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USING CONNECTION CARDS TO UNCOVER CHILDREN’S INTERNAL 
REPRESENTATIOS OF DC-CIRCUIT PHENOMENA 
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1  INTRODUCTION 
In this study 9-year-olds’ learning process of DC-circuit phenomena is examined 
during two learning situations. The aim is to analyse whether the different 
environments, using connection cards and real connections, affect the level of talk 
of the small group and whether the talk includes clues of cognitive conflicts or 
developing internal representations [1] of the small group. The connection cards 
are enlarged and laminated pictures of the real components of an electric circuit 
consisting of batteries and bulbs (see the Figures 1 and 2). 
 The concepts of the electric circuit have been regarded as difficult and abstract 
for pupils of all ages. Pupils’ learning of science has been studied a lot, but most 
studies have focused on secondary school level [2]. Also in the case of the studies 
concentrating on understanding the concepts of the electric circuit, it is typical that 
the pupils are older than ten years. 
 Small group learning is understood to be an effective working method in 
science education. Besides many other benefits, it also enables the teacher to 
address pupils’ cognitive conflicts [3, 4]. According to Millar, pupils should be 
helped out with encountering their cognitive conflicts by connecting their 1) 
domain of objects and observable properties and events, and 2) the domain of 
ideas. Pupils’ internal representations belong to the domain of ideas [5, 6]. 

2  ACTIVATING CHILDREN’S TALK WITH THE AID OF CONNECTION 
CARDS 
In the design solution, the purpose is to organise a pupils activating learning 
environment to promote learning of DC-circuit phenomena and to make learning 
as visible as possible. The goal is to uncover pupils’ internal representations, cause 
cognitive conflicts, and generally promote learning processes of DC-circuit 
phenomena. 
 Besides learning in the small group, some particular talk-activating tools have 
been applied in the study. For the design solution special connection cards were 
invented to uncover pupils’ thinking processes (see Figures 1 and 2) in the 
preliminary interview. 
 If thought from the perspective of the model-based reasoning [7], the use of 
the cards can be seen as modeling by simulation, a kind of thought experimenting. 
The applying of connection cards is useful, because they enable different 
conceptions of the phenomenon and make space for negotiation. 
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 Using connecting cards differs from the basic structure of studies researching 
pupils’ internal representations. While most of the studies concentrate on 
interviews with real connections [8], interviews used in this study are done with 
the aid of connection cards. This is a new kind of situation, and really makes 
thinking more visible. Because nobody can be sure of the right answer, discussion 
is more democratic and more internal representations are uncovered. Moreover, 
the predictions made with the connection cards are later tested by making real 
observations and searching for explanations. Thus, the study follows a typical POE 
procedure. 
 

 
Figure 1  Connection cards used 
during the lessons. 

 
Figure 2  Small group discussing with connection 
cards, which are enlarged and laminated pictures of 
real components. Real conductors with alligator clips 
can be used as wires to help constructing the circuits. 

3  CATEGORIES OF COGNITIVE PROCESS DIMENSIONS AS TOOLS FOR 
ANALYSING PUPILS’ TALK 
Bloom’s taxonomy is an educational tool for assessing and planning instruction. 
The revised taxonomy classifies different educational objectives into two 
dimensions, knowledge and cognitive process. Hierarchical categories remember, 
understand, apply, analyse, evaluate, and create belong to the cognitive process 
dimension [9]. 
 In this study, the stress is on small group’s learning process during two 
consecutive learning situations. The aim is to study how the different 
environments – using connection cards and real connections – affect the level of the 
talk of the same small group, and whether the talk includes clues of developing 
internal representations of the group. For this reason the study uses hierarchical 
categories of cognitive process in classifying the talk of the group. 
 The episodes chosen for the analysis are two learning situations, in which the 
same small group just finishes constructing a connection of one battery and several 
bulbs in series. The first episode occurs during the preliminary interview of the 
small group, and in this situation the special connection cards are used. The second 
episode takes place later, during the second lesson as a part of learning concepts of 
the electric circuit and the electric current. In this phase, the similar connections are 
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done by real components. In both episodes, the question asked is the following: “Is 
it possible to lit two or more bulbs with a single battery (in series)?” The analysis 
focuses on the process of small group’s talk during each episode and also 
comparisons between the episodes are made. 
 Because both situations are well delimited to the actual negotiation of the 
question, talk of pupils is also confined to this type of discussion. Thus, it is 
plausible that all categories of cognitive process dimension do not exist in these 
episodes. Also the age of the pupils affects the level of talk. 
 The analysis of the data is done with the aid of qualitative content analysis. 

4  RESULTS: TALK WITH CONNECTION CARDS AND REAL 
CONNECTIONS 
Seven categories describing level of pupils’ talk were found in the analysis. In 
classifying the forms of pupil’s talk three differentiating factors were used. In order 
of importance these factors were: give reasons, pupil’s own consideration, and 
initiative. The aim of these factors was to differentiate levels of pupils’ talk. The 
found forms of pupil’s talk were also compared with the categories of cognitive 
process dimension to search for support to the order of categories [9]. The found 
categories of pupil’s talk are from the lowest level of talk to the highest level: 1) 
other talk, 2) answering, 3) technical talk, 4) clear opinion 5) thinking aloud 6) 
explanatory talk, and 7) creative talk. As described in the table 1 below, the 
categories of talk from 4th category onwards include an explanatory aspect of talk. 
Thus they are categorised as a higher level of talk. 
 Figures 3 and 4 portray the two learning episodes of the same small group. 
Both episodes include a phase of constructing (marked by a rounded rectangle), 
and a phase of explaining (marked by a rectangle). In both episodes, the question 
asked is the following: “Is it possible to light two or more bulbs with a single 
battery?” 
 In the phase of constructing connections (Figure 4) the level of talk remains on 
technical talk meaning a typical discussion in the context of real experimenting. 
The phase of explaining is quite different; the level of talk rises in both episodes. 
However, the talk with connection cards averages at higher level than talk with 
real connections. 
 In the case of connection cards, the explaining period is longer and it is more 
negotiating by nature than discussing with real connections. This can be seen also 
from the lines in Figures 3 and 4. Moreover, small group seems to concentrate 
more on thinking with connection cards and its internal representation of electric-
current phenomenon clearly appears. The group concludes a common internal 
representation of two electric currents. 
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Table 1  Classified categories of pupil’s talk. In ordering categories, similarities with 
categories of cognitive processes, as well as pupil’s reasoning, consideration, and initiative 
have been used. 
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Figure 3  Analysed small group’s talk with connection cards during the preliminary 
interview. The part of discussion inside a rectangle is the actual explaining episode. Before 
that the small group has constructed a connection of one battery and several bulbs in series. 

 

 
Figure 4  Small group’s talk with real connections during the 2nd lesson. There emerge 
categories of technical talk (TT), thinking aloud (TA) and creative talk (C) in this episode. 
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Talk with real connections takes place during the second lesson of the learning 
period. Between the two episodes, the small group has made simple connections 
with real components, but used only one bulb. The group has also learnt the 
concept of the electric circuit. As it appears from figure 4 the small group have real 
problems in concentrating on thinking with real bulbs. A greater part of group’s 
attention centers on comparing the lights of the bulbs instead of the conflict 
between the earlier representations that this kind of connection would not work. 
There exists, however, a single clue of a possible cognitive conflict in the first lines: 
“It lights. By one battery. Last time we did not get to know it.” At last, at the end of 
the episode the small group creates a new explanation; the erroneous 
representation of two electric currents is replaced by a correct model, the electric 
circuit. There is also a continuum of the learning process between the episodes: 
while the group has achieved the level of explanatory talk (the representation of 
two electric currents) during the first episode, it progresses to the level of creative 
talk in the second episode (the representation of the electric circuit). 

5  CONCLUSIONS 
The results encourage using the connection cards to make children’s thinking more 
visible and to uncover their internal representations of DC-circuit phenomena. The 
use of the connection cards raises the level of children’s talk, lengthens the 
explanatory period, and helps children to concentrate better on thinking. In the 
episode analysed, the talk with connection cards is mainly higher-order thinking, 
expressing deep motivation to the task. The use of the connection cards fits with 
the use of the real components; the connection cards function as a starting point to 
learning and pupils seem to regard them as a natural part of learning when uniting 
the situations of connecting with the cards and real components. 
 By using the connection cards, it becomes easier to plan instruction to cause 
cognitive conflicts and to promote learning. The use of cards appears to be a 
democratic tool in activating talk; because nobody knows the right answer, all 
members of the small group gets an opportunity to participate in the negotiation. 
 In the analysed episodes two small group’s internal representations of DC-
circuit phenomena were found: the talk with connection cards uncovered the 
internal representation of two electric currents, which progressed during two first 
lessons to the representation of the electric circuit. 
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