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Summary 

 

Computerised concept mapping allows students to represent their learning through 

adaptable diagrammatic structures on-screen. This project investigated how 

computerised concept mapping can be effectively deployed in student learning, in two 

secondary schools during 2003-6, with over 200 participants; and more specifically 

addressed to what extent the effectiveness of computerised concept mapping is 

enhanced by (a) peer collaboration, and (b) providing scoring feedback. 

 

It was set in a context where the rapid pace of developments in computer technology 

has provided schools with extensive opportunities to exploit approaches to learning 

through ICT, but where this is rarely achieved. Research across a number of separate 

disciplines had recently been combined to provide teachers with increasing pedagogic 

knowledge. In this project theories concerning learning and the construction of 

knowledge have been used to inform the design and deployment of the CRESST 

knowledge-mapper software. 

 

The implementation of the main study allowed the use of computerised concept 

mapping to be examined in randomised control trials involving three experimental 

groups, and a control group. In one experimental group, the students used the 

knowledge-mapper individually. In the two other groups, the students worked 

collaboratively; but in only one of these groups was scoring feedback provided. The 

students’ learning was measured and compared with an essay task. 

The classes who used the software individually showed almost no gain, relative to the 

class who had no access to the software at all. In contrast the groups who were 

allowed to collaborate in creating their computerised concept maps both outperformed 

the other mapping groups by a significant margin, whether or not they received the 

automated scores. 

It appeared that the knowledge-mapper alone had minimal effect, but that it was 

effective in promoting constructive collaboration between students, which – in turn – 

enhanced their performance on the essay task. This finding does not appear to be 

dependent on the choice of software, and would equally apply with other comparable 

computerised concept mapping tools, such as: Inspiration, Mind Matrix, and Smart 

Ideas. 
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Project Introduction 

 

The purpose of this project was to develop, and assess the effectiveness of, classroom 

approaches to the study of a variety of school subjects, with computerised concept 

mapping software – specifically by conducting experimental trials with the CRESST 

knowledge-mapper, and by considering the relative impact on students’ essay 

performance of different classroom approaches with this software. An extended report 

(Bevan: 2007) of this project has been accepted as a doctoral thesis to the University 

of Cambridge. Many previous studies in a variety of settings have explored aspects of 

concept mapping, however this research had a unique focus on collaborative activities 

and structured graphical organisers (Salomon: 1988), accomplished with bespoke 

mapping software, that incorporated automated scoring feedback for assessment. The 

experimental trials were designed to compare the effect of the software used by 

individual students, the effect when the knowledge-mapper was used collaboratively, 

and the effect when automated scores were provided as feedback at an intermediate 

point in the lesson. 

 

“… Even though concept mapping today is used in ways and in domains that 

we would not have been able to predict years ago, the main purpose of the 

concept map continues to be the same: it is a tool that allows one or more 

persons to represent explicitly their understanding of a domain of knowledge 

…”  (Cañas & Novak: 2006, p1). 

 

Computerised concept mapping is specifically intended to take advantage of many of 

the features of an on-screen environment, whilst also allowing students to make 

explicit representations of their understandings of relationships between aspects 

within their current topic of study. Maddison (1982) distinguishes between computer 

programs which give no indication of their internal workings, so called ‘black boxes’, 

and those which are relatively transparent, what he calls ‘glass boxes’ (pp66-7); and it 

is in light of this that the project was named: “From Black Boxes to Glass Boxes: the 

application of computerised concept mapping in schools”. 

 

The project involved developing a protocol for a randomised control trial to allow 

comparisons between students using the CRESST knowledge-mapper in different 

ways, and then implementing this in a number of contexts. First, the participants were 
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ranked using their performance in a related pre-task, then they were given access to 

the software in various configurations, before being ranked again in an essay-based 

post-task. Some of the experimental groups used the software in isolation, and some 

were given scoring feedback, and others were allowed to collaborate in developing 

their knowledge-maps. The relative gains in ranks between the participants in the 

different experimental and control groups formed the primary means of assessing the 

effectiveness of the different approaches. Further information was also sought, 

through interviews and discussion, regarding issues of student motivation, and to gain 

insights into how the different classroom approaches were perceived by the 

participants. 

 

 

Project Motivation 

 

This project was first proposed in 1998, following a visit from CRESST staff to the 

University of Cambridge’s School of Education. During that visit, screenshots from 

the CRESST knowledge-mapper were displayed as part of a discussion relating to 

authenticity and accountability in educational assessment. It was explained that the 

knowledge-mapper had been intended as an alternative tool to use in high-stakes 

summative assessments, and that some progress was being made in demonstrating the 

validity of the approach (see, for example, Osmundson et al.: 1999). 

 

In the UK context, at that time, concerned practitioners: 

 

(1) were becoming increasingly aware of the impact of summative assessment 

on students and classrooms: later summarised by Harlen and Deakin-Crick 

(2002); 

 

(2) had begun to embrace the benefits of formative assessment (Black & 

Wiliam:  1998; Weeden et al.: 2002); 

 

(3) were developing a sense of enquiry into metacognition – learning how to 

learn (see, for example, Marton et al.: 1997); and 
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(4)  were troubled by the apparent ineffectiveness of much educational 

software, and the inability to exploit the facilities offered by new 

technologies (Williams et al. 2000). 

 

It seemed clear that the formative use of the CRESST knowledge-mapper as a 

classroom tool might be more appropriate in UK schools, and that – if it could be 

shown to lead to learning gains – it might be viewed as a genuinely effective 

computerised classroom approach. 

 

Moreover, the constructivist rationale for concept mapping (e.g. Duffy & Jonassen: 

1992), and the socio-constructivist arguments for collaborative concept mapping (e.g. 

Dillenbourg et al.: 1995) were in accord with some of the emerging thinking on 

‘learning how to learn’ (Marton et al.: 1997). 

 

The concept mapping literature draws on a range of sources to offer explanations for 

these aspects of learning: socio-cultural theory (e.g. Vygotsky: 1978), symbolic 

interactionism (e.g. Mead: 1934), socio-cognitive conflict theory (Mugny et al.: 

1981), situated learning (e.g. Rogoff & Lave: 1984), collaborative learning (e.g. 

Slavin: 1990; Deutsch: 1949), and ideas from distributed cognition (e.g. Salomon: 

1993). 

 

 

Research Outline 

 

The findings presented in this account are based on field studies undertaken during the 

period 2003 to 2006. A total of more than 200 students participated in the research 

from two different 11-18 selective secondary schools in South East England, with four 

repetitions and refinements of the experimental design. The students were all in Year 

9 or 10, in urban and suburban settings. The groups were of mixed ethnic 

composition, and comprised students in the upper quartile of the ability range. The 

topic question for the concept maps varied between the four studies, but all were 

drawn from the humanities curriculum. In each repeat of the experiment, the student 

groups were constructed to allow direct statistical comparisons. 
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These comparisons between the groups were determined using population estimates 

of the effect sizes, and care was taken to ensure that confidence intervals were 

declared for these statistics. The student motivation data was obtained using a 

questionnaire survey, previously deployed in a similar international study, and the 

findings reported in this introduction are significant at the 5% level. Selected students 

were also interviewed for the study, and extracts of their contributions appear to offer 

clarity to the explanation of the outcomes. 

 

The research design was developed after a number of pilot studies (reported in 

Chapter 7 of Bevan: 2007) revealed the need to consider separately: the impact of the 

knowledge-mapping software, the effect of collaboration, and the consequence of 

introducing the automated scoring. 

 

Prior to the project, existing studies were reviewed in four sections, and are detailed 

by Bevan (2007). First the theoretical literature on concept mapping was reported in 

Chapter 2, with empirical examples cited to illustrate the ideas presented. Secondly, in 

Chapter 3, a broad review was offered of the experimental and case study evidence to 

support the use of ‘visual tools’ (Hyerle: 2000), with further consideration of the 

impact of classroom inter-actions and peer-collaboration. Chapter 4 addressed the 

concerns that existed regarding the ineffective use of computer technology in schools, 

and illustrates how computerised concept mapping is a possible response to this. The 

CRESST knowledge-mapper, and the associated automated scoring system, was 

explained in Chapter 5; with supporting material from the previous studies conducted 

by CRESST. 

 

Students were assigned randomly, by stratification according to a known variable - the 

pre-test result, to the various groups (see figure 1). For the control samples, the 

students continued to work with an experienced subject teacher. The teacher was 

asked to organise two lessons of ‘normal classroom’ revision: discussions, research 

and presentations (with usual subject teacher). For the three experimental groups: 

students created their first knowledge map in response to the essay title. Group 1 was 

then free to continue to work individually to enhance their maps. Group 2 students 

could then work together: collaborate - to compare, revise and improve their maps. 

Group 3 obtained feedback scores, based on an automated comparison between their 

own maps and the teacher’s expert maps. The scores were explained briefly to the 



 Page 7  

students, so that they could gauge their own progress and identify others in the group 

who had advanced more successfully. Students worked together – collaborated - to 

compare, revise and improve their maps. 
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Figure 1 – Comparison of intervention – main studies 

 

After completing their final knowledge-maps, students completed an evaluation 

questionnaire. Results from the questionnaire were analysed to determine student 

attitudes towards the software and aspects of knowledge mapping. 

 

All students produce a final essay in response to the original ‘title’. The final essay 

served as the post-test, and represented the most appropriate form for the students to 

demonstrate the links in their knowledge. The essays were ‘rank ordered’ and the 

relative gains of the groups compared. The data collected from the pre-test tasks, post-

test essays, and evaluation questionnaires were then analysed. 

 

The outcome data was to be examined for evidence against the following hypotheses: 

 



 Page 8  

H: comparing outcomes gains between each pair of participant groups 

 

H1 – students in the experimental group, utilising the CRESST knowledge-

mapper, demonstrate a significant gain in performance (as measured in an 

essay writing task) compared to students in each of the other groups who had a 

‘reduced’ version of intervention; 

 

H0 – students in the experimental group demonstrate no significant gain in 

performance, compared to students in the other groups; 

 

and 

 

J: comparing attitudes towards the knowledge-mapper within the experimental groups 

 

J1 – students in each of the experimental groups who experience the greatest 

benefits from the knowledge-mapper (in outcome scores) are most enthusiastic 

about the software; 

 

J0 – no relationship exists between enthusiasm for using the knowledge-

mapper and gains after learning with the software. 

 

The first main study involved four classes of Y9 History students in an all boys 

school, and full details of the method and analysis are presented in later paragraphs of 

this section of the report. The implementation allowed various aspects of the 

intervention to be separately examined – the use of the knowledge-mapper alone, 

collaboratively, and with or without scoring feedback. This was achieved through four 

groups: 

 

a control group (group 0, n=21), for whom there was no change in the 

teaching offered; 

 

experimental group 1 (n=20) who used the knowledge-mapper individually 

with no scoring and no collaboration; 
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experimental group 2 (n=21) who used the knowledge-mapper individually 

with no scoring but with the opportunity to collaborate on revising their maps;  

and 

 

experimental group 3 (n=19) who used the knowledge-mapper individually, 

were then informed of their map scores and given the opportunity to 

collaborate on revising their maps. 

 

In the first main study, relative to the control group: 

 

(1) experimental group 1 (no scores, no collaboration) experienced very small 

benefits, equivalent to +0.21 average gain in rank, with an effect size of 

0.03; 

 

(2) experimental group 2 (no scores, collaboration) experienced significant 

benefits, equivalent to +3.24 average gain in rank, with an effect size of 

0.49; 

 

(3) experimental group 3 (scores, collaboration) experienced substantial 

benefits, equivalent to +3.71 average gain in rank, with an effect size of 

0.50. 

 

Replicating the method of this first study, the second main study involved four classes 

of Y9 History students in an all girls school, stratified into four groups: 

  

a control group (group 0, n=21), for whom there was no change in the 

teaching offered; 

 

experimental group 1 (n=14) who used the knowledge mapper individually 

with no scoring and no collaboration; 

 

experimental group 2 (n=17) who used the knowledge mapper individually 

with no scoring but with the opportunity to collaborate on revising their maps;  

and 
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experimental group 3 (n=16) who used the knowledge mapper individually, 

were then informed of their map scores and given the opportunity to 

collaborate on revising their maps. 

 

In the second main study: 

 

(1) the control group 0 (no software, no scores, no collaboration) experienced 

significant benefits, equivalent to +3.17 average gain in rank, with an 

effect size of 0.5 (or greater) relative to each of the experimental groups. 

 

However, relative to experimental group 1 (no scores, no collaboration), 

 

(2) experimental group 2 (no scores, collaboration) experienced benefits, with 

an effect size of 0.19; and 

 

(3) experimental group 3 (scores, collaboration) experienced substantial 

benefits, equivalent to an effect size of 0.23. 

 

In an attempt to control as many of the possible confounding variables (and, thus, 

limiting any variations that might arise with pupil differences), the two main studies 

were planned with groups of participants exhibiting broadly similar attainment and 

socio-economic characteristics. The students were from Year 9 GCSE History classes, 

consisting of boys only in the first study and girls only in the second, drawn from 

amongst the most able 20% of their age population (as determined by cohort SATS 

results). The students were predominantly from advantageous socio-economic 

backgrounds (FSM <5%), but were drawn from a very diverse ethnic composition. 

 

Ten stages were identified and tabulated (see below) in the planning and 

implementation of this randomised control trial. Each step is described in detail, and 

further discussed as part of the evaluation of the results. 
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Table 1 – a summary of the practical steps in the experimental process 

 

 

Classroom Activity 

 

 

Research Preparation 

1. Identify four suitable teaching groups, and 'willing' 

participant teachers. 

 

2. Provide an introduction for the teachers to the 

software, and to developing an 'expert map'. 

 

3. Select a suitable topic of study – a 

revision/consolidation activity. 

 

4. Ask the teacher(s) to select an 'essay title' and to 

produce an expert map. 

Nodes, links and expert map entered 

into the software. 

5. Students produce a draft essay plan in response to the 

'title'. 

Additional nodes/links from student 

plans added to the software. 

6. The anonymised plans are 'rank ordered' (by 

agreement between the participant teachers) to create 

four equivalent groups – (1,5,9, …) ranked as 'control', 

(2,6,10, …) ranked as 'experimental 1', et c. 

Software access prepared for the 

'experimental groups'. 

Equivalent (m1+1=m2, et c.) mean 

ranks, and identical s.d. for ranks. 

Control Group Experimental Groups  

Groups 1, 2 and 3: 

 

7(a) Students introduced, by 

researcher, to the knowledge 

mapping software. 

(b) Students create their first 

knowledge map in response to 

the essay title. 

(c) Students save their 

knowledge map 

 

 

 
7&8. Two lessons of 

'normal classroom' 

revision: discussions, 

research and 

presentations (with 

subject teacher). 

Students keep 'notes'. 

Group 3: 

 

(d) Students obtain feedback 

scores (which are made public 

in the class). 

 

Access to tutorials. 

 

 

 

Classroom assistance. 

 

 

Scores recorded for later examination 

of progress pre- and post- 

collaborative phase.  

 

 

 

Scoring, and printing available. 
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Table 1(continued) 

 

Control Group Experimental Groups  

Groups 2 and 3: 

 

8. (a) Students work together – 

collaborate - to compare, revise 

and improve their maps.  

 

 

 

 

 

Controlled environment for 

'experiment' but sustaining ‘ecological 

validity’. 

 

Groups 1, 2 and 3: 

 

Students complete evaluation 

questionnaire. 

 

9. Students produce a final essay (with access to 'notes' 

or 'map') in response to the 'title'. 

Essay (not plan) for realism: seeking 

justified links in the writing. 

10. The essays are 'ranked' (by agreement between the 

participant teachers), and the relative gains of the 

groups compared. 

Compare new mean ranks, divide any 

gain by s.d. of initial ranks to obtain 

effect size. 

Compare (for experimental group 

only) outcome ranks (and change in 

rank) with reference to mapping 

score(s). 

 

 

Each of the ten steps in the experimental approach are now explained with: 

justification for the method, commentary on the implementation, and some 

observations on the outcomes. (Italicised text refers back to the ten steps in the table.) 

 

(1) Identify suitable teaching groups, and 'willing' participant teachers. For the main 

studies, two History departments were invited to participate with the research. The 

seven teachers had varying levels of teaching and research experience, but all 

were committed to gaining insights into more effective approaches to developing 

pupils’ reasoning in their subject. 

 

In accordance with the BERA (2004) ethical guidelines, students were informed 

about the experiment; but explicit individual consent was not sought, as 

participation did not require anything other than attendance at regular lessons. 

They were assigned randomly (by stratification according to a known variable - 

the pre-test result) to the various groups, but in circumstances where all the 

‘treatments’ were of value, no ethical constraints applied (see BERA (2004): 

Guidelines 21 &22). 
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(2) Provide an introduction for the teachers to the software, and to developing an 

'expert map'. All of the teachers in the main studies were familiar with the use of 

concept maps in their classes, and graphical approaches were frequently employed 

for essay preparation and in revision classes. A brief guide to the CRESST 

knowledge-mapper was provided for each teacher, as well as an explanation of the 

use of expert maps for scoring pupil maps. 

 

(3) Select a suitable topic of study – a revision/consolidation activity. The research is 

intended to demonstrate the effectiveness of the knowledge-mapper as a tool for 

developing pupils' understanding of relationships within a specific area of study. 

As such, it was not intended to be a vehicle for the transmission of new 

knowledge content. The participant teachers were therefore asked to identify a 

topic that had already been addressed in class, that was relatively self-contained, 

that could be appropriately represented using a knowledge map. 

 

For this study, the History teachers in the first main study selected reasons for the 

US failure to win the Vietnam War; and for the second main study, the change in 

lives of children in Britain caused by World War II. 

 

(4) Ask the teacher(s) to select an 'essay title' and to produce an expert map. At this 

stage the participant teachers were asked to refine their area of study, by defining 

a specific question that would be answered with the mapping activity (for the 

experimental group), and would be used for the pre- and post- tasks.  

 

The chosen titles were, respectively: 

 

“Why did the US lose the war in Vietnam?”, and 

 

“To what extent did World War II cause the lives of children in Britain to 

change?” 

 

The teachers were then invited to draw their expert knowledge maps. This was 

done as a 'pencil and paper' task: at this stage none of the teachers had been 

introduced to the authoring element of the CRESST knowledge-mapper. The 

teachers were free to choose appropriate nodes and links, and went through a 
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series of successive refinements in order to determine their finished map. They 

were able to readily identify the required nodes: a set of events, agents and factors 

for the History map. The determination of the links took longer, where the 

challenge was to find a minimal set of optimal descriptors: i.e. a suitably short list 

of possible relationships, such that each pair of connected nodes would have a best 

choice of link. 

  

Nodes, links and expert map entered into the software. The concept-set and the 

relationship-set were then compiled using the authoring tool, the expert-maps 

created using the knowledge-mapper, and assigned ready for use in the scoring of 

pupil maps. The finished maps are included below: 
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Figure 2 – History ‘expert map’ – Main Study 1 – “Why did the US lose the war in 

Vietnam?” 
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Figure 3 – History ‘expert map’ – Main Study 2 – “To what extent did World 

War II cause the lives of children in Britain to change?” 
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(5) Students produce a draft essay plan in response to the 'title'. Each of the teachers 

asked their full class to produce an essay plan, based around the classification of a 

number of pre-prepared statements, indicating how they would respond to the 

chosen title. These essay plans would be used as the pre-test data. In the second 

main study the same effect was achieved by using elements of a previously 

planned cross-year assessment task. 

 

(6) The essay plans are 'rank ordered' (by a non-participant teacher) to create four 

equivalent groups – (1,5,9, …) ranked as 'control', (2,6,10, …) ranked as 

'experimental 1', et c. By creating the two groups using the rank ordering, it was 

possible to ensure that the control and experimental groups were comparable. Had 

all participants remained in the study the two groups would have had equivalent 

(m1+1=m2) mean ranks, and identical s.d. for ranks. 

 

Software access prepared for the 'experimental group', with appropriate login 

names, passwords and task access. 

 

(7&8) For both of the control samples, the pupils continued to work with an 

experienced  subject teacher. The teacher was asked to organise two lessons of 

'normal classroom' revision: discussions, research and presentations (with usual 

subject teacher). Students keep 'notes'. The teachers confirmed that this practice 

was as usual, but also commented that it was difficult not to be influenced by the 

structure imposed on their own thinking by the construction of expert maps. 

However, as discussed in the commentary on the pilot studies, this would only 

have served to reduce the experimental effect relative to the control group; and, 

for the main studies other inter-group comparisons were already expected to hold 

greater validity. 

 

(7) For the experimental sample: (a) Students introduced, by researcher, to the 

knowledge mapping software. This was made possible through the development of 

on-line animated tutorials, and all pupils were fully conversant with the software 

within five minutes. (b) Students create their first knowledge map in response to 

the essay title. After approximately forty minutes, (c) Students save their 

knowledge map. 
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Group 1 were then free to continue to work individually to enhance their maps. 

 

Group 2 students could then work together: collaborate - to compare, revise and 

improve their maps. 

 

Group 3 obtain feedback scores (which are made public in the class). The  scores 

were explained briefly to the pupils, so that they could gauge their own progress 

and identify others in the group who had advanced more successfully. Students 

work together – collaborate - to compare, revise and improve their maps. 

 

Students complete evaluation questionnaire. Results from the questionnaire would 

be analysed to determine pupil attitudes towards the software and aspects of 

knowledge mapping. It was possible to compare these attitudes with rates of 

success and other experimental factors. 

 

(9) All students produce a final essay (with access to 'notes' or 'map') in response to 

the 'title'. The final essay is to serve in this instance as the post-test, and 

represented the most appropriate form for the pupils to demonstrate the links in 

their knowledge. The choice of a final essay was intended to reflect the context in 

which these students would ordinarily have been assessed by their teachers, and 

the form of their later public examinations.   

 

(10) The essays are 'rank ordered' and the relative gains of the two groups compared. 

The data collected from the post-test essays was then analysed.  

 

The evaluation questionnaire was identical to that used in the pilot studies. 
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Table 1  – the evaluation questionnaire for student participants in the pilot studies 

 

1 2 3 4 5 Assess each statement: to what 

extent do you agree? Not at all ----

- 
Moderately 

----- Very 

much 

      

Knowledge mapping suits my learning 

in this subject 
     

I intend to continue using knowledge 

mapping in various subjects 
     

It is difficult to learn using knowledge 

mapping 
     

Knowledge mapping is a waste of time      

The knowledge maps I prepared 

accurately demonstrate my knowledge 
     

Organising material in knowledge 

maps helps me in understanding key 

concepts 

     

Knowledge mapping helps me to 

detect unclear concepts 
     

Knowledge mapping is enjoyable      

I would like teachers to give me 

completed knowledge maps 
     

Discussing my knowledge maps with 

friends is helpful 
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Students were selected in small groups from amongst the participants for the 

interviews. Each interview group consisted of one member from each of the four 

constituent experimental groups. The first interview group consisted of those who had 

demonstrated the greatest gains from pre-test to post-test. The second group consisted 

of those who had experienced the greatest decline in rank from pre-test to post-test. 

The third group, drawing from the three experimental ‘treatment’ groups only, was 

drawn together from those who expressed the deepest dissatisfaction with the 

knowledge-mapper on their evaluation questionnaires – “Knowledge mapping is a 

waste of time: very much”. These three interview groups covered a sufficient spread 

of participant experiences and opinions to address adequately the questions which 

were posed for discussion: 

 

Q1. You were recently split into different groups in History, to 'try out' some 

mind-mapping software. What do you remember of your experience? 

 

Q2. There were four groups involved. Group 0 did not use the software at all, 

and had a revision lesson. Group 1 worked in silence and alone developing 

their mind-maps unaided. Group 2 worked alone, then were allowed to look at 

other student's work, and adapt their own. Group 3 worked alone, then were 

given automated scores for all their maps, allowed to look at other student's 

work, and adapt their own. Which group do you think would have gained the 

most, or the least? 

 

Q3. In fact Groups 2 and 3 however were significantly 'ahead' of Group 1. 

Why do you think that might have happened? 

 

A full transcript of responses was prepared based on shorthand recordings of the 

discussion by a non-participant observer. 
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Main Study 1 - Analysis: Data Tables and Interpretation 

 

The pre-test was undertaken in students’ normal teaching groups, and each student 

was assigned a corresponding rank. Table 2 indicates the allocation and distribution of 

the pupils to experimental and control groups: 

 

a control group (group 0, n=21), for whom there was no change in the 

teaching offered; 

 

experimental group 1 (n=20) who used the knowledge-mapper individually 

with no scoring and no collaboration; 

 

experimental group 2 (n=21) who used the knowledge-mapper individually 

with no scoring but with the opportunity to collaborate on revising their maps;  

 

experimental group 3 (n=19) who used the knowledge-mapper individually, 

were then informed of their map scores and given the opportunity to 

collaborate on revising their maps. 

 

The groups are seen to be comparable: controlled for prior attainment by stratification 

based on pre-rank. 

 

Table 2 – Main Study 1 –  experimental and control group composition 

0 21 9.52 6.50

1 20 10.80 6.07

2 21 11.57 6.65

3 19 12.26 6.77

n
m rank 

mean

s rank 

s.d.
Group

 

 

The analysis of the rank data is presented in the next sequence of tables. These tables 

include the mean change in ranks, mean ∆ rank, for each of the four groups; and the 

associated deviations, s.d. ∆ rank. These are then used to calculate comparative 

sample effect sizes, d(∆) sample between each pairing within the four groups, using 

methods described in Chapter 7 of Bevan (2007). An unbiased estimator for the 

population effect size is then tabulated, d(∆) population together with the corresponding 

95% confidence intervals. 
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Table 3(a) indicates the average change in rank (mean ∆rank) in each group, and the 

variation within each group in these rank changes (standard deviation ∆rank). For 

example, in group 2 students typically gained 1.48 ranks, but with an average 

variation in this figure of 7.22 ranks. 

 

Table 3(a) – Main Study 1 – individual group analysis of rank changes 

0 21 -1.76 5.62

1 20 -1.55 6.35

2 21 1.48 7.22

3 19 1.95 8.67

s.d. 

∆∆∆∆rank
Group n

mean 

∆∆∆∆rank

 

 

Comparisons between the different groups are only possible if a pooled estimate of 

the standard deviation is known for each pair of groups. 

 

2 2
( 1) ( 1)

2

e e c c
pooled

e c

n sd n sd
sd

n n

− + −
=

+ −
 

 

Table 3(b) provides these values based on the rank changes. For example, when 

comparing experimental group 2 with control group 0, a pooled estimate of the 

standard deviation is 6.47. 

  

Table 3(b) – Main Study 1 – pooled estimate of the standard deviation of rank 

changes for each comparison pair of groups 

 

sd( ∆ ) pooled = 1 2 3

0 5.98 6.47 7.23

1 6.81 7.57

2 7.94  
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Utilising these values for the standard deviation, it is possible to calculate the effect 

size (for the sample), d(∆)sample, and these are reported in table 3(c). For example, 

when comparing experimental group 3 with control group 0, the effect size measured 

in the sample is 0.51. 

 

Table 3(c) – Main Study 1 – sample effect sizes for each comparison pair of groups 

d( ∆ ) sample  = 1 2 3

0 0.04 0.50 0.51

1 0.44 0.46

2 0.06  

 

Each of these effect size values for the sample can be used to generate (Hedges & 

Olkin: 1985) an unbiased estimator for the population effect size, d(∆)population, which 

are reported in table 3(d). 

3

[4( ) 9]
{1 }

e c

population sample
n n

d d
+ −

≈ × −  

 

Table 3(d) – Main Study 1 – population effect sizes for each comparison pair of 

groups 

 

d( ∆ ) population  = 1 2 3

0 0.03 0.49 0.50

1 0.44 0.45

2 0.06  

 

Each of these effect sizes has an associated probability, derived from the tables 

presented in the Appendix to Bevan (2007). 

 

Table 3(e) – Main Study 1 – probability values (±1%) for the effect sizes for each 

comparison pair of groups 

 

P[d( ∆ ) population ] = 1 2 3

0 0.30 0.88 0.85

1 0.95 0.93

2 0.54
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Table 3(e) shows statistically significant (10% level) effect sizes for the gains 

experienced by groups 2 and 3 relative to group 1; and values sufficiently high 

(Fisher: 1925) to warrant further exploration in the gains of groups 2 and 3 relative to 

control group 0. 

 

As previously discussed the interpretation of these population effect size values has 

limited validity, unless the associated confidence intervals are also calculated. This, in 

turn, requires a calculation of the standard deviation for each of the population effect 

sizes, σ(d). Table 3(f) presents these values. 

 

2

( )
2( )

e c

e c e c

n n d
d

n n n n
σ

+
= +

× +
 

 

Table 3(f) – Main Study 1 – standard deviation of each population effect size  

s (d( ∆ ) ) = 1 2 3

0 0.31 0.31 0.32

1 0.32 0.32

2 0.32   

 

The confidence intervals for each population effect size can now be presented in table 

3(g), based on the estimators obtained from the sample information. In each case a 

range of values is presented, d(∆)population – 1.96σ(d) to  d(∆)population + 1.96σ(d), and 

there is a 95% probability that this interval contains the actual population effect size. 

For example, the comparison between groups 0 and 3 has –0.13 < d(∆)population < 1.13. 

 

Table 3(g) – Main Study 1 – 95% confidence intervals for the population effect size 

for each comparison pair of groups 

 

0-1 -0.58 - 0.65

0-2 -0.12 - 1.11

0-3 -0.13 - 1.13

1-2 -0.18 - 1.06

1-3 -0.18 - 1.09

2-3 -0.56 - 0.68

95% interval for d( ∆ ) population

  

 

These effect size calculations allow a standardised comparison between the impacts of 

different educational interventions (Coe: 2000).  
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In summary, the evidence of tables 3(a) – (g), allows the following principal results to 

be offered. Relative to the control group: 

 

(1) experimental group 1 (no scores, no collaboration) experienced very small 

benefits, equivalent to +0.21 average gain in rank, with an effect size of 

0.03; 

 

(2) experimental group 2 (no scores, collaboration) experienced substantial 

benefits, equivalent to +3.24 average gain in rank, with an effect size of 

0.49; 

 

(3) experimental group 3 (scores, collaboration) experienced substantial 

benefits, equivalent to +3.71 average gain in rank, with an effect size of 

0.50. 

 

The confidence intervals for the effect size measures in both groups 2 and 3, relative 

to the control group (i.e. in the tables 0-2 and 0-3), support the claims made regarding  

the beneficial impact of the interventions. The knowledge-mapper alone (group 1) has 

had a small, but insignificant impact; the collaborative use of the mapper has brought 

significant gains, enhanced very slightly by the provision of scores. In relation to the 

original test hypotheses: 

 

H1 – students in the experimental group, utilising the CRESST knowledge-

mapper, demonstrate a significant gain in performance (as measured in an 

essay writing task) compared to students in each of the other groups who had a 

‘reduced’ version of intervention. 

 

H0 – students in the experimental group demonstrate no significant gain in 

performance, compared to students in the other groups. 

 

H1 is not rejected for the comparison between groups 2 and 3 with control group 0 

(effect sizes 0.49 and 0.50, p ≈ 0.85); nor is it rejected for the comparison between 

groups 2 and 3 with experimental group 1 (effect sizes 0.44 and 0.45, p ≈ 0.9). 
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However H1 is rejected, and H0 accepted, for the comparisons between group 1 and 

the control group (effect size 0.03); and also for the comparisons between group 3 and 

experimental group 2 (effect size 0.06). 

 

The evidence suggests that the use of the knowledge-mapper alone is not beneficial, 

nor is the addition of the scoring feedback. However, the knowledge-mapper with 

peer-collaboration has a significant beneficial effect. 

 

Main Study 1 - Commentary and Extended Analysis 

(1) Examination of questionnaire data for experimental group 1 

Each participant completed a ten question response form, and scored each statement 

from 1 (not at all) to 5 (very much).  

For most questions the deviations are sufficiently small to develop a reasonable sense 

of the general feeling of the group. The mean responses are presented in text form 

also (4). 

 

Table 4 – mean questionnaire responses for experimental group1 

Since there were variations in questionnaire response across some questions, a further 

table (5) of correlations was developed to examine whether there were significant 

relationships between the performance and mapping score data and the participants’ 

reactions to the activity. 

Q1 Knowledge mapping suits my learning in this subject Moderately

Q2 I intend to continue using knowledge mapping in various subjects Moderately

Q3 It is difficult to learn using knowledge mapping Not much

Q4 Knowledge mapping is a waste of time Not much

Q5 The knowledge maps I prepared accurately demonstrate my knowledge Moderately

Q6 Organising material in knowledge maps helps me in understanding key concepts Very much

Q7 Knowledge mapping helps me to detect unclear concepts Moderately

Q8 Knowledge mapping is enjoyable Very much

Q9 I would like teachers to give me completed knowledge maps Moderately

Q10 Discussing my knowledge maps with friends is helpful Moderately
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Table 5 – correlations between questionnaire responses and ranks in group 1 

 

Five entries in the correlation table are significant (n=20, r > 0.378), and may be 

summarised as follows: 

a) (Q1, Q2, Q6, pre-rank) a preference for knowledge-mapping, an intention 

to continue using knowledge-mapping, and the sense that knowledge-

mapping helps understanding: all three correlate with the pre-task ranks. 

That is, the lower the rank in the pre-task, the more positive the preference 

for knowledge-mapping. 

b) (Q9, individual map scores) students with lower individual map scores are 

more likely to want teachers to provide complete knowledge-maps; and 

c) (Q3, change in ranks) those most likely to dispute the claim that 

knowledge-mapping is a waste of time tended, subsequently, to gain the 

most in ranks between pre- and post-tasks. 

Consideration of the questionnaire data from the other two experimental groups will 

shed further light on the students’ opinions; yet it would appear that enthusiasm for 

the knowledge-mapper does seem to correspond to the individual student’s sense of 

need (as measured by lower ranks on the pre-task); and the extent of their 

commitment to the knowledge-mapper (Q1, Q2, Q3, and Q6), in turn, determined the 

benefit they gained from it. Although experimental group 1 did not gain overall 

relative to the other experimental groups, as has already been noted, the lower 

performers on the pre-task in this group did nonetheless gain more than would have 

been expected by regression to the mean. 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

0.56 0.40 -0.08 -0.27 0.32 0.48 0.31 -0.06 -0.14 0.01

-0.04 -0.03 -0.01 -0.24 0.11 -0.07 -0.14 0.21 -0.65 -0.03

0.20 0.21 -0.08 0.26 0.04 0.15 0.11 -0.21 0.13 0.15

0.34 0.18 0.00 -0.52 0.27 0.32 0.20 0.14 -0.27 -0.14

n =20 5% 0.378

post-rank

change rank

pre-rank

individual map score

collaborative map score

gain on map

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

0.56* 0.40* -0.08 -0.27 0.32 0.48* 0.31 -0.06 -0.14 0.01

-0.04 -0.03 -0.01 -0.24 0.11 -0.07 -0.14 0.21 -0.65* -0.03

0.20 0.21 -0.08 0.26 0.04 0.15 0.11 -0.21 0.13 0.15

0.34 0.18 0.00 -0.52* 0.27 0.32 0.20 0.14 -0.27 -0.14

n =20 5% 0.378

post-rank

change rank

pre-rank

individual map score

collaborative map score

gain on map
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(2) Examination of questionnaire data for experimental group 2 

As above, for most questions the deviations are sufficiently small to develop a 

reasonable sense of the general feeling of the group. The mean responses of 

experimental group 2, to each question, are presented in text form also (table 6). 

Table 6 – mean questionnaire responses for experimental group 2 

Q1 Knowledge mapping suits my learning in this subject Moderately

Q2 I intend to continue using knowledge mapping in various subjects Moderately

Q3 It is difficult to learn using knowledge mapping Not much

Q4 Knowledge mapping is a waste of time Not much

Q5 The knowledge maps I prepared accurately demonstrate my knowledge A lot

Q6 Organising material in knowledge maps helps me in understanding key concepts A lot

Q7 Knowledge mapping helps me to detect unclear concepts Moderately

Q8 Knowledge mapping is enjoyable Moderately

Q9 I would like teachers to give me completed knowledge maps A lot

Q10 Discussing my knowledge maps with friends is helpful A lot  

A further table (7) of correlations was developed to examine relationships between the 

performance data and the participants’ reactions to the activity. 

Table 7 – correlations between questionnaire responses and ranks in group 2 

 

Five entries in the correlation table are significant (n=21, r > 0.369), and may be 

summarised as follows: 

a) (Q2, Q10, pre-rank) participants with lower positions on the pre-rank 

expressed more positive views about continuing to use the knowledge-

mapper and the helpfulness of discussing their maps with their friends.  

b) (Q10, individual map scores) those students who were more enthusiastic 

about discussing the maps tended to have the lower individual map scores; 

and, therefore, perhaps the greatest to gain in the peer-collaboration phase. 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

0.14 0.41* -0.05 -0.06 0.09 -0.14 -0.36 0.32 -0.15 0.43*

0.14 -0.29 0.20 0.14 -0.16 -0.20 -0.13 -0.25 -0.05 -0.37*

0.18 -0.16 0.17 0.09 -0.29 -0.20 -0.14 -0.32 -0.11 -0.34

0.07 0.08 0.01 -0.05 -0.18 -0.02 -0.08 -0.19 -0.11 -0.05

0.28 0.07 -0.31 -0.17 0.11 0.01 0.13 0.11 -0.44* 0.21

-0.10 0.32 0.21 0.08 -0.01 -0.12 -0.44* 0.20 0.23 0.22

n =21 5% 0.369

change rank

collaborative map score

gain on map

post-rank

pre-rank

individual map score

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

0.14 0.41* -0.05 -0.06 0.09 -0.14 -0.36 0.32 -0.15 0.43*

0.14 -0.29 0.20 0.14 -0.16 -0.20 -0.13 -0.25 -0.05 -0.37*

0.18 -0.16 0.17 0.09 -0.29 -0.20 -0.14 -0.32 -0.11 -0.34

0.07 0.08 0.01 -0.05 -0.18 -0.02 -0.08 -0.19 -0.11 -0.05

0.28 0.07 -0.31 -0.17 0.11 0.01 0.13 0.11 -0.44* 0.21

-0.10 0.32 0.21 0.08 -0.01 -0.12 -0.44* 0.20 0.23 0.22

n =21 5% 0.369

change rank

collaborative map score

gain on map

post-rank

pre-rank

individual map score
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c) (Q7, change in ranks) those who gained the greatest number of ranks 

subsequent to using the knowledge-mapper tended to be less positive about 

the mapper clarifying unclear concepts; and 

d) (Q9, post-rank) the higher performers on the post-task were more likely to 

favour the provision of completed knowledge-maps by their teachers. 

(3) Examination of questionnaire data for experimental group 3 

The mean responses of experimental group 3 are presented in text form also (table 8). 

Table 8 – mean questionnaire responses for experimental group 3 

Q1 Knowledge mapping suits my learning in this subject Moderately

Q2 I intend to continue using knowledge mapping in various subjects Moderately

Q3 It is difficult to learn using knowledge mapping Not much

Q4 Knowledge mapping is a waste of time Not much

Q5 The knowledge maps I prepared accurately demonstrate my knowledge Moderately

Q6 Organising material in knowledge maps helps me in understanding key concepts A lot

Q7 Knowledge mapping helps me to detect unclear concepts Moderately

Q8 Knowledge mapping is enjoyable A lot

Q9 I would like teachers to give me completed knowledge maps A lot

Q10 Discussing my knowledge maps with friends is helpful A lot  

To consider variations in questionnaire response between participants, a further table 

(9) of correlations was again developed. 

Table 9 – correlations between questionnaire responses and ranks in group 3 

 

No fewer than fifteen entries in the correlation table are significant (n=19, r > 0.389), 

and may be summarised as follows: 

a) (Q10, pre-rank) participants with higher positions on the pre-rank 

expressed more positive views about the helpfulness of discussing their 

maps with their friends. 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

-0.23 -0.16 0.54 0.23 -0.19 -0.14 -0.35 -0.31 -0.01 -0.40*

0.40* 0.52* -0.47* -0.56* 0.50* 0.51* 0.67* 0.33 -0.30 0.25

0.25 0.67* -0.34 -0.51* 0.46* 0.41* 0.63* 0.33 -0.12 0.50*

-0.12 0.35 0.08 -0.05 0.05 -0.03 0.10 0.08 0.21 0.43*

-0.04 -0.26 0.24 0.07 -0.08 -0.16 -0.15 -0.06 -0.21 -0.02

-0.14 0.12 0.20 0.12 -0.08 0.04 -0.14 -0.19 0.18 -0.30

n =19 5% 0.389

change rank

collaborative map score

gain on map

post-rank

pre-rank

individual map score
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b) (Q1-Q7, individual map scores) those students with the higher individual 

map scores were consistently across all these seven measures the most 

positive about their experiences of, and benefits to be gained from, 

knowledge-mapping. 

c) (Q2, Q4-7, Q10, collaborative map scores) those participants who secures 

the higher scores on the collaborative maps were most likely to be keen 

about aspects of the knowledge-mapping, including being most 

enthusiastic about discussing the maps with friends; and 

d) (Q10, gain on map) those students who gained most in the collaboration 

phase were more likely to be positive about the discussions. 

(4) Commentary on questionnaire data between groups 

When the outcomes of groups 2 and 3 are assessed on ranks alone, the comparison 

with control group 0 had effect sizes 0.49 and 0.50; and the comparison between 

groups 2 and 3 with experimental group 1 had effect sizes 0.44 and 0.45; suggesting a 

very similar experience for these two groups.  

The comparison between the questionnaire data in groups 2 and 3 is in contrast to this. 

The addition of the scoring feedback for group 3 has not enabled students in that 

group to gain significantly relative to group 2, but the opinions of the participants 

have changed. Whereas in group 2 the greatest enthusiasm for the peer-collaboration 

came from those with most to gain (J1 is supported), in group 3 it was to be found 

amongst those who had been told they had the highest scores (J1 is contradicted). 

Likewise, the enthusiasm that existed in group 2 for the knowledge-mapper: 

concentrated amongst those who had the lowest pre-task ranks, is replaced in group 3 

by an enthusiasm amongst those who are scoring most highly. 
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Main Study 2 - Analysis: Data Tables and Interpretation 

The same experimental protocol was adopted for Main Study 2. 

 

The groups are seen to be comparable: controlled for prior attainment by stratification 

based on pre-rank. 

 

Table 10 – Main Study 2 –  experimental and control group composition 

 

0 21 11.22 6.22

1 14 11.64 6.95

2 17 10.41 6.34

3 16 12.44 6.68

n
m rank 

mean

s rank 

s.d.
Group

 

 

The analysis of the rank data is presented in the next sequence of tables.  

 

Table 11(a) indicates the average change in rank (mean ∆rank) in each group, and the 

variation within each group in these rank changes (standard deviation ∆rank). For 

example, in group 2 students typically declined 0.97 ranks, but with an average 

variation in this figure of 7.26 ranks. 

 

Table 11(a) – Main Study 2 – individual group analysis of rank changes 

 

 

Comparisons between the different groups are only possible if a pooled estimate of 

the standard deviation is known. Table 11(b) provides these values based on the rank 

changes. For example, when comparing experimental group 1 with control group 3, a 

pooled estimate of the standard deviation is 6.62. 

  

0 21 3.17 7.33

1 14 -2.18 4.33

2 17 -0.97 7.26

3 16 -0.63 8.10

s.d. 

∆∆∆∆rank
Group n

mean 

∆∆∆∆rank
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Table 11(b) – Main Study 2 – pooled estimate of the standard deviation of rank 

changes for each comparison pair of groups 

 

 

With these values for the standard deviation, it is possible to calculate the effect size 

(for the sample), d(∆)sample, and these are reported in table 11(c). For example, when 

comparing experimental group 3 with control group 1, the effect size measured in the 

sample is 0.23. 

 

Table 11(c) – Main Study 2 – sample effect sizes for each comparison pair of groups 

 

 

Each of these effect size values for the sample can be used, as before, to generate an 

unbiased estimator for the population effect size, d(∆)population, which are reported in 

table 11(d). 

 

Table 11(d) – Main Study 2 – population effect sizes for each comparison pair of 

groups 

 

 

Each of these effect sizes has an associated probability, derived from the tables 

presented in the Appendix to Bevan (2007). 

 

sd( ∆ ) pooled = 1 2 3

0 6.32 7.30 7.67

1 6.12 6.62

2 7.67

d( ∆ ) sample  = 1 2 3

0 -0.85 -0.57 -0.49

1 0.20 0.23

2 0.05

d( ∆ ) population  = 1 2 3

0 -0.83 -0.55 -0.48

1 0.19 0.23

2 0.04
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Table 11(e) – Main Study 2 – probability values (±1%) for the effect sizes for each 

comparison pair of groups 

 

P[d( ∆ ) population ] = 1 2 3

0 0.02 0.05 0.01

1 0.90 0.74

2 0.24  

 

Table 11(e) shows statistically significant (10% level) effect sizes for the gains 

experienced by group 2 relative to group 1, as well as for the gains for the control 

group relative to all the experimental groups. 

 

Any interpretation of these population effect size values has limited validity without 

the associated confidence intervals. This, in turn, requires a calculation of the standard 

deviation for each of the population effect sizes, σ(d). Table 11(f) presents these 

values. 

 

Table 11(f) – Main Study 2 – standard deviation of each population effect size  

 

 

 

The confidence intervals for each population effect size can now be presented in table 

11(g), based on the estimators obtained from the sample information. In each case 

there is a 95% probability that this interval contains the actual population effect size. 

For example, the comparison between groups 0 and 3 has –1.14 < d(∆)population < 0.18. 

 

σ (d( ∆ ) ) = 1 2 3

0 0.36 0.33 0.34

1 0.36 0.37

2 0.35
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Table 11(g) – Main Study 2 – 95% confidence intervals for the population effect size 

for each comparison pair of groups 

 

  

 

As for Main Study 1, these effect size calculations allow a standardised comparison 

between the impacts of the varying interventions.  

  

In summary, the evidence of tables 11(a) – (g), allows the following principal results 

to be offered. Relative to the control group: 

 

(1) the control group 0 (no software, no scores, no collaboration) experienced 

significant benefits, equivalent to +3.17 average gain in rank, with an 

effect size of 0.5 (or greater) relative to each of the experimental groups. 

 

However, relative to experimental group 1 (no scores, no collaboration), 

 

(2) experimental group 2 (no scores, collaboration) experienced significant 

benefits, with an effect size of 0.19; and 

 

(3) experimental group 3 (scores, collaboration) also experienced benefits, 

equivalent to an effect size of 0.23. 

 

The knowledge-mapper alone (group 1) has not had a beneficial impact relative to the 

control group. Permitting collaboration with the mapper has brought significant gains, 

relative to the individual use of the mapper; enhanced very slightly by the provision of 

scores. The confidence intervals for the effect size measures in both groups 2 and 3, 

relative to experimental group 1 (i.e. in the tables 1-2 and 1-3), do however limit the 

claims made regarding the beneficial impact of the collaboration and scoring 

interventions. Despite the positive effect sizes: 0.19 and 0.23; the statistical analysis 

0-1 -1.53 - -0.12

0-2 -1.21 - 0.10

0-3 -1.14 - 0.18

1-2 -0.52 - 0.90

1-3 -0.49 - 0.95

2-3 -0.64 - 0.73

95% interval for d( ∆ ) population
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indicates that the actual population values could reasonably be as low as –0.5 or as 

high as 0.9. The extent of this variation in the confidence interval is the result of 

significant fluctuations in the rank changes of the participants, and multiple tied ranks 

(see Table 8.19 of Bevan: 2007) in the post-task. Nonetheless, since these values of 

d(∆)population are assumed to be Normally distributed N(0.19, 0.36
2
) and N(0.23, 0.37

2
); 

the associated probabilities that d(∆)population > 0 are given by Φ (
0.19

/0.36) and Φ 

(
0.23

/0.37) respectively, which both exceed 70%. This is a more than adequate basis on 

which to confirm the benefits of collaboration. 

 

In relation to the original test hypotheses: 

 

H1 – students in the experimental group, utilising the CRESST knowledge-

mapper, demonstrate a significant gain in performance (as measured in an 

essay writing task) compared to students in each of the other groups who had a 

‘reduced’ version of intervention. 

 

H0 – students in the experimental group demonstrate no significant gain in 

performance, compared to students in the other groups. 

 

H1 is rejected, and H0 accepted, for the comparisons between groups 1, 2 and 3 with 

the control group (effect sizes –0.83, -0.55, and –0.48; p < 0.05); and also for the 

comparisons between group 3 and experimental group 2 (effect size 0.04). 

 

However, H1 is not rejected for the comparison between groups 2 and 3 with control 

group 1 (effect sizes 0.19 and 0.23; p ≈ 0.90, and p ≈ 0.74). 

 

The evidence suggests that the use of the knowledge-mapper alone is not beneficial, 

nor is the addition of the scoring feedback. However, the knowledge-mapper with 

peer-collaboration has a significant beneficial effect compared to the use of the 

software individually. 
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Main Study 2 - Commentary and Extended Analysis 

(1) Examination of questionnaire data for experimental group 1 

Each student completed the questionnaire response form, and scored each statement 

from 1 (not at all) to 5 (very much).  

For most questions the deviations are sufficiently small to develop a reasonable sense 

of the general feeling of the group. The mean responses are presented in text form 

also (table 12). 

Table 12 – mean questionnaire responses for experimental group1 

Q1 Knowledge mapping suits my learning in this subject A lot

Q2 I intend to continue using knowledge mapping in various subjects Moderately

Q3 It is difficult to learn using knowledge mapping Not a lot

Q4 Knowledge mapping is a waste of time Not a lot

Q5 The knowledge maps I prepared accurately demonstrate my knowledge Moderately

Q6 Organising material in knowledge maps helps me in understanding key concepts A lot

Q7 Knowledge mapping helps me to detect unclear concepts Moderately

Q8 Knowledge mapping is enjoyable A lot

Q9 I would like teachers to give me completed knowledge maps A lot

Q10 Discussing my knowledge maps with friends is helpful Moderately  

Since there were variations in questionnaire response across some questions, a further 

table (13) of correlations was developed to examine whether there were significant 

relationships between the performance and mapping score data and the participants’ 

reactions to the activity. 

Table 13 – correlations between questionnaire responses and ranks in group 1 

 

Eight entries in the correlation table are significant (n=14, r > 0.497), and may be 

summarised as follows: 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

0.51* 0.46 -0.33 -0.56* 0.15 0.59* -0.12 0.32 0.56* 0.23

0.07 0.02 -0.05 -0.13 0.26 -0.19 0.39 0.16 -0.48 0.04

0.56* 0.47 -0.04 -0.68* 0.23 0.67* -0.09 0.19 0.58* 0.18

-0.01 0.05 -0.46 0.10 -0.09 -0.04 -0.05 0.23 0.05 0.10

n =14 5% 0.497

individual map score

pre-rank

change rank

post-rank

gain on map

collaborative map score
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a) (Q1, Q4, Q6, Q9, pre-rank) a preference for knowledge-mapping, the view 

that it is a good use of time, the desire to be given completed maps, and 

the sense that knowledge-mapping helps understanding: all four correlate 

with the pre-task ranks. That is, the lower the rank in the pre-task, the more 

positive the preference for knowledge-mapping; and 

b) (Q4, Q6, Q9, post rank) students with the weaker post-test results 

maintained these same four views. 

Consideration of the questionnaire data from the other two experimental groups will 

shed further light on the students’ opinions; yet it would appear that enthusiasm for 

the knowledge-mapper does seem to correspond to the individual student’s sense of 

need (as measured by lower ranks on the pre-task). This replicates the finding in the 

equivalent experimental group in Main Study 1. 

(2) Examination of questionnaire data for experimental group 2 

As above, for most questions the responses from group 2 have deviations that are 

sufficiently small to develop a reasonable sense of the general feeling of the group. 

The mean responses to each question, are presented in text form also (14). 

Table 14 – mean questionnaire responses for experimental group 2 

Q1 Knowledge mapping suits my learning in this subject A lot

Q2 I intend to continue using knowledge mapping in various subjects A lot

Q3 It is difficult to learn using knowledge mapping Not at all

Q4 Knowledge mapping is a waste of time Not at all

Q5 The knowledge maps I prepared accurately demonstrate my knowledge Moderately

Q6 Organising material in knowledge maps helps me in understanding key concepts A lot

Q7 Knowledge mapping helps me to detect unclear concepts Moderately

Q8 Knowledge mapping is enjoyable Moderately

Q9 I would like teachers to give me completed knowledge maps A lot

Q10 Discussing my knowledge maps with friends is helpful A lot  

Since there were variations in questionnaire response across some questions, a further 

table (15) of correlations was developed to examine relationships between the 

performance data and the participants’ reactions to the activity. 
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Table 15 – correlations between questionnaire responses and ranks in group 2 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

0.34 0.24 -0.44 0.06 0.14 -0.06 0.04 0.09 -0.17 0.24

0.07 0.13 0.25 -0.16 0.36 0.13 0.37 -0.06 -0.62* -0.53*

0.11 0.17 0.24 -0.02 0.32 0.16 0.41 -0.21 -0.62* -0.65*

0.08 0.05 -0.11 0.43 -0.26 0.03 -0.05 -0.37 0.25 -0.12

0.21 0.41 -0.24 0.16 0.30 0.12 -0.02 -0.02 -0.24 -0.18

0.13 -0.12 -0.20 -0.08 -0.12 -0.14 0.05 0.09 0.05 0.36

n =17 5% 0.456

change rank

gain on map

collaborative map score

post-rank

pre-rank

individual map score

 

Four entries in the correlation table are significant (n=17, r > 0.456), and may be 

summarised as follows: 

a) (Q9, Q10, individual & collaborative map scores) those students who were 

more enthusiastic about discussing the maps, and who those who wanted 

to be given completed knowledge maps, tended to have the lower 

individual and collaborative map scores; and, therefore, perhaps the 

greatest to gain in the peer-collaboration phase. 

Again this finding replicates that of Main Study 1, where enthusiasm for the 

collaborative phase of the mapping activity was greatest amongst the lower-attaining 

students. 

(3) Examination of questionnaire data for experimental group 3 

The mean responses of experimental group 3 are presented in table 16. 

Table 16 – mean questionnaire responses for experimental group 3 

Q1 Knowledge mapping suits my learning in this subject A lot

Q2 I intend to continue using knowledge mapping in various subjects A lot

Q3 It is difficult to learn using knowledge mapping Not a lot

Q4 Knowledge mapping is a waste of time Not at all

Q5 The knowledge maps I prepared accurately demonstrate my knowledge Moderately

Q6 Organising material in knowledge maps helps me in understanding key concepts A lot

Q7 Knowledge mapping helps me to detect unclear concepts Moderately

Q8 Knowledge mapping is enjoyable A lot

Q9 I would like teachers to give me completed knowledge maps A lot

Q10 Discussing my knowledge maps with friends is helpful A lot  
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To consider variations in questionnaire response between participants, a further table 

(17) of correlations was again developed. 

Table 17 – correlations between questionnaire responses and ranks in group 3 

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

0.27 -0.21 -0.10 -0.21 -0.09 0.33 0.35 0.29 0.41 0.62*

0.18 0.27 -0.14 0.28 0.11 -0.03 -0.39 0.00 0.05 -0.26

0.45 0.37 -0.45 -0.02 0.25 0.21 -0.17 0.41 0.21 -0.10

0.35 0.16 -0.39 -0.30 0.18 0.28 0.19 0.49* 0.20 0.14

-0.07 -0.27 0.31 0.20 0.05 -0.31 0.07 -0.25 -0.32 0.17

0.20 0.04 -0.36 -0.33 -0.19 0.51* 0.16 0.46 0.53* 0.42

n =16 5% 0.468

change rank

gain on map

collaborative map score

post-rank

pre-rank

individual map score

 

Only four entries in the correlation table are significant (n=16, r > 0.468), and may be 

summarised as follows: 

a) (Q10, pre-rank) participants with higher positions on the pre-rank 

expressed more positive views about the helpfulness of discussing their 

maps with their friends; 

b) (Q8, gain on map) those students who gained most in the collaboration 

phase were more likely to have enjoyed using the knowledge-mapper; and 

c) (Q6, Q9, change rank) the participants who gained most in the post-ranks 

felt that the mapper helped them to understand key concepts, and wanted 

teachers to provide completed maps. 

(4) Commentary on questionnaire data between groups 

When the outcomes of groups 2 and 3 are assessed on ranks alone, the comparison 

with control group 0 had effect sizes –0.55 and -0.48; and the comparison between 

groups 2 and 3 with experimental group 1 had effect sizes 0.19 and 0.23; suggesting a 

very similar experience for these two groups.  

The comparison between the questionnaire data in groups 2 and 3 is in contrast to this. 

The addition of the scoring feedback for group 3 has not enabled students in that 

group to gain significantly relative to group 2, but the opinions of the participants 

have changed. Whereas in group 2 the greatest enthusiasm for the peer-collaboration 

came from those with most to gain (J1 is supported), in group 3 it was to be found 

amongst those who had the highest scores or gained in the rank ordering (J1 is 

contradicted). 
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Further commentary on both Main Studies 

Evidence from the experimental trials provides an ample basis to respond to the first 

two research questions. 

 

(1) How can computerised concept mapping be effectively deployed in 

classrooms for learning? 

 

(2) To what extent is the effectiveness of computerised concept mapping 

enhanced by (a) peer collaboration, and (b) providing scoring feedback? 

The practicalities of effective deployment have been addressed through a range of 

lessons with a variety of pupils in different schools. In both of the two main studies, 

relative to experimental group 1 (no scores, no collaboration), the other two 

experimental groups experienced substantial benefits. This can be accounted for by 

the addition of the collaborative phase for groups 2 and 3, since the additional 

availability of scoring in group 3 did not lead students in that group to any sustained 

advantage over group 2. 

These findings, and the more detailed analysis of the questionnaire data provides the 

necessary support to expand on this response to the third research question. 

(3) What impact does the formative use of concept mapping have on students’ 

learning outcomes? 

In group 2, when no scoring was available, participants with lower positions on the 

pre-rank expressed more positive views about continuing to use the knowledge-

mapper and the helpfulness of discussing their maps with their peers. Indeed, those 

students who were most enthusiastic about discussing the maps tended to have the 

lower individual map scores; and, therefore, perhaps the greatest to gain in the peer-

collaboration phase. 

In contrast, once the scoring was introduced, those students with the higher individual 

map scores were consistently – across all the measures – the most positive about their 

experiences of, and benefits to be gained from, knowledge-mapping. Specifically, 

those participants who secured the higher scores on the collaborative maps were most 
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keen about aspects of the knowledge-mapping, including being most enthusiastic 

about discussing the maps with their peers. 

 

The purpose of this final section of the report is to shed some additional light on the 

empirical data already presented, by drawing on the interview responses from a range 

of participant students. In particular, the intention is to identify and challenge some of 

the pre-conceptions that students have about their classroom learning, so as to respond 

more effectively to the fourth research question. Whereas the data from the two main 

studies provides a sound basis for making decisions about the effective deployment of 

computerised concept mapping in classrooms, it does not alone explain the 

experiences of students in that process. 

 

(4) What subsequent recommendations can be made about practice? 

 

Several panels of students were asked in turn the same set of interview questions. 

Since the panels consisted of representatives from each of the four experimental 

pathways, it was possible to begin by asking the students to recall what they had done. 

This served to explain to all the other interviewees the fact that there had been a 

variety of different learning experiences, based around differing approaches to the 

knowledge-mapper software. Before answering any further questions, the precise 

activities of each of the four groups were clarified, and then the students were asked 

to discuss the following question: “Which group do you think would have gained the 

most, or the least?” Their answers served to illustrate a range of experiences with the 

software, assumptions that they had about effective approaches to learning, and 

possible preconceptions that would need to be addressed in making subsequent 

recommendations for future classroom practice.  

 

In the discussions that followed this opening question, the students’ answers 

demonstrated a number of preconceived ideas they had about classroom learning. 

They variously assumed that:  

 

(1) Didactic classroom revision has direct benefits: many of the students expected 

the control group 0 to outperform the other groups. 
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“Group 0 benefited the most … Class revision seems to be a lot more 

individual, not scattered, going straight into your brain.” (Student Interview) 

 

(2) Collaboration reduces the individual learning gains: students also expected 

the collaboration to reduce the personal benefits of the activity, with learning 

from other people’s work being confusing or cheating. 

 

“… because with groups 2 and 3 there was a lot of collaboration and they did 

not do their own individual work.” 

 

“… It had collaboration but you are not doing your own work but pinching 

someone else’s.” 

 

“… they may have done worse but with collaboration they are confused by 

what others say (even though they have higher scores) …” 

 

(3) Scores are not of direct benefit: most of the interviewed students were aware 

that the scores might not be of immediate use. 

 

“…Scores do not tell you where to get better but improvement on any scores 

can be made.” 

 

“…The software would not tell them what was missing.” 

 

“… Probably hardest in group 3.  If they received the scores … they are off 

putting!” 

 

Only one student expressed a contrary view at this stage of the interview 

discussions: 

 

“Group 3 [would gain] the most, because [they] … got scores so they knew 

how they did and what to improve, so that when writing the essay they knew 

what to write.” 
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The interview participants were then asked to consider the actual outcomes from the 

four groups, and were asked to offer explanations for the findings. They had no 

hesitation in confirming those pre-conceptions that still seemed to fit the data, but 

were also able rapidly to re-assess the contribution made by other aspects of the 

interventions. In so doing they helped to explain the importance of providing reasoned 

explanations for introducing unfamiliar approaches to the classroom, and served to 

provide clearer answers to the final research question. 

 

They explained that: 

 

(1) Scores are not useful in promoting learning: in line with the marginal 

differences between groups 2 and 3 (in both studies), the students quickly 

identified the very limited contribution made by providing scores. 

 

“…Scores do not make much difference.” 

 

“If you had a very poor score you might think you must do better but if you 

have a reasonable score of about 7 it is difficult to improve.  …  There is less 

pressure without scores …” 

 

(2) Collaboration allows students to develop new ideas: the interviewees were 

able to articulate very clearly the benefits of collaboration, having seen the 

results from the four groups. 

 

“Maybe because [in groups] 0 and 1 [it] was their individual work and it might 

have affected [their] score as [they were] only taking their own train of 

thought not other peoples’ ideas.  [Groups] 2 and 3 with collaboration might 

start to think of new ways and different thinking.” 

 

“Maybe in [groups] 2 and 3 … with collaboration, you can correct and find out 

correct answers and with these new things people are able to learn more 

effectively from the laid out facts in front of them.” 

 

“It is the collaboration bit.” 
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“Collaboration is the reason why it is better because you get to improve on 

your own work but through yourself even though it is not yourself.” 

 

“Collaboration was the main thing and not necessarily the scores.  You can be 

changing something you get right.  More collaboration for learning together 

and not the scores.” 

 

“Collaboration is the most important thing because you benefit from other 

people’s ideas.” 

These student responses help to reinforce the statistical evidence presented in this 

chapter. The principal outcomes of the main studies have been used to test the original 

experimental hypotheses, have been reinforced through discussion with some of the 

participants, and can now be discussed in the light of other literature. It remains to 

consider – in the next chapter – ways to explain the consistent beneficial effect of the 

collaboration, the sustained impact of the scoring on learning motivation, and the 

variable gains from the mapping activity itself. 

Key Findings and Major implications 

 

Students who used the on-screen concept mapping tool alone: with no collaboration 

with other students, achieved no significant sustained learning gain. 

 

When the class collaborated in developing their concept maps, students demonstrated 

sustained and improved learning in a subsequent essay task. 

 

Providing automated scoring for the concept maps de-motivated the weakest students 

and did not lead to any additional learning gains. 

 

Despite the promise associated with using new technologies in the classroom, an 

unmediated switch to on-screen learning is unlikely to lead to improvements in 

learning. 

 

Adapting classroom strategies, as new software is introduced, can be more significant 

than the impact of the software itself. 
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Teachers looking for routes to improved learning with on-screen activities need to 

explore the powerful potential of peer-collaboration. 

 

Automated approaches to assessment and instant scoring, often seen as a desirable 

goal, can exacerbate the limited motivation of lower-attainers. 
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