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Since the 1920ies researchers have been studying children’s temporal concepts, concluding that the 

concept of time is complex and difficult to teach children (Fraisse 1984 et al. 1999; Piaget 1969; 

Zakay 1989). This research literature review aims to provide a theoretical framework to guide 

future research about time-related teaching in primary school.  After preliminary considerations 

about the potential of instructional interventions in this context, this review analyzes the position of 

time related conceptions within primary school curricula and explores which factors exert an 

influence on the concept of time. Finally, clock reading is discussed as a key time-related skill in 

primary education that mirrors the complexity of time conceptions in general.  

 

Introduction 

Time is a vital structuring element in today’s society. It determines the planned nature of 

economics, politics, culture, communication, etc. Time has been studied from a variety of 

perspectives, such as archeology, geography (Hägerstrand 1970), informatics (Abraham and 

Roddick 1999), artificial intelligence (Allan 1983), logic (Augusto 2001), mathematics (Liu 

and Xiang 2008) and history (Schmitt 2005), resulting in various definitions of this concept. 



Within this review, time is defined as a component of a measuring system used to 

sequence events, to compare the duration of events and the intervals between them. Time-

related competences are then seen as the competences and skills associated with measuring 

and recording the passage and duration of time e.g. clock reading, using calendars and 

timelines, measuring time intervals, etc. 

Despite the fact that time is described as a complex concept that is difficult to grasp by 

children, the development of time-related competencies in individuals – such as children or 

youngsters – has received only limited systematic attention (Block 1989; Fraisse 1984; Kelly 

et al. 1999; Piaget 1969; Zakay 1989). This is especially critical when it comes to the research 

of evidence-based practices in this particular field of the primary school curriculum.  

The present literature review aims at developing a scientific framework to ground the 

study of instructional practices in view of the development of time related competences in 

primary school children.  

 

Development versus instruction 

Research of children’s understanding of time has been initiated by developmental 

psychologists, resulting in a number of influential theories that emphasize the natural course 

in children’s development (Friedman 1982; Levin and Gilat 1983; Piaget 1969; Siegler and 

Richards 1979). More recently, the research literature concentrates rather on an educational 

perspective, stressing the role of learning and instruction in the acquisition of time related 

competences (Hodkinson 2004;.Dawson 2004; Hoodless 2002; van Galen and Peltenburg 

2008) 

 

 



Piaget’s theory about the development of time related competences 

According to Piagetian theory, young children only understand time as it is related to velocity, 

space and movement, because they cannot perceive duration in a direct way (Bourdillon 1994; 

Harner 1981; Hoodless 2002; Levin and Gilat 1983; Piaget 1969; Richie and Bickhard 1988). 

This basic assumption is reflected in Piaget's methodology to investigate the development of 

time conceptions. Children are asked to make judgments about duration when comparing the 

elapsed travel time of two trains, varying in terms of starting point, point of arrival, speed, and 

distance covered. (Richie and Bickhard 1988).  

Piaget states that cognitive development is to be seen as an autonomous construction 

process through adaptation and equilibration mechanisms. Piaget recognizes the additional 

role of learning processes to foster development, but states that cognitive development can 

never be the outcome of learning that is invoked by instructional processes (Brainerd 1978). 

Building on this premise, developmental psychologists have mainly focused on defining age-

related developmental stages, describing children’s gradual developing understanding of the 

time concept (Bentley 1987; Siegler and Richards 1979). 

 

Piagetian theories criticized 

Piaget’s theory has been hugely influential, but has been found inadequate in a number of 

ways. First, the developmental stages are too rigid. A significant number of studies have 

found that young children can acquire concrete operational thinking at an earlier age as 

proposed, and also that they can think at a higher level as suggested by Piaget (Fraisse 1982; 

Muijs and Reynolds 2005; Richie and Bickhard 1988). Stevenson and Pollit (1987) point out 

that this underestimation of children’s ability can be attributed to the inappropriateness of the 

tasks given to children. 



Other researchers criticize Piaget’s underestimation of individual, social and cultural 

differences between children (Donaldson 1979), and the importance of a child’s interaction 

with the environment (Bruner 1973; Inhelder 1962; Wadsworth 1996). Piaget neglected cross-

cultural differences, while many researchers have found that growing up in a different culture 

results in distinct cognitive temporal structures that reflect differences in time related 

conceptions, perceptions and attitudes (Anderson and Brodowsky 2001; Anderson and 

Venkatesan 1994; Bearden, Money and Nevins 2006; Brodowsky and Anderson 2000; 

Brodowsky, Granitz and Anderson 2008; Levine 1988, 1997; Levine and Wolff 1985; Van 

Auken, Barry and Bagozzi 2006). 

Notwithstanding the critical voices, the Piagetian conceptions remain useful to look at 

children’s development (Muijs and Reynolds 2005). But, from an educational point of view, 

Piagetian theory presents an incomplete picture. 

 

Educational perspectives on the acquisition of time related competences 

Recently, research has moved away from age-related models to understand time conceptions 

of children and rather stresses the importance of learning and instruction (Stow and Haydn 

1999), concluding that pupils ability in the area of time really depends upon instruction (Lee, 

Ashby and Dickinson 1996; Stow and Haydn 1999; Thornton and Vukelich 1988). The latter 

implies that time conceptions should be explicitly addressed, and taught in a systematic way 

(Hodkinson 1995; Westman 1987). 

The central role of instruction is also supported by cross-cultural research: due to the fact 

that time related competences are a more prominent component in the Chinese curriculum as 

compared to the United States, Chinese children are two years ahead on US children in 

solving of complex time, speed and distance related problems (Zhou, Peverly and Lin 2004).  



The former clearly suggests that the role of instructional interventions is not to be 

underestimated. However, little research is available about instructional interventions that 

promote children’s development of time-related competences.  

 

Time in the primary school curriculum 

Children’s ability to comprehend time does not develop as an isolated cognitive competency, 

but relies on a list of emerging skills including numeracy, literacy, memory, and spatial 

abilities (Foreman et al. 2007). As a result, time is incorporated in a variety of elementary 

school subjects: history (chronology), mathematics (mechanical time), geography (deep time) 

and literacy (time-related vocabulary). 

History learning builds on the understanding of time related concepts, such as chronology, a 

sense of period and the active use of a specific vocabulary (Bourdillon 1994; Dawson 2004; 

Haydn, Arthur and Hunt 1997; Hoodless 1996). Various instructional strategies have been 

employed to enhance children’s chronological thinking skills, but most share a common 

representation to teach chronology: the timeline (O’Hara and O’Hara 2001; Smart 1996). 

Alternative  representations might build on the potential of information and communication 

technologies (Cooper 2000; O’Hara and O’Hara 2001; Wood and Holden 1995; Yaxley 

2004). 

However, time conceptions are basically related to the field of mathematics and intimately 

connected with the well-known representations and symbol systems, such as clocks, 

calendars, lunar cycles, time tables, etc. (Kelly et al. 1999). Time is basically situated within 

the domain of measurement (figure1) and involves the teaching of analog and digital clocks, 

writing and reading the date, to determine durations, to use time-tables, etc. (AEC 1994; 



NCTM 2000; Ontario Mathematics Curriculum 2005; QCA 1999; QSA 2004).  We return to 

clock reading later in this review.  

 

 

Figure 1 the place of time in mathematics education 

According to  Walsh’ theory of magnitude (2003), time, space and number are part of a 

general magnitude system , which presumes  a connection between time and other 

mathematical domains such as number and geometry.  

Geography, for its part, involves the concept of “deep time”. If and how this abstract notion 

should be taught in primary school is debated but yet there has little been researched  in 

relation to the design of curricular materials (Trend, 2002). 

Since time is a basic human experience, all natural languages have developed a rich 

repertoire to express temporality (Harner 1981; Klein 1994). In order to represent, to think 

about, or to solve time-related problems, children develop a time-specific vocabulary (Harner 

1981; Hoodless 2002).  Primary school curricula adopt the concept of time in language in 

subjects as defining time order in stories, organizing ideas, sentence fluency, using timelines, 

using the correct tenses in grammar, etc. (Ontario Language curriculum 2005; QCA 1999) 

The use of children’s books as an instructional strategy has been found to promote the 

development of children’s time-related vocabulary and understanding of time and chronology 



(Hoodless 2002), because children learn to see and to make time connections through stories 

(Fox 1993).  

 

The impact of specific instructional interventions 

The adoption of instructional programs and practices in the field of time related 

competences seems rather driven by ideology, faddism, politics and marketing than by 

empirical evidence (Slavin 2008), resulting in a variety of teaching methods and a lack of 

evidence-based practices (Muijs and Reynolds 2000; Stevenson and Baker 1991).  

First, differences in teaching practices can be found in the adopted instructional paradigm 

(Case 1998; Daniels and Shumow 2003; De Corte 2004; Ellis and Berry 2005; Van de Walle 

2007).  The adoption of  (1) a traditional approach (e.g. emphasis on rules, memorizing and 

rehearsing);  (2) a structuralist approach that stresses abstract conceptualizations of 

mathematical content or  (3) a realistic view towards learning and teaching mathematics 

presenting problems within a familiar context in order to give meaning, will affect the design 

of learning materials and the instructional strategies suggested in textbooks (Carnine, Dixon, 

and Silbert 1998; Van de Walle 2007). This has been researched in an extensive way in 

relation to mathematical subdomains, such as number concept, calculation, word problems, 

etc., but hardly in the field of the development of time related competences (Barry 2005; 

Cooper 1993; Ellis and Askey 1999; Jiang 1995; Nathan et al. 2002).  

Second, differences between the instructional interventions and curricula are found in the 

timing and the stage at which the time related conceptions are presented to children as well as 

in the kinds of learning opportunities provided and in its organizing and sequencing (Schmidt 

et al. 1997). 

 



Clock reading as an important time-related skill 

As pointed out earlier, pursuing time is well integrated into the primary school curriculum. 

The most exclusive time-related subject in primary school, playing a role in nearly every 

grade of primary school,  is clock reading.  

 

Sub-competences in clock reading 

Telling time is a complex and important cognitive skill that is required on a daily basis (Bock 

et al. 2003; Friedman and Laycock 1989). Due to the engagement of a complex of interrelated 

sub-competences  in this skill, it takes teachers years to teach their pupils to read and write 

clock times. These sub-competences have received little attention in research about the 

teaching and learning of time conceptions but it can be assumed that clock reading builds 

upon mathematical, visuospatial and linguistic sub-competences and requires the development 

of cognitive-conceptual representations.  

Mathematics A variety of mathematical knowledge and skills is needed in order to be able to 

tell the time. Firstly, clock reading builds on number sense and the ability to count. Secondly, 

a basic understanding of fractions is needed to appreciate the division of the clock face into 

halves and quarters. Finally, measuring time-intervals, requires adding and subtracting skills. 

Language Time-telling requires speech planning and the development of a time-specific 

vocabulary, including the – arbitrary – rules for telling and writing the time (Korvorst, 

Roelofs and Levelt 2007).  Speech planning involves (1) conceptual preparation (determining 

a reference point),( 2) lemma retrieval and syntax (selection of corresponding lemma’s) and 

(3) form encoding. Two linguistic formats are frequently used in time-telling: the relative and 

the absolute system (Bock et al. 2003; Williams 2004). Relative expressions, e.g., ten past 

two, mention the relationship between an hourly reference point and the minute, and put the 



minute before the hour. Absolute expressions, e.g. two ten, do not require a reference point 

and put the hour before the minute.  

Visuospatial aspect The visuospatial aspect of the clock is mainly discussed within research 

literature on clock drawing as a screening task for cognitive impairment in the elderly and 

more specific for the assessment of dementia (Brodaty and Moore 1997; Cahn and Kaplan 

1997; Huntzinger et al. 1992; Tuokko et al. 1992; Watson 1993) and for children with 

developmental dyslexia or ADHD (Eden, Wood and Stein 2003; Kibby, Cohen and Lynd 

2002). Since performance on mathematics and in visuospatial working memory have shown 

to be related (Henry and macLean 2003; Kyttälä et al. 2003, 2008), visuospatial perception is 

assumed to play a role in the ability to read the clock but there was no research literature 

found on this subject. Further research is needed to determine the role of visuospatial 

perception and memory in clock reading skills. 

Cognitive conceptual representations Children need some additional conceptual 

knowledge in order to give meaning to the clock: they need to develop a sense for the duration 

of an hour, a minute and seconds and have to learn how these durations relate to each other 

and are related to their personal embodied experience of what an hour, a minute or a second 

feels like ( Van de Walle 2007; Williams 2004). This helps to develop rich cognitive 

conceptual representations of  time (Wilkening and Druyan 1987). 

 

Acquisition of clock reading skills 

Despite the importance of time-telling, few studies are available studying the development of 

the time-telling competency (Williams 2004). Nevertheless, available studies show that the 

ability to tell time from analog clocks develops in a particular order, which can however vary 

across countries depending on the nature of the instructional program. 



When do children learn to tell time? 

At the age of 4 years, few American children can do more than recognize and label the hour 

that is linked to salient activities such as bedtime, eating, etc. About one-third to half of 5 year 

olds can read the hour and by the age of 6 most are able to read the hour correctly. In second 

grade (7-8 years of age), readings the hour and the half hour is nearly correct in all children. 

In third grade, the error margin is about 5-minutes and in fourth grade has reduced to one-

minute (Williams 2004). During fifth grade, little improvement is observed in analog clock 

reading skills (Andersson 2008; Case, Sandieson, and Dennis 1986; Friedman and Laycock 

1989; Siegler and McGilly 1989; Vakali 1991, Williams 2004). Whereas reading analog 

clocks is experienced as quite difficult, digital clock reading is acquired in a much faster way 

(Williams 2004). Most children are as a result able to read both analog and digital clocks 

correctly at the age of 8 to 10 years (Case et al. 1986; Friedman and Laycock 1989; Siegler 

and McGilly 1989; Vakali 1991). 

What strategies do children use in time-telling? 

A confined number of studies focused on the strategies children use to read the time. 

Friedman and Laycock (1989)  point out the need of different strategies for reading the clock, 

operating on clock times and understanding the meaning of time. Moreover, strategies differ 

for analog and digital clocks because of the difference in representation of time. 

Clock reading strategies The reading of digital displays seems mainly a matter of 

retrieving these number values and labels,  which results in direct reading of the displayed 

time (Williams 2004). Analog clocks represent hours and minutes on a continuum on which 

numerical values and related intervals have to be interpreted as discrete steps, and make 

higher cognitive processing demands (Friedman and Laycock 1989). Two strategies are 

distinguished in the reading of analog clock times: immediate recognition,  building on the 

immediate retrieval of the cognitive scheme linked to e.g. the position of both hands on the 



clock,  and counting, which is spontaneously used by young children to measure the duration 

of events (Levin and Wilkening 1989; Wilkening, Levin, and Druyan 1987).  

Strategies to operate on clock times Digital clocks mainly require numerical addition 

and subtraction to read the time (Friedman and Laycock 1989; Wiliams 2004). Analog clocks 

require visuo-spatial strategies: imaginary movements of e.g., the minute clock hand are used 

to add or subtract time intervals. Children also have to be able to select and apply the correct 

operation in view of clock reading. This demands additional mathematical insight.  

Understanding the meaning of time  Children develop an understanding of time 

conceptions by linking them to salient activities in their lives. Within the primary classroom, 

conventional time and calendar systems provide children with a consistent set of units to use 

for this purpose (Kellyt al. 1999). 

 

Clock reading instruction 

For years, teachers have observed students' frustration as they grappled with learning to read 

an analog clock and have felt frustrated not knowing how to help (Monroe et al 2002). 

Teachers of young children generally concur that their students learn mathematical concepts 

best when they construct understanding through concrete experiences (Liljedahl 2002). 

Unfortunately, time is difficult to experience in the classroom since it cannot be felt, seen or 

heard. 

Williams (2004, 2008), found that children make meaning from a clock through guided 

conceptualization: teachers use gestures and speech to annotate the clock face while guiding 

students through the process of time telling. As pointed out earlier, there’s a lack of evidence-

based practices in time teaching so teachers rely on different methods for teaching clock 

reading skills as presented in textbooks (Van de Walle 2007). 



Masterman and Rogers (2002) point out the importance of scaffolding - using various 

kinds of learning materials to facilitate learning - in children’s acquisition of and reasoning 

with abstract concepts such as time. The tools used in the teaching of clock reading skills have  

however remained similar for many years but may not be sufficient for developing children’s 

understanding since they focus on telling time, not on developing concepts of time (Monroe et 

al. 2002). With the increasing use of multimedia in the classroom, new possibilities have 

arisen in the field of clock reading (Masterman and Rogers 2002).  

 

Discussion 

In the past, research on time concepts in children has mainly focused on when children 

acquire certain time-related competences such as clock reading (e.g. Piaget 1969; Friedman 

1982; Levin and Gilat 1983). This gives an idea of how children develop their understanding 

of time but reveals little on the underlying cognitive processes. Despite its continuously 

pointing out the complexity of time concepts and the difficulties involved for children, 

research never got into a full consideration of what makes the concept of time so complex for 

children to grasp. 

A deeper understanding of the complexity of time concept is needed in order to 

determine how this concept should be taught to children in primary school. On the basis of 

this review a conceptual framework (figure2) can be developed, underlining and clearing out 

the complexity of time concept by representing all aspects involved in the understanding of 

time. However, further research is needed in order to determine the relations between these 

aspects.  

Research on time concepts has revealed that next to a developmental factor, learning and 

instruction does play an important role in children’s evolving understanding of time (Lee, 



Ashby and Dickinson 1996; Stow and Haydn 1999; Thornton and Vukelich 1988). 

Unfortunately, for many years research on time concepts has been focusing on other domains 

than learning and instruction, resulting in a lack of evidence-based methods in the teaching of 

time concepts to primary school children. Especially this lack of evidence-based methods is 

an area for further research, since primary school teachers are rather insecure about their skills 

in teaching time. Revealing the complexity of the time concept is a first step in the search for 

evidence-based methods in the teaching of time concepts. 

 

 

Figure 2. Conceptual framework 
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