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Measuring cognitive load

John Sweller”

Published online: 5 January 2018
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The paper *Cognitive load predicts point-of-care ultrasoffnd
simulator performance” by Aldekhyl, Cavalcanii, and Nai-
smith, in this issue of Perspectives on Medical Education
[1], 15 an important paper that adds o work on cognitive
load theory and medical education [2—4]. The implications
of the findings of this paper extend substantially beyond the
confines of medical practice that is the focus of the work,
In this commentary, T will discuss issues associated with
obtaining measures of cognitive load independently of con-
tent task performance during instruction. 1 will begin with
a brief history of attempts to provide independent measures
of cognitive load.

In the 1980s, cognitive load was used as a theoretical
construct to explain experimental results with very little at-
tempt to direcily measure load |3]. The theory was used
to predict differential learning wsing particular instructional
desiens. Randomized controlled trials were run oo test the

@ Crosshark

cognitive load as measured by the scale, increase perfor-
mange est scores [8].

The Paas scale does not distinguish between categories
of cognitive load and so when intrinsic load was intro-
dueed, the scale could just as easily be used w successlully
measure intrinsic load. Intrinsic cognitive load was intro-
duced because it was noticeable that cognitive load effects
attributed 1o extrancous cognitive load were not obtainable
using simple, low element interactivity information. Cogni-
tive load theory relies on the information being processed
i :jn; 4 high cognitive load. It it is not high the results
Prpeetid by the theory are unlikely to be obtained.

There are alternatives to the Paas scale. Secondary tasks
that require learners to engage in another task that is sec-
ondary to the primary task is the most common alternative
[9, 10]. Reduced performance on a secondary task indicates
an ancreased working memory load imnoged by the -

A revisdo psicologica, Miller G, .
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paulistas, a representacac de um conjunto de agdes Impor-
tantes para se compreender o processo de formacgao ur
bana e, consequentemente, o0 meétodo construtivo de uma
edificagao, de uma cultura, de um saber fazer no campo da
arquitetura e da técnica construtiva.

% partir da intengdo dos moradores locais até o momento
em que efetivamente era edificada a ermida, observa-se
uma reuniao de ideias, trabalhos e vivéncias que possibi-
litaram a muitas dessas construgdes religiosas traduzirem
uma realidade socioespacial. Isso significa a possibilidade
de identificar “camadas construtivas” que revelem uma
identidade nacional. regional e até mesmo Iocall
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relationships is often limited (Finger-man 2009) and less close relationships can provide unique benefits [Baker et al., revise and
resubmit; Chopik 2017). Moreover, the amount of time required to develop close relationships can be immense. Hall {2018) estimated
that turning a friendship into a good or best friendship requires an investment of 120=200 + hours over 3=6 weeks, This level of
effort is equivalent to taking on a full-time job! Meanwhile, in that same amount of time, people might form nine naw casual
friendships (Hall 2018). We do not suggest that people should pursue only casual relationships at the expense of close relationships,
or close relationships at the expense of casual relationships. Instead, we point out the surprisingly large investment required to
increase closeness. This investment underlies the importance of basic strategies for understanding how people reap benefits from
relationships regardless of their level of closeness, Reaping these benefits might occur through need satisfaction that results from
experiencing rapport in interactions with others. Rapport might be expected to be related to need satisfaction in a sort of halo of
positivity, but rapport’s component parts may suggest other reasons for their likely association. For instance, when interactants share
mutual attention, the engagement experienced by both conveys a sense of competence that each is an effective interactant. Likewise,
the synchrony of an Interaction high in rapport has been shown to causally increase feelings of affillation, a construct very similar to
relatedness. Finally, if a sense of coordination is felt between interactants when people are simply acting as they naturally would, this
will lead to increased feelings of autonomy satisfaction because people do not feel pressured to change to improve the inter-action.
While our examples draw parallels between individual compoanents of rapport and individual needs, we do not suggest that these are
the only ways these constructs might be associated. For instance, a sense of coordination would be likely to satisfy competence and
relatedness in the same way mutual attention and synchrony are suggested to satisfy tham. Rapport and need satisfaction as a
fundamental association. As reviewed above, rapport can be experienced in a wide varlety of relationships. 5till, it is worth
considering whether rapport provides need satisfaction in the same way across these different types of relationships. Recent research
suggests that there are mean level differences in amounts of need satisfaction provided by close and non-close relationships, with
non-close relationships providing considerably less need satisfaction (e.g., Baker et al., revise and resubmit). Still, the same research
also found that the processes by which this need satisfaction is experienced did not seem to change markedly across different types of
relationships. With both close and less close others, need catisfaction predicts greater well-being and goal progress. Interastingly,
these associations emerged uniguely. That is, while less overall need satisfaction was reported with non-close others, the need
satisfaction that was experienced in each type of relationship mattered uniquely for impartant outcomes. Another line of research
examining need satisfaction in different types of relationships, suggested that need satisfaction’s association with attachment security
was uniquely and consistently related in at least six different kinds of close relationships (4). Taken together, these results suggest that
while absolute levels of need satisfaction may vary from one relationship type to another, the predictors and outcomes of need
satisfaction may be constant. A similar set of associations between rapport and need satisfaction across different kinds of
relationships, might suggest a universal process by which interactions benafit people in the present study. The present research was
conducted with the expectation that high-quality interactions, that is, those characterized by high levels of rapport, would lead to
greater fealings of one’s basic psychological needs being satisfied. Given that need satisfaction has the greatest bemeafits when all
three needs are satisfied, rapport should be most impactful when it leads to satisfaction of each need independently. The present
study examined the refationship between rapport and need satisfaction in one's Interactions across a two-week span, without being
confined to specific domains or relationships. Additionally, this study explored the role of chronic rapport (i.e., across 2 weeks of one's
interactions) in relation to satisfaction of global need satisfaction, as well as the role of momentary rapport {i.e., experienced in a
single interaction) in relation to need satisfaction in that same interaction. Rapport is commaonly studied in the context of interactions,
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Self-determination theory applied to discrete community organizing principles

Abstract

Given that interactions with others are so prevalent and pervasive, they have the abillity to significantly affect people®s fives r:;;u day-to-day
and more globally, These interactions are inherenthy difficult]{1) to study because they can eccur with variable frequency and in different types
of relation-ships, from the most intimate (e.g., a romantic partner), to the most superficial (e.g., a transaction with a cachier]. The
relationships we form with close others are fundamental to physiology. affect, health behaviors, and a variety of health outcomes 128
Eigcolt-Glaser et al. 2005; Pietromonaco et al. 20132). Likewise, less close others can provide benefits that complement [Baker et al., revise
and resubmit] or even exceed (Chopik 2017) thase of our closest relationships. The present research builds on these findings by examining
reover all of one's interactions, as opposed to only those with close relationship partners, may impact individuals, Specifically, this research
examined how rapport [Le., positive affect, mutual atten tion, and cosprdination) in the contaxt af ane’s daily social interactions predicts the
fulfillment of one's basic needs for autenomy, competence, and relatedness. Basic psychelogical needs. Self-Determination Theory (SDT)H2)
postulates thres basic p':.',';h-:‘:lln:}_gu.'.n 8 AUtnOTY, COMpEtEncE, and rélated-ness, which underlie grl;'-l.'-.'!h. migtivaticn, p{‘r‘.'-::u manceE, and
well-being (Deci and Ryan 2000}, Work both within and outside of 50T has provided support for a need for relatedness in which individuals
feel close and connected to others (e.g., Baumeister and Leary 19595). Competence has recaived similar support (e.g., Eliot and Dweck 2005)
and is satisfied when people pursue and master tasks that are optimally challenging—naither too difficult nor too easy, Finally, 3 great deal of
research has supported autonomy's significance within and outside of the 50T tradition [e.g., Reis et al. 2000; Rogers 1963). Autonamy
risfers to the desire that behavior be self-directed, and that pEaple pOSLeLs Agency i |_'h|_|-:_'|5|r'.g their own actions. There are many \Wways in
which need satisfaction may be fostered in interactions. In the context of interactions, relatedness might be satisfied when interactants

020-05819 -5) contains supplementary material, which is available to authorized users,
Motivation and Emotion

Competence satisfaction should be experienced when interactants feel that they are interacting effectively rather than having an awkoward o
stumbling conversation. Autonomy will be satishied when interactants feel comfortable voicing their thoughts or opinions. Motably, the need
for autonomy can still ba catisfied whan acting in accord with another s wishes, The nature of another’ s wishes i not a8 pertinent as is the
maativation for the action, If people behave in a certain way only to satisty the demands of anather, this would not support automomy. How-
ever, if people act in accord with another's wishes and do 3o because they find the action inherently rewarding, or because it is consistent
with their sense of self, this would satisfy autonomy (Deci and Ryan 2000). This nuance accounts for why autanomy and relatedness are quite
compatible and typically are positively related (Hodgins et al, 1556).4 great deal of evidence suggests that basic psychological need
satisfaction, as defined by 50T, is fundamental to human functioning through its impact on well- and ill-being (e.g., Deci and Ryan 1585,
2000). For example, satisfaction of ones needs positively predicts life satisfaction, vitality, positive affect, positive self-concept, coder-rated
and self-reported adjustment, self-esteem, seli-acceptance, purpase in life, personal growth, relationship quality, happiness, and mental
health (Baard et al. 2004; Chen et al. 2015; Heppner et al. 2008; Milyavskaya et al. 2009; Philippe et al. 2011; Sheldon and Niemiec X006).
Likewize, lower need satisfaction is related to more depressive symptoms, negative affect, oppositional-defiance, impulsiity, anxiety, somatic

symptoms, social dysfunction, and stress (Baard et al. 2004; Chen et al. 2015; Heppner et al. 2008; Milyavskaya et al. 2005; Philippe et al.
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Implications of climate change on landslide hazard in Cantral ltaly

Evaluation of tha Effacts of Cimate Changes on Landslide Activity ..

the groundwater level of 8 mm per decade. They further caloulated ade-
crease in the displacement rate of the earthilow in the range
1.5-3.0 mm per decade, leading to a maximem tetal displacement of
77 to 86 cm in the 51-year period 20010-2060. A relevant conclusion
of the study was that the expected dlimate change did not play a rele-
vant role in the dynamic behavior of the slow Landslide in clay, due to
the moderate decrease in the amount of annuwal precepatation and limit-
ed effect of temperature increase on evaporation and groundwater
hevel

Adopting the same simulation chain and global and regional dimate
models, Rianna et al. (2014) investigated a show, deep-seated landslide
im gLy affecting the NE shope of the Orvieto hill, Umbria, central lealy. A
F0-year-Jong monitoring record of the slide was used to establish a link
between rainfall and rate of kandslide movernent (Tommasi et al., 2006),
imchuding a distingt reduction in the rate related 1o a decreasing trend in
the maximum annual 4-month cumulated rainfall. Coupling historical
data with high-resolution (up to 8 km) climate projections provided
by COSMO-CLM for two IPCC emission soenarios (RCPAS and RCPES.
Meindhausen &t al, 201 1), the authors obtained a quantitative estimate
of the expected slope displacerment until the end of 219t century, and
concluded that the predicted local climate changes will be responsible
for a significant deccleration of the landslide movement.

Alfew investigators used the physically-based modelling approach to
evaluate the effects of climate change on populations of mainly shallow
L5 liche=s, Chang and Chiang (201 1) determined 3 worst-Case-scenaris
For shallow landsdide ocourrence i 4 mountain catchment of Tarwan in
the 215t century., From 21 GCMs, they selected an oplimal GOM
(OGCM2.3 2, Yukimoto et al, 2006), and the related monthly precipitas
tion, They downscaled annual 24-h rainfall maxima |considered a good
predictor For typhoons ), and used ig s it for the calkkulation of the
stability conditions of a slope, measufoerdy the Bactor of safety. They &5
tirmabed an incréase of abowt 15% in the Jverage anmual maximum rain-
Fall froem 1960 to 2008 to 20010=-2009 and, 45 4 result, 4 17X increase in
the ave otal unstable arex between the congdered periods,

Ml e and Framini (2012) coupled a hydrolagical-stability
msode] to eleven GOM scenarias and Monte Carlo simulations to evaluate
changes in slope stabality conditions of shallow Lindshides in central
Norway. The GO data were uwsed 1o evaluate soil sauration conditions
and pressure hesds through the hydrological model, and an infinite
slope stability model wied to compute the famor of safety. They found
diverging shope stability results for the future scenarios, and concluded

year 2100, Companing this result with thresholds calsbrated on histon-
cal data in the perind 1963-2007 I|‘.Il'j' suggested an increase in the
total numbser of debris Aows of approximately 30% by the end of the
2151 century.

jomedli et al (2009) investigated the impact of future climate change
on the geographical and temporal occurrence of debris fows in the
Massif des Ecrins, in the French Alps. They used downscaled rainfall
and temperature data obtained from three simalations of the ARPEGE
GCM (Déqué et al, 19594). under the A2 IPRC scenario (Houghion
ef al., 2001 ), for the 30-year fulune period 2070-2099, The projections
showed a decrease in the number of intense rainfall events and an in-
crease in temperature, compared to the calibration period 19701959,
Given the decrease in the number of intense rainfall events, the authors
estimated a 30% reduction in the temporal ooourmence of debris Pows,
and given the increase in temperature, they estimated a shift of the
0 °C isogherm to a higher elevation, which was expected to result in a
20 reduction in the number of slopes affected by shallow slope insta-
bilities, and a shift in the elevation of the arcas susceptible to debris
o inMiakion.

Turkingron et al. [2006) predicted trends in debris fows activity,
measured by the number of days with debris ows, for the period
2010-2099, in the Barcelonnette valley, Franoe, and the Fella catchmend,
ltaly, under the RCP4.5 and RCP.5 soenarios. For their experiment, they
uied a probabélistic approach to determine a dependence between rain
Fall events and debris MNow ocourrence (Turkington et al., 2004), and
biag-cormected climate projections of two meteonalogical proxies
L. daily rainfall fram 1950 to 2009, and Comvective Available Potential
Energy (CAPE) from 1979 and 2001, Using an ensemble of 32 climate
spenarios (from 3 RCMs and up to 6 GCMs, [acob et al, 2014) for the
rainfll proxy, and sght climate scenanids (nom 4 GOMS, Tay!
2011 ) for the CAPE proxy, they found an increase of up to 6 per dec
in the number of days with debis Nows towards the end of 2152 centiu=
ry, in both study areas, and acknowledged that their projections
depended strongly on the proxy used, and 1o a lesser extent o the
GOM, ROV, and the RCP Soenarias.

Lastly, Ciabatra et al. [20016) irvestigated the impact of climate change
Lindshide oocwmence i Limbria, central ialy, using GCM projections
applie in existing regional Landslide early warning system | Porziani
et al, Xrvx). First, they assesoed the performanoe of the Syetem using a
catalogue of 235 shalkow Lindslides in Umbeia from 1990 o 2003, Nex,
they exploited hourly rainfall and remperatune records obtained from
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