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Abstarct que conduzca a la incorporacion de méas estrategias para contabilizar el tiempo, a

. - . ) : través de su medida en diferentes escalas. El uso de nimeros referido a la escala
The existence of quantifiable components in the mental representations of time ma%n-

tude has raised the question regarding the relation between number and fig _r_neral y el u.s,o de figuras (||'n_e~a recta, rectangulo, etc.) rgferido alaescala esp~acial.
Student'’s tendency to conceive time as a “quantifiable” magnitude leads to the raisi |nvest|gap|on concierne a nifios de gdades comprendidas entrg los 8y 10 afiosy a
of time-quantification strategies, by measuring time on different scales. The use O c0n00|m|ento§ acerca del concepto tlempoyde su represe‘n,tauon mental que [evela
numbers refers to the numerical scale and the use of figure (straight lines, rectilini%? probl_emas eX|stent(_as _ante los proc_:edlmlen_t(_)s de resolucpr_l y ante la eleccion de
parts, etc) refers to a spatial scale. This research concerns 8 to 10-year-old chil dreﬁstrateglas. Nuestro objetivo fue examinar las dificultades cognitivas que se presentan

knowledge about time, as well as the mental representations that underlie temp 5 la resolucion de problemas temporales y estudiar el papel que el numero y la

problem solving procedures and choice of strategies. Our aim was to examine ﬁeéléii?r?r?rs(ijr:)ta:lioenat?g\?éqsuges?: ggls'ze?g;; (;:r?r(rjl(e)l e!imegtr?:n?i:riléaggﬂﬁiﬁ;gn 0
cognitive difficulties that occur during temporal problem solving and to study the rolg ) ' P 9 y

of number and figure as quantification means, regarding children’s cognitive anr’a?tacogmtlvo de los nifios. Los resultados mostraron: a) entre los 8 y 10 afios, los

metacognitive performance. Results show that: a) 8 to 10-year-old children do ifos no controlan muy bien la duracién del tiempo y la sucesion de relaciones entre

) ) : : ’ ) razonamiento y la resolucion del problema, b) el uso de nimeros facilita la
control very well the time duration and succession relations in reasoning and problg ento y P del p ) . -
representacion esquemética del tiempo, c) las capacidades meta cognitivas de los

solving, b) the use of numbers facilitates figural representations of time and C - R .
g, b) 9 P 0s hasta los 10 afios de edad son muy pobres. Las implicaciones educacionales

children's metacognitive capacities up to 10 years of age are very poor. Educatior%ll cionadas con lo anteriormente expuesto, sobre la representacion temporal, la
implications related to the above temporal representations, cognitive and metat:ogniE?/é1 p ! P poral,

performances are discussed reacciéon o comportamiento cognitivo y metacognitivo, son muy discutidas.

. . . . . Palabras clavesolucién de problemas, tiempo, nimero, figura, ciencia.
Keywords;problem solving, time, number, figure, science

INTRODUCTION

Resumen The complex concept dfme is studied in various scientific areas,

La existencia de componentes contables en la representacion mental del tiempo cdueh as Science Education (where time is approached as a physical
magnitud, ha despertado el interés en la observacion de la relacién entre nimenootion that contributes to children’s knowledge about the physical world)
figura. Los estudiantes necesitan considerar el iempo como una magnitud contebied Cognitive Psychology (where time is approached in relation to
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human cognitive behaviour and reasoning, Crépault, 1989; Montangestraight lines, rectilinear parts, etc...) refers to a spatial scale. In this
1985; Samartzi, 1992a; 1992b). The acquisition and cognitive develagase, the representation of the temporal elements of “initial order”,
ment of psychological time has been one of Piaget’s first objects Hfnal order” and “duration” are marked on a straight line that presup-
interest (Piaget, 1946a; 1946b, 1957). In this context, research focupeses the “spatialization” of time. Thushrono-metryis substituted
on bothkinematicsand non kinematics timeThe later refers to the by geo-metry,the limits of an event are definable and its duration
succession, duration and temporal perspective relations (Block, 1996¢comes calculable. Inconvenience in using figures consists in the fact
time is considered as “pure”, and temporal duration results from thteat children are not familiar with this type of mean which could be
successive beginnings and endings of events. Understanding and owisidered as demanding a higher level of representational abstrac-
nipulating the various temporal components that comprise non kingen. Apart from the differences in the actual cognitive performance
matics time (initial order, final order, and relative duration of eventsyhen applying numerical and/or figural representational means, an-
pose differentiated difficulty to children during problem solving. Foother interesting question is whether children could benefit at a
example, it is shown that it is easier for children to infer the final ordenetacognitive level from the application of these two different repre-
of events when initial order and duration are known, than the opposg#tentational kinds. As far as the metacognitive skills of the children at
(judge the initial order, when final order and duration are known). Thitiis age are concerned, research has shown that these skills are rather
is due to the fact that it is easier to represent temporal events followiligited. Although children can accurately discriminate between tasks
the “natural” direction: beginning- duration- ending, than a “non natuhat address different abilities (e.g. a task addressing mathematical
ral” one: ending-duration-beginning. Many studies have also shovability compared to a task addressing spatial ability) and they seem also
that children encounter difficulties when asked to represent the tempmware that problems of different levels of difficulty (e.g. easy vs diffi-
ral component of “equal duration”, because, in this case, they acelt tasks) raise different demands (Demetriou & Kazi, 2006; Kazi,
misled to erroneously infer a simultaneous beginning or/and ending Mkris, & Demetriou, 2007), they do not seem to have developed the
events (Crépault, 1989; Samartzi, 1992b). ability to metacognitively predict or evaluate their own performance in

In our everyday life, time is a quantifiable magnitude. A non-quansarious arithmetic tasks (Garrett, Mazzocco, & Baker, 2006). More-
tifiable time does not exist. During cognitive development children usever, studies focusing on the developmental aspect of metacognition
various strategies and rules, in order to quantify time (Levin, Wilkeningas shown that school age children frequently overestimate their level
& Dembo, 1984). Also, both children and adults resort to conventionaf performance (Bjorklund & Green, 1992, Stipek & Maclver, 1989).
systems of measure that cut time in pieces, and, thus, mark the beginThe aim of this research was to study temporal problem solving and
ning and the ending of the events and, consequently, their duratieeasoning procedures. It focuses on the cognitive difficulties that arise
Studies of conventional time were developed mainly during the eightwghen children are involved with temporal problems. Our particular
(Friedman, 1982). Recently, the examination of humans’ sense of tiiméerest concerns the examination of privileged ways of time quantifi-
of past and future events showed the existence of multiple represergation by using numerical and figural representations (Samartzi, 1992b;
tions of conventional time, expressed as temporal patterns of the d&995). For this purpose, we presented children with temporal problems
week or year, and their order (Friedman, 2005). Temporal represendad asked them to solve them both by numbers and figures. We are
tions, related cognitive strategies and their role during processing inferested in the comparison of these two quantitative means in regard
syllogistic reasoning and problem solving by children are some of the their facilitating role in problem solving, that is, in children’s cogni-
topics on which contemporary research focuses. In the domain of niive and metacognitive level of performance and strategy use (Siegler
kinematics time, it is already very well established that the abstracti@nAlibali, 2004). Our main hypotheses are: (A). We expect differenti-
degree of the representation concerning a situation influences the cated performance in premises’ representation and in solving across
rectness of the produced solution to the problem. The more abstract pheblems. These differentiations will be related to the premises’ ma-
representation is, the more difficult the problem is to solve. When chiipulation. More specifically, we expect that problems including pre-
dren are presented with physical objects that they can manipulate (fioises describing equality of events’ duration will result in augmenting
example, lamps that switch on and off), they are capable to infer dueguality type error (Crépault, 1989, Samartzi, 1992a). (B). The use of
tion correctly even from 5 years of age (Richie & Bickhard, 1988numbers, as a more familiar means to children compared to the use of
When temporal relations are described by figural means (for exampligiures, will lead to more accurate representations of temporal relation
figurines that go sleeping and wake up), inference about durationgeoblem’s information and, consequently, to higher cognitive perfor-
possible at 10 years of age (Montangero, 1977; Levin, 1977). Finallpances (Samartzi, 1995, Levin, Wilkening, & Dembo, 1984) . (C).
when a temporal situation is described verbally, even adolescents &ketacognitive capacity of 8 to 10-year olds children, when asked to
perience difficulties in inferring the relative duration of events (Samartziontrol and to self-correct their previous performance, is expected to
1992a; Samartzi, 1992b). In the developmental and cognitive approash limited (Garrett, Mazzocco, & Baker, 2006).
to time reasoning, temporal representations are considered as the result
of both the information presented during the problem solving proced4E THOD
and the solver's pre-existing knowledge about the problem’s contentgt ticipant
is underlined that, when temporal relations are not taught and exp rRrticipants ] )
enced in the classroom, time concept is difficult to be represented in anfwo hundred and thirty-three 8 to 10 year old public school students
appropriate way that can leads students to high performances (Samdhgys = 113, girls = 120), in a middle-class residential region of Attica,
& Pavlou, 2009; Madoglou & Samartzi, 2004). took part in this research.

_ Students’ tendency to conceive time as a “quantifiable” maggaterial and procedure

nitude leads them to develop time-quantification strategies, such as ) . . .
time measuring on different scales. Numbers and figures are the priyi-~l Students were given questionnaires consisting of seven prob-
leged representational means for time quantification (Samartzi, 19928™MS: diven in random order across participants and describing tempo-
1995; Levin, Wilkening & Dembo, 1984; Montangero, 1985). The usk! duration and succession orelatlon_s. three of them involved judge-
of numbers refers to the numerical scale. Within the temporal conte}€nts oftemporal duration(At?), two |nvc3)lved temporal order judge-
numbers are used to indicate hours. The advantage of using numyBRts regarding thinitiation of events (t1?), and finally two problems

as a representational mean consists in the fact that children are Ived temporal order judgements regarding tivenination of events
early familiar in life with numbers, they use numbers spontaneous! ?) (see Table 1). Children were tested individually and each session

and they often consider time and number as identical concepts (i. e., thed around 30 minutes.

clock time). However, use of numbers seems to be inconvenient, when Table 1. Description of the problems

the requirement of the task is the comparison between temporal rela-

tions. In other words, when the representation is made by numbers adwgmenton ;Pfucr):t']:n Premisel Premise 2

the task at hand is to infer about the relative duration of two events (or . o -

the initial and the final order of two events), then these inferences §g§g§;‘ Soraton A SO ation ey iamireton

hard to be produced, since they are the product of a complex proceg&spora duration (At?) 3 Prior initiation Simultaneous termination
requiring arithmetic calculations. On the contrary, in the case of usimhal temporal order (t2?) 4 Post initiation Longer duration
figures, inferences about the relative duration of events derive as tfieel temporal order (t2?) 5 Post initiation Equal duration

result of a direct perception (i.e. the comparison of the length of Iin?‘!a“emp‘”a‘ order (t17) 6 Longer duration Prior termination

that represent the duration of each event). The use of figures (j.&"id tempord order (t17) 7 Equa duration Prior termination
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In every single problem, a situation described by two premises a

2] - - i
involving two girls (Maria and Sophia), each baking a cake, was pr &1
sented. Overall, the problem premises concerned when Maria and So g g%: .
put their cakes in the oven, took them out of it, or how long their cak; 51 . .
stayed in the oven. A question followed the description of the situatic 5 41
This judgement aimed to reveal children’s understanding of the probli %:
premises and it was in a three-choice format. The content of this jud -
ment varied according to whether the problem regarded (a) duratio 1 : :
At?, (i.e., “How long did Maria’s cake stay in the oven in comparison oor |2Smbtens S PRor | AR | SPes | Gl | TEad
Sophia’s cake? Did it stay for a longer time, for equal time, or for Pogt Pos | Smutmeows| Longr | Eqel dration|  Prior Prior
shorter time?"), (b) initial temporal order -t1?, (|e “When did Maria pL termination | termination | termination |  duration termination | termination
her cake in the oven? Before Sophia, at the same time with Sophla Problems of duration judgement (at?) Problemsof final tempora | Problemsof initial tempora
after Sophia?”), or (c) final temporal order - t2?, (i.e. “When did Mari order judgement (129) order jucigement (t17)
take her cake out the oven? Before Sophia, at the same time with Sor Fiure 1. Percentages of correct answers and types of errors O Equality error

or after Sophia?”). From the three choices, one was the correct one.
remaining two choices reflected either (ap equality error” (that is,
when the child erroneously judged either that the duration of the events was

equal, e.g., that two cakes remained in the oven for the same perioi%fm duration or simultaneous endings of events, lead to a decrease in

time, or that evcla(nts begufnhor ended sLmuItaneo_usly, eﬁ% that th? ¢ percentage of correct answers and to the increase in the errors of
were put in or taken out of the oven at the same time), arfa @@kersal o ality type (equal duration or simultaneous beginnings). On the con-

error”, (that is, when the children erroneously conceived either the duligsry “\yhen equality concerns the initial order of the events, this effect
t|ﬁn_or the beglnrr:mghor the enqlk;r)lg_of the e\f/ﬁnts In fa Leversed [\j/vay). i8ot observed. This indicates a tendency on behalf of the children to
chc')|ljce among t ‘at rlee pc_)35|d| ities was 8tep 1o dt e proge hure. infer that “equal duration” means that the events begun simultaneously
Children were ra ndomly assigned in two groups (A and B). In both groups, that they finished simultaneously. Additionally, they erroneously in-
they were first presented with titep lquestion, described above. Then,ser that “simultaneous ending” mean “equal duration”. In other words,
children in Group A were asked to: represent the premises of the probleffyigren connect the duration with the termination of events (i.e., two
by using numbersStep 3, check their original Step 1 answest¢p 3, eyents that end simultaneously should have lasted for the same' time).
represent the premises of the problem by using figugésp(4, and,  This seems reasonable since the way we conceive events coincides
finally, check again their (original or self corrected) Step 1 ansBtep (3. ith the natural continuum “begin — duration — end”. This way, when
Children in Group B followed the same procedure except for steps 2 an& know that two events end at the same time, we are prone to con-
which were reversed. Numeric representation required using numbers-ggje that they had the same duration. This kind of reasoning seems to
these are reflected in clock-time. Figural representation required markigh acterize all the children in this age cohort (8 to 10 years old). It is
on two straight lines the points that reflected the beginnings and endingloretically justified, expected and in line with our first hypothesis
the events. Representation accuracy (both numerical and figural) V\{e@?’pault 1989; Samartzi, 1992a).
s;lzored on a 0 to 2 scale, where ;jO- meanlt a wrong ansvner (th‘ﬁt IS, no? s far as the representation of the temporal relations is concerned,
the two premises was represented correctly), -1- meant that only one of ig resuits revealed the facilitating effect of number as opposed to
two premises wag represelnted correctly, and -2- meant that both premig&Sres. |t seems that representation with numbers (in this case, by
were represented correctly. using clock-hours), facilitates the subsequent representation with fig-
ures (in this case, marking the events on lines). The opposite not only
RESULTS AND DISCUSSION does not occur, but, on the contrary, it seems that representing the
Cognitive estimations problem’s data by figures hinders subsequent numerical representa-
First we appliedy? analyses on the Step 1-judgement score ion. One possible explanation of this finding is that children are
Results showed that the performance of the three age groups was Iagtliarised very early with numbers and the clock time and later they
Zignifit(r:]art]tlyhdiffertﬁnt. Figurf 1 presents ctjhe overall pefrcentalgte of chgéie f%ﬁgﬁgr‘:grg‘;lf'?éJ?gg‘?gq‘girzghgoéivg%éﬂf tg’/:)heerofhmgi(iL%p\flsﬁii?lt'gg
ren that chose the correct answer, made an error of equality or m a .
an errotr of refversal |rg Stepl-judgement |nbeiach probI%n;.szg/e ayg%%éé{lgﬁqretjggor}ttﬂg Setﬂgguirsa?ﬁljisvggr%}?rrgggc(astgnnqglrtgion{ggts.)The second
percentage of correct answers across problems was 57.34%, wi _ ; { tzl, 1999).
e il e ) Gy S0 o i oot sbut o o e s e s,
and the two most difficult ones (problem 5 and 7) being solved co_rrecltl S ot exocctad by school BF; o cgildren (Pig ot 19480, 184%) i
by 43.8% of the participants. It can be seen that problems varied in t @k ! p i k))/'I't' i gb 4% get, e of Cu
level of difficulty: problems including a premise of equality duratio t!’.c t'.” cognitive % lities Fou e rﬁ_mﬁve Idyta mfec artl;lsm o quar}-
I(problems 5 atnd 7) o][ smulﬁneous te(r)mlnatlllor;h(problem 3) resulted ;wcaplr%nbl(grlr? fnrlém grbSSt?;cltggLedS)ﬁ %oltchegggl tor%r;sn ((:)rr(rer:e een tgi;tl;/eesnst r?us
arger percentages of equality error. Overall, the necessary reasonif§ Pro SUr ) { ;
abilities required for the production of a correct answer in these types'® ilitating adm_o;e Eff'ct'ﬁmt proceslsmglj.t_Slnce we that\;'ne E?‘Sk?d chlltd{_en
problems are not yet acquired by the majority of the children at this a% .reason and inter on the temporal relations prior 1o the Implémentation

as a finction of problem type W Reversd error
@ Correct answer

An one-way analysis of variance was carried out, in order to compdyk this quantification process, the question raised here is whether this
Group A and B's representation accuracy. We only included thodguantification) process will lead to a deeper understanding, solid and
children who had chosen the correct answer during Step 1. Signific@[ta'n’ compared to the one achieved during the abstract logical-in-
differences were revealed for the three (out of seven) problem. Fgictive reasoning. Thus, by asking the child to compare and evaluate
problem 1 [F(2,150)=3.872, p=.023], for problem 3 [F(2,101)=6.598)IS understanding in these two situations, in reality we are interested in
p=.002], and for problem 6 [F(2,145)=4.146, p=.018] . Inspection & vealing the child’s capacity to understand the impact of these two

means showed that children who were required to represent problgif{erent approaches to the same problem. In essence, this is by defini-
premises by numbers first performed better overall. tion a metacognitive ability. Moreover, the discovery by the child that

o o the two understandings are different creates a cognitive conflict situa-
Metacognitive estimations tion, which is a source of new knowledge (Madoglou & Samartzi,

As noted above, children were asked, after representing numerica?l§04). As our results showed, at this age, children’s metacognitive
and figurally the premises of the problem, to check their original answemility to regulate their performance according to previous knowledge
which reflected their overall understanding of the problem premises. 1tds experiences is not sufficient. The finding suggests that the under-
observed that only a very low frequency of children changed their origitanding of temporal relations is not yet crystallized or embedded, thus
nal answer (mean = 10.43%, range of percentage across problems 7VE¥ifying the metacognitive inadequacy at these ages. These results
— 14.2%). These low frequencies did not differentiate across problenae in line with the current literature referring to the limitations of school

Overall, the results showed that children of this age are not yaged children’s metacognitive abilities (Bjorklund & Green, 1992,
completely able to understand and mentally manipulate temporal cofsarrett, Mazzocco, & Baker, 2006; Stipek & Maclver, 1989) and con-
ponents. Also, it seems that temporal relation problems vary in thdifmed our hypothesis concerning the application of metacognitive regu-
difficulty level. More specifically, problems that present information ofation on temporal reasoning tasks.
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CONCLUSIONS Garrett, A.J, Mazzocco, M.M., & Baker, L., Development of the metacognitive skills of

. . . . . prediction and evaluation in children with or without math disabilifyarning Dis-
This research showed that the conception and manipulation of time 7 jiics Research & Practice21 [2], 77-88, 2006.

?ngonﬁms are né)t fu”y QGVﬁlopeld by school I‘?gel Crl’lllldrlfjnl,( an w_npor_tQ i, S., Makris, N., & Demetriou, A., Self-awareness and self-mapping of cognitive processes
inding that any educator In the elementary school should keep In miNd. " from early childhood to adolescence. In M.F. Shaughnessy éaé M. Vennemann (eds.),
Moreover, since in our research we tested children from the first elemen- Metacognition,Hauppauge, NY: Nova Sciences Publishers, Inc., 2007, p. 141-159.
tary classes who have not yet been taught or exercised this concept inL8, 1., The development of time concept in young children. Reasoning about duration.
classroom, our guestion was very interesting: it reveals how students Child Development48, 435-444, 1977.

understand this concept before any formal teaching. The emergence.®fn, I., Wilkening, F. & Dembo, Y., Development of time quantification: Integration and
the facilitating role of numerical representation in students’ understand- nonintergration of beginnings and endings in comparing duratidild Develop-

ing and, also, the absence of a self-correction ability during problem ™Ment.55, 2160-2172, 1984. _ _ o _
solving, should be incorporated in the planning and implementation Mpdoglou, A. & Samartzi, S., The role of conflict and information in the resolution of
any Science Curriculum. The educational implications here concerp Propems of unfamiliar physics concept&sychology,11 [1], 106-123, 2004.
teachers' intervention and questioning skills. Teachers should teach cé;:gzg :]J'L:ill':(gtldo:v:ejlipdrrl:;?:t3 g?fénisg::mn(fj:resngei iznfr;e:l:ii’gslgi;?é to 8 year old
dents how to use various representational means, such as number O, . ; . '

. X N . children. In J. A. Michon & J. I. Jackson (eds)me, Mind and BehaviouBerlin:
figures, in order to help them construct more effective representations of gyinger-verlag, 1985, p. 279-287. (edST)m &

tasks. In our multi-media era, knowledge about alternative represenfsget, 3., Le développement de la notion du temps chez l'enfant. Paris: P.U.F., 1946a.
tion means could not only prove to_be an_rac_t'Ve and |n_terest|ng,_but aﬁ_gget, J., Les notions de mouvement et de la vitesse chez I'enfant. Paris: P.U.F., 1946b.
constructive and extremely useful in designing educational settings. Bjaget, J., Les notions de vitesse, d'espace parcouru et de temps chez I'enfant de 5 ans.
nally, our study shed light on the need for teachers to be more active in” gnfance,1, 9-42, 1957.

strengthening and encouraging students’ solution-evaluation and seifchie. D. M. & Bickhard, M. H., The ability to perceive duration: its relation to the devel-

correction, which are sources for new knowledge acquisition. opment of the logical concept of timBevelopmental Psychologg4, 318-323, 1988.
Samartzi, S., Time and inference rules in the child, adolescent and adult. In F. Macar, V.
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