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Summary

Computerised concept mapping allows students teesept their learning through
adaptable diagrammatic structures on-screen. Thigeq investigated how
computerised concept mapping can be effectivelyoged in student learning, in two
secondary schools during 2003-6, with over 200i@pénts; and more specifically
addressed to what extent the effectiveness of ctariped concept mapping is

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

It was set in a context where the rapid pace otlbgments in computer technology
has provided schools with extensive opportunite®xploit approaches to learning
through ICT, but where this is rarely achieved. daesh across a number of separate
disciplines had recently been combined to provégelers with increasing pedagogic
knowledge. In this project theories concerning neay and the construction of
knowledge have been used to inform the design ampdogment of the CRESST

knowledge-mapper software.

The implementation of the main study allowed the w$ computerised concept
mapping to be examined in randomised control tral®lving three experimental
groups, and a control group. In one experimentaugy the students used the
knowledge-mapper individually. In the two other gps, the students worked
collaboratively; but in only one of these groupssvsaoring feedback provided. The

students’ learning was measured and compared widssay task.

The classes who used the software individually stbalmost no gain, relative to the
class who had no access to the software at altohtrast the groups who were
allowed to collaborate in creating their computdisoncept maps both outperformed
the other mapping groups by a significant margihether or not they received the

automated scores.

It appeared that the knowledge-mapper alone hadnmaineffect, but that it was
effective in promoting constructive collaboratioetlween students, which — in turn —
enhanced their performance on the essay task. fiifdgg does not appear to be
dependent on the choice of software, and would Iggapply with other comparable
computerised concept mapping tools, such as: kspir, Mind Matrix, and Smart

Ideas.
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Project Introduction

The purpose of this project was to develop, andsasthe effectiveness of, classroom
approaches to the study of a variety of schoolestbj with computerised concept
mapping software — specifically by conducting expental trials with the CRESST
knowledge-mapper, and by considering the relativgact on students’ essay
performance of different classroom approaches thighsoftware. An extended report
(Bevan: 2007) of this project has been accepteal dactoral thesis to the University
of Cambridge. Many previous studies in a varietgettings have explored aspects of
concept mapping, however this research had a ufiaques on collaborative activities
and structured graphical organisers (Salomon: 1988)omplished with bespoke
mapping software, that incorporated automated sgdeedback for assessment. The
experimental trials were designed to compare thecefof the software used by
individual students, the effect when the knowledugpper was used collaboratively,
and the effect when automated scores were pro\adefg@edback at an intermediate

point in the lesson.

“... Even though concept mapping today is used insveand in domains that
we would not have been able to predict years age,nbain purpose of the
concept map continues to be the same: it is a tloatl allows one or more
persons to represent explicitly their understandiiga domain of knowledge
...” (Cafias & Novak: 2006, pl).

Computerised concept mapping is specifically inezhtb take advantage of many of
the features of an on-screen environment, whilsb allowing students to make

explicit representations of their understandings reationships between aspects
within their current topic of study. Maddison (198&fistinguishes between computer
programs which give no indication of their intermadrkings, so called ‘black boxes’,

and those which are relatively transparent, whatdts ‘glass boxes’ (pp66-7); and it
is in light of this that the project was named:d#r Black Boxes to Glass Boxes: the

application of computerised concept mapping in stdio

The project involved developing a protocol for adamised control trial to allow
comparisons between students using the CRESST kdgeAmapper in different

ways, and then implementing this in a number ottexis. First, the participants were
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ranked using their performance in a related prk;tdeen they were given access to
the software in various configurations, before geianked again in an essay-based
post-task. Some of the experimental groups useddfterare in isolation, and some
were given scoring feedback, and others were atoteecollaborate in developing
their knowledge-maps. The relative gains in rankBveen the participants in the
different experimental and control groups formee phimary means of assessing the
effectiveness of the different approaches. Furtildormation was also sought,
through interviews and discussion, regarding issfietudent motivation, and to gain
insights into how the different classroom approacheere perceived by the

participants.

Project Motivation

This project was first proposed in 1998, followiagrisit from CRESST staff to the

University of Cambridge’s School of Education. Dgithat visit, screenshots from
the CRESST knowledge-mapper were displayed asagbaat discussion relating to

authenticity and accountability in educational asseent. It was explained that the
knowledge-mapper had been intended as an alteentd® to use in high-stakes
summative assessments, and that some progressimgsniade in demonstrating the
validity of the approach (see, for example, Osmand= al.: 1999).

In the UK context, at that time, concerned pramtigirs:
(1) were becoming increasingly aware of the impactuohmative assessment
on students and classrooms: later summarised dgrHand Deakin-Crick

(2002);

(2) had begun to embrace the benefits of formative sassent (Black &
Wiliam: 1998; Weeden et al.: 2002);

(3) were developing a sense of enquiry into metacagnii learning how to
learn (see, for example, Marton et al.: 1997); and
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(4) were troubled by the apparent ineffectiveness afchmeducational
software, and the inability to exploit the facidsi offered by new

technologies (Williams et al. 2000).

It seemed clear that the formative use of the CRE&Bowledge-mapper as a
classroom tool might be more appropriate in UK sttioand that — if it could be
shown to lead to learning gains — it might be viewas a genuinely effective

computerised classroom approach.

Moreover, the constructivist rationale for concempping (e.g. Duffy & Jonassen:
1992), and the socio-constructivist arguments @dlaborative concept mapping (e.g.
Dillenbourg et al.: 1995) were in accord with sowofethe emerging thinking on

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

The concept mapping literature draws on a rangsoofces to offer explanations for
these aspects of learning: socio-cultural theory.(&ygotsky: 1978), symbolic
interactionism (e.g. Mead: 1934), socio-cognitivenftict theory (Mugny et al.:

1981), situated learning (e.g. Rogoff & Lave: 198ddllaborative learning (e.qg.
Slavin: 1990; Deutsch: 1949), and ideas from disted cognition (e.g. Salomon:
1993).

Research Outline

The findings presented in this account are basdemhstudies undertaken during the
period 2003 to 2006. A total of more than 200 stslgarticipated in the research
from two different 11-18 selective secondary schaolSouth East England, with four
repetitions and refinements of the experimentaigmeshe students were all in Year
9 or 10, in urban and suburban settings. The growpse of mixed ethnic

composition, and comprised students in the uppartdg of the ability range. The
topic question for the concept maps varied betwidenfour studies, but all were
drawn from the humanities curriculum. In each répdahe experiment, the student

groups were constructed to allow direct statistooahparisons.
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These comparisons between the groups were detetrmsiag population estimates
of the effect sizes, and care was taken to endwat donfidence intervals were
declared for these statistics. The student motwatilata was obtained using a
guestionnaire survey, previously deployed in a lsiminternational study, and the
findings reported in this introduction are sigrgiint at the 5% level. Selected students
were also interviewed for the study, and extrattheir contributions appear to offer

clarity to the explanation of the outcomes.

The research design was developed after a numbeilaif studies (reported in
Chapter 7 of Bevan: 2007) revealed the need toidenseparately: the impact of the
knowledge-mapping software, the effect of collatiorg and the consequence of

introducing the automated scoring.

Prior to the project, existing studies were revigvire four sections, and are detailed
by Bevan (2007). First the theoretical literatureamncept mapping was reported in
Chapter 2, with empirical examples cited to illagtrthe ideas presented. Secondly, in
Chapter 3, a broad review was offered of the erpemial and case study evidence to
support the use of ‘visual tools’ (Hyerle: 2000)itthwfurther consideration of the
impact of classroom inter-actions and peer-collatbon. Chapter 4 addressed the
concerns that existed regarding the ineffectiveais®mputer technology in schools,
and illustrates how computerised concept mappirggpessible response to this. The
CRESST knowledge-mapper, and the associated awgdnstoring system, was
explained in Chapter 5; with supporting materiahirthe previous studies conducted
by CRESST.

Students were assigned randomly, by stratificaticoording to a known variable - the
pre-test result, to the various groups (see figlixeFor the control samples, the
students continued to work with an experienced exibjeacher. The teacher was
asked to organise two lessons of ‘normal classro@wision: discussions, research
and presentations (with usual subject teacher).therthree experimental groups:
students created their first knowledge map in respdo the essay title. Group 1 was
then free to continue to work individually to enbartheir maps. Group 2 students
could then work together: collaborate - to compagejse and improve their maps.
Group 3 obtained feedback scores, based on an atgdrnomparison between their

own maps and the teacher’'s expert maps. The se@ss explained briefly to the
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students, so that they could gauge their own pesgaad identify others in the group
who had advanced more successfully. Students wakgether — collaborated - to

compare, revise and improve their maps.

group , ,
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Figure 1 — Comparison of intervention — main stsdie

After completing their final knowledge-maps, stutertompleted an evaluation
guestionnaire. Results from the questionnaire vwaralysed to determine student

attitudes towards the software and aspects of keuhyd mapping.

All students produce a final essay in responséd¢oariginal ‘title’. The final essay

served as the post-test, and represented the mosipaiate form for the students to
demonstrate the links in their knowledge. The essagre ‘rank ordered’ and the
relative gains of the groups compared. The dateaeld from the pre-test tasks, post-

test essays, and evaluation questionnaires wemneatiedysed.

The outcome data was to be examined for evidena@stghe following hypotheses:
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H: comparing outcomes gains between each pairrtitjpant groups

H, — students in the experimental group, utilising MRESST knowledge-
mapper, demonstrate a significant gain in perfogeatas measured in an
essay writing task) compared to students in eatheobther groups who had a

‘reduced’ version of intervention;

Ho — students in the experimental group demonstratsignificant gain in
performance, compared to students in the othempgtou

and

J: comparing attitudes towards the knowledge-mapftein the experimental groups

J. — students in each of the experimental groups @#perience the greatest
benefits from the knowledge-mapper (in outcomeesjoare most enthusiastic
about the software;

J — no relationship exists between enthusiasm fangushe knowledge-

mapper and gains after learning with the software.

The first main study involved four classes of Y9stdry students in an all boys
school, and full details of the method and analgséspresented in later paragraphs of
this section of the report. The implementation \aéd various aspects of the
intervention to be separately examined — the ustéh@fknowledge-mapper alone,
collaboratively, and with or without scoring feedkaThis was achieved through four

groups:

a control group droup 0, 21), for whom there was no change in the

teaching offered,;

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

with no scoring and naollaboration;
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experimentalgroup 2 (n=21) who used the knowledge-mapper individually
with no scoring but with the opportunity to collaborateremising their maps;

and

experimentalgroup 3 (n=19) who used the knowledge-mapper individually,
were then informed of their map scores and givea tpportunity to

collaborate on revising their maps.
In the first main study, relative to the controbgp:

(1) experimental group 1 (no scores, no collaboratexperienced very small
benefits, equivalent to +0.21 average gain in raviky an effect size of
0.03;

(2) experimental group 2 (no scores, collaboration)eeenced significant
benefits, equivalent to +3.24 average gain in raviky an effect size of
0.49;

(3) experimental group 3 (scores, collaboration) expeed substantial
benefits, equivalent to +3.71 average gain in ravik) an effect size of
0.50.

Replicating the method of this first study, them®t main study involved four classes

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

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

teaching offered,;

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

with no scoring and neollaboration;

experimentalgroup 2 (n=17) who used the knowledge mapper individually
with no scoring but with the opportunity to collaborateremising their maps;

and
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experimentalgroup 3 (n=16) who used the knowledge mapper individually,
were then informed of their map scores and givea tpportunity to

collaborate on revising their maps.

In the second main study:

(1) the control group 0 (no software, no scores, ntaboration) experienced
significant benefits, equivalent to +3.17 averagengn rank, with an
effect size of 0.5 (or greater) relative to eackhefexperimental groups.

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

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

an effect size of 0.19; and

(3) experimental group 3 (scores, collaboration) expeed substantial
benefits, equivalent to an effect size of 0.23.

In an attempt to control as many of the possiblefamonding variables (and, thus,
limiting any variations that might arise with pupgliifferences), the two main studies
were planned with groups of participants exhibitimgadly similar attainment and
socio-economic characteristics. The students wera ¥ear 9 GCSE History classes,
consisting ofboys onlyin the first study andirls only in the second, drawn from
amongst the most able 20% of their age populatsndetermined by cohort SATS
results). The students were predominantly from athgeous socio-economic

backgrounds (FSM <5%), but were drawn from a vevgrde ethnic composition.
Ten stages were identified and tabulated (see below the planning and

implementation of this randomised control trial cEatep is described in detail, and

further discussed as part of the evaluation ofdiselts.
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Table 1 — a summary of the practical steps in ttgeamental process

Classroom Activity

Research Preparation

1. Identify four suitable teaching groups, andling'
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 titetan
produce an expert map.

Nodes, links and expert map entered
into the software.

5. Students produce a draft essay plan in resgoribe
title'.

Additional nodes/links from student
plans added to the software.

6. The anonymised plans are 'rank ordered' (by
agreement between the participant teachers) toecree
four equivalent groups — (1,5,9, ...) ranked as abnt
(2,6,10, ...) ranked as 'experimental 1', et c.

Software access prepared for the
1 'experimental groups'.

Equivalent (m+1=m, et c.) mean
ranks, and identical s.d. for ranks.

Control Group Experimental Groups

Groups 1, 2 and 3:

7&8. Two lessons of
'normal classroom'
revision: discussions
research and
presentations (with
subject teacher).
Students keep 'notes

7(a) Students introduced, by
researcher, to the knowledge
, mapping software.
(b) Students create their first
knowledge map in response t
the essay title.
'(c) Students save their
knowledge map

Access to tutorials.

Classroom assistance.

D
Scores recorded for later examinatio
of progress pre- and post-
collaborative phase.

Group 3:
(d) Students obtain feedback

in the class).

scores (which are made publi¢

Scoring, and printing available.

L
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Table 1(continued)

Control Group Experimental Groups

Groups 2 and 3:

8. (a) Students work together
collaborate - to compare, revig
and improve their maps.

e

Controlled environment for
‘experiment' but sustaining ‘ecologic:
validity’.

=

Groups 1, 2 and 3:

Students complete evaluation
guestionnaire.

9. Students produce a final essay (with accesmtes'
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 betleen
participant teachers), and the relative gains ef th
groups compared.

iCompare new mean ranks, divide an
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

approaeh now explained with:

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

observations on the outcomes. (ltalicised textrsefack to the ten steps in the table.)

(1) Identify suitable teaching groups, and 'willing'rpeipant teachersFor the main

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

seven teachers had varying levels of teaching asdarch experience, but all

were committed to gaining insights into more eflectapproaches to developing

pupils’ reasoning in their subject.

In accordance with the BERA (2004) ethical guidetinstudents were informed

about the experiment; but explicit individual comsevas not sought, as

y

participation did not require anything other thatermdance at regular lessons.

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

the pre-test result) to the various groups, butincumstances where all the

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

Guidelines 21 &22).
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(2) Provide an introduction for the teachers to thetwafe, and to developing an
‘expert map'All of the teachers in the main studies were famivith the use of
concept maps in their classes, and graphical appesavere frequently employed
for essay preparation and in revision classes. iaf iquide to the CRESST
knowledge-mapper was provided for each teachexetlisas an explanation of the

use of expert maps for scoring pupil maps.

(3) Select a suitable topic of study — a revision/ctidation activity. The research is
intended to demonstrate the effectiveness of tlmvladge-mapper as a tool for
developing pupils' understanding of relationshipghiw a specific area of study.
As such, it was not intended to be a vehicle fog thransmission of new
knowledge content. The participant teachers weeeethre asked to identify a
topic that had already been addressed in classys relatively self-contained,

that could be appropriately represented using aviedge map.

For this study, the History teachers in the firstimstudy selectectasons for the
US failure to win the Vietnam Waand for the second main studlge change in

lives of children in Britain caused by World War II

(4) Ask the teacher(s) to select an ‘essay title' angroduce an expert magt this
stage the participant teachers were asked to réfgie area of study, by defining
a specific question that would be answered with rifepping activity (for the

experimental group), and would be used for the ane-post- tasks.
The chosen titles were, respectively:
“Why did the US lose the war in Vietham?”, and

“To what extent did World War Il cause the lives afildren in Britain to
change?”

The teachers were then invited to draw their exgpdwledge maps. This was
done as a 'pencil and paper' task: at this stage wb the teachers had been
introduced to the authoring element of the CRES®owkedge-mapper. The

teachers were free to choose appropriate nodedirgeg] and went through a
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series of successive refinements in order to deterrtneir finished map. They
were able to readily identify the required nodesetof events, agents and factors
for the History map. The determination of the lintawk longer, where the
challenge was to find a minimal set of optimal diggors: i.e. a suitably short list
of possible relationships, such that each pailoohected nodes would have a best

choice of link.

Nodes, links and expert map entered into the soétwiEhe concept-set and the
relationship-set were then compiled using the autgotool, the expert-maps
created using the knowledge-mapper, and assig@ely fer 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 — hyvdid the US lose the war in

Vietham?”
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Figure 3 — History ‘expert map’ — Main Study 2 —d“vhat extent did World

War Il cause the lives of children in Britain toasige?”
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(5) Students produce a draft essay plan in responseetditle’. Each of the teachers
asked their full class to produce an essay plasedaround the classification of a
number of pre-prepared statements, indicating Hosy twould respond to the
chosen title. These essay plans would be usedeagréitest data. In the second
main study the same effect was achieved by usieghaits of a previously

planned cross-year assessment task.

(6) The essay plans are 'rank ordered' (by a non-pgdict teacher) to create four
equivalent groups - (1,5,9, ...) ranked as 'contr@,6,10, ...) ranked as
‘experimental 1', et By creating the two groups using the rank orderingvas
possible to ensure that the control and experinhgnt&ips were comparable. Had
all participants remained in the study the two gowould have hadquivalent

(m+1=m3) mean ranks, and identical s.d. for ranks

Software access prepared for the 'experimental gjirowith appropriate login

names, passwords and task access.

(7&8) For both of the control samples, the pupilentinued to work with an
experienced subject teacher. The teacher was dekeyanisewo lessons of
'normal classroom' revision: discussions, reseaackl presentations (with usual
subject teacher). Students keep 'notéke teachers confirmed that this practice
was as usual, but also commented that it was diffitot to be influenced by the
structure imposed on their own thinking by the ¢amgion of expert maps.
However, as discussed in the commentary on the gilaies, this would only
have served to reduce the experimental effectivelad the control group; and,
for the main studies other inter-group compariseege already expected to hold

greater validity.

(7) For the experimental sampléa) Students introduced, by researcher, to the
knowledge mapping softwar€his was made possible through the development of
on-line animated tutorials, and all pupils werdyfldonversant with the software
within five minutes.(b) Students create their first knowledge map spoase 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 indialijyto enhance their maps.

Group 2 students could then work togetlemilaborate - to compare, revise and

improve their maps.

Group 3obtain feedback scores (which are made public endlass).The scores
were explained briefly to the pupils, so that tlvewld gauge their own progress
and identify others in the group who had advancedensuccessfullyStudents

work together — collaborate - to compare, revisd anprove their maps.

Students complete evaluation questionndresults from the questionnaire would
be analysed to determine pupil attitudes towards dbftware and aspects of
knowledge mapping. It was possible to compare trettudes with rates of

success and other experimental factors.

(9) All students produce a final essay (with access te&atrr ‘map’) in response to
the 'title'. The final essay is to serve in this instance as pbst-test, and
represented the most appropriate form for the pupildemonstrate the links in
their knowledge. The choice of a final essay wasnided to reflect the context in
which these students would ordinarily have beerssssl by their teachers, and
the form of their later public examinations.

(10) The essays are 'rank ordered' and the relativegai the two groups compared

The data collected from the post-test essays veasdhalysed.

The evaluation questionnaire was identical to tisad in the pilot studies.
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Table 1 - the evaluation questionnaire for stugemticipants in the pilot studies

Assess each statement; to what

1

2 | 3 |

extent do you agree?

in this subject

Knowledge mapping suits my learning

Not at all ----

Moderately

| 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 | 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

| 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 amotiyst participants for the
interviews. Each interview group consisted of onember from each of the four
constituent experimental groups. The first intenwgroup consisted of those who had
demonstrated the greatest gains from pre-teststtpet. The second group consisted
of those who had experienced the greatest deatimank from pre-test to post-test.
The third group, drawing from the three experimkfitaatment’ groups only, was
drawn together from those who expressed the deeglisstatisfaction with the
knowledge-mapper on their evaluation questionnatré&nowledge mapping is a
waste of time: very much”. These three interviewugps covered a sufficient spread
of participant experiences and opinions to addes=guately the questions which

were posed for discussion:

Q1. You were recently split into different groupsHlistory, to 'try out' some

mind-mapping software. What do you remember of yoyrerience?

Q2. There were four groups involved. Group 0O ditlus® the software at all,
and had a revision lesson. Group 1 worked in sdesed alone developing
their mind-maps unaided. Group 2 worked alone, there allowed to look at
other student's work, and adapt their own. GrowpoBed alone, then were
given automated scores for all their maps, alloweetbok at other student's
work, and adapt their own. Which group do you thivduld have gained the

most, or the least?

Q3. In fact Groups 2 and 3 however were signifigatsthead' of Group 1.
Why do you think that might have happened?

A full transcript of responses was prepared basedlwrthand recordings of the

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

The pre-test was undertaken in students’ normailhieg groups, and each student
was assigned a corresponding rank. Table 2 indi¢dheeallocation and distribution of

the pupils to experimental and control groups:

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

teaching offered,;

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

with noscoring and naollaboration;

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

with no scoring but with the opportunity to collaborateremising their maps;
experimentalgroup 3 (n=19) who used the knowledge-mapper individually,
were then informed of their map scores and givea tpportunity to

collaborate on revising their maps.

The groups are seen to be comparable: controllegrior attainment by stratification

based on pre-rank.

Table 2 — Main Study 1 — experimental and corgrolip composition

m rank s rank
Group n
mean s.d.
0 21 9.52 6.50
1 20 10.80 6.07
2 21 11.57 6.65
3 19 12.26 6.77

The analysis of the rank data is presented in &x¢ sequence of tables. These tables
include the mean change in rankganDrank, for each of the four groups; and the
associated deviations.d. 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).uAhiased estimator for the
population effect size is then tabulaté@dD),opulaion together with the corresponding

95% confidence intervals.
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Table 3(a) indicates the average change in ranlarfidank) in each group, and the
variation within each group in these rank changgan@ard deviatiorank). For
example, in group 2 students typically gained 1rd8ks, but with an average

variation in this figure of 7.22 ranks.

Table 3(a) — Main Study 1 — individual group anaysf rank changes

G mean s.d.
rou n
P Drank Drank
0 21 -1.76 5.62
1 20 -1.55 6.35
2 21 1.48 7.22
3 19 1.95 8.67

Comparisons between the different groups are oofsiple if a pooled estimate of

the standard deviation is known for each pair oigs.

o - J(ne- Dsd’+ (n- 1) sqf

pooled —
n+n. -2

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

comparing experimental group 2 with control groupalpooled estimate of the

standard deviation is 6.47.

Table 3(b) — Main Study 1 — pooled estimate of stemdard deviation of rank

changes for each comparison pair of groups

Sd( E ) 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 deviatibms possible to calculate the effect
size (for the sampleY(Dsampie and these are reported in table 3(c). For example
when comparing experimental group 3 with contralugr O, the effect size measured

in the sample is 0.51.

Table 3(c) — Main Study 1 — sample effect sizesdoh comparison pair of groups

d(E)sampIe = 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 samplebeansed to generate (Hedges &
Olkin: 1985) an unbiased estimator for the popatagffect sized(D)population Which
are reported in table 3(d).

e 3
dpopulation » d sample {1_ 4(n,+n)- 9;

Table 3(d) — Main Study 1 — population effect sittgseach comparison pair of

groups
d( E ) 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 plibpaderived from the tables

presented in the Appendix to Bevan (2007).

Table 3(e) — Main Study 1 — probability valued %) for the effect sizes for each

comparison pair of groups

P[d( E ) 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% kveffect sizes for the gains
experienced by groups 2 and 3 relative to groumrild values sufficiently high
(Fisher: 1925) to warrant further exploration ie tpains of groups 2 and 3 relative to
control group 0.

As previously discussed the interpretation of thespulation effect size values has
limited validity, unless the associated confidemtervals are also calculated. This, in
turn, requires a calculation of the standard dexnator each of the population effect

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

2
s(d):\/nefnw d
n"n 2(n+t n)

e C

Table 3(f) — Main Study 1 — standard deviationaxtepopulation effect size

d(L))= 1 2 3
0 0.31 0.31 0.32
1 0.32 0.32
2 0.32

The confidence intervals for each population eféépé can now be presented in table
3(g), based on the estimators obtained from thepkamformation. In each case a
range of values is present&l{)popuiation— 1.965(d) to d(Dpoputation + 1.96s(d), and

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

For example, the comparison between groups 0 dras 3-0.13 d(Dpopulation< 1.13.

Table 3(g) — Main Study 1 — 95% confidence intexval the population effect size

for each comparison pair of groups

95% interval for d( L) popuiation

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

These effect size calculations allow a standardisedparison between the impacts of

different educational interventions (Coe: 2000).

Page 24



In summary, the evidence of tables 3(a) — (g) valthe following principal results to

be offered. Relative to the control group:

(1) experimental group 1 (no scores, no collaboratexperienced very small
benefits, equivalent to +0.21 average gain in raviky an effect size of
0.03;

(2) experimental group 2 (no scores, collaboration)eenced substantial
benefits, equivalent to +3.24 average gain in raviky an effect size of
0.49;

(3) experimental group 3 (scores, collaboration) exgpeed substantial
benefits, equivalent to +3.71 average gain in raviky an effect size of
0.50.

The confidence intervals for the effect size measuréboth groups 2 and 3, relative
to the control group (i.e. in the tables 0-2 an8)) Osupport the claims made regarding
the beneficial impact of the interventions. The kremlge-mapper alone (group 1) has
had a small, but insignificant impact; the colladdore use of the mapper has brought
significant gains, enhanced very slightly by thevysion of scores. In relation to the

original test hypotheses:

H, — students in the experimental group, utilising MRESST knowledge-
mapper, demonstrate a significant gain in perfogeaas measured in an
essay writing task) compared to students in eatheobther groups who had a

‘reduced’ version of intervention.

Ho — students in the experimental group demonstratsignificant gain in

performance, compared to students in the othemgrou

H is not rejected for the comparison between grdupsid 3 with control group 0
(effect sizes 0.49 and 0.50,» 0.85); nor is it rejected for the comparison be&twe

groups 2 and 3 with experimental group 1 (efferési0.44 and 0.4%,» 0.9).
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However H is rejected, and gaccepted, for the comparisons between group 1 and
the control group (effect size 0.03); and alsotlfier comparisons between group 3 and

experimental group 2 (effect size 0.06).

The evidence suggests that the use of the knowledgper alone is not beneficial,
nor is the addition of the scoring feedback. Howetiee knowledge-mapper with

peer-collaboration has a significant beneficiabeff

Main Study 1 - Commentary and Extended Analysis
(1) Examination of questionnaire data for experinaégtoup 1

Each participant completed a ten question resparrse, fand scored each statement

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

For most questions the deviations are sufficiesthall to develop a reasonable sense
of the general feeling of the group. The mean resperare presented in text form
also (4).

Q1 Knowledge mapping suits my learning in this subject Moderately
Q2 | intend to continue using knowledge mapping in various subjects Moderately
Q3 ltis difficult to learn using knowledge mapping Not much
Q4 Knowledge mapping is a waste of time Not much
Q5 The knowledge maps | 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 | would like teachers to give me completed knowledge maps Moderately
Q10 Discussing my knowledge maps with friends is helpful Moderately

Table 4 — mean questionnaire responses for expatahgroupl

Since there were variations in questionnaire resp@tross some questions, a further
table (5) of correlations was developed to examiumether there were significant
relationships between the performance and mapmogedata and the participants’

reactions to the activity.
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Table 5 — correlations between questionnaire respsrand ranks in group 1

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 | Q10

pre-rank 0.56* | 0.40*] -0.08 | -0.27 | 0.32 | 0.48*| 0.31 | -0.06 | -0.14 ] 0.01
individual map score -0.04 | -0.03] -0.01] -0.24] 0.11 | -0.07 | -0.14 | 0.21 |-0.65%] -0.03
collaborative map score

gain on map
post-rank 0.20 | 0.21 | -0.08] 0.26 | 0.04 | 0.15 ] 0.11 | -0.21| 0.13 ] 0.15
change rank 0.34 | 0.18 | 0.00 |-0.52*| 0.27 | 0.32 | 0.20 | 0.14 | -0.27 | -0.14

["=20"5% 0.378]

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

summarised as follows:

a) (Q1, Q2, Q6, pre-rank) a preference for knowledggpmng, an intention
to continue using knowledge-mappingnd the sense that knowledge-
mapping helps understanding: all three correlaté wie pre-task ranks.
That is, the lower the rank in the pre-task, thearositive the preference
for knowledge-mapping.

b) (Q9, individual map scores) students with lowenvidal map scores are
more likely to want teachers to provide completewledge-maps; and

c) (Q3, change in ranks) those most likely to dispthe claim that
knowledge-mapping is a waste of time tended, suledty, to gain the

most in ranks between pre- and post-tasks.

Consideration of the questionnaire data from theotwo experimental groups will
shed further light on the students’ opinions; yewould appear that enthusiasm for
the knowledge-mapper does seem to correspond tmdhedual student's sense of
need (as measured by lower ranks on the pre-tamkd; the extent of their
commitment to the knowledge-mapper (Q1, Q2, Q3,@6Y in turn, determined the
benefit they gained from it. Although experimentgbup 1 did not gain overall
relative to the other experimental groups, as Hesady been noted, the lower
performers on the pre-task in this group did noslegs gain more than would have

been expected by regression to the mean.
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(2) Examination of questionnaire data for experimentalugp 2

As above, for most questions the deviations ardicgeritly small to develop a
reasonable sense of the general feeling of thepgrdine mean responses of

experimental group 2, to each question, are predenttext form also (table 6).

Table 6 — mean questionnaire responses for expatahgroup 2

Q1 Knowledge mapping suits my learning in this subject Moderately
Q2 | intend to continue using knowledge mapping in various subjects Moderately
Q3 ltis difficult to learn using knowledge mapping Not much
Q4 Knowledge mapping is a waste of time Not much
Q5 The knowledge maps | 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 | would like teachers to give me completed knowledge maps Alot

Q10 Discussing my knowledge maps with friends is helpful Alot

A further table (7) of correlations was develope@xamine relationships between the

performance data and the participants’ reactiornbeactivity.

Table 7 — correlations between questionnaire respsrand ranks in group 2

M O [ 027 03 [ 04T 05T Q6 [ 7 [ Q8 T Q9 [ Q10
pre-rank 0.14 | 0.41*| -0.05| -0.06 | 0.09 | -0.14| -0.36 | 0.32 | -0.15] 0.43*

individual map score 0.14 | -0.29| 0.20 | 0.14 | -0.16 | -0.20 | -0.13 | -0.25 | -0.05 | -0.37*
collaborative map score 0.18 | -0.16 ] 0.17 | 0.09 | -0.29] -0.20| -0.14] -0.32 | -0.11 | -0.34
gain on map 0.07 | 0.08 | 0.01 | -0.05] -0.18 ] -0.02 ] -0.08 | -0.19 | -0.11 | -0.05

post-rank 0.28 | 0.07 | -0.31]-0.17] 0.11 ] 0.01 | 0.13 | 0.11 |-0.44*| 0.21

change rank -0.10| 0.32 | 0.21 | 0.08 | -0.01] -0.12|-0.44*] 0.20 | 0.23 | 0.22

["=2T 5% 0.369]

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

summarised as follows:

a) (Q2, Q10, pre-rank) participants with lower posisoon the pre-rank
expressed more positive views about continuing 4e the knowledge-
mapper and the helpfulness of discussing their maibstheir friends.

b) (Q10, individual map scores) those students whaeweore enthusiastic
about discussing the maps tended to have the liometidual map scores;
and, therefore, perhaps the greatest to gain ipebe-collaboration phase.
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c) (Q7, change in ranks) those who gained the greamastber of ranks
subsequent to using the knowledge-mapper tended kess positive about
the mapper clarifying unclear concepts; and

d) (Q9, post-rank) the higher performers on the pask-tvere more likely to

favour the provision of completed knowledge-mapshayr teachers.

(3) Examination of questionnaire data for experimentalup 3

The mean responses of experimental group 3 arerpees text form also (table 8).

Table 8 — mean questionnaire responses for expatahgroup 3

Q1 Knowledge mapping suits my learning in this subject Moderately
Q2 | intend to continue using knowledge mapping in various subjects Moderately
Q3 ltis difficult to learn using knowledge mapping Not much
Q4 Knowledge mapping is a waste of time Not much
Q5 The knowledge maps | prepared accurately demonstrate my knowledge Moderately
Q6 Organising material in knowledge maps helps me in understanding key concepts Alot
Q7 Knowledge mapping helps me to detect unclear concepts Moderately
Q8 Knowledge mapping is enjoyable A lot
Q9 | would like teachers to give me completed knowledge maps A lot

Q10 Discussing my knowledge maps with friends is helpful Alot

To consider variations in questionnaire response/dst participants, a further table

(9) of correlations was again developed.

M O [ 2 [ s [ 4 [ Q5[ O6 [ Q7 [ Q8 T Q9 T Qio
pre-rank -0.23|-0.16] 0.54 | 0.23 ] -0.19] -0.14] -0.35] -0.31 ] -0.01 | -0.40*

individual map score 0.40* | 0.52* | -0.47*]| -0.56*| 0.50* | 0.51*| 0.67*| 0.33 | -0.30| 0.25
collaborative map score 0.25 | 0.67*] -0.34 [-0.51*| 0.46*] 0.41*| 0.63*| 0.33 | -0.12 | 0.50*

gain on map -0.12| 0.35 ] 0.08 | -0.05] 0.05 | -0.03] 0.10 | 0.08 | 0.21 | 0.43*

post-rank -0.04 | -0.26 | 0.24 | 0.07 | -0.08] -0.16 ] -0.15] -0.06 ] -0.21 ] -0.02

change rank -0.14| 0.12 | 0.20 | 0.12 | -0.08 | 0.04 | -0.14| -0.19] 0.18 | -0.30

[P=19 5% 0.389]
Table 9 — correlations between questionnaire respsrand ranks in group 3

No fewer than fifteen entries in the correlatiobléaare significantr=19,r > 0.389),

and may be summarised as follows:

a) (Q10, pre-rank) participants with higher positioas the pre-rank
expressed more positive views about the helpfuleéssiscussing their

maps with their friends.
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b) (Q1-Q7, individual map scores) those students withhigher individual
map scores were consistently across all these ses&sures the most
positive about their experiences of, and benefitsbé gained from,
knowledge-mapping.

c) (Q2, Q4-7, Q10, collaborative map scores) thos#qgiaants who secures
the higher scores on the collaborative maps werst filely to be keen
about aspects of the knowledge-mappingcluding being most
enthusiastic about discussing the maps with friradd

d) (Q10, gain on map) those students who gained nmo#tta collaboration

phase were more likely to be positive about theudisions.
(4) Commentary on questionnaire data between groups

When the outcomes of groups 2 and 3 are assesseghks alone, the comparison
with control group O had effect sizes 0.49 and Q&fd the comparison between
groups 2 and 3 with experimental group 1 had elems 0.44 and 0.45; suggesting a

very similar experience for these two groups.

The comparison between the questionnaire data ipgr2 and 3 is in contrast to this.
The addition of the scoring feedback for group 3 has enabled students in that
group to gain significantly relative to group 2,tkibe opinions of the participants
have changed. Whereas in group 2 the greatestsashnu for the peer-collaboration
came from those with most to gain (3 supported), in group 3 it was to be found
amongst those who had been told they had the Higloeses (Jis contradicted).

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

concentrated amongst those who had the lowesiapkerinks, is replaced in group 3

by an enthusiasm amongst those who are scoring hmgigy.
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Main Study 2 - Analysis: Data Tables and Interpretdion

The same experimental protocol was adopted for ISty 2.

The groups are seen to be comparable: controllegrifor attainment by stratification

based on pre-rank.

Table 10 — Main Study 2 — experimental and corgroup composition

m rank s rank
Group n
mean s.d.
0 21 11.22 6.22
1 14 11.64 6.95
2 17 10.41 6.34
3 16 12.44 6.68

The analysis of the rank data is presented in tkeseguence of tables.

Table 11(a) indicates the average change in rankr{ii@nk) in each group, and the
variation within each group in these rank changsan@ard deviatiobrank). For
example, in group 2 students typically declined70r@nks, but with an average

variation in this figure of 7.26 ranks.

Table 11(a) — Main Study 2 — individual group arsadyof rank changes

G mean S.d.
roup n Drank Drank
0 21 3.17 7.33
1 14 -2.18 4.33
2 17 -0.97 7.26
3 16 -0.63 8.10

Comparisons between the different groups are oo$siple if a pooled estimate of
the standard deviation is known. Table 11(b) pravitheese values based on the rank
changes. For example, when comparing experimeraalpgl with control group 3, a

pooled estimate of the standard deviation is 6.62.
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Table 11(b) — Main Study 2 — pooled estimate of dtamdard deviation of rank

changes for each comparison pair of groups

Sd( [: ) pooled = 1 2 3
0 6.32 7.30 7.67
1 6.12 6.62
2 7.67

With these values for the standard deviation, fiassible to calculate the effect size
(for the sample)d(Dsample @and these are reported in table 11(c). For examyhen
comparing experimental group 3 with control groyphk effect size measured in the

sample is 0.23.

Table 11(c) — Main Study 2 — sample effect sizesdoh comparison pair of groups

d( L ) sample — 1 2 3
0 -0.85 -0.57 -0.49
1 0.20 0.23
2 0.05

Each of these effect size values for the samplebeamsed, as before, to generate an
unbiased estimator for the population effect s{&)population Which are reported in
table 11(d).

Table 11(d) — Main Study 2 — population effect sift@ each comparison pair of

groups
d( E ) population = 1 2 3
0 -0.83 -0.55 -0.48
1 0.19 0.23
2 0.04

Each of these effect sizes has an associated plibpaderived from the tables

presented in the Appendix to Bevan (2007).
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Table 11(e) — Main Study 2 — probability valued%) for the effect sizes for each

comparison pair of groups

P[d( L ) 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% dgveffect sizes for the gains
experienced by group 2 relative to group 1, as waslfor the gains for the control
group relative to all the experimental groups.

Any interpretation of these population effect sizdues has limited validity without
the associated confidence intervals. This, in trtgguires a calculation of the standard
deviation for each of the population effect sizeg]). Table 11(f) presents these

values.

Table 11(f) — Main Study 2 — standard deviatioeath population effect size

sd(L))= 1 2 3
0 0.36 0.33 0.34
1 0.36 0.37
2 0.35

The confidence intervals for each population efeeze can now be presented in table
11(g), based on the estimators obtained from thepkainformation. In each case
there is a 95% probability that this interval cansathe actual population effect size.

For example, the comparison between groups 0 das 3-1.14 <d(Dpopuation< 0.18.

Page 33



Table 11(g) — Main Study 2 — 95% confidence intisriar the population effect size

for each comparison pair of groups

95% interval for d( L) popuiation
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

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

between the impacts of the varying interventions.

In summary, the evidence of tables 11(a) — (gpval the following principal results

to be offered. Relative to the control group:

(1) the control group 0 (no software, no scorescaltaboration) experienced
significant benefits, equivalent to +3.17 averagengn rank, with an

effect size of 0.5 (or greater) relative to eackhefexperimental groups.

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

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

benefits, with an effect size of 0.19; and

(3) experimental group 3 (scores, collaboration) algpegenced benefits,

equivalent to an effect size of 0.23.

The knowledge-mapper alone (group 1) has not hazhafizial impact relative to the
control group. Permitting collaboration with the ppar has brought significant gains,
relative to the individual use of the mapper; erdeahvery slightly by the provision of
scores. The confidence intervals for the effect sieasures in both groups 2 and 3,
relative to experimental group 1 (i.e. in the table2 and 1-3), do however limit the
claims made regarding the beneficial impact of tdwlaboration and scoring

interventions. Despite the positive effect size§90and 0.23; the statistical analysis
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indicates that the actual population values coaltsonably be as low as —-0.5 or as
high as 0.9. The extent of this variation in the fo@nce interval is the result of
significant fluctuations in the rank changes of plagticipants, and multiple tied ranks
(see Table 8.19 of Bevan: 2007) in the post-taskdil®eless, since these values of
d(Dpoputationare assumed to be Normally distributed N(0.196%.8nd N(0.23, 0.37;

the associated probabilities thafDpopuaion > O are given byF (°*%.39 and F
(°%4.37) respectively, which both exceed 70%. This is aertban adequate basis on

which to confirm the benefits of collaboration.
In relation to the original test hypotheses:

H;, — students in the experimental group, utilising MRESST knowledge-
mapper, demonstrate a significant gain in perfoceatas measured in an
essay writing task) compared to students in eatheobther groups who had a

‘reduced’ version of intervention.

Ho — students in the experimental group demonstratsignificant gain in

performance, compared to students in the othemgrou

H, is rejected, and ¢Haccepted, for the comparisons between groupsabd23 with
the control group (effect sizes —0.83, -0.55, aBdi8; p < 0.05); and also for the

comparisons between group 3 and experimental 2deffect size 0.04).

However, H is not rejected for the comparison between grdupsd 3 with control
group 1 (effect sizes 0.19 and 0.p3s 0.90, ancp » 0.74).

The evidence suggests that the use of the knowledgper alone is not beneficial,
nor is the addition of the scoring feedback. Howevtiee knowledge-mapper with
peer-collaboration has a significant beneficialeeff 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 experinaégtoup 1

Each student completed the questionnaire respomse &nd scored each statement
from 1 (not at all) to 5 (very much).

For most questions the deviations are sufficiesthall to develop a reasonable sense
of the general feeling of the group. The mean resperare presented in text form
also (table 12).

Table 12 — mean questionnaire responses for expeatahgroupl

Q1 Knowledge mapping suits my learning in this subject Alot
Q2 | 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 | 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 Alot
Q9 | 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 resp@tross some questions, a further
table (13) of correlations was developed to examwhether there were significant
relationships between the performance and mapmogedata and the participants’
reactions to the activity.

Table 13 — correlations between questionnaire resps and ranks in group 1

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 | Q10
pre-rank 0.51*| 0.46 | -0.33]-0.56*| 0.15 | 0.59*] -0.12 | 0.32 | 0.56*] 0.23
individual map score 0.07 | 0.02 | -0.05] -0.13| 0.26 | -0.19] 0.39 | 0.16 | -0.48 | 0.04
collaborative map score
gain on map
post-rank 0.56*| 0.47 [ -0.04]-0.68*| 0.23 [ 0.67*] -0.09 ] 0.19 | 0.58*] 0.18
change rank -0.01| 0.05 | -0.46| 0.10 | -0.09| -0.04 | -0.05| 0.23 | 0.05 | 0.10

["=T2 5% 0.497]

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

summarised as follows:
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a) (Q1, Q4, Q6, Q9, pre-rank) a preference for knog#ethapping, the view
that it is a good use of time, the desire to beegigcompleted mapsnd
the sense that knowledge-mapping helps undersigndinhfour correlate
with the pre-task ranks. That is, the lower the riantkie pre-task, the more
positive the preference for knowledge-mapping; and

b) (Q4, Q6, Q9, post rank) students with the weakest-fgst results

maintained these same four views.

Consideration of the questionnaire data from theotwo experimental groups will
shed further light on the students’ opinions; yewould appear that enthusiasm for
the knowledge-mapper does seem to correspond tmdhedual student's sense of
need (as measured by lower ranks on the pre-tabkig.replicates the finding in the

equivalent experimental group in Main Study 1.
(2) Examination of questionnaire data for experimentalugp 2

As above, for most questions the responses frompgg have deviations that are
sufficiently small to develop a reasonable sensthefgeneral feeling of the group.

The mean responses to each question, are preserged form also (14).

Table 14 — mean questionnaire responses for expeatahgroup 2

Q1 Knowledge mapping suits my learning in this subject Alot
Q2 | 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 | 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 | 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 resp@tross some questions, a further
table (15) of correlations was developed to exameltionships between the

performance data and the participants’ reactiornbeactivity.
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Table 15 — correlations between questionnaire resps and ranks in group 2

M 1 [ 2 [ 03 [ Q4 T Q5T Q6 [ Q7 T Q8 T Q9 T QIO
pre-rank 0.34 | 0.24 | -0.44] 0.06 | 0.14 | -0.06 ] 0.04 | 0.09 | -0.17] 0.24

individual map score 0.07 | 0.13 | 0.25| -0.16] 0.36 | 0.13 | 0.37 | -0.06 | -0.62*] -0.53*
collaborative map score 0.11 | 0.17 | 0.24 | -0.02] 0.32 | 0.16 | 0.41 | -0.21 | -0.62*] -0.65*

gain on map 0.08 | 0.05]-0.11] 0.43 | -0.26 | 0.03 | -0.05| -0.37 | 0.25 ] -0.12

post-rank 0.21 | 0.41]|-0.24] 0.16 | 0.30 | 0.12 | -0.02 | -0.02 | -0.24] -0.18

change rank 0.13 | -0.12| -0.20 | -0.08 | -0.12 | -0.14 | 0.05 | 0.09 | 0.05 ]| 0.36

["=17 5% 0.456]

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

summarised as follows:

a) (Q9, Q10, individual & collaborative map scores)gl students who were
more enthusiastic about discussing the maps, amdtixdse who wanted
to be given completed knowledge maps, tended toe hine lower
individual and collaborative map scores; and, toees perhaps the
greatest to gain in the peer-collaboration phase.

Again this finding replicates that of Main Study Wwhere enthusiasm for the
collaborative phase of the mapping activity wasaggst amongst the lower-attaining
students.

(3) Examination of questionnaire data for experimentalup 3
The mean responses of experimental group 3 arenpeesia table 16.

Table 16 — mean questionnaire responses for expetahgroup 3

Q1 Knowledge mapping suits my learning in this subject A lot
Q2 Il intend to continue using knowledge mapping in various subjects Alot
Q3 ltis difficult to learn using knowledge mapping Not a lot
Q4 Knowledge mapping is a waste of time Not at all
Q5 The knowledge maps | prepared accurately demonstrate my knowledge Moderately
Q6 Organising material in knowledge maps helps me in understanding key concepts Alot
Q7 Knowledge mapping helps me to detect unclear concepts Moderately
Q8 Knowledge mapping is enjoyable A lot
Q9 | would like teachers to give me completed knowledge maps Alot

Q10 Discussing my knowledge maps with friends is helpful Alot
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To consider variations in questionnaire responsedst participants, a further table

(17) of correlations was again developed.

Table 17 — correlations between questionnaire reasps and ranks in group 3

M O: [ 2 [ s [ Q4 [ Q5[ 6 T Q7 T Q8 T Q9 T Qi0
pre-rank 0.27 | -0.21]-0.10| -0.21| -0.09| 0.33 | 0.35 | 0.29 | 0.41 | 0.62*

individual map score 0.18 | 0.27 | -0.14 | 0.28 | 0.11 | -0.03| -0.39] 0.00 | 0.05 | -0.26
collaborative map score 0.45 | 0.37 | -0.45|-0.02] 0.25 ] 0.21 | -0.17] 0.41 | 0.21 | -0.10

gain on map 0.35 ] 0.16 | -0.39] -0.30) 0.18 | 0.28 | 0.19 | 0.49*| 0.20 | 0.14

post-rank -0.07 | -0.27] 0.31 ] 0.20 ] 0.05]-0.31] 0.07 | -0.25] -0.32] 0.17

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

["=16 5% 0.468]

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

summarised as follows:

a) (Q10, pre-rank) participants with higher positioas the pre-rank
expressed more positive views about the helpfuleéssiscussing their
maps with their friends;

b) (Q8, gain on map) those students who gained moghancollaboration
phase were more likely to have enjoyed using tlfenvkedge-mapper; and

c) (Q6, Q9, change rank) the participants who gainedtnn the post-ranks
felt that the mapper helped them to understandckegepts, and wanted

teachers to provide completed maps.
(4) Commentary on questionnaire data between groups

When the outcomes of groups 2 and 3 are assessezhks alone, the comparison
with control group 0 had effect sizes —0.55 and80and the comparison between
groups 2 and 3 with experimental group 1 had efexs 0.19 and 0.23; suggesting a

very similar experience for these two groups.

The comparison between the questionnaire data ipgr2 and 3 is in contrast to this.
The addition of the scoring feedback for group 3 has enabled students in that
group to gain significantly relative to group 2,tkibe opinions of the participants

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

came from those with most to gain (3 supported), in group 3 it was to be found
amongst those who had the highest scores or gamebe rank ordering (Jis

contradicted).
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Further commentary on both Main Studies

Evidence from the experimental trials provides armlanbasis to respond to the first

two research questions.

(1) How can computerised concept mapping be effectividyployed in

classrooms for learning?

(2) To what extent is the effectiveness of computerisedcept mapping

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

The practicalities of effective deployment have beedressed through a range of
lessons with a variety of pupils in different sclsdn both of the two main studies,
relative to experimental group 1 (no scores, nolabokation), the other two

experimental groups experienced substantial benéfhis can be accounted for by
the addition of the collaborative phase for grodpsnd 3, since the additional
availability of scoring in group 3 did not lead dénts in that group to any sustained

advantage over group 2.

These findings, and the more detailed analysis @fgiirestionnaire data provides the

necessary support to expand on this response tbitdeesearch question.

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

learning outcomes?

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

pre-rank expressed more positive views about cominto use the knowledge-

mapper and the helpfulness of discussing their matys their peers. Indeed, those
students who were most enthusiastic about disauigki® maps tended to have the
lower individual map scores; and, therefore, peshitye greatest to gain in the peer-
collaboration phase.

In contrast, once the scoring was introduced, tlstsgents with the higher individual
map scores were consistently — across all the messuthe most positive about their
experiences of, and benefits to be gained fromwkeage-mapping. Specifically,

those participants who secured the higher scordlenollaborative maps were most
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keen about aspects of the knowledge-mapping, imgdutieing most enthusiastic

about discussing the maps with their peers.

The purpose of this final section of the reportoshed some additional light on the

empirical data already presented, by drawing orirttezview responses from a range
of participant students. In particular, the intentis to identify and challenge some of
the pre-conceptions that students have about¢lassroom learning, so as to respond
more effectively to the fourth research questiomevéas the data from the two main
studies provides a sound basis for making decisabosit the effective deployment of

computerised concept mapping in classrooms, it does alone explain the

experiences of students in that process.

(4) What subsequent recommendations can be madé jatactice?

Several panels of students were asked in turn dihee sset of interview questions.
Since the panels consisted of representatives faoh of the four experimental
pathways, it was possible to begin by asking thdestts to recall what they had done.
This served to explain to all the other interviewdles fact that there had been a
variety of different learning experiences, baseouad differing approaches to the
knowledge-mapper software. Before answering anyhéurquestions, the precise
activities of each of the four groups were cladfiand then the students were asked
to discuss the following question: “Which group yu think would have gained the
most, or the least?” Their answers served to ikista range of experiences with the
software, assumptions that they had about effecipproaches to learning, and
possible preconceptions that would need to be adddein making subsequent

recommendations for future classroom practice.
In the discussions that followed this opening goestthe students’ answers
demonstrated a number of preconceived ideas thdyabaut classroom learning.

They variously assumed that:

(1) Didactic classroom revision has direct benefiteany of the students expected
the control group O to outperform the other groups.
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“Group O benefited the most ... Class revision seémde a lot more

individual, not scattered, going straight into ybuain.” (Student Interview)
(2) Collaboration reduces the individual learning gairudents also expected
the collaboration to reduce the personal benefith® activity, with learning

from other people’s work being confusing or chagtin

“... because with groups 2 and 3 there was a lobbélsoration and they did

not do their own individual work.”

“... It had collaboration but you are not doing yawn work but pinching

someone else’s.”

“... they may have done worse but with collaboratibay are confused by

what others say (even though they have higher sgoré

(3) Scores are not of direct benefitiost of the interviewed students were aware

that the scores might not be of immediate use.

“...Scores do not tell you where to get better bupriovement on any scores

can be made.”

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

“... Probably hardest in group 3. If they receivbé scores ... they are off
putting!”

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

discussions:
“Group 3 [would gain] the most, because [they] ..t goores so they knew

how they did and what to improve, so that wheningithe essay they knew

what to write.”
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The interview participants were then asked to carside actual outcomes from the
four groups, and were asked to offer explanatianrsttie findings. They had no
hesitation in confirming those pre-conceptions tidt seemed to fit the data, but
were also able rapidly to re-assess the contributiade by other aspects of the
interventions. In so doing they helped to explam importance of providing reasoned
explanations for introducing unfamiliar approacheshe classroom, and served to

provide clearer answers to the final research gurest

They explained that:

(1) Scores are not useful in promoting learninig: line with the marginal
differences between groups 2 and 3 (in both stydibe students quickly

identified the very limited contribution made byopiding scores.

“...Scores do not make much difference.”

“If you had a very poor score you might think yowsthdo better but if you
have a reasonable score of about 7 it is diffituiimprove. ... There is less

pressure without scores ...”

(2) Collaboration allows students to develop new idethg interviewees were
able to articulate very clearly the benefits oflaobration, having seen the

results from the four groups.

“Maybe because [in groups] 0 and 1 [it] was thedividual work and it might
have affected [their] score as [they were] onlyirtgktheir own train of
thought not other peoples’ ideas. [Groups] 2 amitB collaboration might
start to think of new ways and different thinking.”

“Maybe in [groups] 2 and 3 ... with collaboration,uyoan correct and find out
correct answers and with these new things peomeahte to learn more

effectively from the laid out facts in front of time”

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

your own work but through yourself even thouglsinhot yourself.”

“Collaboration was the main thing and not necefstlte scores. You can be
changing something you get right. More collabamtfor learning together

and not the scores.”

“Collaboration is the most important thing becayse benefit from other

people’s ideas.”

These student responses help to reinforce the tstatigvidence presented in this
chapter. The principal outcomes of the main studé® been used to test the original
experimental hypotheses, have been reinforced ghraliscussion with some of the
participants, and can now be discussed in the hjhdther literature. It remains to
consider — in the next chapter — ways to explaandbnsistent beneficial effect of the
collaboration, the sustained impact of the scowmglearning motivation, and the

variable gains from the mapping activity itself.

Key Findings and Major implications

Students who used the on-screen concept mappih@ltwee: with no collaboration

with other students, achieved no significant sasi@iearning gain.

When the class collaborated in developing theicephmaps, students demonstrated

sustained and improved learning in a subsequeay ¢ask.

Providing automated scoring for the concept mapsdgvated the weakest students

and did not lead to any additional learning gains.
Despite the promise associated with using new tdolgires in the classroom, an
unmediated switch to on-screen learning is unlikelylead to improvements in

learning.

Adapting classroom strategies, as new softwanetieduced, can be more significant

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

explore the powerful potential of peer-collaboratio

Automated approaches to assessment and instamhgscoften seen as a desirable

goal, can exacerbate the limited motivation of Ioatainers.
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