Evidence Based ICT:  Geoff Petty Draft 1  Nov 2007

I am convinced that over the next few decades education, like medicine, will become evidence based.  At present both practice and policy are based on custom and practice, and on the opinions of people with influence.  It will be good for students and teachers when habits and bandwagons give way to the evidence, and we start doing what we know works*.  This is also true of e-learning, ILT, ICT etc.  

Let’s see what works in general, then apply it to e-learning.

What works?: the evidence

Randomised control group trials and similar research have created over 500,000 peer reviewed effect sizes. These show that “what works” is remarkably unaffected by context.  The most powerful methods or factors are two GCSE/A level grades better than the control group, i.e. than good conventional teaching.  This has improved pass rates by more than 30%.

Prof John Hattie’s effect size table synthesises all these experiments, showing the factors with the greatest average effect on student achievement: i.e. greatest average ‘effect size’.  The common factors in the highest effect size studies are appropriate:
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Black and Wiliam’s review on how to give effective feedback:

Feedback must be informative:

· Medal and mission feedback with clear goals

· Avoid grading and comparing too regularly

· Use active feedback methods: self, peer and spoof assessment
Professor Robert Marzano has reviewed and synthesised classroom based research just like Hattie, and isolated the student activities with the highest effect size.  They are very widely applicable tasks suitable for almost any subject or topic.  I call them the Top Ten teaching methods.

Top ten active learning methods 

Remember, it is not what the technology does that makes it effective, but what the student does.  Here are Marzano’s top ten methods.  The figure in brackets after each method is the average ‘effect size’ in experimental trials.  An effect size of 1.0 is roughly equivalent to two grades at GCSE or A level:

Identifying similarities and differences: (1.32) The learner ‘compares and contrasts’ two concepts. E.g. virus with bacterium.  This can includes an analogy e.g. electricity flow with water flow

Graphic organisers: (1.24) Students create diagrams such as mindmaps, flow diagrams, comparison tables etc.  The latter can be used to plan writing, so can others.

Note making and summarising.  (Average effect size .99) Students create their own notes and get feedback on their efforts e.g. by comparing their notes with a model.

Cooperative Learning: (0.73) Special group methods such as ‘Jigsaw’, Academic Controversy etc.  (It is not just any student learning in groups, Cooperative Learning methods are designed to create accountability in learners etc.). These are ideal for students to learn in groups from ILT resources and from conventional resources.  See also other ‘Teaching Without Talking’ methods in ‘Evidence Based Teaching’.

Informative Feedback (1.0) students get informative feedback on their learning which is towards a clearly specified goal.  This should be ‘medal and mission’ feedback.  E.g. they are asked to research and write notes on a topic, then they are tested, or check their notes against a model.  This informs them of what they did well (medal) and what they need to work on (mission).  ‘Feedback’ includes reinforcing effort and providing recognition etc.  It also includes self, peer and spoof assessment.

Advance organisers: (Average effect size up to .78)  Summaries in advance, rhetorical questions acting as a focus for the learning of a topic (‘cues’).  These get students to focus on what is important. 

Challenging task given in advance (up to 1.2) goals that require reasoning not just reproduction

Relevant recall questions  (Average effect size 0.93) Recalling prerequisite learning, and answering questions on useful analogies the student is familiar with before studying a new topic

Decisions decisions(.89) students must  match, group, sequence or rank ‘cards’,or  text boxes, diagrams etc.  This might be done by dragging and dropping.

Hypothesis testing:  (0.79)  Students give arguments for and against an hypothesis to test it.  They might eventually create and test their own hypotheses.

Compare this with Hattie’s average effect size for ‘ computer assisted instruction’ of 0.37 (1999 ).  Hattie writes that it is not the computers, but the teaching processes they can mimic and enhance that creates the effect.  He noted a gradual improvement in the average effect for computer assisted instruction over the previous decade.  Perhaps this is due to more concentration on what the student does, than on what the technology does, that is more challenging goals and more feedback (interactivity).

The above argument suggests an Evidence Based approach to e-learning, ILT or ICT.  That is, use technology to get students to use high effect-size activities, and to give them feedback on how well they have carried out this activity.  The simplest way to do this is to use

Here are some practical ways to do this for a given course:

1. Use the ‘top ten methods’ on your resources.

 You collect electronic resources suitable for your course and your students.  Then you devise student activities that involve the student in using one of the ‘top ten’ methods with that resource.  For example suppose you find a good website which could teach your students about colour printing, which is a topic on your course.  You create an assignment  on your intranet or Moodle etc, which has a link to this site, but it also sets a task.  This task requires students to:

a. Look at the site on colour printing

b. Create a flow diagram that summarises the process in your own words, including all the key points

c. Students e-mail their flow diagram to you 

d. You then send them your flow diagram and students use this to self assess their own flow diagram

e. They send you message explaining two ways in which they have improved their flow diagram as a result of this self assessment.  They attach their improved diagram.

This involves the student in creating a ‘graphic organiser’ and to self assess, both these have high effect sizes. Compare the above sequence of tasks ‘a’ to ‘e’, with a task such as ‘have a look at this website’. 

The ‘a’ to ‘e’ sequence above is a ‘Teaching Without Talking’ method.  Such methods create deep learning from passive resources, without resorting to teacher-talk. There are more than thirty ‘Teaching Without Talking’ methods in chapter 17 of my ‘Evidence Based Teaching’.  A draft version of this chapter is available on the active learning page of my website www.geoffpetty.com.

2.  Use the PAR structure

‘PAR’ stands for Present Apply Review, see the landscape diagram near the end of this chapter and my ‘Evidence Based Teaching’ which gives very many methods for each part of the PAR structure.  I’ll explain the use of this method with an example:

Amarjit, a new ICT teacher, is writing ILT assignments for her students.  One assignment she inherited on Health and Safety for Computer Workers has not worked well in the past.  It has involved giving students links to websites on Health and Safety and requiring them to fill in a worksheet.  She has decided to redesign the assignment using the PAR structure:

Present:  Orientation:  Her online assignment is designed so that the first screen sets a goal to design a leaflet on Health and Safety aspects of computer use in a call centre.  It explains their finished designs will be displayed on Open Day, and used to design a leaflet on Health and Safety for student use in the college.

The next screen is a diagrammatic advance organiser (summary in advance) that picks out the key aspects of the topic in outline only.  The leaflet must address all these aspects.  A case study of a past student with repetitive strain injury makes a persuasive case for the importance of the topic.

New material is presented.  The next screen presents web links on an interactive graphic version of the advance organiser.  There are ‘teaching without talking’ activities for some of these links. On one students must copy text from a screen and highlight the key points, they then compare their highlighting with a model.

Apply:  The student designs a desk top published leaflet on Health and Safety and is asked to check that all the aspects on the advance organiser have been covered.

Students present their designs in a corridor exhibition and give each other advice on improvement.  Students improve their work, then e-mail it for assessment.

Review:  The student takes an on-line test on the topic which requires them to do remedial work on their weaker answers.

This approach will also work if class activities are mixed with independent learning activities out of class time.
3.  Use Storyboarding
I got this idea from my guru in these matters, Jim Judges, e-learning Advisor  (Teaching and Learning) at the JISC Regional Support Centre in the West Midlands.  He got the idea in turn from Pieter van der Hijden at the UK Moodle Moot 2007 held at the Open University. 
I explain it below using example activities from Jim, his explanation can be found on his blog at:  http://jim.rscwmsystems.org.uk/wordpress/?m=200710
Suppose we are going to plan a mini Moodle course, thought this method will also work for an intranet course or assignment.  First brainstorm some learning activities for your chosen topic.  Ideally these would include ‘top ten’ methods or ‘Teaching Without Talking’ methods as described in  ‘1’ and ‘2’ above.

  Now write each activity on a mini coloured post-it note using this colour code: 

· “Individual Activities” (red post-its), The students do these activities alone, so they can be done at any time to suit them, though there will probably be a deadline for completion.

· “Synchronous Group Activities” (yellow) These activities might be done by a group while they are together in class at the same time. Alternatively, they might do them while they are physically apart, but still at the same time.  Examples include : 

· an online chat session, 

· a conference call this could be an “old fashioned” (!) telephone conference call or VOIP “Skype” conference (or similar) using voice over the phone or using a PC headset 

(You could use different coloured post-its for separated and same room activities.)

· “Asynchronous Group Activities” (green).  This is a group activity, but where the students don’t need to be working at the same time. An example might be:
· Add a comment to an online discussion forum, and then respond to another’s comments

· Add terms and their meanings to an online glossary.  This can create a useful resource, and selected items in the glossary can be tested 

· Contribute to a wiki (a collaborative document). This is often better in small groups (3 or 4); each student must add one or two examples or ideas and must also edit and improve the existing content (spelling, format, layout etc) until a final finished collaborative document is produced. e.g. "Give two or three examples of something you should do in preparation for an interview" would produce a document with 10-12 useful tips and ideas. An extension activity could be to sort items by importance or into chronological order, or to group items under their own headings.


Now that you have decided on the activities, the next stage is to  consider how Moodle will facilitate your post-it activities.  For each activity, choose an appropriate Moodle tool to deliver that activity.  For example you might use tools such as quizzes, chatrooms, … This information is then added to the tiny post-it.

for an overview of the tools available on moodle read the ‘activity modules’ section at http://docs.moodle.org/en/Teacher_documentation 
Storyboarding is a very powerful exercise as: (a) it focuses on the activities to support learning not the technology (Moodle) (b) it encourages planning. Here is a photo of storyboarding in progress:  http://www.sofos.nl/moodle/file.php/1/resources/images/DSC07123a.JPG 
4. Use the Hybrid Learning Model

Jim Judges also told me about another structured approach.  He says although quite detailed it is well presented and nice and colourful, and is called the “Hybrid Learning Model”, there are “next” buttons at the bottom right of each page:

http://cetl.ulster.ac.uk/elearning/index.php?page=8LEM-3


 

Jim likes the “cards” on the next page and the thirty verbs on the following page. You can also download sample flashcards etc.

5.  Create an interactive syllabus
This is a syllabus that for each topic or subtopic suggests a number of high performance student activities.  These activities are suggested by the team, and by Marzano.  Some of these will be e-learning 

or ILT  but most will not be.

From the ‘teacher user’ point of view this turns the internet from a ‘bran tub’ which may or may not provide a suitable activity/lesson/resource, into a ‘supermarket’ which is certain to stock the student activities, lesson ideas and resources that the teacher wants at any given time.

Some General Principles

The following pages are from my ‘Evidence Based Teaching’.  They are general principles gleaned from qualitative and quantitative research they are not specific to ICT.  I believe technology will aid learning to the extent that these principles are implemented.

Seven evidence-based principles for good teaching

The following principles were extracted from looking at summaries of practically all useful qualitative and quantitative research evidence.  The principles overlap and need to be seen as a whole.  See ‘Evidence Based Teaching’ Geoff Petty.

1. Students must see the value of the learning.  
Persuade students the goals, are useful and enjoyable and personally meaningful.  
2. Students must believe they can do it: 

Students must expect some success, though not necessarily total success.  

Self peer and spoof assessment helps greatly here. As does good feedback.  Best practice is ‘attribution training’ where students are taught that the factors that affect good learning are in their control: e.g. effort, more practice, getting help, etc.  Not out of their control e.g. innate talent, I.Q. etc.

3. Challenging goals: This is a first principle

The goal should involve student activity on constructivist methods. 

The goal should include reasoning and/or creativity etc. 

High participation rate: all students should work towards the goal 

It helps if there is an audience for the work other than the teacher

Variety and fun help too!  

4. Feedback and dialogue on progress towards the goal:  

Students need informative ‘medals’ and ‘missions’ related to the goals.

This can come from dialogue between students and between teacher and class etc

Can also come from self peer and spoof assessment, examining exemplars etc

5. Establish the structure of information and so its meaning:  This involves relations between concepts, seeing the wood for the trees, and stressing the meaning of what is being learned. Students must be aware of the following: the key points, the key principles, the lesson’s purpose, and how these relate to each other and to other topics.

Teaching should go from:

known to unknown.  

concrete to abstract.  

Teaching should usually give the structure first, then add the detail

The very high effect sizes of methods that do this, show that conventional (control group) teaching does not do this well.

6. Time and repetition: students need six encounters at least with new ideas.  

They need to see ideas in:

multiple contexts: examples and non-examples of concepts and ideas in many different contexts in order to ‘get’ them

multiple perspectives.  see what they are learning through different ‘spectacles’.  See SOLO, and chapter 6 on analysis.

multiple representations:  students need right and left-brain representations, that is ‘whole brain learning’ to aid understanding.  

7. Teach skills as well as content: If the teacher makes time to teach students important study skills and thinking skills and integrates this into their teaching, then students both learn these important skills and their achievement is improved with an average effect size of 0.77.

The above principles are not Geoff’s view, or the view of some school of psychology or education.  They have been distilled from looking at all the evidence and the case for them is really overwhelming.  There may be other factors that are important for good learning that these principles do not capture however, for example affective aspects do not figure greatly here (except for principle 2) and I worry about that.  I do believe that these principles capture a ‘best guess’ though, and that other sets of principles are not usually based on as much evidence, or indeed any evidence.

The PAR model

Below is the ‘PAR’ Model which is an improved version of ‘Whole Class Interactive Teaching’ which John Hattie finds in the most effective general teaching method.  It describes a structure for teaching a topic.  I do not mean to suggest of course that you should slavishly follow the structure suggested here.  For example you might do a bit of present, then some apply, then some more present and some more apply rather than present everything in one go.  PAR shows the components commonly, but not invariably, found in effective teaching.  Usually it will benefit from being adapted or revised to suit the context.  

See Evidence based teaching to see how almost any teaching situation can be seen in this ‘PAR’ way, e.g. Resource Based Learning, students responding to a design brief etc.

Structure for Teaching a Topic: the PAR model.  All elements are needed, and are often visited many times.  









Some Goals.

We need to get students to use ‘real life’ learning, using ILT and conventional resources.  This is ‘Independent Learning’ see chapter on this in Teaching Today

It is the students who need to use the resources, not just the teacher in the classroom and students may find access easier outside the classroom..  Again this points to ‘Independent Learning’ ‘Cooperative Learning’ and other ‘Teaching without Talking’ methods.

Creating custom made interactive ILT resources can be very expensive and time consuming, if so it makes sense to focus them on the most difficult concepts and skills.

Some myths.

“Teachers don’t make much use of technology in the classroom because they don’t have the ICT skills.” But Preston (2000) found that 90% of ICT teachers only got their students to use word-processing!

At a very anecdotal level, the problems teachers report to me are:

· Finding time to find appropriate resources
· Finding time to learn to use the resources most effectively

· Lack of the pedagogy such as Independent Learning, Cooperative Learning or other ‘Teaching Without Talking’ methods which ensure students make effective use of these appropriate resources.
· Finding time to plan e-learning as it is more time consuming that conventional lesson planning.

· Snagging: ‘what do I do if it crashes?  I’d rather not take the risk’
· Students lacking research skills to get the best out of these resources. (see Independent Learning competency approach pages 324-5 in ‘Evidence Based Teaching’)

When will there by a national strategy for e-learning?

I have suggested the following at a number of national forums: 

1.  Find good teaching teams.  For a given subject and level, (e.g. A level chemistry) find teaching teams that achieve exceptional value-added measures.  Alternatively Ofsted reports could be used.

2. Get them to create best activities.  Employ these teams part time to produce a number of high performance student activities for every topic on the syllabus.  Train the teams up with Marzano’s methods and ask them to include these as often as practical.   For some subjects such as English Literature the exceptional team could be asked to outline generic activities or approaches rather than topic based activities.  Activities from Becta’s Content Search Service could be included in this whenever the team think these effective.

3.  Create an interactive syllabus
This is a syllabus that for each topic or subtopic suggests a number of high performance student activities.  These activities are suggested by the team, and by Marzano.  Some of these will be ICT but 

most will not be.

From the ‘teacher user’ point of view this turns the internet from a ‘bran tub’ which may or may not provide a suitable activity/lesson/resource, into a ‘supermarket’ which is certain to stock the student activities, lesson ideas and resources that the teacher wants at any given time.

4. Create high performance ILT resources.  The team suggest (more) high performance computer-based activities, (e.g. card sorting games to compare and contrast osmosis with diffusion).  These are produced by software designers and made available on the interactive syllabus.

5.  Create more variety.  The team ask other teachers for their suggestions and add these to the interactive syllabus.  These suggestions could be put up under the name of each team member, so teachers get to know whose ideas best suit their own style of teaching.

6. Peer-Coaching to embed the use of these methods.  Subject learning coaches, ILT Champions, Advanced Practitioners or someone similar is appointed to monitor the degree of implementation of the interactive syllabus contents in each institution.  The rationale being:
· it is always possible to improve your teaching.

· this requires experimentation.

· so let’s experiment with methods known to work.
See Joyce and Showers research to justify step 6.

References and contacts

* See ‘Evidence Based Teaching’ by Geoff Petty for the detail on the idea of evidence based teaching and the methods it suggests:

http://www.amazon.co.uk/Evidence-Based-Teaching-Practical-Approach/dp/0748795944/ref=pd_bbs_sr_2/026-0911223-0918804?ie=UTF8&s=books&qid=1186478282&sr=8-2
 A seminal book in this area is: “Using Technology with Classroom Instruction that Works”  Howard Pitler et al: http://shop.ascd.org/productdisplay.cfm?productid=107025
I am greatly indebted to Jim Judges who is e-learning Advisor  (Teaching and Learning) JISC Regional Support Centre West Midlands
"Judges, Jim" <Jim.Judges@wlv.ac.uk>
http://www.rsc-westmidlands.ac.uk <http://www.rsc-westmidlands.ac.uk/> 

An approach to learning from the moodle site:

http://docs.moodle.org/en/Philosophy
This is a very rushed draft paper and it will go into better versions.  I can give references if you are interested: geoff@geoffpetty.com
e-learning course planner: to help you use the top ten activities for e-learning

It’s not what the technology does that makes it effective, but what the student does.
	Advance organisers: (Average effect size from .48 to .78 depending on complexity)

Giving students summaries in advanced of what they are about to learn, they are like ‘cues’ above, but are much more detailed.  They provide a means for students to structure the topic
	

	Relevant recall questions  (Average effect size 0.93)
These are questions designed to bring useful, and essential prior learning into the learner’s short term memory, and to check it, before building the new learning upon these foundations.

Questions requiring students to recall what they already know about the topic or skill to be learned.  For example recalling relevant learning from the previous lesson, or from a term ago.
	

	‘Same and different’: (Average effect size 1.32)

Tasks that require the learner to identify similarities and differences between two or more topics or concepts, often one they are familiar with, and one they are presently studying. The best strategies involve students developing analogies that link new content with old. This is sometimes called  ‘compare and contrast’.  Students can be asked to compare an analogy with the real thing, or to create analogies.  

Related activities include:

‘what do these have in common?’

‘classify these’ (this involves looking for important similarities and differences in what is being classified)
	

	Graphic Organisers: (Average effect size 1.24)
The student creates their own diagrammatic representation of what they are learning, for example in a mind-map, flow diagram or comparison table
	

	Note Making.  (Average effect size .99)
Students create personal notes on the information being presented in their own words.  The teacher can indicate headings or key points, or can offer no assistance.  Students need to get feedback on the quality of their notes, perhaps by checking their notes against key points or a model set of notes. 
	

	Decisions-Decisions:  (Average effect size .89)
Students physically manipulate cards or objects or symbols which represent concepts or ideas they are learning about.  E.g. ‘Decisions decisions’ see ‘Teaching Today’ by Geoff Petty or Evidence Based Teaching.
	

	Cooperative learning (Average effect size.78)  these are methods like jigsaw and academic controversy that require students to teach each other and to check each other’s learning.
	

	Feedback (formative assessment) (Average effect size up to 1.13)

Giving students information about what they have done well and what they need to improve either directly, or indirectly e.g. by requiring them to mark their own and each other’s work against model answers or mark schemes and other ‘formative teaching methods’. Stressing that achievement comes from effort not ability.

Medal and mission feedback Average effect size (1.13)

Praise alone e.g. ‘well done that is very good’ has very little effect, about 0.08

Peer and self assessment have very high effect sizes,
	

	Generating and testing hypotheses (Average effect size 0.79)
Give them a hypothesis such as ‘the bigger the leaves the faster the plant will grow’ or ‘this is the best marketing policy for this small hotel’ students think of arguments for and against the hypothesis
	

	Homework and Practice
 (Average effect size .83 if there is feedback from the teacher on the quality of the work, more generally about 0.6).  This is students doing work outside of class contact time.  See Independent Learning in Teaching Today chapter 33.
	


�
Syllabus�
Student


Activity


�
Other resources�
�
1


�
osmosis�



�
�
�
2


�
diffusion�



�
�
�






Feedback for learner and teacher:  


Learning in progress is checked and corrected, e.g.:


Interactive question and answer


Other interactive dialogue e.g. in group work 


Students demonstrating one on the board, followed by class discussion etc.
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Challenging tasks: e.g. reasoning tasks, not just reproduction tasks


Active Learning with clear purpose and strong teacher direction


Feedback to the learner and to the teacher





Goals





mission





medal





Feedback for learner and teacher.


This may not be a separate activity and may involve the students more than the teacher.  The aim is:


Inform learners of what is good, and what not! (medals and missions)


Provide support for those who need it


Check attention to task, quality of work, behaviour etc.


Common strategies include: self assessment; peer assessment; class discussion; teacher comments etc





Feedback for learner and teacher:  Learning is checked and corrected, e.g:


Question and answer in an interactive dialogue to discover and clarify weak learning 


Class discussion on difficult points etc


Peer and self assessment





New material is presented


Knowledge, reasoning, theories etc are explained to students or learned in some other way.  Abstract ideas are illustrated with concrete examples





Practical & intellectual skills are demonstrated E.g. How to use a tool or formula, or punctuate a sentence.  This stresses both process and product.  Key points are emphasised.  Showing how on the board.  Students studying ‘exemplars’ (good work)





Typical Learning Strategies:


Listen to teacher talk or watch a video


Watch a demonstration


Study exemplars, e.g. spoof assessment


‘Teaching by Asking’ (rather than by telling)


‘Teaching without Talking’ strategies such as learning from ILT and other resources





Students work towards their challenging goal.  The task(s) require them to apply the knowledge, theories, skills etc that have just been presented.  This involves them in reasoning not just reproduction e.g. problem solving, making decisions, and creating things such as mind-maps etc.





Typical learning strategies


When learning a practical skill


Practical task to carry out the skill





When learning cognitive skills


Answering questions on a case study in groups


Exercises, questions, worksheet, essay, etc


Class discussion to develop an argument or answer a question etc


Decisions-decisions game 


Student presentation


Critical evaluation of exemplars. E.g. are these sentences correctly punctuated?





Were the goals met?  Summary and clarification of what was to be learned.  Emphasis on the key points and structure etc.  





Learning strategies


Note-making 


Create a mind-map, poster or handout that summarises the key points.


Class discussion


Advance organisers revisited and more detail added


Reviews at the beginning of a lesson with a short task 


Peer  explaining of key objectives followed by check by the teacher


Quiz; test; etc


Students setting themselves new goals for the next lesson





Orientation: the learners are prepared for learning


recall learning of last lesson


recall other relevant prior learning 


persuasive account of the relevance, importance and value of the learning


advance organiser to structure new content


challenging goals are given or negotiated





Present 				Maximum 35%?



































Apply 			Minimum 60%?








Review    minimum 5%?








(Fig. 5.3)
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Storyboarding with post-its can be used to create a flow diagram of tasks
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