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Abstract 

Recent research with primary school children has indicated that while younger children believe a light ball will 
roll down an incline faster than a heavy ball—matching their beliefs about horizontal motion—older children 
believe the heavy ball will roll down faster—matching their conceptions about fall. Tentative suggestions 
regarding the cause of this age shift were made, but no clear conclusion could be reached. The present research 
aimed to resolve this issue by addressing the subjectivity of children’s predictions. Children (N = 210) aged 5-11 
completed a paper-based task where the trajectories of a heavy and a light ball needed to be contrasted for three 
motion dimensions—horizontal, fall and incline—to address how trajectory predictions compare. The findings 
suggest that a declining salience of the horizontal dimension in the reasoning process appears to contribute to the 
age-related shift. It is proposed that these developmental changes in making predictions about object motion can 
be explained on the basis of fragmentation and knowledge integration. The importance of this work lies in 
contributing towards clearer models of how commonsense theories of motion develop across childhood. This, in 
turn, bears implications for curriculum structures and teaching approaches in primary science. 
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1. Introduction 

Several studies have illustrated that children across a wide range of ages are more likely to predict a heavy object 
to fall faster than a lighter object (Baker, Murray, & Hood, 2009; Chinn & Malhotra, 2002; Hast & Howe, 2013a, 
b; Nachtigall, 1982; Sequeira & Leite, 1992; Van Hise, 1988). Other research has demonstrated that when it 
comes to reasoning about motion along horizontals children tend to predict a lighter object to be faster than a 
heavier one (Hast & Howe, 2013a, b; Howe, 1991, as cited in Howe, 1998; Inhelder & Piaget, 1958). In both 
cases reasons mostly centred around object mass, a concept that plays a critical role in reasoning about the 
physical world (Galili, 2001). These results come as no particular surprise since they adequately reflect the 
theoretical notions of horizontal motion and fall being psychologically differentiated in reasoning processes 
(Hayes, 1979; Howe, 1998), and previous work has demonstrated that the same children apply different 
approaches when reasoning about events involving supported motion along horizontals and when reasoning 
about motion in fall (Bliss & Ogborn, 1988; Bliss, Ogborn, & Whitelock, 1989; Hast & Howe, 2013a, b; Ogborn, 
1985). 

A prominent view in trying to understand conceptual development in relation to knowledge about the scientific 
world is that of fragmentation. Accordingly, knowledge exists in fragments that are loosely connected to provide 
basic theories on which to make predictions about physical events (Clark, 2006; diSessa, 2013; Hammer & Elby, 
2003; Linn, 2006). It is quite plausible that children’s understanding of horizontal motion and of fall would 
engage some of the same concepts but equally some different concepts as well. For instance, the role of support 
—or lack there of—would be relevant in both instances, but surface friction may be perceived by children as 
being more relevant in horizontal motion reasoning and gravity only in fall. As a result, rather than providing a 
single coherent theory about motion children are actually falling back on quasi-independent ideas that, to some 
extent, share knowledge fragments but also make use of different fragments from one another. 

This differentiation in reasoning processes led to the question how motion down inclines—for which reasoning 
depends on incorporating elements from both horizontal and vertical motion dimensions—might fit into the 
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overall development of theories of motion. Hast and Howe (2013a) demonstrated that children aged 5-7 years 
largely predicted that a light ball would roll down a slope faster than a heavy ball, mapping onto the same 
children’s predictions about the same objects in horizontal motion, but differing from their fall predictions for 
those two objects. Older children aged 9-11, on the other hand, largely predicted that the heavy ball would be 
faster down the slope, but at the same time demonstrated the same beliefs as the younger children regarding both 
horizontal motion and fall. A shift from light-as-faster to heavy-as-faster in incline motion predictions alongside 
seemingly stable understanding about horizontal motion and fall was noted. On the basis of further factors, such 
as children’s understanding of incline height changes and their effects on motion, Hast and Howe (2013a) 
suggested that predictions about incline motion most likely do not represent a third form of understanding but are 
instead a result of children’s use of information about horizontal and vertical dimensions. 

This would appear to fit in well with ideas concerning knowledge integration (Linn, 2006; Schneider, 2012; 
Schneider & Hardy, 2013; Schneider & Stern, 2009). Fragmented ideas are interlinked and coordinated within 
larger configurations of knowledge, and reinforcing such connections over time should result in more systematic 
forms of reasoning (Thaden-Koch, Dufresne, & Mestre, 2006; Wagner, 2010). More relevantly, children should 
be able to take two variables and integrate information about these variables in order to reach a conclusion about 
an intermediary state. This idea of ‘logical congruence’ (Kloos, 2007, p. 227) assumes an understanding of how 
variables are linked and how changing one variable’s input affects the expression of another corresponding 
variable towards a third concept. This can, for instance, be seen with the interrelations between mass, size and 
density (e.g. Kloos & Van Orden, 2005) or with the interplay between speed, distance and time (e.g. Howe, 
Nunes, & Bryant, 2010). Although developmental trends in such knowledge integration are usually noted, how 
two related physical dimensions correlate in their interactions seems to be understood fairly early on, by at least 
4 to 5 years of age (cf. Kloos & Amazeen, 2005). Clearly, this is something that might be anticipated to occur in 
the case of knowledge integration of two different motion dimensions and how such an interaction would inform 
a third outcome – that is, how horizontal and vertical motion might inform motion down inclines. 

Hast and Howe (2013a) do not provide further information on how the integration of dimension information in 
reasoning about motion down inclines might develop across childhood. There is a clear limitation regarding the 
information that the study made use of. For instance, although both the 5-year-olds and the 11-year-olds 
predicted that the heavy ball would fall faster than the light ball this is not an indication as to how much faster it 
is expected to be. No claim concerning the disparity between the speeds of the two balls can be stated, or 
whether this speed disparity, if it exists, changes with age. Yet this information could provide clearer insight into 
why the age-related shift noted in incline motion reasoning occurs, particularly if it is the result of integrating 
knowledge about horizontal and vertical motion dimensions. Indeed, age-related changes in disparities in relation 
to knowledge integration might not be unexpected. In a study by Wilkening (1981), for instance, 5-year-olds, 
10-year-olds and adults were asked to make predictions about (self-propelled) motion for a set of animals. While 
all three age groups were able to correctly apply the time-distance interaction (i.e. having to estimate how far 
each animal would come within a given time), the disparity for predicted speeds between the animals became 
greater with increasing age. It is difficult to adapt these data since they only provide information regarding 
self-propelled motion—rather than inanimate objects’ motion—along a horizontal. Nonetheless they provide a 
good motive for additional research in this domain. 

To further the understanding of how reasoning about incline motion fits into the development of commonsense 
theories of motion, one main factor may help clarify this understanding, with which the proposed project 
concerns itself: Subjectivity of predictions. While there may be research on different choices children make in 
their reasoning about object motion, based on aspects such as using different object features (e.g. Hast & Howe, 
2012), there is currently no information on the subjectivity of the trajectories themselves. The overarching 
question sought to be answered within the present research was what subjective judgements primary school aged 
children make in relation to object speed predictions, with particular attention given to object mass and the 
differentiation and integration of motion dimensions. 

2. Method 

2.1 Participants 

Participants were recruited from state primary schools located in the Greater London area. A total sample of 210 
children (106 girls) was selected. This included 58 Year 1 children (33 girls; age M = 6.22 years, SD = 0.35), 56 
Year 2 children (30 girls; age M = 7.19 years, SD = 0.50), 53 Year 4 children (23 girls; age M = 9.14 years, SD = 
0.34) and 43 Year 6 children (20 girls; age M = 11.25 years, SD = 0.31). 
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2.2 Design and Materials 

The materials consisted of an A5 booklet and two balls, a white table tennis ball and a dark glass marble. Both 
balls were approximately 4cm in diameter, but the table tennis ball weighed approximately 3g while the marble 
weighed approximately 75g. The balls were identical in all but colour to the items used in Hast and Howe’s 
(2013a) research. The booklet consisted of 20 pages. The front page provided space for participant information. 
The remaining pages were divided into three sections, one for each of three motion dimensions (horizontal, 
incline and fall). Each section’s first page had a brief written description of the task. This was followed by five 
diagrams. In the first diagram, two balls were shown. In the case of fall and incline motion two hands were 
shown holding the balls; in the case of horizontal motion the end of the incline was shown, with the two balls 
just having reached the bottom. One ball was black, the other was white – the first represented the glass marble, 
the second represented the table tennis ball. The anticipated trajectories for the two balls were indicated by a 
dotted line. In subsequent diagrams only one of the two balls was shown. In the second diagram, the ball was 
shown as being one quarter along the trajectory, in the third diagram the ball was shown as being halfway along 
the trajectory, in the fourth diagram as three quarters along the trajectory, and in the final diagram just before the 
end of the trajectory. For half of the overall sample, the dark ball was shown, and for the other half the white ball 
was shown. To avoid any order effects, tasks were arranged such that one half of groups worked on fall first and 
the other half on incline motion first. Horizontal motion had to be considered as a direct result of preceding 
incline motion and was therefore not subject to task order changes. 

2.3 Procedure 

For the three older age groups the task was carried out with whole classes of around 30 students each. For the 
Year 1 children the task was broken down into smaller groups of six or seven. The researcher first introduced 
himself and explained what the task was generally about. Children were then invited to complete their details on 
the front page of the booklets, with help from the class teachers or assistants where necessary. Following, the 
researcher asked the children to look at the first diagram in the booklet, which showed both balls. The researcher 
then presented the two balls to the class or group, making it clear that the black ball in the diagram represented 
the dark marble and that the white ball in the diagram represented the white table tennis ball. The researcher 
passed the balls around so that each child had opportunity to handle both balls. No information was given by the 
researcher regarding the difference in mass between the two balls. The children were then taken through the 
instructions on the second page of the booklet and were asked to complete the first section’s diagrams by 
drawing in the missing ball. For each of the four diagrams that had one ball missing the children were required to 
draw the second ball where, at the same point in time as the shown ball, they anticipated the missing ball might 
be if both balls had started moving at the same time (either through release in the case of fall and incline, or 
through exiting the incline along the horizontal). Once all children had completed the first section the researcher 
took them through the second and third sections’ instructions in the same manner. The task lasted for 
approximately 20 minutes per class or group. 

3. Results 

Analyses focused on the distance, in cm, between the shown ball and the drawn ball for each diagram. Distance 
was measured from the centre of the shown ball to the centre of the drawn ball, in parallel to the trajectory line. 
The distances were then analysed according to absolute disparity—the difference between the two balls 
regardless of direction of that difference—and relative disparity, taking into account the direction of difference. 
Mean differences were analysed with a 4 (age; between-subjects) x 3 (dimension; within-subjects) mixed design 
analysis of variance and post-hoc t-tests. Gender effects, task presentation order effects and ball type effects (i.e. 
whether it made a difference whether the heavy or the light ball was already shown) were analysed with t-tests, 
but no significant effects were found, therefore these factors will not be considered further. All data were 
analysed using SPSS version 21.  

No significant main effects of age or dimension and no significant age x dimension interaction were noted for 
absolute disparity measures. That is to say, the mean difference between the shown ball and the drawn 
ball—regardless of direction of difference between the two balls—did not significantly vary across the three 
dimensions or across the four age groups. For relative disparity, on the other hand, significant main effects of age, 
F(3, 206) = 5.61, p < .05, η2

p = .08, and dimension, F(2, 412) = 96.41, p < .001, η2
p = .32, were noted, as well as 

a significant age x dimension interaction, F(6, 412) = 3.08, p < .05, η2
p = .04. Figure 1 shows the mean relative 

disparities by motion dimension and age, with the x-axis denoting the trajectory of the light ball (Note 1). 
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Figure 1. Mean relative disparity by motion dimension and age, the x-axis denotes the trajectory of the light ball 

 

Regarding the main effect of age, regardless of dimension, mean relative disparities were only found to be 
significantly different between Year 2 (M = 0.17 cm, SD = 1.27) and Year 4 (M = -0.55 cm, SD = 1.95), t(107) = 
5.53, p < .05, r = .47. These results indicate strong overall similarity between Years 1 and 2 and between Years 4 
and 6 but point to a crucial change between these two groups. Regarding the main effect of dimension, 
regardless of age, mean relative disparities were significantly different between horizontal (M = -1.04 cm, SD = 
2.31) and incline (M = -0.03 cm, SD = 2.84) dimensions, t(209) = 5.14, p < .001, r = .33, and significantly 
different between incline and fall (M = 1.94 cm, SD = 2.09) dimensions, t(209) = 8.44, p < .001, r = .50. These 
results indicate a clear differentiation between the three dimensions. 

Regarding the age x dimension interaction, mean relative disparities became smaller with increasing age, 
indicating a shift towards a significantly smaller disparity but in the same direction. Specifically, however, the 
difference between age groups was only significant between Year 2 (M = -1.37 cm, SD = 1.91) and Year 4 (M = 
-0.37 cm, SD = 2.48), t(107) = 2.38, p < .05, r = .22, but not between Years 1 and 2 or between Years 4 and 6. 
For incline motion mean relative disparity changed from a negative value, which indicates the light ball was 
predicted to be faster than the heavy ball, to a positive value, which indicates the heavy ball was predicted to be 
faster. However, again the difference between age groups was only significant between Year 2 (M = -0.63 cm, 
SD = 2.56) and Year 4 (M = 0.42 cm, SD = 2.79), t(107) = 2.05, p < .05, r = .19, but not between Years 1 and 2 
or between Years 4 and 6. No significant variation was noted among mean relative disparities across age groups 
for fall, suggesting stability in reasoning across all four age groups. 

4. Discussion 

The present study aimed to further the understanding of how commonsense theories of motion develop 
throughout childhood, by addressing the relationship between motion dimensions in making predictions, but 
specifically the age-related shift in incline motion reasoning previously observed. The children tested in this 
study largely demonstrated the belief that the heavy ball would fall faster than the light ball, with no significant 
variation across ages, mapping onto extensive research (Baker et al., 2009; Chinn & Malhotra, 2002; Hast & 
Howe, 2013a, b; Nachtigall, 1982; Sequeira & Leite, 1992; van Hise, 1988). At the same time, the children 
mostly expressed that the light ball would roll faster along the horizontal than the heavy ball, again mostly 
matching previous work (Hast & Howe, 2013a, b; Howe, 1991, as cited in Howe, 1998; Inhelder & Piaget, 1958). 
The fact that the same children reasoned about the same objects in different ways is not surprising, since the two 
dimensions appear to be psychologically differentiated in reasoning processes (cf. Hayes, 1979; Howe, 1998). 
This also reflects the idea of knowledge being fragmented, or at least representing quasi-independent ideas 
(Clark, 2006; diSessa, 2013; Hammer & Elby, 2003; Linn, 2006). 

It is worth noting that ideas about fall seemed to be quite stable across the age groups, indicating no significant 
changes in how much faster the heavy ball, on average, should be than the light ball. Conversely, the horizontal 
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motion predictions showed a decline in mean disparity with increasing age. As a whole, the Year 6 children still 
mostly believed, like the Year 1 children, that the light ball would be faster, but on average it was not predicted 
to be much faster in comparison to what the Year 1 children seemed to believe. This is an interesting observation 
that appears to possibly tie in with some findings outlining differences in opinion regarding horizontal motion 
predictions in participants older than 12 years, where some appear to associate faster motion with lighter objects 
(Maloney, 1988) and some with heavy objects (Howe 1991, as cited in Howe, 1998; Inhelder & Piaget 1958). It 
would be interesting to see how the developmental trend regarding horizontal motion predictions would have 
continued beyond the present age groups and whether a cross-over as for incline motion predictions might have 
been observed. Future research could address this. 

Turning to incline motion reasoning identified in previous work (Hast & Howe, 2013a, b), the age-related shift 
in predictions is evident here, too. The previous work suggested a combined role of horizontal and vertical 
elements in incline motion reasoning but could not provide clear support for this notion. The current results, on 
the other hand, illustrate that relative disparities change with age. Most notably, they do so in parallel to the 
significant changes noted for horizontal motion predictions. So how can the findings be explained and what 
contributions may fragmentation and knowledge integration be making in the development of commonsense 
theories of motion? 

A first plausible option is that children may be moving from using a single variable in their decision making 
towards a more systematic incorporation of multiple variables. Indeed, such effects have been noted in 
mathematical research (e.g. Baroody, Lai, Li, & Baroody, 2009; Howe et al., 2010; Wilkening, 1981). Howe and 
colleagues, for instance, noted that younger children were more likely to make inferences about speed on the 
basis of distance alone whereas older children demonstrated a more competent integration of time as well. 
However, it is quite possible that even the youngest children may already be integrating and coordinating 
information (cf. Kloos & Amazeen, 2005) and that mathematical concepts, unlike physical everyday events, may 
be too abstract to allow for knowledge integration at such an early age.  

In relation to knowledge integration (Linn, 2006; Schneider, 2012; Schneider & Hardy, 2013; Schneider & Stern, 
2009), it would seem that as children are making less use of the horizontal motion dimension they are equally 
aligning their incline motion predictions with their fall predictions. However, these predictions never reach the 
same disparity level as horizontal or incline alone, suggesting that it is unlikely children are only relying on one 
source of knowledge alone. This would also argue against the preceding explanation based on mathematics 
research. Admittedly, it is at this point difficult to fully conclude on the aspect of knowledge integration. As a 
limitation, children were not explicitly asked to consider the relationship between the three motion dimensions, 
only the relationship between the objects themselves, and none of the explanations provided by children during 
the data collection process addressed the interplay. Questioning children about dimension interplay in future 
research may provide a clearer picture on whether they are indeed integrating knowledge from both dimensions 
or using a third dimension (though unlikely; cf. Hast & Howe, 2013a).  

If assuming that children are already integrating knowledge from 5 years onwards, the question to address would 
perhaps be how the importance of information changes throughout development. Previous literature points to the 
fact that, in direct relation to fragmentation and integration, magnitudes of influence may change over time 
(Clark & Linn, 2013). Given the high perceptual similarity between horizontal motion and motion down inclines, 
that is, having a supported surface in both cases, it may be possible that the horizontal element has more saliency 
in younger children’s reasoning processes than in older children’s. It has been noted that younger children tend 
to rely more on visual aspects in their reasoning about physical events rather than on conceptual factors, with 
trends towards making use of more conceptual knowledge at later ages (e.g. Hast & Howe, 2012; Leuchter, 
Saalbach, & Hardy, 2014). The salience of the visual element of an incline (i.e. the supported surface) would 
therefore, plausibly, have a stronger impact on knowledge integration for younger children. Combined with the 
observations about horizontal motion predictions, this seems a likely candidate for explaining the shift in incline 
motion reasoning. 

A key factor in evaluating the present findings is the role of educational experience affecting the formulation of 
conceptual understanding (Vosniadou, 2013). Although due to be replaced by a new curriculum, the National 
Curriculum for England, Wales and Northern Ireland (DfEE, 1999) was still directly relevant to the current 
sample. It outlined that children aged 5-7 years should be taught about elements related to motion along the 
horizontal and children aged 8-12 years about gravity and air resistance in fall. This specific focus on each 
dimension (or lack of focus on the horizontal dimension in the second age group) could help explain the 
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developmental shift, particularly the significant change between Years 2 and 4. Everyday experiences appear to 
influence understanding of fall in particular, suggesting higher stability early on. In comparison, young children 
show a much wider range of reasoning for horizontal motion, suggesting the understanding may not be fully 
stable (Hast & Howe, 2012). The initial focus on horizontal motion in formal teaching may result in children 
combining information from both dimensions but with more explicit emphasis placed on the role of the 
horizontal. Subsequently, when the teaching focus shifts to fall the emphasis on the role of horizontal motion in 
the integration process may become less significant. As a whole, this provides further support for previously 
raised suggestions regarding the organisation of teaching in relation to differentiation and integration of motion 
dimensions (Hast & Howe, 2013a).  

It is probable that everyday experiences and formal education amalgamate in the formation of commonsense 
theories of motion. More crucially, both horizontal and vertical elements appear to play a role in making 
predictions about incline motion across all age groups, but the role of each dimension changes in the reasoning 
process as children advance. The research presented here demonstrates how children may develop stronger 
systematic integration of knowledge about two dimensions to infer about a third outcome but equally points to 
limitations in the interpretations. This is most notable with the youngest children where it is less clear whether 
knowledge integration does take place or not. However, given the significant impact formal instruction may have 
had on the age group it would be worthwhile to focus future research on how pre-schoolers, without formal 
teaching experience of either horizontal motion or fall, use the dimensions to reason about incline motion. 
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Note 

Note 1. This choice was made at random; the x-axis denoting the heavy ball would merely have resulted in an 
inversed display of data without affecting their analysis. 
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