this boundary was not an extrinsic ephemeral feature, such as a plate triple junction 
or hot spot. Rather, we suggest that an intrinsic difference in the Laurentian lithospheric substrate present from the 
outset of the Appalachian cycle, as reflected by contrasts in the Mesoproterozoic basement in each segment, could be 
the root cause of these significant contrasts.

High Strain and Decoupled Deformation in the Mantle of Gneiss domes
Karabinos, Paul

Geological Society of America Abstracts with Programs, 44, 70, 2012

Two N-S trending sets of mantled gneiss domes are first-order features of the northern Appalachians. The western 
belt contains thirteen domes that expose either 1 Ga Laurentian basement rocks or approximately 475 Ma rocks of the 
Shelburne Falls arc in the cores. The eastern belt contains twenty-one gneiss domes cored by either 600 Ma crust of 
Ganderian affinity or approximately 450 Ma rocks of the Bronson Hill arc. The domes in both belts are surrounded by 
rocks of Silurian and Devonian age, which were deposited or erupted in two N-S trending basins, and deformed dur-
ing the Devonian Acadian orogeny. The Chester dome in southeastern Vermont is 60 km long, elongated parallel to 
N-S striking Acadian structures, and only 15 km wide. Core gneisses in the dome preserve E-W oriented Grenvillian 
fabrics and structures. In contrast, Neoproterozoic to Ordovician units that mantle the Chester dome contain strong 
N-S striking Acadian fabrics that are parallel to foliation in the surrounding Silurian and Devonian rocks. The mantling 
units are dramatically thinner than elsewhere in southern Vermont, and they are commonly absent. A strong spatial 
correlation between the attenuated and excised mantling units and highly strained mylonitic rocks suggests the pres-
ence of a ductile, normal-sense shear zone, which commonly extends into the uppermost part of the Mesoproterozoic 
gneisses. Garnet-bearing rocks from the core and mantle of the dome record 2 to 3 kb of decompression during meta-
morphism, whereas rocks above the high-strain zone were metamorphosed during nearly isobaric conditions. Strain 
markers, kinematic indicators, reconstructed P-T paths, and stratigraphic omission suggest that extension occurred 
during northward and upward extrusion of rigid lower to middle crustal wedges of Proterozoic and Ordovician quartz-
feldspar-rich gneisses relative to a thick tectonic cover of the surrounding Silurian and Devonian rocks, which were 
transported westward in large-scale nappes prior to and synchronous with doming at approximately 380 Ma. High 
strain focused in the mantling units served to decouple the westward transport of nappes from structurally lower 
northward extrusion of rigid core gneisses in the domes and to accommodate the dramatic contrast in strain between 
rocks in the dome cores and surrounding units.

SketchUp Models
Karabinos, Paul, and Hennesy, Ronan

Geological Society of America Abstracts with Programs, 44, 236, 2012

This is a contribution to the Pardee Keynote Symposium entitled “Digital Geology Speed Dating.” At Table 6 we dis-
cuss Interactive 3D models, illustrating how geologic structures and concepts can be created with Trimble SketchUp. 
The free version of this program allows for importing USGS DEM and DDF format files, which can be used to portray 
topographic surfaces that can be draped with geological maps, and coupled with accurately located cross-sections. 
SketchUp can also help produce models illustrating how planes and more complex surfaces structures intersect topog-
raphy. SketchUp models can show in detail how to solve the three-point problem and how down-plunge projections 
work. Interactive block diagrams illustrating contact and crosscutting relationships can help students in introductory 
and structural geology courses grasp fundamental concepts in geology.

Cross-sections and models produced with SketchUp can be geolocated and exported to Google Earth as Collada files 
to give the 3-D models greater geographic context. Accurately located cross-sections can be elevated above the ground 
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surface. SketchUp models in Google Earth can be attributed with added user-interaction using the Keyhole Markup 
Language (KML) TimeSpan element and the Google Earth Time Slider. It is also possible to make the ground surface 
transparent to reveal sections in the subsurface and integrate them with geologic maps. 3-D models of real folds and 
faults created with SketchUp can be precisely located in Google Earth to give virtual field trips greater authenticity. The 
free version of SketchUp presents educators with a valuable teaching resource with which to engage students in tasks 
that encourage the visualization and consideration of 3-D geometries.

The professional version of SketchUp offers the ability to create dynamic components, which are available for everyone 
to use in the free version. Dynamic components add another level of interactivity to SketchUp models. For example, 
models illustrating how the stereographic projection works can incorporate dynamic components so that the user can 
specify any values of strike and dip or trend and plunge to explore how planes and lines will plot on the stereonet.

Evidence for the Dashwoods Terrain in the New England Appalachians
Karabinos, Paul

Geological Society of America Abstracts with Programs, 45, 44, 2013

The Appalachian passive margin of Laurentia was tectonically stable from Early Cambrian to Early Ordovician, 
when collision with the Notre Dame-Shelburne Falls arc initiated westward thrusting of continental margin rocks 
at ca. 470-460 Ma. However, Early Ordovician magmatism and deformation in the Laurentian Dashwoods terrain in 
Newfoundland was coeval with passive margin sedimentation. Waldron and van Staal (2001) explained this paradox 
by suggesting that Dashwoods was a peri-Laurentian microcontinent separated from Laurentia by a narrow sea dur-
ing Neoproterozoic rifting. Subduction under Dashwoods began in Cambrian time, but tectonism was confined to 
Dashwoods, and did not destabilize the passive margin to the west.

Based on inheritance in zircon, Karabinos et al. (1998) suggested that Shelburne Falls arc magmas mixed with 
Laurentian crust, and they showed an east-dipping subduction zone under a Laurentian-derived ribbon continent. 
However, direct evidence for an analogous peri-Laurentian terrain in the New England Appalachians is obscure due 
to younger Paleozoic deformation. The Moretown Formation, which extends from northern VT to southern MA, may 
have formed on the margin of Dashwoods, and be roughly equivalent to the Fleur de Lys Supergroup in Newfoundland. 
Lithologically diverse, the Moretown Fm. was interpreted as a Middle Ordovician fore-arc deposit in early plate tecton-
ic models. Yet it is predominantly quartz-rich clastic metasediment, including quartzite and quartz-pebble conglomer-
ate. It was intruded by mafic and felsic magmas of diverse geochemistry and age, including the 479 ± 8 Ma Hallockville 
Pond Gneiss in Massachusetts (Karabinos and Williamson, 1994), and 484 ± 4 and 496 ± 8 Ma tonalites in southern 
Vermont (Ratcliffe et al., 1997). Furthermore, detrital zircons from the Moretown Fm. indicate a Grenvillian source. 
Thus, the Moretown Fm. was intruded by arc-derived magmas in the Cambrian, derived from Grenvillian crust, and 
is distinct from coeval sediments on the Laurentian margin to the west. The oldest intrusive rocks in the Moretown 
Fm. probably predate the Shelburne Falls arc and likely formed in an older subduction zone under a micro-continent. 
An older subduction history may also explain enigmatic Cambrian Ar-hornblende cooling ages in northern Vermont 
(Laird et al., 1993).

Visualizing Structure Contours with SketchUp: From Strike and Dip to Cross-Section 
Construction
Karabinos, Paul

Geological Society of America Abstracts with Programs, 45, 109, 2013

The use of structure contours to interpret maps and cross-sections is an example of a fundamental geologic concept 
rooted in 3D visualization. Students typically learn how to solve specific structure contour problems using 2D projec-
tions, but many fail to link the solution to the underlying 3D geometry. 3D models can help students visualize structure 
contours, and Trimble SketchUp is a particularly useful application for making them because it is relatively easy to 
learn and free.

I created a sequence of models that shows how to use structure contours to 1) test if a contact is planar, 2) determine 
the strike and dip of planar beds, 3) find the true thickness of stratigraphic units, 4) solve the 3-point problem, 5) 
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determine the depth of a target unit, 6) estimate displacement across faults, and 7) create cross-sections. I also made 
a dynamic component (which required SketchUp Pro to make but can be used by anyone with the free version) that 
can be used to quickly generate structure contours for a planar surface with arbitrary strike and dip. The user can also 
specify the interval and elevation range of the structure contours, and the exact position of the surface. I wrote a tuto-
rial that describes how to generate artificial topography, import a digital elevation model of an area of interest, create a 
planar surface or a sequence of surfaces, make a simple geologic map, add structure contours, and create a cross-section 
in a 3D environment.

Many structural geology courses rely on classic lab manuals containing simple problems for students to solve. SketchUp 
can be used to recast these classic exercises into 3D models. One of the most exciting aspects of creating 3D models 
with SketchUp, however, is the ability to generate a host of new problems with minimal effort; such exercises are oth-
erwise very time consuming to create.

Models can be disseminated directly as electronic SketchUp (.skp) files, which students can explore and modify. 
SketchUp models can be exported as COLLADA digital asset exchange (.dae) files, and incorporated into an iBook as 
interactive 3D models using iBooks Author for IOS devices. The .dae files can also be uploaded to Sketchfab, a web ser-
vice designed to publish and display interactive 3D models. Once uploaded to Sketchfab, the models may be embedded 
in a webpage where anyone with a WebGL enabled browser can view them.

MATHEMATICS AND STATISTICS

Triple Crossing Number of Knots and Links
Colin Adams

Journal of Knot Theory and Its Ramifications 22, 1350006-1 – 1350006–17, 2013.

A More Sums Than Differences (MSTD) set is a set of integers A of {0, ..., n-1} whose sumset A+A is larger than 

The Silence of the Lemmas
Colin Adams

Mathematical Intelligencer, 34, no. 2, 27-28, 2012.

The Cabinet of Dr. Mobius
Colin Adams

Mathematical Intelligencer, 34, no. 3, 35-40, 2012.

From Doodles to Diagrams to Knots
Colin Adams with Noel MacNaughton and Charmaine Sia

Mathematical Magazine, 86, no. 2, 83-96, 2013.

Milestones in the Discovery of the Numbers
Colin Adams

Math Horizons, 11-13, 2012.

Letter or Recommendation
Colin Adams

Mathematical Intelligencer, 34, no. 4, 12-14, 2012.
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The Tale of Paul Buniyan
Colin Adams

Mathematical Intelligencer, 35, no. 1, 25-27, 2013.

Intro Stats, 4th Edition  
Richard De Veaux with Paul Velleman and David Bock

Pearson, january 2013.

Stats: Modeling the World, 3ed Edition 
Richard De Veaux with Paul Velleman and David Bock

Pearson, january 2013.

Algebraic Geometry: A Problem Solving Approach
Thomas Garrity with Richard Belshoff, Lynette Boos, Ryan Brown, Carl Lienert, David Murphy, junalyn Navarra-

Madsen, Pedro Poitevin, Shawn Robinson, Brian A. Snyder and Caryn Werner

American Mathematical Society, Student Mathematical Library, Number 66, 2013.

Simultaneous Confidence Intervals for Comparing Margins of Multivariate Binary Data
Bernhard Klingenberg and Ville Satopää ‘11

Computational Statistics & Data Analysis 64, 87-98, 2013.

In many applications two groups are compared simultaneously on several correlated binary variables for a more com-
prehensive assessment of group differences. Although the response is multivariate, the main interest is in comparing 
the marginal probabilities between the groups. Estimating the size of these differences under strong error control al-
lows for a better evaluation of effects than can be provided by multiplicity adjusted P-values.

Simultaneous confidence intervals for the differences in marginal probabilities are developed through inverting the 
maximum of correlated Wald, score or quasi-score statistics. Taking advantage of the available correlation information 
leads to improvements in the joint coverage probability and power compared to straightforward Bonferroni adjust-
ments. Estimating the correlation under the null is also explored. While computationally complex even in small dimen-
sions, it does not result in marked improvements. Based on extensive simulation results, a simple approach that uses 
univariate score statistics together with their estimated correlation is proposed and recommended. All methods are 
illustrated using data from a vaccine trial that investigated the incidence of four pre-specified adverse events between 
two groups and with data from the General Social Survey.

The Effect of Short Formative Diagnostic Web Quizzes and Minimal Feedback
Bernhard Klingenberg, with Bälter, O. Enström, E.

Computers and Education 60, 234-242, 2013.

Explicit Constructions of Large Families of Generalized More Sums Than Differences Sets 
Steven Miller with Sean Pegado ‘11 and Luc Robinson ‘12

Integers 12, #A30, 2012.

A More Sums Than Differences (MSTD) set is a set of integers A of {0, ..., n-1} whose sumset A+A is larger than its 
difference set A-A. While it is known that as n\to\infty a positive percentage of subsets of {0, ..., n-1} are MSTD sets, 
the methods to prove this are probabilistic and do not yield nice, explicit constructions. Recently Miller, Orosz and 
Scheinerman gave explicit constructions of a large family of MSTD sets; though their density is less than a positive 
percentage, their family’s density among subsets of {0, ..., n-1} is at least C/n4 for some C>0, significantly larger than the 
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previous constructions, which were on the order of 1/2n/2. We generalize their method and explicitly construct a large 
family of sets A with |A+A+A+A| > |(A+A)-(A+A)|. The additional sums and differences allow us greater freedom than 
in Miller, Orosz and Scheinerman, and we find that for any ε > 0 the density of such sets is at least C/nε. In the course 
of constructing such sets we find that for any integer k there is an A such that |A+A+A+A| - |A+A-A-A| = k, and show 
that the minimum span of such a set is 30.

Quadratic fields with cyclic 2-class groups
Steven Miller with Carlos Dominguez ‘13 and Siman Wong

Journal of Number Theory 133, no. 3, 926-939, 2013.

For any integer k ≥1, we show that there are infinitely many complex quadratic fields whose 2-class groups are cyclic 
of order 2k. The proof combines the circle method with an algebraic criterion for a complex quadratic ideal class to be 
a square. In memory of David Hayes.

First Order Approximations of the Pythagorean Won-Loss Formula for Predicting MLB Teams 
Winning Percentages

Steven Miller with Kevin Dayaratna

By The Numbers, The Newsletter of the SABR Statistical Analysis Committee 22, no 1, 15-19, 2012.

We mathematically prove that an existing linear predictor of baseball teams’ winning percentages (jones and Tappin 
2005) is simply just a first-order approximation to Bill james’ Pythagorean Won-Loss formula and can thus be writ-
ten in terms of the formula’s well-known exponent. We estimate the linear model on twenty seasons of Major League 
Baseball data and are able to verify that the resulting coefficient estimate, with 95% confidence, is virtually identical to 
the empirically accepted value of 1.82. Our work thus helps explain why this simple and elegant model is such a strong 
linear predictor.

Low-lying zeros of number field L-functions 
Steven Miller with Ryan Peckner

Journal of Number Theory 132, 2866-2891, 2012.

One of the most important statistics in studying the zeros of L-functions is the 1-level density, which measures the con-
centration of zeros near the central point. Fouvry and Iwaniec proved that the 1-level density for L-functions attached 
to imaginary quadratic fields agrees with results predicted by random matrix theory. In this paper, we show a similar 
agreement with random matrix theory occurring in more general sequences of number fields. We first show that the 
main term agrees with random matrix theory, and similar to all other families studied to date, is independent of the 
arithmetic of the fields. We then derive the first lower order term of the 1-level density, and see the arithmetic enter.

Leading, learning and herding
Steven Miller with Daniel Stone

Mathematical Social Sciences 65, 222-231, DOI information: 10.1016/j.mathsocsci.2012.12.002, 2013.

We analyze a game theoretic model of social learning about a consumption good with endogenous timing and hetero-
geneous accuracy of private information. We show that if individuals value their reputation for the degree to which 
they are informed, this reduces the incentive to learn by observing others and exacerbates the incentive to consume the 
good before others, i.e., to attempt to be an “opinion leader.” Consequently, reputation concerns reduce the average delay 
of consumption of new goods, and increase (reduce) the probability of herding on consumption (non-consumption).

The Average Gap Distribution for Generalized Zeckendorf Decompositions 
Steven Miller with O. Beckwith, A. Bower, L. Gaudet, R. Insoft, S. Li, and P. Tosteson ‘13

The Fibonacci Quarterly 51, 13-27, 2013.
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An interesting characterization of the Fibonacci numbers is that, if we write them as F1 = 1, F2 = 2, F3 = 3, F4 = 5, …, 
then every positive integer can be written uniquely as a sum of non-adjacent Fibonacci numbers. This is now known as 
Zeckendorf ’s theorem, and similar decompositions exist for many other sequences {Gn+1 = c1 Gn + ... + cL Gn+1-L} 
arising from recurrence relations. Much more is known. Using continued fraction approaches, Lekkerkerker proved 
the average number of summands needed for integers in [G_n, Gn+1) is on the order of CLek n for a non-zero con-
stant; this was improved by others to show the number of summands has Gaussian fluctuations about this mean.

Kologlu ‘12, Kopp, Miller and Wang recently recast the problem combinatorially, reproving and generalizing these 
results. We use this new perspective to investigate the distribution of gaps between summands. We explore the average 
behavior over all m in [Gn, Gn+1) for special choices of the ci’s. Specifically, we study the case where each ci in {0, 1} 
and there is a g such that there are always exactly g-1 zeros between two non-zero ci’s; note this includes the Fibonacci, 
Tribonacci and many other important special cases. We prove there are no gaps of length less than g, and the prob-
ability of a gap of length j > g decays geometrically, with the decay ratio equal to the largest root of the recurrence rela-
tion. These methods are combinatorial and apply to related problems; we end with a discussion of similar results for 
far-difference (i.e., signed) decompositions.

Closed Form Continued Fraction Expansions of Special Quadratic Irrationals
Steven Miller with Dan Fishman

ISRN Combinatorics, Article ID 414623, 5 pages, doi:10.1155/2013/414623, 2013.

We derive closed form expressions for the continued fractions of powers of certain quadratic surds. Specifically, con-
sider the recurrence relation Gn+1 = m Gn+ l Gn-1 with G0 = 0, G1 = 1, m a positive integer and l = ±1 (note m = l =1 
gives the Fibonacci numbers). Let φm,l = limn à ∞ Gn / Gn-1. We find simple closed form continued fraction expan-
sions for φm,lk for any integer k by exploiting elementary properties of the recurrence relation and continued fractions. 
This paper is dedicated to the memory of Alf van der Poorten.

Distribution of Missing Sums in Sumsets
Steven Miller with Oleg Lazarev and Kevin O’Bryant

Experimental Mathematics 22, no. 2, 132-156, 2013.

For any finite set of integers X, define its sumset X+X to be {x+y: x, y in X}. In a recent paper, Martin and O’Bryant 
investigated the distribution of |A+A| given the uniform distribution on subsets A of {0, 1, ..., n-1}. They also conjec-
tured the existence of a limiting distribution for |A+A| and showed that the expectation of |A+A| is 2n - 11 + O((3/4)
n/2). Zhao proved that the limits m(k) := limn à ∞ Prob(2n-1-|A+A|=k) exist, and that the sum of the m(k) equals 1.

We continue this program and give exponentially decaying upper and lower bounds on m(k), and sharp bounds on 
m(k) for small k. Surprisingly, the distribution is at least bimodal; sumsets have an unexpected bias against missing 
exactly 7 sums. The proof of the latter is by reduction to questions on the distribution of related random variables, with 
large scale numerical computations a key ingredient in the analysis. We also derive an explicit formula for the vari-
ance of |A+A| in terms of Fibonacci numbers, finding Var(|A+A|) is approximately 35.9658. New difficulties arise in 
the form of weak dependence between events of the form {x in A+A}, {y in A+A}. We surmount these obstructions by 
translating the problem to graph theory. This approach also yields good bounds on the probability for A+A missing a 
consecutive block of length k.

Virus Dynamics on Spoke and Star Graphs 
Steven Miller with Thealexa Becker, Alec Greaves-Tunnell ‘13, Leo Kontorovich and Karen Shen

The Journal of Nonlinear Systems and Applications 4, no. 1, 53-63, 2013.

The field of epidemiology has presented fascinating and relevant questions for mathematicians, primarily concerning 
the spread of viruses in a community. The importance of this research has greatly increased over time as its applica-
tions have expanded to also include studies of electronic and social networks and the spread of information and ideas. 
We study virus propagation on a non-linear hub and spoke graph (which models well many airline networks). We 
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determine the long-term behavior as a function of the cure and infection rates, as well as the number of spokes n. For 
each n we prove the existence of a critical threshold relating the two rates. Below this threshold, the virus always dies 
out; above this threshold, all non-trivial initial conditions iterate to a unique non-trivial steady state. We end with some 
generalizations to other networks.

Existence of Isoperimetric Regions in Rn with Density
Frank Morgan and Aldo Pratelli

Ann. Global Anal. Geom., 2012.

We prove the existence of isoperimetric regions in Rn with density under various hypotheses on the growth of the 
density. Along the way we prove results on the boundedness of isoperimetric regions. 

Are Large Perimeter-Minimizing Two-Dimensional Clusters of Equal-Area Bubbles Hexogonal 
or Circular?

S. j. Cox, Frank Morgan and F. Graner

Proc. R. Soc. Lond. Ser. A Math. Phys. Eng. Sci., published online 24 October 2012.

A computer study of clusters of 10000 equal-area bubbles shows for the first time that rounding conjectured optimal 
hexagon planar soap bubble clusters reduces perimeter.

Math Now - Commencement Can Wait
Frank Morgan

Huffington Post Blog, 28 May 2012.

A week of mathematics up and down the East coast.

Why is Summer so Early
Frank Morgan

Huffington Post Blog, 17 june 2012.

Too many leap years make summer come earlier.

I Win Soap-Bubble-Cluster Controversy
Frank Morgan 

Huffington Post Blog, 22 june 2012.

A report on recent work on the shape of large soap bubble clusters.

 Spilled Orange juice on My Way to a Math Conference in Spain

Frank Morgan

Huffington Post Blog, 30 june 2012.

Adventures of a traveling mathematician. 

Why a Laptop is Not a Computer
Frank Morgan

Huffington Post Blog, 24 july 2012.

Computers should have more cut and paste registers. 
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U.S. Presidential Election Paradox
Frank Morgan

Huffington Post Blog, 16 October 2012.

You could win the U.S. Presidential election with under 22% of the popular vote. 

Why I Don’t Like Energy Efficient Light Bulbs
Frank Morgan

Huffington Post Blog, 24 November 2012.

Heat-producing light bulbs let me set my thermostat lower. 

How Often Should I Rebalance My Investments? 
Frank Morgan

Huffington Post Blog, 3 December 2012.

A report on joint work with student Walter Filkins ’12.

Measurable Time-Restricted Sensitivity
Cesar E Silva with Domenico Aiello ’11, Hansheng, Diao, Zhou Fan, Daniel O. King, jessica Lin

Nonlinearity, 25, 3313-3325, 2012. 

We develop two notions of sensitivity to initial conditions for measurable dynamical systems, where the time before 
divergence of a pair of paths is at most an asymptotically logarithmic function of a measure of their initial distance. 
In the context of probability measure-preserving transformations on a compact space, we relate these notions to the 
metric entropy of the system. We examine one of these notions for classes of non-measure-preserving, nonsingular 
transformations.

Investigation of Topics in U-statistics and Their Applications in Risk Estimation and Cross 
Validation
Qing Wang

Penn State University Library (electronic resource), Ph.D. Dissertation, 1-187, 2012.

PHYSICS 

Free Energy Cost of Stretching mRNA Hairpin Loops Inhibits Small RNA Binding
Yuzhong Meng ’11 and Daniel P. Aalberts

Biophys, J 104, 482-487 (2013)

Small RNA-mRNA binding is an essential step in RNA interference, an important cellular regulatory process. 
Calculations of binding free energy have been used in binding site prediction, but the cost of stretching the mRNA loop 
when the small RNA-mRNA duplex forms requires further exploration. Here, using both polymer physics theory and 
simulations, we estimate the free energy of a stretched mRNA loop. We find loop stretching significantly increases the 
free energy of 3’ supplementary/compensatory miRNA binding and siRNA binding to mRNA hairpin loops. We also 
make the observation that sites where 3’ supplementary binding is available may bind at the seed only, and that loop 
stretching often favors seed-only binding over seed plus 3’ supplementary binding in mRNA hairpins.

Visualizing RNA base pairing probabilities with RNABOW diagrams 
Daniel P. Aalberts and William K. Jannen ‘09



146

RNA, 19, 475-478 (2013)

There are many effective ways to represent a minimum free energy RNA secondary structure that make it easy to locate 
its helices and loops. It is a greater challenge to visualize the thermal average probabilities of all folds in a partition 
function sum; dot plot representations are often puzzling. Therefore, we introduce the RNAbows visualization tool for 
RNA base pair probabilities. RNAbows represent base pair probabilities with line thickness and shading, yielding in-
tuitive diagrams. RNAbows aid in disentangling incompatible structures, allow comparisons between clusters of folds, 
highlight differences between wild-type and mutant folds, and are also rather beautiful.

Noiseless Optical Amplifier Operating on Hundreds of Spatial Modes
Kevin M. Jones, McElfresh Professor of Physics, and others

Physical Review Letters 109, 043602 (2012)

We implement a noiseless optical amplifier using a phase-sensitive four-wave mixing process in rubidium vapor. We 
observe performance near the quantum limit for this type of amplifier over a range of experimental parameters and 
show that the noise figure is always better than would be obtained with a phase-insensitive amplifier with the same 
gain. Additionally, we observe that the amplifier supports hundreds of spatial modes, making it possible to amplify 
complex two-dimensional spatial patterns with less than a 10% degradation of the input signal-to-noise ratio for gains 
up to 4.6. To confirm the multimode character of the amplifier, we study the noise figure as a function of spatially-
varying losses. Additionally, we investigate the spatial resolution of the amplifier and show that it supports a range of 
spatial frequencies from 1.3 to more than 35 line pairs per millimeter.

Measurement of the scalar polarizability within the 5P1/2-6S1/2 410-nm transition in atomic 
indium

G. Ranjit, N.A. Schine ’13, A.T. Lorenzo ’11, A.E. Schneider ’12, and P.K. Majumder

Phys. Rev. A, 87, 032506 (2013)

We have completed a measurement of the Stark shift in 115In within the 410-nm 5P1/2-6S1/2 transition. We measure 
the Stark shift constant to be kS=−122.92(33) kHz/(kV/cm)2, corresponding to a difference in the 6S1/2- and 5P1/2-
state polarizabilities, Δα0 (in atomic units), of 1000.2±2.7 a03. This result is a factor of 30 more precise than previous 
measurements and is in excellent agreement with a new theoretical value based on an ab initio calculation of the wave 
functions in this three-valence-electron system. The measurement was performed in an indium atomic-beam appara-
tus, used a GaN laser diode system, and exploited a FM spectroscopy technique to extract laser transmission spectra 
under conditions where our interaction region optical depth was typically less than 10−3.

  Thallium 7p lifetimes derived from experimental data and ab initio calculations of scalar 
polarizabilities

M.S. Safronova and P.K. Majumder

Phys. Rev. A, 87, 042502 (2013)

Two different theoretical methods have been used to complete a calculation of polarizability in the thallium 6p1/2, 
7s, and 7p1/2 states. The predictions of the two methods agree to within 1% for the 6p1/2 and 7s states and 2% for 
the 7p1/2 state. We find that the theoretical expression for the 6p1/2-7s transition polarizability difference Δα0 is 
dominated (greater than 90% contribution) by mixing of the 7s state with the 7p1/2 and 7p3/2 states. By comparing 
the theoretical expression to an existing measurement of Δα0 [ Doret et al. Phys. Rev. A 66 052504 (2002)], highly ac-
curate values for the thallium 7p excited-state lifetimes have been extracted. The scalar polarizability of the 7p1/2 state 
is also computed, anticipating an experimental determination of this quantity, which will then enable a high-precision 
determination of the 6dj-7pj′ transition rates and provide a benchmark test of the two theoretical approaches in the 
near future.

Quantum walks on trees with disorder: Decay, diffusion, and localization 
 S.R. jackson, T.j.Khoo, and F. W. Strauch
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Phys. Rev. A, 86, 022335 (2012)

Quantum walks have been shown to have impressive transport properties compared to classical random walks. However, 
imperfections in the quantum-walk algorithm can destroy any quantum-mechanical speedup due to Anderson local-
ization. We numerically study the effect of static disorder on a quantum walk on the glued trees graph. For small 
disorder, we find that the dominant effect is a type of quantum decay, and not quantum localization. For intermediate 
disorder, there is a crossover to diffusive transport, while a localization transition is observed at large disorder, in agree-
ment with Anderson localization on the Cayley tree.

All-Resonant Control of Superconducting Resonators
F. W. Strauch

Physical Review Letters, 109, 210501 (2013)

An all-resonant method is proposed to control the quantum state of superconducting resonators. This approach uses a 
tunable artificial atom linearly coupled to resonators, and allows for efficient routes to Fock state synthesis, qudit logic 
operations, and synthesis of NOON states. This resonant approach is theoretically analyzed, and found to perform 
significantly better than existing proposals using the same technology.

Absolute Dynamical Limit to Cooling Weakly Coupled Quantum Systems 
X. Wang, S. Vinjanampathy, F. W. Strauch, and K. jacobs                  

Physical Review Letters, 110, 157207 (2013)

Here we address the question of just how cold one can cool a quantum system, given that the size of the control forces is 
limited. We solve this problem fully, within the dual regimes of (i) weak coupling, defined as that in which the thermal-
ization dynamics of the system is preserved, and (ii) relatively strong control, being that in which appreciable cooling 
can be achieved. State-of-the art cooling schemes are presently implemented in this regime. Given that the maximum 
rate of coupling to the system is bounded, we identify a control protocol for cooling, and provide detailed structural 
arguments, supported by strong numerical evidence, that this protocol is globally optimal. From this we obtain simple 
expressions for the absolute limit to cooling. The methods developed can also be used to obtain optimal controls for a 
broad class of state-preparation problems..

Real Vector-Space Quantum Theory with a Universal Quantum Bit         
Antoniya Aleksandrova ‘11, Victoria Borish ‘12, and William K. Wootters

Physical Review Letters A, 87, 052106 (2013)

We explore a model of the world based on real-vector-space quantum theory. In our model the familiar complex 
phase appearing in quantum states is replaced by a single binary object that we call the ubit, which is not localized and 
which can interact with any object in the world. Ordinary complex-vector-space quantum theory can be recovered 
from this model if we simply impose a certain restriction on the sets of allowed measurements and transformations 
(Stueckelberg’s rule), but in this paper we try to obtain the standard theory, or a close approximation to it, without 
invoking such a restriction. We look particularly at the effective theory that applies to a subsystem when the ubit is 
interacting with a much larger environment. In a certain limit it turns out that the ubit-environment interaction has 
the effect of enforcing Stueckelberg’s rule automatically, and we obtain a one-parameter family of effective theories—
modifications of standard quantum theory—that all satisfy this rule. The one parameter is the ratio s/ω, where s quanti-
fies the strength of the ubit’s interaction with the rest of the world and ω is the ubit’s rotation rate. We find that when 
this parameter is small but not zero, the effective theory is similar to standard quantum theory but is characterized by 
spontaneous decoherence of isolated systems.

PSYCHOLOGY

Estudios Empiricos Sobre Mechanismos de Defensa (Empirical Studies of Defense Mechanisms)
Phebe Cramer 
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Subjetividad y procesos cognitivos, Argentina: Universidad de Ciencias Empresariales y Sociales, 2013.

This paper reviews the history of the concept of defense mechanism, and explains the theory I have proposed for 
defense mechanism development. It also describes and illustrates the coding method I have created for assessing the 
use of defense mechanisms. The paper then demonstrates how the coding method has been applied to the study of 
personality disorders.

How the Opinions of Racial Minorities Influence judgments of Discrimination
Jennifer Randall Crosby & B. Monin 

Basic and Applied Social Psychology (in press). 

In three studies, we investigated how judgments of racial discrimination were influenced by opinions attributed to 
target versus non-target group members. In Study 1, Blacks individuals were judged to be better sources of informa-
tion about racial discrimination than White individuals. In Study 2, participants were more influenced by Black peers 
than by White peers in judgments of whether specific behaviors constituted discrimination. In Study 3, the influence of 
Black peers was moderated by internal concern with prejudice, and mediated by the perceived credibility of the peer. 
We discuss these findings in terms of targeted social referencing, whereby members of relevant target groups exert 
more influence than members of non-target groups over assessments of, and responses to, discrimination.

The Case for Curiosity
Susan Engel

Educational Leadership 70, 36-40, 2013.

Curiosity is essential to learning, but in scarce supply in most schools.

Anger and Positive Reactivity in Infancy: Effects on Maternal Report of Surgency and Attention 
Focusing in Early Childhood

jie He, Amie Ashley Hane, Kathryn Amey Degnan, Heather A. Henderson, Qinmei Xu, & Nathan A. Fox

Infancy, 18, 184-201, 2013.

We examined two aspects of temperamental approach in early infancy, positive reactivity and anger, and their unique 
and combined influences on maternal reports of child surgency and attention focusing at 4 years of age. One hundred 
and fourteen infants were observed for their positive reactions to novel stimuli at 4 months, and their anger expres-
sions during arm restraint at 9 months. Child surgency and attention focusing at age 4 years were assessed by maternal 
report. Infants who expressed more anger to restraint were rated higher in surgency during early childhood relative 
to infants who expressed less anger. The effects of positive reactivity to novelty on attention focusing were moderated 
by anger to restraint. These findings suggest that infant temperamental approach tendencies are multifaceted and have 
both unique and combined influences on later maternal report of attention and social behavior.

Reactive Temperament and Sensitivity to Context in Childcare
Deborah Phillips, Nancy A. Crowell, Amy L. Sussman, Megan Gunnar, Nathan Fox, Amie Ashley Hane, & joanna 

Bisgaier 

Social Development, 21, 628-643. 2012.

Consistent with Biological Sensitivity to Context and Differential Susceptibility hypotheses, this study found that chil-
dren who, as infants, were more temperamentally reactive were more sensitive to the quality of childcare they experi-
enced as toddlers, but not to the amount of childcare with peers they had experienced since birth. Children with both 
highly positively and negatively reactive temperaments were more socially integrated when care quality was higher 
and less integrated when care quality was lower compared with moderately reactive children. Reactive temperament 
was not found to moderate relations between care quality or care duration and internalizing or externalizing behavior 
problems. These findings support the need to consider individual differences among children in evaluating the impacts 
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of childcare.

Maternal Caregiving Moderates the Relation Between Temperamental Fear and Social Behavior 
with Peers

E. C. Penela, H.A. Henderson, Amie A. Hane, M. M. Ghera, & N. A. Fox

Infancy, 17, 715-730, 2012. 

Temperament works in combination with a child’s environment to influence early socioemotional development. We 
examined whether maternal caregiving behavior at infant age 9 months moderated the relation between infant tem-
peramental fear (9 months) and observations of children’s social behavior with an unfamiliar peer at age 2 in a typi-
cally developing sample of 155 children. When infants received lower quality maternal caregiving, temperamental fear 
was inversely related to observed social engagement and aggression. These relations were nonsignificant when infants 
received higher quality maternal caregiving. Findings indicate that variations in temperamental fear may predict in-
dividual differences in future peer interactions, but sensitive, nonintrusive caregiving behaviors can attenuate these 
associations.

The Narrowing of Theoretical Orientations in Clinical Psychology Doctoral Training
Laurie Heatherington, Stanley B. Messer, Lynne Angus, Timothy j. Strauman, Myrna L. Friedlander, & Gregory G. 

Kolden

Clinical Psychology: Science and Practice, 19, 364–374, 2012.

The focus of this article is the increasingly narrow range of therapeutic orientations represented in clinical psychology 
graduate training programs, particularly within the most research-oriented programs. Data on the self-reported thera-
peutic orientations of faculty at “clinical science” Ph.D. programs, Ph.D. programs at comprehensive universities in 
clinical and in counseling psychology, Psy.D. programs at comprehensive universities, and Ph.D. or Psy.D. programs at 
freestanding specialized institutions reveal a strong predominance of faculty with cognitive-behavioral orientations at 
the more science-focused programs, and a narrower range of orientations than in the more practice-focused programs. 
We discuss the implications of this trend for the future development of clinical psychology and provide suggestions for 
addressing the attendant concerns.

How Do Therapists Ally With Adolescents in Family Therapy? 
Cristina Muñiz de la Peña, Myrna L. Friedlander, Valentín Escudero, & Laurie Heatherington

Journal of Counseling Psychology, 59, 339-351, 2012.

Sequential analyses examined associations between the working alliance and therapist–adolescent communication pat-
terns in 10 Spanish cases of brief conjoint family therapy. Early sessions with strong versus problematic alliances, rated 
by observers, were selected for coding of relational control communication patterns. No differences were found in the 
frequency of exchanges, but competitive responding by the therapists (reflecting an interpersonal struggle for control) 
was significantly more likely in problematic alliance sessions than in strong alliance sessions. Cases in which the ado-
lescent’s alliance with the therapist remained positive from Session 1 as compared with Session 3 showed a decrease in 
the likelihood of competitive symmetry. Notably, when the quality of the alliance deteriorated over time, the therapists 
were increasingly more likely to respond to the adolescents’ domineering messages in a competitive manner. Results 
underscore the need to avoid competitive responding in order to ally with adolescents in conjoint family treatment.
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Managing Negative Reactions to Clients in Family Therapy
Laurie Heatherington, Myrna L. Friedlander, & Valentín Escudero

In j.C. Muran, A.Wolf, & M. Goldfried (Eds.). Managing Negative Reactions to Clients: From Frustration to Compassion. 
Washington, DC: American Psychological Association, 2012.

This chapter describes the range of possible negative reactions to clients originating from the family’s dynamics, from 
within the therapist, and from the wider systems surrounding the therapy, and offers guidelines for managing those 
reactions. 

Social Psychology (9th edition)
Saul Kassin, Steven Fein, & Hazel Rose Markus

Belmont, CA: Cengage Learning, 2014.

The Forensic Confirmation Bias: Problems, Perspectives, and Proposed Solutions
Saul M. Kassin, I. Dror, & j. Kukucka

Journal of Applied Research in Memory and Cognition, 2, 42-52. 2013.

As illustrated by the mistaken, high-profile fingerprint identification of Brandon Mayfield in the Madrid Bomber case, 
and consistent with a recent critique by the National Academy of Sciences (2009), it is clear that the forensic sci-
ences are subject to contextual bias and fraught with error. In this article, we describe classic psychological research 
on primacy, expectancy effects, and observer effects, all of which indicate that context can taint people’s perceptions, 
judgments, and behaviors. Then we describe recent studies indicating that confessions and other types of information 
can set into motion forensic confirmation biases that corrupt lay witness perceptions and memories as well as the judg-
ments of experts in various domains of forensic science. Finally, we propose best practices that would reduce bias in the 
forensic laboratory as well as its influence in the courts.

New Application of Psychology to Law: Improving Forensic Evidence and Expert Witness 
Contributions

I. Dror, Saul M. Kassin, & j. Kukucka

Journal of Applied Research in Memory and Cognition, 2, 78-81, 2013.

Psychology has made a tremendous contribution to law by showing the malleability of eyewitness perception and 
memory and developing best practices for obtaining eyewitness identifications. We suggest that even expert scientific 
witnesses, which the courts heavily relies on as objective and impartial, are also susceptible to bias from various psy-
chological influences. For example, forensic examiners’ interactions with detectives and exposure to information about 
the case can bias their judgments. We discuss the ten commentaries on these issues across a range of forensic domains 
and affirm what reforms are needed.

Police-Induced Confessions: An Empirical Analysis of their Content and Impact
S. Appleby, L. Hasel, & Saul M. Kassin

Psychology, Crime and Law, 19, 111-128, 2013.

Confessions have a greater impact on juries than other types of evidence, sometimes in the face of contradictory evi-
dence. Twenty false confessions were content-analyzed to determine the substance of false confessions and perhaps 
help to explain why judges, juries, and others are prone to believe these statements. Our analysis indicated that most 
false confessions contained references to specific visual and auditory details concerning the crime and victim(s) as 
well as references to the confessor’s thoughts, feelings, and motives during and after committing the crime. In a second 
study, mock jurors read confessions that were varied in terms of the presence of crime details, motive statements, and 
apologies, to determine the impact of these common aspects of confessions on a mock jury. Although a simple admis-
sion of guilt was often sufficient for conviction, more elaborate narrative confessions in which the defendant recounted 
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how and why he committed the crime further increased confidence in these guilty verdicts.

Why Confessions Trump Innocence
Saul M. Kassin 

American Psychologist, 67, 431-445, 2012.

As illustrated by the story of Amanda Knox and many others wrongfully convicted, false confessions often trump 
factual innocence. Focusing on consequences, recent research suggests that confessions are powerfully persuasive as a 
matter of logic and common sense; that many false confessions contain richly detailed narratives and accurate details 
that appear to betray guilty knowledge; and that confessions in general can corrupt other evidence from lay witnesses 
and forensic experts—producing an illusion of false support. This latter phenomenon, termed corroboration inflation, 
suggests that pretrial corroboration requirements as well as the concept of “harmless error” on appeal are based on 
an erroneous presumption of independence among items of evidence. In addition to previously suggested reforms to 
police practices that are designed to curb the risk of false confessions, measures should be taken as well to minimize 
the rippling consequences of those confessions.

Paradigm Shift in the Study of Human Lie-Detection: Bridging the Gap Between Science and 
Practice

Saul M. Kassin

Journal of Applied Research in Memory and Cognition, 1, 118-119, 2012. 

bootES: Bootstrap effect sizes (Version 1.01)
Daniel Gerlanc ’07, Kris N. Kirby

http://cran.r-project.org/web/packages/bootES/index.html, 2012. 

BootES: An R package for bootstrap confidence intervals on effect sizes
Kris N. Kirby & Daniel Gerlanc ’07

Behavior Research Methods, DOI 10.3758/s13428-013-0330-5, 2013.

Bootstrap Effect Sizes (bootES; Gerlanc & Kirby, 2012) is a free, open source software package for R (R Development 
Core Team, 2012), which is a language and environment for statistical computing. BootES computes both unstandard-
ized and standardized effect sizes (such as Cohen’s d, Hedges’s g, and Pearson’s r), and makes easily available for the 
first time the computation of their bootstrap CIs. In this article we illustrate how to use bootES to find effect sizes for 
contrasts in between-subjects, within-subjects, and mixed factorial designs, and to find bootstrap CIs for correlations, 
and differences between correlations. An appendix gives a brief introduction to R that will allow readers to use bootES 
without having prior knowledge of R.

Why Interleaving Enhances Inductive Learning: The Roles of Discrimination and Retrieval
Monica S. Birnbaum, Nate Kornell, Elizabeth Ligon Bjork, & Robert A. Bjork

Memory & Cognition, 41, 392-402, 2013.

Kornell and Bjork (Psychological science 19:585-592, 2008) found that interleaving exemplars of different categories 
enhanced inductive learning of the concepts based on those exemplars. They hypothesized that the benefit of mixing 
exemplars from different categories is that doing so highlights differences between the categories. Kang and Pashler 
(Applied cognitive psychology 26:97-103, 2012) obtained results consistent with this discriminative-contrast hypoth-
esis: Interleaving enhanced inductive learning, but temporal spacing, which does not highlight category differences, 
did not. We further tested the discriminative-contrast hypothesis by examining the effects of interleaving and spacing, 
as well as their combined effects. In three experiments, using photographs of butterflies and birds as the stimuli, tem-
poral spacing was harmful when it interrupted the juxtaposition of interleaved categories, even when total spacing was 
held constant, supporting the discriminative-contrast hypothesis. Temporal spacing also had value, however, when it 
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did not interrupt discrimination processing.

Self-regulated Learning: Beliefs, Techniques, and Illusions
Robert A. Bjork, john Dunlosky, and Nate Kornell

Annual Review of Psychology, 64, 417-444, 2013.

Knowing how to manage one’s own learning has become increasingly important in recent years, as both the need and 
the opportunities for individuals to learn on their own outside of formal classroom settings have grown. During that 
same period, however, research on learning, memory, and metacognitive processes has provided evidence that people 
often have a faulty mental model of how they learn and remember, making them prone to both misassessing and 
mismanaging their own learning. After a discussion of what learners need to understand in order to become effective 
stewards of their own learning, we first review research on what people believe about how they learn and then review 
research on how people’s ongoing assessments of their own learning are influenced by current performance and the 
subjective sense of fluency. We conclude with a discussion of societal assumptions and attitudes that can be counter-
productive in terms of individuals becoming maximally effective learners.

When and Why a Failed Test Potentiates the Effectiveness of Subsequent Study
Matthew jensen Hays, Nate Kornell, and Robert A. Bjork

Journal of Experimental Psychology: Learning, Memory, & Cognition, 39, 290-296, 2012.

Teachers and trainers often try to prevent learners from making errors, but recent findings (e.g., Kornell, Hays, & 
Bjork, 2009) have demonstrated that tests can potentiate subsequent learning even when the correct answer is difficult 
or impossible to generate (e.g., “What is Nate Kornell’s middle name?”). In 3 experiments, we explored when and why 
a failed test enhances learning. We found that failed tests followed by immediate feedback produced greater retention 
than did a presentation-only condition. Failed tests followed by delayed feedback, by contrast, did not produce such a 
benefit—except when the direction of the final test was reversed (i.e., the participants were provided with the target and 
had to produce the original cue). Our findings suggest that generating an incorrect response to a cue both activates the 
semantic network associated with the cue and suppresses the correct response. These processes appear to have 2 conse-
quences: If feedback is presented immediately, the semantic activation enhances the mapping of the cue to the correct 
response; if feedback is presented at a delay, the prior suppression boosts the learning of the suppressed response.

Tests Enhance Learning—Compared to What?
Nate Kornell, Veronica C. Rabelo ’11, and Patricia Jacobs Klein ’11

Journal of Applied Research in Memory and Cognition, 1, 257-259, 2012.

Paclitaxel is a chemotherapy drug that has been used to treat cancer since the 1960s. It is relatively inexpensive because 
there is a generic version. In recent years, more expensive drugs have been developed to replace paclitaxel. After suc-
cessful clinical trials, both Abraxane and Ixempra have been approved by the FDA. For their makers, this is the good 
news. The bad news is that, according to a study released in june 2012, neither of the newer drugs works as well as 
paclitaxel (Berkrot, 2012). New drugs are initially compared to placebos. But in medicine, being more effective than 
the placebo is not enough. To become a recommended treatment, a new drug should be better than the current treat-
ment. The same is true in education. Roediger and Pyc (2012) make this point clear: “The gold standard of educational 
innovation for any kind of new educational technique should be a strong research base showing that the new method 
produces positive results relative to standard practice (Whitehurst, 2010).” Roediger and Pyc’s (2012) article ably de-
scribes three principles that enhance learning: distributed practice, explanatory questioning, and the one we focus on 
here, test-enhanced learning. In the literature to date, the value of testing has been demonstrated by comparing tests 
to two other activities: restudying the same information in the same way as before, or not restudying at all (Roediger 
& Pyc). Tests appear to be better than restudying. But is restudying an effective standard practice, like paclitaxel, or is 
it more like a placebo? In this article, we consider the value of tests as compared to various different learning activities. 

Social Context of Bullying: Do Misperceptions of Group Norms Influence Children’s Responses 
to Witnessed Episodes?
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Marlene J. Sandstrom, Heather Makover ’10, & Maria Bartini

Social Influence, 8, 196-215, 2013

This study explores the association between norm misperception and behavioral responses to witnessed bullying epi-
sodes. We hypothesized that pluralistic ignorance (PI) could explain individual differences in behavioral responses. 
According to PI theory, children who believe that victims deserve protection may inhibit defending behavior if they 
assume their attitudes are out of step with their peers. A total of 446 fourth and eighth graders described their personal 
attitudes and perceptions of peers’ attitudes about bullying, as well as their behavioral responses when they witnessed a 
bullying episode. Consistent with PI theory, children perceived their personal attitudes as more prosocial than those of 
their classmates. Further, misperception of group norms was associated with children’s reports of behavioral responses 
to bullying; children who overestimated peers’ approval of bullying reported lower levels of defending the victim and 
higher levels of joining in.

Family Therapy
jay Lebow & Catherine B. Stroud

In The Handbook of Psychology, 2nd Ed., Volume 8: Clinical Psychology, Weiner, I.B. (Ed.), NY: Wiley, 2013.

The chapter reviews the history of couple and family therapy, the main approaches and models, and research investigat-
ing these interventions. In addition, the roles of culture, ethnicity, and gender are discussed. 

Studies of Implicit Prototype Extraction in Patients With Mild Cognitive Impairment and Early 
Alzheimer’s Disease

Robert M. Nosofsky, Stephen E. Denton, Safa R. Zaki, Anne F. Murphy-Knudsen, & Frederick W. Unverzagt

Journal of Experimental Psychology: Learning, Memory, and Cognition, 38, 860-880, 2012.

Studies of incidental category learning support the hypothesis of an implicit prototype-extraction system which is 
distinct from explicit memory (Smith, 2008). In those studies, patients with explicit-memory impairments due to 
damage to the medial-temporal lobe performed normally in implicit categorization tasks (Bozoki, Grossman, & Smith, 
2006; Knowlton & Squire, 1993). However, alternative interpretations are that: i) even people with impairments to a 
single memory system have sufficient resources to succeed on the particular categorization tasks that have been tested 
(Nosofsky & Zaki, 1998; Zaki & Nosofsky, 2001); and ii) working memory can be used at time of test to learn the cat-
egories (Palmeri & Flanery, 1999). In the present experiments, patients with amnestic mild cognitive impairment or 
early Alzheimer’s disease were tested in prototype-extraction tasks to examine these possibilities. In a categorization 
task involving discrete-feature stimuli, the majority of subjects relied on memories for exceedingly few features, even 
when the task structure strongly encouraged reliance on broad-based prototypes. In a dot-pattern categorization task, 
even the memory-impaired patients were able to use working memory at time of test to extract the category structure 
(at least for the stimulus set used in past work). We argue that the results weaken the past case made in favor of a sepa-
rate system of implicit-prototype extraction.

The Role of Gaze Direction in Face Memory in Autism Spectrum Disorder
Safa R. Zaki & Shannon A. johnson

Autism Research, DOI: 10.1002/aur.1292, 2013. 

We tested the hypothesis that the direction of gaze of target faces may play a role in reported face recognition deficits 
in those with an autism spectrum disorder (ASD). In previous studies, typically developing children and adults better 
remembered faces in which the eyes were gazing directly at them compared with faces in which the eyes were averted. 
In the current study, high-functioning children and adolescents with an ASD and age- and IQ-matched typically de-
veloping controls were shown a series of pictures of faces in a study phase. These pictures were of individuals whose 
gaze was either directed straight ahead or whose gaze was averted to one side. We tested the memory for these study 



154

faces in a recognition task in which the faces were shown with their eyes closed. The typically developing group better 
remembered the direct-gaze faces, whereas the ASD participants did not show this effect. These results imply that there 
may be an important link between gaze direction and face recognition abilities in ASD.

Behavioral Effects of Repeated Handling Differ in Rats Reared in Social Isolation and 
Environmental Enrichment

Laurel Pritchard, Tracey Van Kempen ‘05, and Betty Zimmerberg

Neuroscience Letters 536, 47-51, 2013.

The post-weaning social environment has profound effects on behavior and physiology in rodents. Social isolation 
increases anxiety-like behaviors and novelty-induced locomotor activity, while environmental enrichment decreases 
these behaviors. In some cases, the effects of social isolation are ameliorated by repeated handling. The goal of the 
present study was to determine whether the effects of handling differ in rats reared in social isolation and those reared 
in an enriched environment. After weaning, male Long-Evans rats were housed individually (ISO)(3) or in groups in 
an enriched environment (EE). During adulthood, rats from each housing condition received four, once-daily, brief 
handling sessions or remained undisturbed in the home cage. All rats were then tested in the open field, elevated 
plus maze, and for behavioral responses to d-amphetamine (1.0mg/kg). EE rats spent more time on the open arms of 
the elevated plus maze and were more likely than ISO rats to emerge from the start box in the open field, suggesting 
lower anxiety. Handling significantly decreased open arm time in EE rats and marginally increased open arm time in 
ISO rats. Housing condition did not affect amphetamine-stimulated locomotor activity, but handling altered the time 
course of the amphetamine response. ISO rats exhibited significantly fewer stereotyped behaviors than did EE rats, 
but repeated handling eliminated this difference. These findings support previously published studies that suggest 
brief handling of adult rats may at least partially ameliorate the effects of post-weaning social isolation on anxiety-like 
behaviors and psychostimulant sensitivity. Furthermore, there are complex interactions between the effects of housing 
environment and handling, suggesting that handling may be perceived and/or processed differently, depending on the 
animal’s housing environment.


