
 
 

 
 
 
 
 
 
 
 
 

Master-Thesis  
Data-reading skills in sixth-graders 

 

 

 

 
 

Student Name: Wiebke F. Evers 

 

Student-ID: 0157104 

 

 

 

 

First Supervisor: Marjolein van Klink 

 

Second Supervisor: Pascal Wilhelm 

 

 
 
 



 
2 

 

Data-reading skills in sixth-graders 
 

Wiebke F. Evers 
University of Twente, Enschede, The Netherlands 

February 2011 
 

 

Background. Data-reading is a critical competence for successful inquiry learning. Students 
often face difficulties in reading, analyzing and interpreting data due to a mismatch between 
their own theories and evidence provided by the data. Data-reading is assumed to be 
influenced by intellectual abilities as well as by the executive function of fluency.  
Aim. The present study focused on how sixth-graders engage in data-reading. Firstly, the 
influence of task design on the use of prior knowledge was investigated. Secondly, the 
relationship between data-reading, fluency and intellectual ability was examined. Thirdly, it 
was investigated whether data-reading skills can be enhanced through instruction supporting 
fluency.  
Method. A sample of 49 sixth-graders was tested for fluency, intellectual ability and data-
reading abilities. Twenty-three students taken from this sample formed the experimental 
(Kanari & Millar) and the control group. The experimental group received four days of 
instruction enhancing creative thinking. Two weeks after the pretest, all 23 students were 
tested again on data-reading abilities.  
Results. Task design was found to affect the use of prior knowledge significantly. Data-
reading performance was not significantly influenced by the use of prior knowledge. The only 
significant correlation was found between fluency and intelligence. Instruction on data-
reading supporting fluency did not enhance data-reading skills of sixth-graders significantly.  
Conclusion. There is support that task design influences the way children use their prior 
knowledge. No evidence was found that the executive function of fluency is related to data-
reading abilities providing a possible explanation why data-reading skills could not be 
improved by analogical instruction with the focus on enhancing creative thinking.  
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1. INTRODUCTION 

 
Over the past years, the importance of scientific reasoning skills has become more and 

more evident. Teaching students the ability to define a problem, plan and carry out 

experiments, analyse the results and draw conclusions has become a fundamental part of 

science education in many countries (Kanari & Millar, 2004). One important part of scientific 

reasoning is data-reading. Correct data-reading involves the ability to analyse, reason with 

and interpret data (Kuhn & Katz, 2009; Kuhn & Pease, 2008). In order to interpret data 

correctly, learners have to be aware of the sources of knowledge they are using. They have to 

be able “to keep track of whether the source of a claim is one’s prior understanding or the new 

evidence being contemplated” (Kuhn & Pease, 2008, p. 5). Research has shown that learners 

with high data-reading abilities make better use of their prior knowledge (Chinn & Malhotra, 

2002; Masnick & Morris, 2008; Zimmerman, 2007). This does not mean they disregard their 

prior knowledge completely or that no expectations about possible outcomes based on prior 

knowledge are formed. Instead, they are aware of the sources of knowledge that are used for 

drawing conclusion. In other words, they bear in mind if it is prior knowledge and the 

resulting expectations about outcomes or the data in front of them that forms the base for their 

conclusion (Kuhn & Pease, 2008).  

When presented with data, especially younger children have trouble distinguishing 

between actual evidence derived from interpreting the data and their own theories (Schauble, 

1990). They are prone to rely heavily on their prior domain knowledge and have trouble 

disregarding theories once established, although the actual data disconfirms those (Kuhn & 

Pease, 2008; Zimmerman, 2007). As a result, data that does not match the child’s expectations 

is often rejected or ignored (Chinn & Malhotra, 2002; Kuhn & Pease, 2008). However, the 

use of prior knowledge and the ability to coordinate theory and evidence has been found to 

undergo developmental change. Whereas younger children often show difficulties in handling 

theory and evidence, older children find it easier to distinguish between the two (Kuhn, 

Amsel, & O’Loughlin, 1988). Schauble (1990) examined the role of prior knowledge on data-

reading of fifth- and sixth-graders. She did not find evidence that the accurateness of the 

initial theory that the students held about the relations between the variables in the task 

affected their performance. In other words, there was no difference in performance between 

children whose initial theories were correct and those whose were wrong. The students 

changed their theories based on evidence they accumulated and did not stick to their initial 
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hypothesis when proven wrong. Therefore, at this point of development, students seem able to 

distinct between own theories and evidence provided by the data.  

As demonstrated, performance on data-reading is influenced by prior knowledge. The 

use of prior knowledge on the other hand can be heavily influenced by the context that the 

data-reading task is placed in. Tasks can be placed in a knowledge-rich context, meaning that 

the learner possesses prior knowledge over domain and can easily apply it for solving the 

tasks. Tasks placed in a knowledge-lean context on the other hand are expected to constrain 

the use of prior knowledge by limiting trigger of domain knowledge. It has been observed that 

if relevant prior knowledge is not available to participants, children are more prone to use the 

data as their source of information as opposed to theories based on their prior knowledge 

(Zimmerman, 2007). Then again, tasks placed in a knowledge-rich context evoking the use of 

prior domain knowledge in children often lead to difficulties in differentiation between theory 

and evidence (Schauble, 1990). To our knowledge, there are no existing studies investigating 

the influence of task design on the use of prior knowledge in data-reading. For this reason, the 

present study sought to examine the relation between the context that the task is placed in and 

prior knowledge as well as its effect on data-reading performance.  

Other factors that have been shown to influence data-reading performance 

significantly are data features. Data features are characteristics of data sets such as sample 

size, between-group variability and within-group variability (spread), and the presence or 

absence of covariation between the independent and dependent variable. In a study by 

Masnick and Morris (2008), 133 9-year-olds, 12-year-olds, and college students were asked to 

interpret data tables varying in sample size, within-group and between-group variability. The 

12-year-olds were sensitive to data characteristics and recognized the importance of factors 

such as sample size and between-group variability but not to within-group variability. The 

students rated their confidence of a conclusion to be higher when the sample size and 

difference between the groups were larger. However, their performance on data-reading 

decreased the higher the sample size that was presented in the table (Masnick & Morris, 

2008).  

Kanari and Millar (2004) investigated whether the presence or absence of covariation 

between the independent and dependent variable affects data-reading performance. Sixty 

students of 10, 12 or 14 years conduced one out of two different practical inquiry learning 

tasks. Each of the two tasks consisted of two independent and one dependent variable. One of 

the independent variables showed a covariation with the dependent variable, whereas the 
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other did not. Students of all age groups experienced significantly greater difficulty when no 

covariation between the independent and dependent variable could be observed. Whereas all 

students reached the right conclusion on the covariation tasks, only half of them came to the 

correct answer on the non-covariation tasks. Consequently, for 12-year-olds as well as for 

older age groups the identification of a non-covariation has been found to still be problematic 

(Kanari & Millar, 2004).  

But although even young children show some initial understanding and sensitivity to 

data characteristics, data-reading still remains challenging for them. The observed increase of 

data-reading skills with age (Masnick & Morris, 2008) might be related to the development of 

the brain. A vast amount of studies have found that the increasing maturation of the frontal 

lobes parallels the development of higher-order cognitive functions (Anderson, Anderson, 

Northam, Jacobs, & Catroppa, 2001; Best, Miller, & Jones, 2009). The prefrontal cortex is the 

seat of the higher-order capacities and, among others, the executive functions (Anderson, 

2002; Best, Miller, & Jones, 2009). Executive function is an umbrella term encompassing 

skills crucial for goal-directed behaviour, planning, and problem solving (Anderson, 1998; 

Best, Miller, & Jones, 2009). These skills are necessary for strategic thinking, enabling the 

individual to organize his or her behavior, make rational decisions and being mentally flexible 

(Anderson, 1998; Jurado & Rosselli, 2007).  

There is some discussion whether executive functions form an independent concept or 

if they must be regarded the same as the concept of intelligence. It has been shown that 

patients with frontal lobe damage, although obtaining normal scores on intelligence tests, 

perform low on tests such as the Wisconsin Card Sorting Test measuring planning and 

decision making abilities, accounting for two independent concepts (Damasio, 1994). On the 

other hand, several studies have found high correlations between intelligence tests and 

executive function measures. Verbal fluency for example showed a correlation of 0.30 with 

the Verbal Intelligence Quotient (Ardila, Pineda, & Rosselli, 2000). A study by Friedman 

(2006) found high correlations between scores on the Wechsler Adult Intelligence Scale 

measuring intelligence and working memory but not with inhibition and fluency. These 

results let to the assumption that the different findings that were obtained on the relation 

between executive functions and intellectual ability depend on which tests are used for their 

assessment. For this reason, the relationship between the two concepts needs to be re-

examined using different measures in order to compare the results with findings obtained on 

other tests.  
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There was and still is some controversy about which components are covered by the 

term executive functions as the potential components have been found to be highly 

interconnected. Yet, the three components inhibition, (updating of) working memory and 

shifting proposed by Miyake et al. (2000) have found wide acceptance in the field (Best, 

Miller, & Jones, 2009; Garon, Bryson, & Smith, 2008; Jurado & Rosselli, 2007). Inhibition is 

defined as the ability to suppress irrelevant information and inhibit, if inappropriate, 

automated behavior (Jurado & Rosselli, 2007). Working memory is defined by Baddeley 

(1983) as the memory structure responsible for holding information for a short period of time. 

As opposed to short-term memory, which is often described as a passive storage device, in 

working memory, information is not only stored but is available for manipulation and 

processing (Baddeley & Hitch, 1974). For that reason, working memory plays an important 

role in learning and problem solving. In the present study, the focus is laid on the executive 

function of shifting. Shifting, also known as fluency or cognitive flexibility, is the ability to 

think creatively, enabling one to adapt easily to a variety of new conditions (Scott, 1962). 

Fluency enables the learner to think of multiple approaches to a problem so he or she can 

switch between those when facing a dead end. The learner is able to use different strategies to 

solve the problem and adapt his or her strategy when needed, for example through obtaining 

new insights that falsify the strategy currently used (Krems, 1995). Fluency has been found 

the latest of the three executive functions to be fully developed. Although the most profound 

changes occur until early adolescence, fluency develops until early adulthood (Best, Miller, & 

Jones, 2009; Davidson, Amso, Anderson, & Diamond, 2006).    

From the definitions of the fluency, it can be assumed that it plays a role in reasoning 

with data. Fluency can be assumed to enable the learner to think of different interpretations of 

the data, to learn from mistakes and to come up with new approaches on how to solve the 

problem (Anderson, 2002). Being cognitively flexible might allow the learner e.g. to think of 

different strategies of how to approach, analyse and interpret a certain data set. Fluency might 

also lead to a higher sensitivity to data characteristics. Based on the characteristics of the data 

such as between- and within-group variability, the learner can choose, which strategy is the 

most efficient, that means leading to the right answer the fastest. Moreover, fluency could 

enhance the chances of recognizing the possibility that the variables of a task do not covariate.  

Research has shown that fluency can be enhanced through training (e.g. Karbach & 

Kray, 2009). However, Karbach and Kray (2009) criticizes that although fluency has been 

proven to increase with training, there is little research on the ability of the learner to transfer 
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this knowledge to other tasks. Transfer of learning is regarded as the ultimate goal of most 

formal education. It occurs “when learning in one context enhances (positive transfer) or 

undermines (negative transfer) a related performance in another context” (Perkins & 

Salomon, 1992, p. 2). High road transfer is the deliberate search for connections between 

what is known and what is new, (Perkins & Salomon, 1992). It demands the learner to 

identify the general pattern of relationships, come to know which strategy is applicable and 

what knowledge can be used to solve the new problem. According to Harrison and Treagust 

(2006), forming a connection between what is new to the learner and knowledge the learner 

already possesses is especially important in inquiry learning within science education. Many 

educational practices fall short when it comes to creating conditions under which high road 

transfer is possible. However, it has found that high road transfer is enhanced by learning with 

analogies (Clement, 2002; Gentner & Markman, 1997; Perkins & Salomon, 1992; Reeves & 

Weisberg, 1994).  

When reasoning with analogies, the learner has to transfer information from one 

domain (source) to another (target). This transfer of knowledge from one domain to another 

enables the learner to draw inferences about unknown entities (Goswami, 1991). Analogical 

reasoning skills enable the learner, by comparing source and the target, to identify 

possibilities for using the approach shown in the analogy to solve a new problem (Vosniadou 

& Ortony, 1989).  

Richland, Morrison and Holyoak (2004) have shown that children often have trouble 

identifying similarities between the source and the target. Consequently, they fail to make the 

connection between the analogy and the new problem and, by that, are not able to apply the 

approach shown in the source to the target. A possible explanation is the insufficient 

development of children’s higher-order reasoning skills. As stated by Richland, Morrison and 

Holyoak (2004), “children’s higher-order reasoning skills are central to their ability to transfer 

knowledge from an initial learning context to future environments” (p. 1). In other words, 

higher-order reasoning skills enable children to apply in a creative manner what they already 

know to novel problems. For that reason, it can be assumed that the development of executive 

functions and especially fluency has a major impact on how well learners can engage in 

analogical reasoning. Fluency enables the learner to think creatively and flexible (Scott, 

1962). Based on the definition by Krems (1995) and Scott (1962), fluency can be assumed to 

enable the learner to think of several possible links between the analogy and the new problem. 

In order to do so, the learner has to identify similarities and differences between the two and 
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then decide which link between the source and the target seems to be the most promising. If 

the chosen approach fails, fluency allows the learner to switch to a new one and apply it to the 

target. Fluency would therefore prevent the students from the experiencing problems 

described by Richland, Morrison and Holyoak (2004), such as the identification of similarities 

between the analogy and the actual task.  

In the present study, the trainability of fluency using analogies and its effect on data-

reading was ought to be examined. Based on the definition of fluency, it was expected that 

students scoring high on fluency were able to recognize similarities between the analogy and 

the new problem themselves and to use the approach shown in the analogy to solve a given 

exercise. Students scoring low on fluency were expected to have trouble linking the two and 

using the information given in the analogy to solve the exercise. Hence, it was expected that 

students obtaining low scores on fluency will benefit more from the instruction than students 

obtaining high scores.  
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2. RESEARCH QUESTIONS & HYPOTHESES 

 

The present study was part of a larger research project with the aim of attaining a 

developmental perspective on the relationship between executive functions and data-reading 

skills. This study laid its focus on sixth-graders in order to obtain a better picture on how data-

reading skills were developed at this point of age. Masnick and Morris (2008) pointed out that 

past research repeatedly focused on this age group due to the introduction of experimental 

data at this point in primary school. Therefore, the findings obtained in the present study 

could be compared to results acquired by other studies. Moreover, according to Best, Miller 

and Jones (2009), there is a call for a better understanding of the development of executive 

functions. According to them, many studies lay their focus on younger children, although, 

especially during the primary school, the executive functions are assumed to undergo 

profound changes. These changes can be ascribed to new challenges the students face when 

entering school such as time management and planning. By focusing on sixth-graders, we 

sought to contribute to creating a clearer picture of the development of the executive function 

of fluency in this age-group.  

The first aim of the study was to investigate how data-reading skills of sixth-graders 

were influenced by task design. Firstly, we wanted to know to what extend prior knowledge 

of sixth-graders plays a role in their reasoning process and if the use of prior knowledge is 

influenced by the context the task is placed in. As said, students of this age group have been 

found able to distinct between their own theories and evidence provided by the data 

(Schauble, 1990). Therefore, it was hypothesized that data-reading performance should not 

differ between the different task designs used in the present study. Hence, based on earlier 

studies (e.g. Zimmerman, 2007) it was hypothesized, that the design of the task would 

influence the use of prior knowledge of the students, dependent on whether the task is placed 

in a knowledge-rich or knowledge-lean context. Secondly, we sought to know how variations 

in data characteristics influence student’s data-reading. We wanted to know if results obtained 

by earlier studies (Kanari & Millar, 2004; Masnick & Morris, 2008), would be the same when 

using different kinds of tasks placed in a knowledge-rich or knowledge-lean context. In 

addition to investigating the effect of variations in sample size, we also sought to ascertain the 

influence of different numbers of observations on data-reading. As found by Masnick and 

Morris (2008), it was hypothesized that students would perform better on data-reading when 
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presented with a smaller amount of data as when presented with a high amount. Next, 

examining whether the presence or absence of covariation affect their performance on data-

reading, it was hypothesized that students would find it more difficult to solve tasks where the 

independent and dependent variable show no covariation as when they do, based on findings 

obtained by Kanari and Millar (2004). In addition to replicating their study, we also wanted to 

find out if fluency and the ability to solve non-covariation tasks show a relation. As said, 

fluency might enable the students to recognize the possibility that two variables do not 

covariate. Therefore, students scoring high on fluency were hypothesized to obtain higher 

scores on non-covariation tasks.  

A second aim of the study was to assess to which extent the data-reading abilities of 

sixth-graders are related to intellectual ability and executive function of fluency. We wanted 

to know whether fluency could indeed serve as a predictor of performance on data-reading. 

Based on the literature review, it was hypothesized that fluency and data-reading performance 

were positively related. Furthermore, we wanted to examine the relation between intellectual 

ability and fluency. Depending on the tests that were used to assess intellectual ability and 

fluency, the significance as well as the strength of the correlation two concepts varied 

profoundly. Therefore, in the present study the correlation between fluency and intellectual 

ability was re-assessed using a different set of tests. Based on earlier findings, it was 

hypothesized that fluency and intellectual ability are related but independent concepts, 

therefore showing a moderate correlation with each other.  

In addition to examining the relationship between fluency and data-reading, the focus 

was also laid on the trainability of fluency. The third aim of the study was to find out whether 

data-reading skills of sixth-graders can be improved through instruction using analogies 

fostering the student’s creative thinking. We also wanted to investigate whether students 

scoring low on fluency benefit more from the analogical instruction than students that obtain 

high scores on fluency. It was hypothesized that data-reading skills could be improved by 

offering analogical instruction supporting creative thinking, as well as that students who 

obtain low scores on fluency would benefit the most from the instruction.  

 

 

 

 

 



Data-reading skills in sixth-graders  Wiebke F. Evers 
 

 
9 

 

Overview of hypotheses: 

I. Data-reading abilities in sixth-graders 

1. Task context does not influence the data-reading performance of the students.  

2. Tasks placed in a knowledge-rich context lead to a higher use of prior 

knowledge.  

3. Sixth-graders achieve higher scores on tasks with lower sample sizes and 

number of observations. 

4. Students face greater difficulty when solving tasks where the independent and 

dependent variable show no correlation.  

5. Students scoring high on fluency obtain higher scores on non-covariation tasks 

than students scoring low.  

II.  Relationship between data-reading abilities, fluency and intellectual ability 

6. The executive function of fluency and data-reading ability are positively related.  

7. Fluency and intellectual ability show a moderate positive correlation.  

III.  Effect of analogical instruction fostering fluency 

8. Data-reading skills can be improved by analogical instruction supporting 

creative thinking and teaching learning strategies.  

9. Students scoring low on fluency benefit most from analogical instruction 

supporting creative thinking.  
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3. METHOD 

 

3.1 Participants 

A sample of 49 students (19 female, 30 male) from four primary schools located in the 

eastern part of the Netherlands took part in the study. The mean age of the students was 12.33 

(SD = 0.44). In addition to consent by the child, permission was obtained from parents for 

their children to take part in this study. All 49 students took part in the pretest examining 

executive function, intelligence and data-reading abilities.  

In order to test the effect of instruction on data-reading, 22 out of these 49 students 

from two of the four schools formed the experimental and the control group. The students of 

the other two schools did not participate in this study any further because of restrictions in 

time. Due to practical reasons, the students from one school formed the experimental and 

students from the other school the control group. The experimental group consisted of 13 

students. The students had a mean age of 12.26 (SD = 0.40) consisting of eight females and 

five males. They received, in addition to the pretest, four days of instruction on data-reading 

as well as an additional examination of their data-reading abilities. The other nine students (3 

females, 6 males), formed the control group. The mean age of the control group was 12.62 

(SD = 0.32). They undertook, in addition to the pretest, a re-examination of their data-reading 

skills but received no instruction in the meantime.  

 

3.2 Material 

Seven different tests (Table 1) were administered to examine the three executive 

functions of fluency, inhibition and working memory as well as intellectual ability and data-

reading skills of the students. The present study was part of a bigger research project. Four of 

the seven tests were not relevant for the present study but were used in another part of this 

research project. Only the results of the Word Fluency Test (WFT), the Figure Fluency Test 

(FFT), the Snijders-Oomen Non-Verbal Intelligence Test-Revised (SON-R 6-40) and the 

second subtest of the Klink-Inventory of Data-reading Skills (KIDS) were used to answer our 

research questions.  

 
 
 
 
 



Data-reading skills in sixth-graders  Wiebke F. Evers 
 

 
11 

 

Table 1 
Overview of tests 

Test 

1. Word Fluency Test (WFT) 
2. Figure Fluency Test (FFT) 
3. Wechsler Intelligence Scale for Children (WISC): Coding Test* and Digit Span Test* 
4. Color Word Inference Test (CWI)* 
5. Trail Making Test (TMT)* 
6. Snijders-Oomen Non-Verbal Intelligence Test-Revised (SON-R 6-40) 
7. Klink-Inventory of Data-reading Skills (KIDS)  

Note. *Test not included in analysis 
 
 
3.2.1 Executive functioning tests 

The following three paragraphs describe the tests that were used to assess the 

executive functions of fluency (WFT and FFT), working memory (WISC: Coding and Digit 

Span) and inhibition (CWI and TMT). 

 

3.2.1.1 Fluency  

To measure fluency, the Ruff WFT  and the non-verbal Ruff FFT (Ruff, Light, Parker, 

& Levin, 1997) were administered. Both the WFT and the FFT provide a quick assessment of 

fluency and are well suited for children. Both measure the ability to quickly produce a certain 

kind of response based on the stimulus given. For this study, we used the WFT because it 

gives information about the student’s semantic verbal fluency as opposed to other tests 

measuring phonemic fluency. In the WFT, the test taker is asked to name as many words as 

possible that belong to a certain semantic category in a certain time period. The two semantic 

categories “animals” and “groceries” were used which are according to Tombaugh, Kozak 

and Rees (1999) the most frequently employed.  

The FFT is a non-verbal test used to assess figural fluency (Ruff, Allen, Farrow, 

Niemann, & Wylie, 1994). We chose the FFT to measure fluency due to problems in scoring 

observed in other tests, e.g the Design Fluency Test (Foster, Williamson, & Harrison, 2005). 

The goal of the FFT is to produce as many unique patterns as possible in a certain period of 

time by connecting at least two of the five dots that are placed in a square with a straight line.  

 

3.2.1.2 Working memory 

Working memory was measured by conducting two subtest of the Wechsler Intelligence 

Scale for Children (Wechsler, 1991): Coding and Digit Span. The Coding subtest measures 
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free and cued digit recall. The Digit Span subtest investigates the student’s ability to 

manipulate information held in memory (Wechsler, 1991). Both tests were not relevant to the 

present study and excluded from the analysis.  

 

3.2.1.3 Inhibition  

Inhibition was measured using the Delis Kaplan Executive Function System Color 

Word Inference Test (CWI) and Trail Making Test (TMT) {Delis, 2001 #66}. The CWI is 

based on the Stroop-Test measuring inhibition. The TMT was developed to test visual search 

and attention, scanning, speed of processing and mental flexibility (Tombaugh, 2004). Both 

the CWI and the TMT were not relevant for this study and also excluded from the analysis.  

 

3.2.2 Intelligence 

Intellectual ability was assessed with the SON-R 6-40. The SON-R 6-40 was designed 

for people between 6 and 40 years of age. The test does not require fluent language and is 

therefore also suitable for children with language difficulties, which makes the test less 

sensitive to different cultural backgrounds. The test consists of four subtests: (1) analogies, (2) 

mosaics, (3) categories, and (4) patterns. The first subtest, analogies, tests the abstract 

reasoning skills of the test taker. The second subtest, mosaics, tests spatial reasoning. The 

third subtest, categories, assesses concrete reasoning skills and the last subtest, patterns, 

spatial reasoning skills.  

 

3.2.3 Data-reading test 

The data-reading skills of the students were tested with the KIDS (van Klink, 2010). 

The KIDS consists of two subtests: (1) experiment results and (2) data-tables. The first subtest 

of the KIDS measures inquiry learning skills. As the focus of the present study was laid on 

only one part of the inquiry learning cycle, analysing and interpreting of data, only the second 

subtest of the KIDS, measuring data-reading abilities, was assessed.  

For the second subtest, the test taker is presented with 45 data tables; each presented 

on a different page. Each data table is accompanied by a cover story, explaining the data in 

the table. The tables differ in the number of independent variables (two or four) and the 

number of observations per variable (one, two, four or eight), letting the number of data 

presented in one table range between two and 36. Moreover, the amount of variance between 

and within observations varies. Thirty-one of the 45 data tables show a covariation between 
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the independent and dependent variable, whereas the other 14 do not. The test taker is allowed 

to use a calculator and take notes.  

As said in Zimmerman (2007), many studies on data-reading skills solely use tasks 

placed in knowledge-rich domains. To be able to compare the effect on the degree of prior 

knowledge that the students used to solve the tasks, the KIDS makes use of three different 

types of cover stories accompanying the data tables. These cover stories were based on three 

different types of prior knowledge: One third of the cover stories, the so-called context tasks, 

were placed in a knowledge-rich context about which the students most likely have some 

prior knowledge (Figure 1). The cover stories were for example based on elementary physics 

(e.g. gravity), highly likely to be everyday experiences of sixth-graders. Therefore, the 

students could use their prior knowledge about the domain of the cover story as an additional 

source of evidence in order to solve the task.  

 

Figure 1 
Example of a context task of the KIDS data-tables  

 
Do all four cars travel even far? If not, what are the differences between them?  
How do you know so? Where in the table can you see that?  

 
One third of the tasks are called the context-free tasks (Figure 2). Their cover stories 

did not foster the use of prior domain knowledge as they did not offer opportunities to relate 

to earlier experiences. As a result, the learner is required to rely on the presented data as the 

main source of evidence. The last third of the tasks, the so-called flavor tasks, presented the 

learner with some kind of preference described in the cover story (Figure 3). This preference 

might go against the preference of the learner, therefore, he or she has to suppress own 
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opinions in order to answer the question correctly. It must be noted that the flavor tasks focus 

on the role of the executive function of inhibition, which relationship with data-reading was 

investigated by another study. In sixth-graders, inhibition has found to be fully developed 

(Anderson, 2009). Therefore, no difference between context-free and flavor tasks were 

expected.    

 

Figure 2 
Example of a context-free task of the KIDS data-tables  

 
Do both tennis balls jump even high? If not, what are the differences between them?  
How do you know so? Where in the table can you see that?  

 
 

Figure 3 
Example of a flavour task of the KIDS data-tables  

 
Are both sorts of chips liked even well? If not, what are the differences between them?  
How do you know so? Where in the table can you see that?  
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The cover story accompanying every data table is read out aloud by the test conductor. 

While reading out the cover story, the test conductor points to the independent and dependent 

variables in the data table to make clear to the test taker where to find the information of the 

cover story in the data table. Then the test taker is asked (1) whether he or she thinks there is a 

difference (between the independent variables), (2) if there are differences, what these 

differences are, (3) how he or she can tell, and (4) where those can be seen in the table. To 

make the procedure clear to the test takers, they first are presented with an example before the 

actual test starts.  

 

3.2.4 Instruction 

The goal of the instruction was to increase the data-reading abilities of the students by 

enhancing their cognitive flexibility. Over a period of four days, thirty minutes of instruction 

per day were offered to the students of the experimental group. Table 2 gives an overview of 

the teaching methods used for the instruction. The instruction were paper-and-pencil based 

and had the form of small exercise booklets (Appendices A-D). The booklet of the first day 

consisted of ten, the booklets for the other three days of eight exercises.  

 
Table 2 
Overview over teaching methods 

Method 

1.Analogies 
2.Learning strategy  
3. Rehearsal  
4. Pedagogical agent  
5.Feedback  

 
 

3.2.4.1 Analogies 

The main aspect of the instruction offered to the sixth-graders was the use of 

analogies. As described earlier, reasoning with analogies enhances high-road transfer as it 

requires the learner to transfer information from one domain (source) to another (target) 

(Perkins & Salomon, 1992). In order to recognize parallels between the two, the learner has to 

compare source and target and identify differences and similarities (Vosniadou & Ortony, 

1989). Based on its definition, fluency was assumed to affect the ability of the learner to think 

in a creative manner of possible links between the source and the target (Krems, 1995; Scott, 



Data-reading skills in sixth-graders  Wiebke F. Evers 
 

 
16 

 

1962). Consequently, by supporting creative thinking, the ability to reason with analogies can 

be enhanced.  

In the instruction, the students were presented with an exercise booklet. Each double-

page contained an analogy on how to solve a particular task on the left side and an exercise on 

the right side which had to be solved by the student. The approach presented by the analogy 

could therefore be used by the student to find the right answer to the task they had to solve on 

their own. Each analogy and task consisted of one or two data tables accompanied by a cover 

story. Research has shown that children sometimes experience problems with reasoning with 

analogies due to insufficient domain knowledge about the material serving as the analogy 

(Goswami & Brown, 1990). When sufficient knowledge is possessed about the domain the 

analogies are placed in, even three-year olds were able to reason with analogies (Brown & 

Kane, 1988). Consequently, to make sure the students possess enough domain knowledge 

about the tasks serving as analogies, the analogies were based on everyday experiences of 

sixth-graders such as basic physical principals (e.g. gravity).  

Three different types of exercises where used to stimulate creative thinking. In the first 

type, the students were taught a strategy on how to identify differences and similarities 

between tasks. Being able to find parallels between the source and the target should support 

the student in deciding whether the approach shown in the analogy could be applied to the 

task on the right side of the page. The students were for example presented with an analogy 

consisting of two data tables. Both tables had the same sample size and number of 

observations. Below the tables was a list of statements describing similarities between the 

two. After looking at two new data tables on the right side of the double page, the students 

were asked to identify the correct statements from a list of correct and incorrect ones by 

ticking a box (see Figure 4). This strategy of searching systematically for similarities between 

two tasks was sought to heighten the student’s creative thinking.  

The second type of task showed an analogy consisting of two data tables, this time 

with the same numbers of independent variables but different numbers of observations. Here, 

the students were learned that differences in appearance do not necessarily mean that different 

strategies have to be used. In other words, they should not let themselves get distracted by 

different cover stories and different sample sizes and number of observations. This time, the 

students had to come up with similarities and differences between two tasks themselves. After 

presenting them with an analogy of two tasks and two lists of similarities and differences, the 
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students should solve the exercise by writing down the similarities or differences of the two 

tasks they were presented with.  

With the third type of task used to foster the students’ creative thinking, the students 

should realize that exercises can present numbers in different ways. It was assumed that, by 

changing the way numbers are presented, they become easier to handle. Therefore, exercises 

that contain a vast amount of numbers were anticipated to be easier to access when the 

numbers are written down in form of a table. The analogy presented to the students first 

involved a word problem which was next converted into a data table. The students were asked 

to try the same with another task, writing the numbers presented in the word problem down in 

a table and then solving the task. The sample size was raised from the third to the fourth pair 

of exercises; the overall structure was the same in both.  

 
Figure 4 
Example of analogical instruction teaching the identification of similarities and differences 
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3.2.4.2 Learning strategies  

Two types of exercises were used to teach students two learning strategies. One part of the 

exercises had the aim of teaching the students, with the aid of the analogies, two different 

approaches on how to read data presented in a table. The students should acquire two 

strategies to learn to decide, depending on the task, which of the two strategies was the most 

useful to solve the exercise. It was assumed that, although other strategies would lead to the 

right conclusion, students scoring low on creative thinking would have trouble identifying 

which approach would help them solve a certain task based on its characteristics (e.g. 

between-group variability, covariation). The first strategy, the so-called comparison strategy, 

asked the students to find differences between the independent variables only by looking at 

the data (see Figure 5). The students were instructed to encircle the highest or the lowest 

number (depending on the task) in each row and to compare which of the independent 

variables had the most encircled numbers in its column. 

 

Figure 5 
Example of analogical instruction teaching the comparison strategy 
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Informal observation of the data-reading skills during the pretest showed that some 

students did not pay attention to all data presented in the table. Whereas some of them only 

attended to the data in the first row of the data table, others only compared the numbers of two 

out of four independent variables. The comparison strategy should teach the students to pay 

attention to all data present in the table before they give their answer to the question. The 

second strategy, the so-called mathematic strategy, asked the students to sum up the data of 

each column in order to find an answer to the particular question. Which strategy they had to 

use was based on the between-group variability of the independent variables. In some tasks, 

the variability between the independent variables was too small to find the correct answer, e.g. 

to the question without summing up the data of each column.  

After being presented with the two strategies, the students had to decide for 

themselves whether the comparison or the mathematic strategy was the most appropriate to 

solving the exercise. This again fostered the students to think creatively when weighting 

between the two options. The students were instructed to take a close look at all data 

presented in a table and compare the data presented in each column with the data in the 

others. After this comparison, they had to decide whether the differences between the data of 

every independent variable were obvious enough to already answer the question (comparison 

strategy) or if they had to calculate the sum of the data of every column in order to find the 

definite answer (mathematic strategy). Some tasks contained more data resulting from an 

increase in sample size and more observation moments. The instruction also included tasks 

showing no covariation between the independent and dependent variable. By that, it was 

sought to foster their awareness for the possibility of data tables showing no correlation as 

children often fail in taking the possible of a non-covariation into account when interpreting 

data (Kanari & Millar, 2004).  

 

3.2.4.3 Repetition 

According to the Atkinson–Shiffrin Model (Atkinson & Shiffrin, 1968) the repetition 

of the learned material is important for transferring information from short-term to long-term 

memory. Therefore, what the students had learned was repeated the following day before new 

exercises were introduced. The repetition was done by presenting the students with similar 

tasks as the day before but then accompanied with a different cover story, a different number 

of independent variables and number of observations. On the last day of the instruction 

period, everything the students had learned was recapped.  
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3.2.4.4 Pedagogical agent 

Pedagogical agents have been found to, additionally to being a provider of advice, 

increase the learners’ motivation (Yanghee, 2005). Motivation can influence the way learners 

experience the learning experience as well as their perception of self-efficacy. By that, the use 

of a pedagogical agent has a shown to have an significant positive influence on learning 

performance (Baylor & Kim, 2005).  

The pedagogical agent used for the instruction was called “Henry” and was introduced 

on the first page and guided the students through the exercise booklets. It offered hints to the 

students by directing their attention to certain aspects of the task. It reminded the students to 

e.g. pay attention to all data presented in the table and to be aware of the option that the 

independent variable with the lowest score could be the winner. It also provided the students 

with a summary of the two learning strategies and advice on how to decide which of the two 

should be applied to the task.  

 

3.2.4.5 Feedback 

Each day, the test conductor corrected the exercises by assigning points to the answers 

given by the students (see table 3). A note of one or two sentences was left on the front page 

of the exercise booklet to tell the student how he or she performed. To keep the students 

motivated, one positive aspect about their performance was pointed out along with an advice 

what the student still has to work on and the number of points that were achieved.  

 

3.3 Procedure 

 

3.3.1 Pretest 

For the pretests, each of the students was assessed individually. They were placed at a 

table opposite the test conductor. The students were asked about their age and whether they 

were right or left handed. The test conductor explained the procedure of the pretest to the 

student. The order in which the seven tests were assessed is shown in Table 1. The tests were 

administered in Dutch by a trained undergraduate student according to the standard 

instructions. During the assessment, the test taker intervened as infrequently as possible, and 

then only to ask for clarification of what the student was doing, or to check that they had in 

fact finished.  
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3.3.2 Instruction 

The students of the experimental group received four days of instruction, with a one 

day break between the second and the third day. On each of the four days of instruction, the 

students were told that they would receive an exercise booklet with several exercises. They 

were asked to read the instructions carefully and to try to solve the exercises on their own. If 

facing problems, they could raise their hands and they would receive help from the teacher or 

the test conductor. To take notes or make side calculations, the students were provided with 

empty sheets of paper. The students were told that they had thirty minutes to solve the 

exercises and that they would receive feedback on their performance the following day. After 

thirty minutes, the teacher collected the exercise booklets of the students and ended the 

lesson.  

On the second, third and fourth day, the students received feedback on their 

performance by handing out their corrected exercise booklets back to them. The students were 

told that they were allowed to check back on the older exercise booklets when they felt the 

need while solving the new tasks.  

 

3.3.3 Posttest 

 After the instruction phase, the data-reading skills of the experimental and the control 

group were assessed a second time by using the KIDS. The posttest was the same as the 

pretest and was assessed according to the standard instruction.  

3.4 Scoring 

The number of correct responses on the FFT and the WFT in the given response time 

were used as an indicator of fluency. The summed raw scores students achieved on the four 

subtests of the SON-R 6-40 served as a measure of intellectual ability.  

 Data-reading abilities were measured by assigning scores to the given responses of the 

students to the four different questions, (1) whether he or she thinks there is a difference 

(between the independent variables), (2) if there are differences, what these differences are, 

(3) how he or she can tell, and (4) where those can be seen in the table, which were asked 

during the assessment the KIDS. The students could earn points for their answer to the 

question whether there is a difference between the independent variables or not (0 = incorrect, 

1 = partly correct, 2 = correct). The answer was rated partly correct when the student correctly 

identified the presence or absence of difference between the independent variables. Two 
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points were awarded when the students explicitly named the differences present between the 

variables. An answer was rated incorrect when the student failed to recognize whether there 

was a difference between the independent variable or not or gave the wrong answer. The 

student could reach a maximum score of 90 on data-reading performance. Further, the number 

of times students referred to prior domain knowledge as well as to the data presented in the 

table was counted.  

The students’ performance on the instruction was also scored in the following way: 

The students received three points for using the right strategy, one point for each correct 

calculation and three points for the correct answer. They received one point for each correctly 

identified similarity and difference between two tasks. Table 3 shows the maximum score for 

each exercise as well as the maximum score the students could obtain on each of the four 

exercise booklets. The maximum score they could obtain on all four exercise booklets was 

130. Exercises 1, 3, 5, 7, and 9 served as analogies; the students could not obtain any points 

on them.  

 

Table 3 
Maximum scores per task and per day of exercise  
Instruction Day 1 Day 2 Day 3 Day 4 

Exercise 2 3 3 13 15 
Exercise 4 3 7 3 6 
Exercise 6 3 12 2 9 
Exercise 8 6 16 6 12 
Exercise 10 7 -- -- -- 

Max. Score 22 40 26 42 
 

3.5 Data analysis 

To test hypothesis 1, the influence of context, context-free or flavor tasks on data-

reading, an analysis of variance (ANOVA) was conducted. Hypothesis 2, whether there is a 

difference between the three types of tasks in the number of times the sixth-graders refer to 

their prior domain knowledge, was also tested by carrying out an ANOVA.  

To test hypothesis 3, a correlational analysis was conducted between the number of 

data in one data-table and data-reading performance. To eliminate the effect of the absence or 

presence of covariation, two correlational analyses were conducted: one for tasks showing 

covariation and one for tasks showing none. Hypothesis 4 was tested by performing a t-test 

comparing the mean scores on tasks showing a covariation between the independent and the 
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dependent variable and on the tasks showing no covariation between the two. The tasks were 

matched for sample size.  

A correlational analysis was conducted to examine the relationships between fluency, 

intellectual ability and data-reading.  

Mann-Whitney non-parametric tests were conducted as the experimental and control 

group showed no normal distribution. To rule out differences between the experimental and 

the control group prior to the instruction as well as to compare the deviation scores of the two 

groups on data-reading from the pretest to the posttest, Mann-Whitney tests for independent 

samples were assessed. To test whether students scoring low on fluency benefit more from the 

instruction than students obtaining high scores, a correlational analysis between the deviation 

score of data-reading and the scores on the WFT and the FFT was conducted.  
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4. RESULTS 

 

4.1 Influence of task design on data-reading  

The sixth-graders reached a mean score of 57.47 (SD = 11.47) out of 90 on data-

reading performance. The data-tables of the KIDS consisted of three different types of cover 

stories fostering the use of a different degree of prior knowledge. The data-reading 

performance on the three types of tasks did not differ significantly (F (2, 42) = .524, p > .05). 

The students reached a mean score of 62.93 (SD = 25.27), on the context-free tasks, 64.33 

(SD = 28.59) on the flavor tasks, and 60.47 (SD = 27.91) on the context tasks.  

There was a difference between the three different tasks each using a different kind of 

cover story in number of times the students referred to their prior knowledge to explain their 

answer. On the context-free tasks, students referred per exercise 4.6% of the time (mean 

score: 2.27, SD = 1.53) to their prior domain knowledge. For the flavor tasks, the students 

used 6.8% of the time (mean score: 3.33, SD = 1.68) their prior domain knowledge and for 

the context tasks it was 15.9% (mean score: 7.80, SD = 2.78). The ANOVA showed that 

students referred significantly more often to their prior domain knowledge on the context 

tasks than on the context-free or flavor tasks (F (2, 42) = 30.051, p < .01).   

In order to test the influence of the number of data presented in one tables, a 

correlation analysis was conducted between the performance on data-reading and number of 

data  (Hypothesis 3). The number of data is the product of the sample size times the number 

of observations. We found a significant correlation (r = -.64, p < .05) between data-reading 

performance and the number of data when the independent and dependent variable covary. No 

significant correlation was found between the number of data and data-reading performance 

when the two variables do not covariate (r = -.28, n.s.). Being cognitive flexible might 

increase likelihood that the possibility that two variables do not covariate is recognized by the 

students. Consequently, an additional correlational analysis was conducted, to examine 

whether students scoring high on fluency also obtain higher scores on data-reading on non-

covariation tasks. Scores on non-covariation tasks showed no significant correlation with 

neither scores on the FFT (r = .091, n.s.) nor scores on the WFT (r = -.049, n.s.).  

To examine whether the absence of covariation between the independent and the 

dependent variable has a significant effect on data-reading performance (Hypothesis 4), a t-

test was conducted. When matching the data tables showing a covariation between the 
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independent and dependent variables with the data tables showing no covariation, we found a 

significant difference in data-reading performance (t (22) = 4.858, p < .01). On the data-tables 

showing a covariation, the students reached a mean score of 68.67 (SD = 18.43), whereas on 

the data-tables showing none the students reached a mean score of 29.92 (SD = 20.58).  

 

4.2 Relation between fluency, intellectual ability and data-reading 

The students reached a mean score of 45.28 (SD = 6.01) on the WFT. On the FFT, the 

students reached a mean score of 37.52 (SD = 9.56). There was a significant difference on the 

FFT between female and male students (t (47) = -1.966, p < .01). Female students obtained a 

mean score of 71.00 (SD = 13.01); male students reached a mean score of 59.23 (SD = 23.89). 

On the SON-R 6-40, measuring intellectual ability, students achieved a mean score of 84.22 

(SD = 15.51). No gender effect was identified for intellectual ability.  

Table 4 shows the correlation analysis between the performance on data-reading, the 

total score on the SON-R 6-40 intelligence test and the raw scores on the WFT and the FFT. 

A significant correlation was found between the score on the FFT and the total score on the 

SON-R 6-40 (r = .369, p < .01). The correlation between the WFT and the score on the SON-

R 6-40 (r = .211, n.s.), between the WFT and data-reading performance (r = .090, n.s.) as well 

as the correlation between the WFT and the FFT (r = .028, n.s.) were not significant.  

 

Table 4 
Correlations between performance on the FFT, WFT, SON-R 6-40 and data-reading pretest 

Measures FFT WFT SON-R 6-40 
Data-reading 
performance 

FFT --- .028 .369** .157 
WFT .028 --- .211 .090 
SON-R 6-40 .369** .211 --- -.004 
Data-reading 
performance 

.157 .090 -.004 --- 

Note. ** p < .01.  
 
4.3 Effect of analogical instruction on data-reading  

To rule out a difference in fluency prior to the instruction, we compared the mean 

score obtained by the experimental group on the WFT and the FFT with the mean score of the 

control group. On the WFT, the experimental group had a mean score of 44.50 (SD = 5.88) 

and the control group a mean of 46.00 (SD = 6.23). There was no significant difference 

between the scores obtained by the two groups (t (27) = .511, n.s.). On the FFT, students in 

the experimental group obtained a mean score of 40.71 (SD = 7.86) and the control group a 
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mean score of 34.53 (SD = 10.27). The difference in scores on the FFT between the two 

groups was not significant (t (27) = .081, n.s.). A difference in the level of fluency between 

the experimental and the control group was therefore not observed.  

On the pretest, the experimental group achieved a mean score of 60.07 (SD = 11.13) 

and the control group a mean of 59.44 (SD = 8.75) on data-reading performance. The 

conduction of Mann-Whitney non-parametric test for independent samples showed that there 

were no significant differences between data-reading performance of the experimental group 

and the control group on the data-reading pretest (z = -.946, n.s.). For the posttest, the 

experimental group achieved a mean score of 67.21 (SD = 12.29); the control group achieved 

a mean score of 62.11 (SD = 4.89) on the questions. To compare the data-reading 

performance of the two groups, the deviation score was calculated by subtracting the score 

obtained on the posttest from the score on the pretest. The mean deviation score of the 

experimental group was 7.14 (SD = 15.04) and of the control group 2.67 (SD = 9.29). No 

significant difference in the number of correct answers was found between the two groups (t 

(21) = .165, n.s.).  

 The experimental group obtained on the instruction a total mean score of 94.71 (SD = 

11.19) out of 130. On the first day, they reached a mean score of 19.07 (SD = 2.56), on the 

second 24.89 (SD = 4.61), on the third 19.43 (SD = 3.23), and on the fourth 31.36 (SD = 

4.11). The total score and the individual scores showed no significant correlation with scores 

on the FFT, the WFT or data-reading performance on the posttest.  

Table 5 shows the results of the correlational analysis between the FFT, WFT, SON-R 

6-40 and data-reading performance. The correlations between the deviation score of the 

experimental group and the raw scores on the WFT and FFT were not significant (r = -.081, 

n.s.; r = -.424, n.s., respectively). The correlation between the deviation score and the score on 

the SON-R 6-40 for the experimental group was significant (r = .548, p < .05).  

 
Table 5 
Correlations between performance of the experimental group on the FFT, the WFT, the SON-R 
6-40 and deviation score of data-reading performance 

Measures FFT WFT SON-R 6-40 
Data-reading 
performance 

FFT --- .198 -.074 -.424 
WFT .198 --- .130 -.081 
SON-R 6-40 -.074 .130 --- .548** 
Data-reading 
performance 

-.424 -.081 .548** --- 

Note. ** p < .01.  
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 Table 6 shows the results of a correlational analysis between scores obtained by the 

control group on the FFT, the WFT, the SON-R 6-40 and the data-reading. No significant 

correlation was found scores obtained on the tests and data-reading performance. A 

significant correlation was found between scores on the FFT and the SON-R 6-40 (r = .737, p 

< .05).  

 
Table 6 
Correlations between performance of the control group on the FFT, the WFT, the SON-R 6-40 
and deviation score on data-reading performance 

Measures FFT WFT SON-R 6-40 
Data-reading 
performance 

FFT --- -.225 .737* .553 
WFT -.225 --- -.151 .341 
SON-R 6-40 .737* -.151 --- .605 
Data-reading 
performance 

.553 .341 .605 --- 

Note. * p < .05 
 

A correlational analysis between data-reading performance and number of times the 

students referred to the data on the pretest showed a significant correlation (r = .310, p < .05). 

The correlation between data-reading performance and number of times the students referred 

to the data on the posttest (n = 23) was significant as well (r = .641, p < .01). When splitting 

the scores on the posttests for the experimental and the control group, the experimental group 

as well as the control group reached a significant correlation (r = .624, p < .01; r = .592, p < 

.01, respectively).  
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5. CONCLUSIONS 

 

The first aim of the study was to investigate the influence of the task design on data-

reading performance. It was found that the type of cover story accompanying the data table 

had no significant effect on data-reading performance of the sixth-graders. Hypothesis 1 was 

therefore confirmed. Hypothesis 2 stated that the type of cover story would influence the 

students’ use of prior knowledge. Students were found to use significantly more prior 

knowledge while solving the context tasks than during the context-free or flavor tasks. 

Therefore, the type of cover story indeed had influence on the use of prior knowledge. A 

significant correlation was found between number of data presented in one table and data-

reading performance. Hypothesis 3 stating that students would achieve higher scores on tasks 

having a lower sample size and number of observations was therefore supported by the 

findings. We found a significant difference in data-reading performance between data tables 

showing a covariation between the independent and dependent variable and the data tables 

showing no covariation. Hypothesis 4 was confirmed by the findings. No significant 

correlation was found between fluency and performance on non-covariation tasks leading to 

the rejection of hypothesis 5.  

The second aim was to ascertain the relation between fluency, intellectual ability and 

data-reading. We did not find a significant correlation between data-reading performance and 

fluency nor with intellectual ability. Hypothesis 6 was therefore rejected. The correlation 

between the score on the FFT and the total score on the SON-R 6-40 was found to be 

significant, confirming hypothesis 7.  

The third aim of the study was to investigate the trainability of data-reading. There 

was no evidence that data-reading skills can be improved though analogical instructions 

supporting creative thinking. The difference in data-reading performance on the posttest 

between the experimental and control group was not significant, possibly due to the small 

sample size, leading to the rejection of hypothesis 8. The correlational analysis, conducted to 

find out whether students scoring low on fluency benefit more from the instruction, found no 

significant correlation between deviation scores of the experimental group and scores on the 

WFT and the FFT. Hypothesis 9 has therefore also been rejected. A significant correlation 

was found between scores on the SON-R 6-40 and the deviation score. The instruction 

therefore led to an increase in data-reading in students scoring high on intellectual ability.  
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6. DISCUSSION 

 
In the following, we want to discuss the results obtained. We will offer interpretations 

of our findings by comparing them to results of earlier studies. Moreover, we want to point 

out limitation of the methods used as well as make implications for further research.  

The first aim of the study was to investigate the influence of task design on data-

reading performance. Earlier findings have shown that the context that a task is placed in 

influences the use of prior knowledge(Kuhn & Pease, 2008; Zimmerman, 2007). Studies 

focusing on younger age groups (e.g. Chinn & Malhotra, 2002; Kuhn & Pease, 2008) found a 

significant negative relation between the use of prior knowledge and performance on data-

reading as they are often unable to distinguish between theory and evidence. A study by 

Schauble (1990) led to the hypothesis that the context of the task does not influence the 

performance on data-reading of sixth-graders. Supporting this hypothesis, there was no 

significant correlation between referencing to prior knowledge and data-reading performance 

found. The use of prior knowledge neither led to a decrease nor to an increase in data-reading 

performance. Therefore, it can be said, that sixth-graders, unlike younger children, are able to 

distinguish between own theories and evidence provided by the data. Nevertheless, task 

placed in a knowledge-rich context led to a higher use of prior knowledge: It was found that 

students referred significantly more often to their prior knowledge on tasks placed in a 

knowledge-rich context. It must be noted that the prior knowledge of the students has not 

been assessed prior to the conduction of the KIDS. Therefore, there was no evidence that the 

students do possessed the kind of relevant prior knowledge that could help them solving the 

task. However, the significant difference in use of prior knowledge between the three tasks 

shows that the context of the task influenced the use of prior knowledge. Thus, it can be 

concluded that although tasks placed in a knowledge-rich context do not influence 

performance on data-reading, they affect the way students approach and interpret data. Future 

research on data-reading should therefore take the influence of task design on the use of prior 

knowledge into account. Moreover, a replication of the study using a bigger sample size as 

well as the conduction of a qualitative analysis would be of high value.  

Replicating earlier studies on the influence of data characteristics on data-reading (e.g. 

Kanari & Millar, 2004; Masnick & Morris, 2008), we investigated the influence of sample 

size, number of observations and the presence or absence of covariaton on data-reading 

performance. The result that a larger sample size and a higher number of observations led to a 
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decrease in data-reading performance offers support to findings obtained by Masnick and 

Morris (2008). They found that third- and sixth-graders experienced data tables having a 

larger sample size to be more confusing than tables with a lower sample. A possible 

explanation for this finding could be the Cognitive Load Theory (CLT) (Chandler & Sweller, 

1991). The CLT acts on the assumption that the capacity of working memory is limited. 

Working memory is important for processing information and problem solving. If the learner 

is presented with more information than the working memory can process, it comes to 

cognitive overload. The consequence of cognitive overload is that not all of the information is 

processed, making it difficult for the learner to solve the problem correctly. When presented 

with a data table showing a large number of data, the students have to hold a vast amount of 

information in their working memory in order to compare the data and decide whether there is 

a difference between the independent variables or not. It could be assumed that students of 

this age do not yet possess sufficient working memory capacity to solve tasks involving large 

numbers of data.  

We found that students experienced greater trouble reaching the right conclusion on 

tasks showing no covariation between the independent and dependent variable. It was 

assumed that fluency, enabling the learner to approach new problems creatively and to think 

about multiple explanations of the results, enhances performance on non-covariation tasks. 

Therefore, students scoring high on fluency would have less trouble to recognize the 

possibility that two variables might show no covariation. However, there could no evidence 

be obtained for this assumption. Our finding that non-covariation tasks lead to difficulties in 

data-reading supports the results obtained by Kanari and Millar (2004). The students in their 

study had the tendency to predict that the independent and dependent variable covariate rather 

than not. It can therefore be assumed that the students in the present study were also prone to 

think that the variables covariate. A second explanation could be that, when presented with a 

data-table showing no clear trend due to an absence of covariation, students might rely more 

on their prior knowledge. This might have the effect that they go back to only focusing on the 

data supporting their own theories and disregarding the disconfirming data as shown by other 

studies (e.g Zimmerman, 2007). It would be of interest to conduct further research 

investigating how the use of prior knowledge differs between covariation and non-covariation 

tasks as well as how these relationships change with age.  

We encountered a significant difference between males and females in the mean score 

obtained on the FFT. Other studies focusing on verbal fluency encountered a gender 



Data-reading skills in sixth-graders  Wiebke F. Evers 
 

 
31 

 

difference in fluency before (e.g. Capitani, Laiacona, & Basso, 1998; Mann, Sasanuma, 

Sakuma, & Masaki, 1990). The relation between gender and figural fluency is less well 

observed and might be worth further investigation. A possible explanation for the observed 

gender difference in figural fluency is that girls have often been found to be the more creative 

gender (e.g. Baer & Kaufman, 2008). Creativity, as mentioned in most of its definitions, 

presents an important part of fluency. Creativity plays an important role in the conduction of 

the FFT (Ruff, Allen, Farrow, Niemann, & Wylie, 1994). Therefore, the reason why girls 

compared to their male counterparts obtain higher scores on the FFT could be their higher 

level of creativity.  

We did not find a significant correlation between the executive function of fluency and 

performance on data-reading. Based on the assumption that higher-order reasoning skills are 

needed for successful data-reading, it has been hypothesized that fluency could predict data-

reading performance. A possible explanation for the absence of a significant correlation could 

be the deficiency of the measures used. First of all, the KIDS is still in its testing phase. The 

present study was the first time the KIDS was used to measure data-reading skills of a larger 

sample. The assessment of the KIDS could not be carried out without problems. The test 

conductors had little time to familiarize themselves with the content and testing procedure of 

the KIDS. The conduction time of the test was longer than expected which often led to a 

decrease in motivation of the students. The fact that the correlation between performance on 

data-reading and fluency was not significant could as well be due to the age group used. 

Fluency undergoes profound development until early adolescence (Best, Miller, & Jones, 

2009; Davidson, Amso, Anderson, & Diamond, 2006). Therefore, in sixth-graders fluency is 

still not fully developed. As a result, at this point in development fluency does not function as 

a predictor of data-reading ability. Replicating this study using high school or college students 

would clarify whether fluency can predict data-reading performance in older age groups. 

As mentioned earlier, there is some controversy whether intelligence and executive 

functions can be regarded to be two independent concepts (e.g. Damasio, 1994; Friedman et 

al., 2006). We found a significant moderate positive correlation between fluency and 

intellectual ability, giving evidence that fluency and intellectual ability can be regarded as 

independent but related. However, as it has been shown that test choice influences results 

profoundly, it would be of interest to assess the relation between fluency and intellectual 

ability using other measures.  
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We did not find a significant effect of analogical instruction supporting creative 

thinking on data-reading performance. One possible explanation is the small sample size of 

the experimental and the control group. A comparison of the mean deviation scores showed a 

difference in performance. Significant differences between the experimental and the control 

group could be expected when repeating this study with a bigger sample or through the 

conduction of a qualitative analysis. A second explanation could be a lack of motivation of 

the students. The posttest of the KIDS was conducted two weeks before the summer break 

started. The majority of the students that were examined did not have school lessons as usual 

but were busy with e.g. musical rehearsals, physical exercise and painting. Therefore, taking 

part in testing did not mean a welcomed alternative to normal school lessons but a withdrawal 

from interesting activities. Another reason for the low motivation of the students was the 

design of the KIDS. The conduction often took longer than one hour and opposed to the 

pretest, the students of the experimental and control group were well aware of this. Tasks with 

a low number of observation and a small sample size seemed easy for the students making it 

difficult for them to understand why they had to explain their reasoning process to the test 

conductor. A possible solution could be the implementation of adaptive testing. As a result, 

the students would not have to conduct all exercises and the exercises they are asked to do 

reflect their level of performance. The students made seldom use of the calculator as well as 

pen and paper to verify their answers. This might also be due to the long examination time as 

a calculation involving up to 32 numbers takes the students a while.  

Another explanation is that, due to shortcomings in the design, the instruction material 

did not succeed in fostering the data-reading skills of the students. The learning methods used 

in the instruction did not enhance data-reading skills significantly. The correlation between 

data-reading performance and number of times students referred to the data doubled from the 

pre- to the posttest. However, the correlation also doubled for the control group who did not 

take part in the instruction. Therefore, again due to the small sample size the increase in 

correlation could not be proven to be due to the instruction but could result from other factors 

such as maturation. Moreover, it could not be proven that instruction using analogies fostered 

transfer (Clement, 2002; Gentner & Markman, 1997). There was no support that the students 

applied their knowledge obtained during the instruction to solve the tasks of the KIDS asking 

for a replication using a larger sample.  

Students scoring low on fluency did not show to benefit more from the instruction than 

students obtaining high scores. This finding might also be due to the design of the instruction. 
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The instruction did not merely focus on enhancing creative thinking, but also tapped on the 

executive functions of inhibition and working memory. The design of the instruction also 

asked quite a large amount of attention of the students as every page contained a lot of 

information that the students had to process. Therefore, the students needed a lot of working 

memory capacity to juggle all the information presented. Several studies found a correlation 

between the executive function of working memory and fluency (e.g. Miyake et al., 2000). 

Therefore, the students in the present study scoring low on fluency might also have obtained 

low scores on working memory capacity. The methods used in the instruction might be able to 

enhance fluency but led, in the way they were presented, to a cognitive overload of the 

students with low working memory capacity. Future research should investigate the influence 

of working memory capacity and inhibition on data-reading. It would be of interest to assess 

how the executive functions relate to each other and their ability to predict data-reading 

performance. Moreover, it would be of great interest to obtain, through the comparison of 

different age groups, a clearer picture of how these relations evolve over time. It would be 

interesting to further investigate the trainability of data-reading using different forms of 

instructions, e.g. collaboration or the use of computer simulations where students would be 

able to make the measurements themselves. 
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Appendix B: Exercise Booklet Day 2 
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Appendix C: Exercise Booklet Day 3 
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Appendix D: Exercise Booklet Day 4 
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