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Introduction 

The accounts of the investigations, in conjunction with the questions at the end, are designed as 

activities to raise issues and address unexplained reasoning behind decisions (tacit knowledge / 

thinking). These pupils’ accounts are not ‘perfect examples’ of executing investigations. 

The investigations illustrate different approaches to collecting evidence and how the ‘thinking behind the 

doing’ of the concept map can be applied in such contexts. 

The conceptual overview represents a network of intricately linked ideas, and decisions when investigating are based 
on nuanced application of these ideas, involving mental juggling as juxtapositions and contingencies are considered 
according to context. In terms of validity, there is no distinction between approaches (such as an ‘experimental 
approach’ or an ‘observational approach’) to finding patterns in data (Cleland, 2002). No one approach is privileged 
over another; the key issue is what is appropriate depending on the circumstances, as illustrated … Of itself, the map 
embodies the realisation that ‘there is no single set or sequence of steps followed in all investigations’ (Lederman et al., 
2014, p. 68). Roberts & Johnson (2015) p. 359. 
 

The accounts illustrate the iterative nature of an investigation and the importance of trialling to make 

decisions about the quality of data. 

The annotations exemplify points made in Roberts & Johnson (2015). (Ideas in bold in the annotations 

are concepts on the map). 

  



 

 

  

#1.Solving problems in science 

requires an understanding of 

both substantive ideas and 

ideas about evidence; they are 

inextricably linked (as shown on 

the concept map). This places 

great cognitive demand on the 

investigator. In this pupil 

investigation the substantive 

demand is relatively low so as 

not to detract from a focus on 

the ideas about the quality of 

data.  



 

 

 

 

  

#2. The key variables affecting 

the relationship between IV 

and DV have been identified. In 

this simple context their 

identification does not rely on 

sophisticated substantive 

knowledge. All the variable 

values can be manipulated by 

the investigator.  

#3. Trial runs characterise 
iterative working wherein 
decisions are made to establish 
the quality of the data 

(including the reliability of the 
DV, see #5). The investigator 
gets a feel for the relationship 
across the full range of the IV; 

and makes decisions to 
‘operationalise’ the DV; and 
manipulates the values for the 

CVs. Decisions about one 
variable cannot be made without 
reference to others and 
determining their impact on the 
DV. The investigator avoids 
variation between types of bottle 
(shape and size) by selecting 
only one (and recognises this 
later, see #8). Measurement 

decisions are made to reduce 
uncertainty (but see also #8). 

#4. Scientific theory enables 

predictions (hypotheses) to be 

made, which in turn may be 

tested by experimentation. 



 

 

  

#5. This establishes a pattern 

over the range of the IV in 

relation to the scale of the 

variation in the repeated 

readings (the reliability of the 

data). The investigator judges 5 

repeats to be enough but does 

not explain why.  

#6. The reasoning that the 

variation in the IV in relation to 

changes across different 

values of the DV is behind the 

judgement to dismiss Reading 

2 at 10cm as anomalous. 

#7. Further data are collected 

at smaller intervals of the IV 

to help establish a pattern. This 

couldn’t have been ‘pre-

planned’; it was in response to 

the quality of the data as it was 

collected. 

In more traditional ‘apparatus, 

methods, results’ accounts, 

written up post hoc, the 

iterative working shown here 

would, by convention, have 

been presented as a more 

linear account. 

 



 

  

#8. The validity of the data 

depends on the variation in 

the repeated readings and the 

magnitude of the effect of 

changing the IV. Greater 

resolution of the 

measurements of both IV and 

DV would have increased the 

reliability. 

The pupil attempts to reflect the 

quality of the data in the 

qualified claim. 

#9. Pupils’ understanding of the 

knowledge-base of evidence 

can be explored by targeted 

questioning, in just the same 

way as their substantive 

understanding can be 

assessed. 



 

 

 

  

#10. This investigation has very 

low substantive demand.  

This investigation has data with 

more variation than in Bottle 

Tip. There is no variation in the 

sample tested (but it is noted 

between eggs); the cause of 

variation is in the event (the 

CV values) and variation in 

measurement of the DV. 



 

 

  

#11. Early decisions are made 

during trialling to help reduce 

the variation in the data. Only 1 

egg is used thus avoiding 

variation in some of the 

identified CVs. Variable values 

can be manipulated to be kept 

more or less constant (with 

acknowledged variation in the 

values) to establish reasonable 

control of the confounding 

variables. Controlling the 

setting of the spin remains the 

biggest issue. 



  

  

#12. The event is not very 

reliable. The variation in 

repeated readings of the DV 

are considered in relation to the 

range of the IV to determine if 

a relationship can be 

established. 

#13. Is there a large enough 

change in magnitude of the DV 

across range of the IV in 

relation to reliability of the DV 

to carry on?   

#14. Repeated readings help 

assess the reliability. The 

uncertainty could have been 

reported and shown on the 

graph. 

 

#15. The investigator reflects 

the uncertainty of the data in 

the claims made about the 

relationship. 

 



 

 

  

#16. There might be variation 

in the number of spins and time 

at which the maximum is 

reached but the pattern is likely 

to remain the same from egg to 

egg. Spinning could not be 

used as an instrument to 

measure the degree of 

hardness of an egg (unlike a 

spring to measure force). 

Not all eggs behave the same. 

The variation in data that would 

have resulted from using a 

large sample of eggs would 

have made it harder to 

establish a pattern. 



 

 

  

#17. In this investigation the 

variation is unavoidable. Even 

when narrowed down to one 

species of tree there is 

variation in sample of trees; 

CVs cannot be manipulated; 

and there is large uncertainty 

due to estimates for 

measurements. 



 

 

  

#18. The trees, whose heights 

and berries are the focus of this 

investigation, are affected by 

many variables whose values 

cannot be manipulated to be 

kept constant by the 

investigator. 

#19. The variation in height due 

to proximity of other trees could 

be reduced by selecting trees 

standing on their own. Instead 

of deciding the values of the IV 

(as in Bottle Tip and Egg) the 

investigator will have to sample 

enough trees to ‘capture’ the 

variation in a representative 

sample. The scale of 

uncertainty in making the 

measurements of ‘berries in 

bunches’ and the ‘height of the 

tree’ are considered too. The 

CVs’ values could have been 

measured at each site to 

enable post hoc matching. 



 

 

  

#21. The uncertainty in the 

data is reflected in the data on 

the scatter plot. Since so many 

variables might have affected 

the number of berries (in 

addition to the height of the 

tree) a co-relation is all that can 

be claimed. 

#20. The variation in much 

biological data requires large 

data sets for a pattern to be 

established. 



 

 

 

#23. The explanation draws on 

the pupils’ understanding of 

substantive ideas; and 

illustrates how the ideas of 

evidence (shown with a 

shadow on the concept map) 

are informed by the substantive 

ideas. 

#22. An evaluation of the 

quality of the data draws on the 

ideas about evidence 

summarised in the concept 

map. 


