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Abstract Spatial visualization is a well-established toit education research that has
allowed improving science and engineering studesksls on spatial relations. Connections
have been established between visualization amarehension tool and instruction in several
scientific fields. Learning about dynamic processesinly relies upon static spatial
representations or images. Visualization of timmlgerently problematic because time can be
conceptualized in terms of two opposite conceptetaphors based on spatial relations as
inferred from conventional linguistic patterns. Téituation is particularly demanding when
time-varying signals are recorded using displayalgctronic instruments, and the image
should be properly interpreted.

This work deals with the interplay between lingaisinetaphors, visual thinking and
scientific instrument mediation in the processnérpreting time-varying signals displayed by
electronic instruments. The analysis draws on pldied version of a communication system
as example of practical signal recording and imagealization in a physics and engineering
laboratory experience. Instrumentation delivers mmegul signal representations because it is
designed to incorporate a specific and culturadlyofed time view. It is suggested that
difficulties in interpreting time-varying signalsealinked with the existing dual perception of
conflicting time metaphors. The activation of sfiecspace-time conceptual mapping might
allow for a proper signal interpretation. Instruntseplay then a central role as visualization
mediators by yielding an image that matches sme@frception abilities and practical
purposes.

Here | have identified two ways of understandingetias used in different trajectories
through which students are located. Interestingcsic displaying instruments belonging to
different cultural traditions incorporate contragtitime views. One of them sees time in terms
of a dynamic metaphor consisting of a static ob=elgoking at passing events. This is a
general and widespread practice common in the ograeary mass culture, which lies behind
the process of making sense to moving images yswuallalized by means of movie shots. In



contrast scientific culture favored another way tohe conceptualization (static time
metaphor) that historically fostered the constarctof graphs and the incorporation of time-
dependent functions as represented on the CartpEar into displaying instruments. Both
types of cultures, scientific and mass, are comsaidighly technological in the sense that

complex instruments, apparatus or machines paateijm their visual practices.
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La visualitzacié espacial és un tema d'investigacidcativa ben establert que ha permes
millorar les habilitats dels estudiants de ciencidenginyeria pel que fa a les relacions
espacials. En diversos camps cientifics hi ha ammexié directa entre la visualitzaci6 com
una eina de comprensio i la instruccio. L’aprenigetade processos dinamics es basa
principalment en representacions o imatges espgadal caracter estatic. Tanmateix, la
visualitzacio del temps és inherentment probleragerque el temps pot ser conceptualitzat
en relaci6 amb dues metafores conceptuals oposp@ess basen en relacions espacials, tal
com s’infereix de patrons linguistics convencionhéssituacié és particularment exigent quan
senyals variables amb el temps es registren atilitels instruments electronics, i la imatge ha
de ser interpretada correctament.

Aquest treball tracta sobre la interaccié entre rretafores linguistiques, el pensament
visual i la mediacié d’instruments cientifics enpebcés d'interpretacio de senyals variables
amb el temps que es registren amb aparells elédrob'analisi es basa en una versié
simplificada d'un sistema de comunicaciéo com a g@tempractic d'enregistrament del senyal i
la visualitzacié d'imatges en una classe experiahel® laboratori de fisica i d’enginyeria. La
instrumentacid ofereix representacions del seniyglifcatives perque és dissenyada per
incorporar una visio especifica i culturalment aféda del concepte de temps. Es suggereix
que les dificultats en la interpretacio dels senyakiables amb el temps estan vinculades amb
la doble percepcid conflictiva que existeix de rfas temporals. L'activacio d’'un mapatge
especific de la relacid espai-temps permet unarpirg&cio correcta del senyal. Els
instruments juguen llavors un paper central en ikualitzaci6 com a mediadors, en



proporcionar una imatge que connecta capacitatsahesn de percepcio especifiques i
proposits practics.

A partir d’analisis antropologiques i linguistigugglentifiquen dues formes d'entendre el
temps, amb caracteristiques bé estatiques bé djoasjique s'utilitzen en diferents situacions
i practiqgues dels estudiants. S’observa que hinsaruments de visualitzacio especifics
pertanyents a diferents tradicions culturals i spe®rporen punts de vista oposats del temps.
Un dells veu el temps a través d'una metaforanditea que consisteix en un observador
estatic mirant passar els esdeveniments. Aquesita & una practica generalitzada, comuna
en la cultura de masses contemporania, que es diarbare del procés de donar sentit a les
imatges en moviment produides per la successiotdgrimes en les pel-licules. Per contra la
cultura cientifica va afavorir una altra forma @mceptualitzacié de temps (amb una metafora
estatica) que historicament va fomentar la consibuce grafics i la incorporacido en
instruments electronics de funcions dependenttedgbs representades en el pla cartesia. Tots
dos tipus de cultures, cientifica i de massespasideren altament tecnologiques en el sentit

que instruments complexos, aparells o0 maquineg e en les seues practiques visuals.
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In recent years there has been much interest @rrdeting the role ofiisualizationin science
and technology instruction and how it improves shid’ technical reasoning (Gilbert 2007b;
Gilbert et al. 2008). Visualization is understodgither in terms of physical objects as pictures,
illustrations, schematic diagrams, and drawingsrmoomy used in instruction (Phillips et al.
2010), or as mental images visualized by the stisdenind. The previous twofold meaning is
interconnected by the cognitive activity that mapgects and mental images (Gilbert 2007a),
and highlights the interplay between internal medeid external structures (Rapp and Kurby
2008). These studies revealed that visualizaties ttiehind creative reasoning and thinking,
and allows for a productive interpretation, mangian, and transformation of spatial
perceptions by the mind. It is recognized that siiisl more easily engage in the construction
of mental models of particular scientific issuesotlyh visualizations. The increasing,
widespread use of computer-generated interactiagés facilitates rapid hypothesis testing,
development of inferences, and prospective checKRgpp 2007). It is obvious that
visualization highlightspaceas a central component, and in consequence rgfperception
skills of spatial relations was identified as anpary concern of technical training (Contero et
al. 2005). In the particular case of mathematisedking, visual perception has been regarded
as a central component of reasoning processesnhofor the obvious case of geometry but
even for arithmetic and calculus. Education redearojects on mathematics are particularly
interesting because they emphasize shape percepsiom reliable mechanism capable of
capturing proper knowledge (Giaquinto 2007). Alsarhing of chemistry topics is recognized
to be enhanced by using interactive planar 3D nutdecmodels which allow students to
easily build mental representations (Wu and Sh&4 20

As teachers of physics and engineering, we langdyyupon visual presentations of subject
matter concepts during the instruction. Studentsllys show good responses when they are

encouraged to use visual thinking for basic anslgséimathematical functions in addition to
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formal calculations. However, there are occasiamswhich the instruction seems more
demanding: particularly those in which dynamic apts such as movement, displacement or
time are discussed. Establishing the proper wagotovey information about evolution or
progress in scientific structures and models isangimple task. Some authors pointed out that
the congruent choice of using animated schemasagrains (as in a movie) does not produce
the expected successful learning outcomes (Tvesgslal. 2002). That study concluded that
progress or change is better understood relayiog gpatic, or a sequence of static, pictures,
rather than by looking at a representation of theving phenomenon. However, other
educators asserted that a dynamic representatiardghamic phenomenon is more authentic
and should increase student comprehension and minat¢eunderstanding (McKagan et al.
2008). By contrast it has been recognized thanbee use of dynamical visualizations does
not assure fruitful learning (Lowe and Schnotz 2007 some cases the students’ cognitive
capacities become overload by the continuous clzaimgihe visual display (Bell et al. 2012).
Experienced teachers know about the advantagesdmadvantages of a given visually-
dynamic education tool based on computer simulation

Timeas a concept is involved in almost every scieectute. In many practical situations
(in laboratory undergraduate introductory cours@siristance) students elaborate on images
related to dynamic processes making use of reagrdistruments, that is any kind of
apparatus incorporating a data acquisition sysietording instruments were developed to
provide still images of changing signals, in gooccaadance with Barbara Tversky's
experimental evidence that static pictures bettBvate reasoning and interpretation (Tversky
et al. 2002). As we will see latter the static elcéeristic of the displayed images is linked
with a key feature of any scientific instrumente tlaculty of making measurements. We refine
here our definition by naming ‘displaying electromnstruments’ a special case of recording

instruments able to provide graphs as readableomés. These graphs belong to the kind of
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representations commonly used in the scientifitstéthe representation of two variables on a
Cartesian plane), and form the basis for the implaation of measurements (Roth et al.
2005). Our work asserts that displaying instrumemése designed to embody perceptual
human requirements in order to visually facilitite interpretation of dynamic processes for
measuring purposes. We elaborate here on an exaofplihis general statement by
confronting conventional ideas about time with #eualization and interpretation of simple
time-varying signals when displaying electronidinsentation is used.

Although the general terwisualizationcan be understood diversely, | want to emphasize
here the way physical drawings and images conpetteintal views. In the simplest cases the
spatial structure of the image can be rather sitlngvardly interpreted, but in many other
important situations images are produced or byiinstruments devoted to specific purposes.
Here visualization is a process in which severdbracintervene. There is obviously the
observer and her/his abilities and skills, but @leanstrument that delivers the image. Clearly
the displaying instrument not only builds imagéess effectively constructed by engineers and
designers that select what the instrument shoutevsdnd should hide. In addition all these
actors work within specific cultural traditions lmlving particular practices. So that | am of
the opinion that visualization, particularly its mif@station in a technological environment, is

always a culturally-driven, multifaceted proceseioted and mediated by instruments.

Displaying instruments embody visual traditions andinguistic metaphors

Dual coding theory (Clark and Paivio 1991) assuthasthere are two cognitive subsystems,
one specialized for the representation and praogssi nonverbal objects, and the other
specialized for dealing with language. In some sdsath subsystems activate mutually in
such a way that the combination of linguistic imf@tion and visual information provides dual

support for learning and knowledge acquisition.ISdaal activation is obvious in the specific
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case of pure spatial relations: a certain sizeralyumatches a visual segment. But it is
known that common reasoning is highly metaphorasad this allows for mapping separate
concept domains such as time and space (Lakofflahdson 1980). Therefore in the verbal
side, time is mainly conceived in natural languagsmg spatial terms (Boroditsky 2000).
This is also the case in the visual side. As knowa can easily interpret time plots relying on
a spatial metaphor, in which time corresponds ®itldependent variable of the Cartesian
plane. Thanks to these space-time metaphors ocalelasto ‘see’ time as if it were a spatial
dimension. As next explained we will use linguistipproaches as a gate through which
introduce students into the existing dual and ¢ctivilg conceptualization of time. This duality
expresses itself in the mental imagination allowimgthe interpretation of visual displays.

When instruments for signal recording are callegd scene during a laboratory practice,
usual perception often fails in interpreting drawsignals. We suggest that some sort of
perceptual recognition needs to be built priorrmper signal interpretation. This visualization
refinement might be achieved by activating spec#mace-time metaphors (Lakoff and
Johnson 1999). As we shall attempt to show, thestcoction of such as refinement in the
visualization of instrumentation-mediated time-wagysignals also relies upon conventional,
although less straightforward, time ideas. Becdinse in science is a ground-level magnitude
in the definition of every system and is involvedoasic approaches, it would be interesting to
explore how time is used in everyday talk and rm&of what ideas are conceived in ordinary
language (Boroditsky 2000).

We elaborate later on the relationship betweeniadmitand inside (with respect to the
education institution) knowledge environments. Hieres proposed that specific linguistic
time metaphors are incorporated into particulapldigng instruments. Whereas scientific
instrumentation usually delivers static images ¢noadance with their superior capacity for

reasoning activation and measuring, other repragsentinstruments such as those devised to
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display movies in modern cinema largely relies uggmamic images. As we later see specific
cultural traditions favor then particular time viewn any case, it should be recognized that
timeis evidently an elusive concept as anthropologitadlies had pointed out (Munn 1992).
Anthropology revealed in many works how time andcgpare intimately intricate dimensions
that cannot be disentangled (see for instance @&rd068)). Considering this general
statement we will follow here the metaphorical maggroposed by George Lakoff and Mark
Johnson that allows conceiving time in terms otigpeelations.

A laboratory instructional situation makes up trafework for this study. Students usually
have trouble in understanding what occurs when theitch on a common laboratory
instrument: the oscilloscope (Dias Pereira 2006) ansignal appears on the screen. The
oscilloscope is a general-purpose electrical imsémit devised to record in a simple way the
time-evolution of signals. In connection to sensehsch converts physical magnitudes into
time-varying voltages, oscilloscopes are absolutsgessary to observe the change of any
physical phenomenon. This explains why one can tiin in any educational laboratory of
physics and engineering. The instrument is provigid a screen on which a voltage (signal)
is displayed as a function of time (Fig. 1). Thgnsil representation on the instrument screen
forms a sort of Cartesian plan&-y plane). Oscilloscopes belong to a wide family of
instruments and apparatus of common use in elacgroMost of these instruments (frequency
analyzers, impedance meters, and network analydeliser a processed outcome that largely
departs from the original signal captured by theu#ition system. On the contrary
oscilloscopes are used to display time-varying agnntroducing as minor as possible
modifications into the signal shape. The oscillpgcantends to provide a representational
replica of a dynamic variable. Apart from oscillopes constructed for professional purposes,
there exist education and training versions splgc@gsigned for engineering and physics

laboratory courses. In any case the basic workmmgiples are shared by professional and



training versions (Dias Pereira 2006).

It should be noted that learning about the usescflloscopes is largely a practical task.
The proper way of understanding how oscilloscopedlyr function is by comparing displayed
images with a variety of known input signals infelént situations. More importantly,
confronting outcomes of instruments controlled bfedent students during instruction allows
them to gain a collective sense on what the equipriseable to do and its main limitations.
As occurring with visual learning in other situais it is only by hand-on practice that visual
recognition and interpretation is built in a richdadiverse instructional environment that
gathers a variety of phenomena and mechanisms.

In education research the identification of insfiweal situations in which students show
difficulties in understanding (not only subject teatconcepts but also practical procedures)
might reveal ground level difficulties. Accordingly very general system concept widely used
in teaching science and engineering (electronicata dcommunication, and signal
transmission) at an introductory level will be hesed as example. A basic “communication
system” comprises two units, namely emitter an@ikex, which are connected by means of a
channel that transmits some kind of signal. Théonodf transmission obviously involves the
concept of time. The analysis of how time is comediand used in a practical realization of a
communication system will serve as describing eXangd the mechanisms involved in
perceptual recognition of simple shapes, mediayeal iecording instrument.

The oscilloscope practice has been selected bedaakews drawing upon a simple, but
non-trivial, visualization situation. The practicatuation permits exploring into the interplay
existing between conventional language, visuabizaéind instrumental mediation, in order to
gain new insight into the mechanisms underlyingi@isinderstanding. Findings derived from
linguistic analyses are next briefly summarizedofas as conventional conceptualizations

about time are concerned. Afterwards, the instoneti utility of the linguistic perspective is
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explained by recalling the problems students oétgperience in interpreting images drawn by
the oscilloscope. Finally a sequence in the actimatf time-space metaphors is suggested that
allows decomposing the instrument operation andctmsequent building of a readable time-

varying signal image.

The oscilloscope: an example of displaying instrunms

Let us imagine a laboratory class which explainsttmlents how the oscilloscope functions.
Oscilloscopes are rather sophisticated apparatasmomly introduced to undergraduate
students in science and engineering training ldboes during the first degree course.
Students rarely have previous experience with loscibpes, although rapidly observe that the
instrument is equipped with a screen for represiemtaof signals. Obviously physics and
engineering textbooks are provided with explanatiabout what a signal is and the methods
to capture time-varying quantities. This previoogt{of-lab) training focuses on rather formal
and mathematical aspects of the subject mattench a way that a ‘signal’ is conceptually
reduced to a mathematical function which has a agal representation on the Cartesian
plane. Time is always the horizontal line corresping to thex-axis. There is then a wide gap
between what students expect to see (a stable orace sort ofx-y plane) and the image
displayed by the oscilloscope. During laboratorgtinction they are informed on the
experimental set-up made up of several instrum@itgdents are encouraged to work with a
set of function generators (emitter) and oscillpsso(receiver), and with cables to connect
both types of apparatus. Let us assume for instarsieewave of a certain frequency selected
on the function generator front panel. After themection, students may feel astonished by
observing the variety of images appearing on tmeess of different oscilloscopes, as those
shown in Fig. 1. This diversity alerts studentst ttheere is not a direct, simple and easy

relation between the input signal and the outpatgen
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Oscilloscopes are a type of instruments devisembtwvert changing magnitudes (called in
electronics time-varying signals) into a stable atapped image with time congealed in xhe
axis of the Cartesian plane. This transformationas straightforward and it seems to be the
key contribution from the original designers of tihetrument. My point here was trying to
explain this dynamic-to-static movement to firstayaindergraduate student without any
knowledge of electronics. At the beginning of thédratory class students, which have not
previously worked with oscilloscopes, are regarded instrument users. For them the
oscilloscope is no more than a black box. How fa g#uition about the internal oscilloscope
transformations without the necessity of opening Hox was a real challenge to me as

laboratory teacher.
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Figure 1L Some images on the oscilloscope screen correspmptala sinewave coming from a
function generator. Vertical axis corresponds witiput voltage while horizontal axis is

directly assimilated to time.
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Students are usually able to understand that tgrekcomes from the function generator,
reaches the oscilloscope and then the apparatpéaybsa related picture. In their first
approximation to the instrument they have enouge tio work and play with the connections
and change some apparatus settings (time and gadtages, input channel, trigger mode...).
As occurring with other kinds of practical learniting interaction between the student and the
instrument, and among students in relation to tsguments too, is necessary to progress into
the apparatus understanding and recognition ofteaktimitations. As observed in Fig. 1,
students obtain different images depending on &necplar oscilloscope trigger configuration.
How can the same function generate such a sefffefafit images? The real observation of
the signals is often more interesting because usdere oscilloscope configurations, waves
seem to be actually “passing” from one side ofgtreen to the other before the students’ very
eyes. The fact of observing a signal passing aesvanternal modes of perceiving time in a
dynamic way. The oscilloscope screen features dtteer displaying technologies students are
more used to watch. Film screens or TV sets arése@wo reproduce changing images in
accordance with the evolving nature of the signaéle conflict becomes apparent because
students try to seek stable (frozen) images asetlappearing in their textbooks that are
surprisingly only present in some oscilloscopesilevbimultaneously dynamic outcomes are
also visible on other screens. As pointed out prgsly, dynamic images do not fulfill the
requirement of stillness necessary for measurimgqaes.

Students intuitively sense that the answer to th@ge multiplicity deals with the trigger
keys on the front panel of the oscilloscope, bwythare usually unable to give a suitable
explanation for the variety observed in the appara¢sponses. Experts know that it is simply
an issue concerning the synchronization betweemtwming signal and the time-base of the

oscilloscope which allows acquiring a set of imaggactly at the same oscillation instant.
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The superposition of different acquisitions staytat the same oscillation point yields the
apparent illusion of observing a fully stopped sigthat is in reality time-varying. The
synchronization process implies a sort of apparaitjsistment or tuning that it is fully
automatic in the oscilloscope digital versions, ammhsequently becomes hidden for the
students. We believe that the problem for studesnéven more severe because conventional
concepts about time need to be activaetthe correct orderinglt is next explained that there
is a duality within the intuitive views about tinevolution related to its dynamic and static

features, and how students might need a guidehie\ax successful understanding.

Conventional Conceptualizations of Time
Time in common language is not conceptualizedsroiwn terms. Instead people talk about
time in conventional conversations by relying orspatial analogy. Lakoff and Johnson
expressed this by indicating that “Spatial orieota like up-down, front-back, on-off, center-
periphery, and near-far provide an extraordinarityh basis for understanding concepts in
orientational terms.” Time is no more than a spediistance (Lakoff and Johnson 1980).
They used the more linguistic term “metaphor” taneathese analogies. Three different
metaphors by which we express time-related senseweee identified, which are claimed as
being common in English and in most languages usage

These three “spatial time” views are briefly outlihhere. “The most basic metaphor for
time involves an observer at the present who iméatoward the future with the past behind
the observer. We will refer to this as theme Orientationmetaphor.” (Lakoff and Johnson
1999) This analogy lies behind common sentences fikhat’s allbehindus now. Let’s put
thatin back ofus. He has a great futume front of him.” Nevertheless, recent studies have
evidenced that this is not a universal pattern ewgibg different linguistic groups (Boroditsky

2001), and that a substantial flexibility in conweg projections exists when different
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individuals, specific tasks, and cultures are camgba(Torralbo et al. 2006). For some
linguistic groups future is instead situated behihd speaker (NUfiez and Sweetser 2006).
Lera Boroditsky and co-workers (Fuhrman et al. 30ddinted out that Chinese speakers
conceptualize time in terms of the vertical directin opposition to horizontal orientation
common in Western languages.

The basic time conceptualization in spatial franoésreference is completed in two
different ways in English (Boroditsky 2000) andsed on my own experience, also in Latin
(Catalan and Spanish) languages. The second metaples the observer at a stationary
position “facing in a fixed direction.” and “Therg an indefinitely long sequence of objects
moving past the observer from front to back. Thevimg objects are conceptualized as having
fronts in their direction of motion.” Replacing “@ets” by time, and “the motion of objects”
by the passage of time completes the analogy. iEBhihe essence of thiloving Time
metaphor as we can see with the following senterigé® timewill comewhen there are no
more typewriters. The deadline approaching The time to start thinking about irreversible
environmental decay isere The time for the end-of-summer sales passed Figure 2 tries
to capture the essence of this analogy with thegodarity of seeing time passing from left to

right instead of from front to back as inferrednfréhe strict Moving Time metaphor.
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Figure 2 Sketch of the Moving Time analogy: the time-deget function passes from
right to left over the fixed location of the obserarrow). In this image time evolves from

top to bottom.

The third way to conceptualize time is called Meving Observeror Time’s Landscape
Here each location in the observer’s path is a smé¢hat the observer is moving, where the
present is the current observer’s location. Agdieré are examples of this analogy in
contemporary English: “What will be thength of his visit? Let’s spread the conferermesr
two weeks. We'recoming up onChristmas. I'll be therén a minute.” (Lakoff and Johnson
1999) As sketched in Fig. 3, the arrow, which naands for the observer, is moving along
the time axis as if a stable landscape exists. Adaint-to-back observer orientation is

replaced by left-to-right direction.
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Figure 3 Sketch of the Moving Observer or Time Landscapday: the time-dependent

function forms a fixed background in which the atvse (arrow) moves from right to left.

Space and time are only one example of a largefskimain pairs systematically mapped
in ordinary language. The question of whether slarinain-mapping is actually real or simply
results from a set of local polysemies was expertally addressed. According to these
studies (Gentner et al. 2002), large-scale systdrasnventional conceptual metaphors can be
seen then as psychologically real conceptual syst8tnictly speaking the Lakoff and Johnson
metaphorical space-time mapping relies on a higplgcific type of embodiment, that that
regards the human body as a reference framewosseldre its application or extension to
displaying instruments does not seem evident sttdgiance. But this is precisely my intention:
to make clear that instruments also incorporatseimeetaphors. Instrument makers introduced
specific time views into the equipment design pssce promote particular visualization.
Consequently these tacit ideas might improve stuclmprehension when become explicit.

It should be noted that the Lakoff and Johnsonjsr@gch on time conceptions has many
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points in common with previous philosophical andhampological accounts (Gell 1992).
Roughly speaking the outlined linguistic approaelibally distinguishes the practical use of
two ways of talking about time of static and dynaniéatures. Moreover, these “two
metaphors are, strictly speaking, inconsistent va#th other ... But these are actually
minimally differing variants of one another. In shidhey arefigure-ground reversalef one
another. ... We will refer to such metaphordaslsand the phenomenon dsality.” (Lakoff
and Johnson 1999) This duality reveals embodiedesad visualization: either the observer
is moving and sees a stable background or theaeciganging background observed by a still
eye. Hence time is essentially conceived eithea dynamicor static way, and both options
are mutually exclusive. It should be recognized tihe twofold spatial view of time was
previously recognized by early XXth century idelalhilosophers as J. M. E. McTaggart
(Gale 1968, 1967). Even contemporary philosophticabries about time situate it between
two polarized extremes usually called the A- andeBes. We highlight here the main
contrasting features of each philosophical theastigularly in relation to the Lakoff and
Johnson’s approach. A-series sees time in a dynaraimer with ‘passage’ and ‘becoming’
as basic conceptualizations. Alfred Gell graphycglioted that A-series conceives “time as a
wafer-thin screen of unique events in a continupw$langing and moving present” (Gell
1992). In contrast the B-series highlights the istaharacter of time with ‘being’ and
Cartesian representation as useful ideas. Timéds tinderstood as a congealed concept,
“more or less coextensive with space”. Althoughlgdophical and linguistic approaches
differ in many aspects that would need further ifitation, it is clear that A-series and
Moving Time views gather the basic background & tlynamic features of time. In the
opposite extreme, B-series and Time Landscape gyndilas in common the static view by
means of which time is understood.

The Time’s Landscape analogy is particularly imaottwhen we deal with drawing time-
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dependent functions on a graph. We usually takegifanted that the independent variable in
the x-axis represents time. In fact, there is an autmnaattivation of the analogy that maps
times and locations in space, which allows us tuafize and correctly interpret the graph.
Students are expected to conceptualize time instesithe Time’'s Landscape metaphor
because this makes up the intuitive basis for sgmting time-dependent functions. By simply
superimposing the signals of Fig. 3 into a uniguewave, time is converted into tixeaxis
variable. After years of schooling, most studeragehusually internalized the interpretation of
time-dependent functions as represented on the<iant plane. This is obviously the case of
Western students who learned to write from leftight, and straightforwardly interpret time
graphs in the writing direction. Other linguisticogps write in a different manner (direction)
as Chinese (from top to down) or Arabic and Hebspeakers (from right to left) do. These
writing conventions effectively shape people’s esgntations of time (Fuhrman et al. 2011).
Despite this variability scientific graphs followe Western convention.

One would even speculate that Time’s Landscapephetdies behind a culturally favored
conceptualization of time used in modern sciencd angineering. Recalling historical
accounts, it is known that geometrical represematiof time-dependent functions can be
encountered in the works of medieval thinkers. ipstance, in the XIVth century Nicole
Oresme’s schema first represented time as a hdalzine, whereas the intensity of any
quality was drawn as a vertical line (Lindberg 199hereby the representation of motions
could be visualized in terms of a geometrical shifmvever, the spread of this space-time
mapping activation took some centuries. Later m éighteenth century, only scientists and
engineers were able to interpret and use time grapb the chemist Joseph Priestley (1733-
1804) felt obliged to explain his use of time grajply this fashion (Headrick 2000): “Thus the
abstract idea of time... admits of a natural and eagsesentation in our minds by the idea of

a measurable space, and particularly that of a Vuméch like time may be extended in length,
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without giving any idea of breadth of thickness.dAthus a longer or a shorter space of time
may be most commodiously and advantageously remexsdy a longer or a shorter line.”
Therefore time, in being conceptualized by meansspditial notions within the Time
Landscape metaphor could be quantified so as to faart of the development of the visual
features of modern technology (Crosby 1997). Thidigular time metaphor was assimilated
into the scientific cultural tradition and finally incorporated into electronic displayin
instruments.

The historian Peter Burke introduced the term toualt tradition’ in the sense used here
(Burke 1978). From an anthropological point of viewrultureis seen as a structure of shared
meanings that can be understood by the people iseten it, and confers order and sense to
the reality (Geertz 1973). Cultures are alwaysohisal constructs that evolve, interact and
change continuously (Sahlins 1985). The force leklivis evolution is in fact the people’s
practices and daily negotiations confronting meanings antkrpretations (Sewell 1999).
Cultural practices comprise every activity by measfs which meanings are not only
maintained and supported, but also reoriented ghddized. This concept of culture is elastic
enough to allow speaking of different cultures whbaultures within a given society, in such a
way that it is conceivable thinking about populad &lite cultures, or also scientific and mass
cultures. Each one presenting its own history, @fions and external exchanges, and giving
rise to conflicts, collisions, borrows, and frultfofluences in relation to other cultures (Burke
2009). Scientific culture then gathers its own sbameanings and concepts technologically
embodied in instruments as occurs with the oscitips presented here. Obviously there is not
a unique scientific culture as pointed out convigty in previous studies (Galison 1997).
Peter L. Galison studied the material culture (unsientation) of two closely related branches
of the patrticle physics. He observed how the tiawlit of these two subcultures were evolving

in parallel with relatively poor cross-fertilizatio
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It is interesting to note here that the oppositéapieor (Moving Time) was essential in the
development of other cultural traditions. During tKIXth century the combination of popular
culture and new projection systems gave rise tditie of cinema, one of the expressions of
the current mass culture. Also educated within thaslition students of different linguistic
groups around the world are used to seeing a sore&hich dynamic events occur while the
observer occupies a stable position.

It should be recognized that cinema has developedriaty of ways for managing time
during the last century. This obviously configueespecialized notion commonly known as
cinematographic timethat may exhibit different and certainly sophiated structures.
Filmmakers have invented a variety of proceduremémage time: simultaneity, flash-back,
subjective views... and scholars distinguish a brpalkt in the 1960-70s that impelled
cinema to freely manipulate and alter time in unf@mfashions. | am however interested
here in the simplest version of cinema: a shorglsirshot filmed by a still camera, as a
contrasting example of an apparatus conceived @&wiked to show change and motion
instead of stillness. In opposition to the stoppmdge of a time-varying, dynamic event
provided by the oscilloscope, cinema screens lggtdithe moving features of the things as
displayed in simple shots. Interestingly, cinemlaotars (Doane 2002) realized that the filmic
process creates an illusion of movement from statages. As Doane claims, “[t]he cinema
attempts to reconstitute movement with a seriestif photographs, but none of these
photographs has anything to do with movement. Thestures are static, frozen”. And also
“[tlhe moment of fascination in the early cinemdhs moment when the still image projected
on the screen bursts into movement”. It seems fibwer¢hat the two displaying technologies
(oscilloscopes and films) seek for completely ojegsurposes: whereas oscilloscopes intend
to show static views of changing phenomena, cinearaeras and projectors embody a

procedure to recreate motion from stillness. Tast bbservation about the hidden mechanism
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behind the reconstruction of motion from a setilmhdéd photograms resembles the original
view of the Moving Time metaphor. In the metaphuere is a succession of objects (time)
that move from front to back the observer. Simylaal film strip is a sequence of frozen
images that passes through the optical systemegbrbjector and thereby creates movement.
It is then important to stress how different tedbgeal cultural traditions incorporate time
views according to their effectiveness in termpantfticular recognition abilities.

As previously explained, the conceptual mappingcdiesd constitutes the central part of
our commonsense understanding about time and ehated events. However, it should be
noticed that such an analogic schema does not &wruoherent and consistent whole. The
activation of either the Time Landscape metaphother Moving Time metaphor mainly
depends on the actual situation and its particlgsails. Depending upon whether the activity
is understood as belonging to one specific cultyedctice or another, then specific

visualization forms should be activated.

Changing Views in a Thought Experiment

The experiences described with the oscilloscopag@magoint to a failure in the students’
understanding as a result of the fact that theytseaenstrument as fixed, lying on the lab
bench, and try to think about the signal as passusy. As commented previously a dynamic
sinewave is sometimes observed resembling the motica cinema screen. One can imagine
that students are just trying to apply the Moving& metaphor (process 1), which seems to
naturally match the experiment situation: the obselthe oscilloscope) is stationary at a
given spatial location and the time-dependent s$igmaconceived as moving towards it.
Explaining frameworks of this sort are commonlywdnavhen teachers introduce students in
the subject of signal transmission and communinaggstems. Emitter and receiver are

always represented at a fixed position while a mgvsignal accompanies the textbook
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drawings. This kind of conceptualization might tHdbe students’ thought, and limits proper
understanding. | suggest here that in order tohctite wave in the laboratory, most students
will have to change their conceptual schema amktbf using another viewpoint.

This change in the conceptual view entails a moveroéstudents’ thought able to make
explicit the type of linguistic modes they impligithave in mind to conceptualize time.
Students are suggested to imagine the signal asghatopped, as they usually do in drawing
time-dependent functions, and allow the oscillogc@he observer) to run along the signal
track (process 2). This is in fact a change ingpbatial time analogies from the Moving Time
metaphor to the Time Landscape metaphor. One cagim®a replicas of the oscilloscope
screen superimposed to the sinewave at differergstistarting at the same oscillation point.
The signal that appears on the oscilloscope songére a frozen sinewave only in those
cases in which the space of time (interval) betwastessive recordings is constant. This is
of course what the trigger system of the appamattigally does.

Once a stable signal is on the screen (second imagg. 1), it is feasible for students to
measure, for instance, the period of the sinewavéd & were a time-dependent function
representation. Therefore, the instrument delieerepresentation of the signal ready to be
interpreted in the useful framework of the Time dscape metaphor (process 3). In this last
step the student becomes the observer and cay dagilace her/his finger along the signal
trace. In the modern oscilloscope digital versioti®ge screen cursors operated by the
oscilloscope user make the measurement. We sesfdreethat the dual conceptualization of
time can be applied or activated at different Isvéépending on the current experimental
situation, be it real or thought. More importargtydents gain a deeper comprehension about

the instrument operation if instruction makes esiplise of the metaphorical mapping.
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Observer Time
concept
Process 1 Instrument | Moving Moving traces observed on the
Time oscilloscope screen. It blocks proper
interpretation of time-varying signal.
Process 2 Instrument | Time’s Explanation of the synchronization
Landscape | process as performed by the trigger
setting. It allows seeing time-varying
signals as represented by replicas of
similar images.
Process 3 Student Time’s Static visualization of traces. It allow
Landscape | quantification inx-y plots and proper

measurement.

[72)

Table 1.Sequence of movements involved in the interpi@tatf instrument-mediated

signals

It should be stressed that the key point to cdgréxtad’ the incoming signal consists in

synchronizing the oscilloscope time-base and thevgve period. The apparatus trigger needs

to be adjusted to allow students to ‘stop’ the sigiVe can see, therefore, that before the

instrument provides a readable drawing, some kfrabparatus manipulation is necessary to

remove false outcomes. People experienced in miatipy oscilloscopes or other types of

displaying instruments, usually take all the pregidunings for granted. When the instrument

is properly triggered, a stable visual represemtatf the signal appears on the screen. The

instrument might be then regarded as a black btwe Jdctivation of the Time Landscape
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metaphor (process 3) is then rather straightforvaaidineeds no further explanation. However
during the training process of gaining experti$e, type of visualization needed for image
interpretation is not yet internalized. This is tase of science and engineering students who
are being introduced into elementary laboratoryctras, particularly if instruments

displaying images and graphs are being employed.

Role of instruments as mediators

From an ethnographic perspective education anductgin can be assimilated to a process of
acculturation in which students progressively adapor borrow traits from the scientific
culture. This view emphasizes the contrast betwemmmon, external (to the education
institution) ways of interpreting physical phenoragand internal approaches connected to the
scientific practices and concepts. External aneérial practices belong in principle to
different cultures, let us say contemporary Westand scientific cultures in my teaching
experience. However practices occurring outsidesttteol become of primary concern to
understand students’ conceptions and ideas thastitute the starting point for the
development of academic knowledge (Hammer 1996)yifRe on previous work (Nespor
1994, 2004) more recently Antonia Candela provided ethnographic account on the
students’ trajectories as spatially and tempomiyributed events institutionally organized as
obligatory passage points on the route to stabiliee identity as scientists or engineers
(Candela 2010). Recalling our previous accountsudtural traditions, classrooms can be then
seen as privileged locations for cultural hydridat{Burke 2009). Teachers and students are
involved in a work that continuously relates classn activities to outside practices,
experiences and conceptualizations. Hence instruainould always take into account other
settings, moments and meanings in a sort of croksgral negotiation. It should be stressed

that learning instrumental (relative to the instamns) knowledge iper sea practical task so



25
that the cross-cultural negotiation aims at configgra community of practices that foster a
collective refinement of the visual display intexation.

Here | have identified two ways of understandingetias used in different trajectories
through which students are located. InterestingBc#ic displaying instruments belonging to
different cultural traditions incorporate contragtitime views. One of them sees time in terms
of a dynamic metaphor consisting of a static obselaoking at passing events. As introduced
previously, this is a general and widespread practiommon in the contemporary mass
culture, which lies behind the process of makingsego moving images usually visualized by
means of movie shots. In contrast scientific celtuiavored another way of time
conceptualization (static time metaphor) that histdly fostered the construction of graphs
and the incorporation of time-dependent functionsepresented on the Cartesian plane into
displaying instruments. Both types of culturesestific and mass, are considered highly
technological in the sense that complex instrumexgparatus or machines participate in their
visual practices. Displaying instruments as ossilipes or cinema projectors can be thought
as cultural artifacts (Schiffer 1999) involved metproduction and communication of shared
meanings, and devised for specific functions (GseBewn 2000). The identification of these
two time views and their common uses and practeebodied in artifacts would allow
teachers to guide students during the instructiapgroach to displaying instruments. But
why instruments are so important in training futacgentists? As next explained instruments
constitute core participants of the scientific pices.

Bruno Latour first identified the crucial role insinents play as “inscription devices” able
to produce scientific graphs (Latour and Woolga8a)9 He defined instruments as “any set-
up, No matter its size, nature and cost, that peoai visual display of any sort in a scientific
text”. Graphical displays of data become centraéheathan peripheral in the process of

constructing and communicating scientific knowledgatour 1990). Graphs are involved in
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crucial discursive practices for enrolling alli@sa particular, not fully established points of
view, and for persuading other scientists on thkievaof one’s research (Latour 1987).
Following the Latour’s approach instruments carviegved as bottle necks of obligatory pass
that condense previous knowledge after closing éoroontroversies in a particular scientific
field. It is then understandable that studentshing trajectories should pass through them.

| finish by emphasizing the role played by the rdomy instruments (the oscilloscope in
this case). As Don Idhe pointed out, an intrinsiationship exists between visualization ways
and the use of scientific instrumentation (Idhe 1)99The basis of such visualization in
science and engineering relies on ordinary peraeptiowever, visualization is possible by
means of the instrument mediation, which makesassgneadable. The instrument then is
devised to transform the information and displajnisuch a way that matches the specific
mode of perception of the outer observer. The giggterated is then ready to be used for

measuring any physical variable, or as a rhetonisaription within a scientific text.

Concluding remarks

The linguistic perspective introduced explains hthere are sound accounts that analyze
thought and reasoning in terms of low-level ide@kese conceptual structures manifest
themselves as conventional linguistic patterns.eTisnconceived in everyday talk in terms of

spatial (visual) notions by means of two differeartalogies or metaphors. The explicit

knowledge of students’ conventional conceptionsimoé can improve their understanding of

signal recording, and contribute to form a solidgé@n which to build further science and

engineering concepts and fruitful laboratory pi@ti The analysis reported here highlights
the interplay between visualization and imagingliptetation in order to make sense of the
oscilloscope graphs, and achieve a proper readihg. linguistic account, when explicitly

stated to students, becomes fruitful and firmlg tie thinking processes through visualization
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mechanisms.
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