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Introduction 

The CAVTL report ‘It’s about work…’ recommends exploring “the feasibility of national 
investment in, and co-ordination of digital simulation (or haptics) resources and software to 
maximise the potential for UK-wide VET gain, but also as a potential export”. This report is a 
response to that recommendation. 

In  VET  learning and assessment are primarily practice-based. Consequently many colleges 
build simulations of real world locations, such as kitchens, hairdressing salons, garages, 
building sites, and farms in land-based colleges. A wide-range of digital tools are then used to 
support, amplify or augment these real-world learning processes, to prepare learners for 
authentic workplace practice, aid reflection on practice, reinforce their practice-based 
learning, and to help with revision before assessments. We examine here the particular role of 
digital simulation technologies alongside other digital applications and conventional methods. 

Throughout the report we have used the language of ‘VET’, which acknowledges the existence 
of a “two-way street” between colleges and training providers, and employers and avoids an 

unhelpful separation of further education and skills operating as a separate sector
1

. The 
challenges to the sector have been set out in OECD reviews of VET in recent years. They 
endorse the way in which the instructional and experiential approaches in VET develop 
functional skills and digital literacies, which are now requirements of the wider preparation 

for employment over a lifetime career, as a consequence of globalisation
2

. Excellent VET takes 
place, therefore across a range of settings, blending classroom-based and practical work-
based learning.  

VET offers a transition from an increasingly academic focus within schools to more practice-
focused activities. Higher levels of skill and knowledge can be achieved by enhancing 
instruction with the more active pedagogies that will equip learners for the changes in 
occupation predicted by the Treasury, OECD and ILO over the next 20 years. Guided by an 
instructor with proven craft experience, learners must be work-ready, and able to learn and 
apply their learning within their given vocation.  

Our emphasis in this report is to explore the active pedagogies offered by digital simulations 
that will help to meet this aim, and how they should be coordinated. We did this by 
documenting the different forms of simulation being used, and through interviews with 
representatives of the stakeholders in the VET sector. 

                                                               

1. CAVTL. (2013) 

2. (Leitch, 2006) 
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Digital simulation for education and training 

We took a broad and inclusive definition of digital simulation in order to cast the net wide for 
ways of engaging vocational learners in skilled thinking and practice. The definition must 
clearly differentiate digital simulations from the broad spectrum of learning technologies used 
in teaching. We sought to do this in terms of their unique pedagogic value. They require some 
effort, after all, on the part of teachers and trainers, so it is important that they achieve 
significant value in learning outcomes. 

The definition has several elements, and this was used to help the team and interviewees 
focus on educational resources of this particular kind. 

Definition of an educational digital simulation 

 In all cases the simulation provides the chance to learn through goal-oriented 
actions in a simulated world with informational feedback.  

 This enables the vocational learner to work independently of the teacher, either 
alone or in a group, as well as with teacher guidance.  

 Embedded in the simulation is a computational model of some aspect of the real 
world that is relevant to the learning outcome.  

 The learners’ actions result in feedback that provides information to help the 
learner see how to improve their action, and thereby develop a higher level of skill 
in their thinking and practice. 

 Achieving the goal depends on the learner improving their level of skill. 

Evidence of better retention through the use of simulation tools for learning has been 
emerging over the last decade, as we understand more about the role of student interaction 
and feedback. The pedagogic rationale, explaining why digital simulations should improve 
learning outcomes, is outlined in Appendix 3. The economic rationale, for most of our 
informants, is that simulations can reduce the cost of training because they simulate 
dangerous environments and extreme operating issues, such as equipment failure and 
emergencies, without risk. 

We identified five distinct types of digital simulation that fit this definition.  They all situate 
the interaction in a model of some aspect of the world, identify a learner goal, give the 
learner actions that control some part of the situation, and provide informational feedback 
such that achieving the goal depends on the learner improving their level of skill. The 
feedback from software controlling the simulation can also be augmented by expert feedback 
from practitioners reviewing recordings of practice. 

Digital simulations can therefore be used with and without the teacher being present to guide 
the learner’s work, which continues to be supported beyond the classroom in the absence of 
the teacher. We used the typology in interviews with stakeholders, and modified it in the light 
of the evidence we found. The resulting typology follows. 
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Typology of digital simulation technologies 

 Serious games – the goal is contextualized in a ‘story’ and the learner’s actions are part of 
the story in which the feedback information shows how the story develops according to 
the underlying model, and given the choices made by the student. Immersive virtual 
reality graphics are often added to represent a real world context in a visual form that can 
be navigated dynamically, and may give learners a better sense of the meaning of the 
knowledge and skills in the real world. 

 System models of systems in engineering, business, science etc. – the goal and learner 
actions are based on a formal model of the system; the student controls inputs to the 
model, and the feedback shows the resulting output, enabling them to learn from their 
mistakes to build a better conceptual model of the system. Haptic tools (whose force, 
vibrations or motion feel like real controls) add further authenticity to the experience, 
used mainly in medicine, dentistry, the armed services and even in areas such as animal 
welfare in agricultural colleges (where there can be found a haptic cow). 

 Modelling tools - the goal, elements and transactions are chosen by the learner to create 
a model that simulates some aspect of the world, and is therefore testable against real 
world data. These tools involve the learner in building a simulation as a way of developing 
and testing their understanding of an aspect of the world, using tools such as Excel, Yenka, 
MissionMaker, Scratch, NetLogo. The feedback shows the extent to which the output from 
their model matches the real world data. A modelling tool can also be a simulation-
authoring environment for teachers to create simulations and games for their learners. 

 Role-play simulations – the goal and learner actions are contextualized in a work situation 
(business, politics, social work, etc.), each student or group is assigned a role, and decides 
on their next action given the current conditions; the model embedded is the sequence of 
types of decision to be made, the relative value of the elements being transacted, and the 
behavior of all the elements in the situation; on this basis it calculates and shows the 
outcome of the students’ decisions as feedback. 

 Scenario simulations – as in role-play, the goal and learner actions are contextualized in a 
work situation (health, law, construction, etc.), but the student or group works alone to 
decide on their next action given the current conditions; here the model embedded is a 
set of scenarios, each offering a choice between different decisions that could be made, 
and the feedback shows how the resulting scenario develops; there is no competition 
between students or groups. 

These types of digital simulation are used in combination with the physical simulations of the 

workplace that VET colleges have always used
3

 and alongside experience of the workplace 
itself. The blend is important “because a genuine workplace teaches both general and specific 

work-skills more effectively than any education-based simulation can”
4

. The CAVTL Report It’s 
about work… pointed out that in the college context learners need to be “exposed to new 
forms of knowledge and practice in order to make real the line of sight to work”. Simulated 
settings, both physical and digital help learners to combine theoretical and practical 

                                                               

3. (Garnett & Rebbeck, 2013) 

4. (Wolf, 2011) 
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knowledge through critical reflection on their practice and developing skills. They cannot be 
used in isolation, but integrated with authentic work-based learning they add significant 
value. 

The main advantage of digital simulations, due to the features defining them, is to provide a 
form of personalised learning. They prepare learners for their authentic learning practice, and 
help them reflect on it, and thereby support the learner’s independent learning. 
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Current experience and exemplars of effective practice  

We have interviewed a wide range of contacts in VET colleges, sector agencies, and 
companies involved in the use or development of educational digital simulations (Appendix 2). 
Although we offered a broad typology of what counts as digital simulations, some 
interviewees were inclined to identify them with the industry-specific high-end products that 
were around a decade ago, and so tend to dismiss them as out-dated, or as relevant only 
where real-world practice is difficult or dangerous. Several interviewees felt they were 
irrelevant because of the importance of the real-world authentic experience: “We pride 
ourselves on doing it for real. I want to know a student has actually changed real brake pads 
not virtual ones.” Several suggested there was very little use of simulations in the VET sector. 

On the other hand, others were fully aware of the range of digital simulations available, very 
enthusiastic about using them, and lamented the lack of widespread use that could have been 
established by now. There were many strong endorsements of their advantages: 

Well-produced, meaningful simulations have an important place in vocational 
education, in particular in environments that could potentially be hazardous. 

Real world work experience is both hard to get and, more significantly, very 
variable in terms of quality. There is a huge attraction to being able to simulate 
working environments within colleges and schools which would offer consistency 
and quality control over the student experience. 

Simulation means that all students can try all techniques rather than having them 
rationed in terms of time and access in a classroom. 

They offer learners a real world experience to try things out but also the possibility 
of collaboration with other learners in other parts of the world. 

College economies are changing so it is becoming more expensive to deliver 
vocational training with the rising cost of raw materials for a hands-on approach. 

Simulations can help with cost effectiveness and allow people to create a more 
open college, to allow for learning at home and involve cross-institution, including 
international provision. 

What we are looking for in simulations is to enhance learning with the ability for 
people to do a lot more of the learning at home, then come into college and have 
more of the professional discussion. 

This kind of learning gets a fantastic response from learners, and it’s driven by 
learner feedback; engineering learners run their simulation using a 3D simulator of 
an engine, and they also input into how it is developed by staff. 

Learners can see the engine moving, and get into the core of how it works; Level 1 
use it as an introduction to component identification: they can link to components 
and processes and, e.g. see what happens if they take a piston out - the fuel does 
not come in. 

Simulations need staff time to develop up front for these modules, balanced over 
the module because delivery and assessment is online, so workshop setting is 
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reduced; feedback from staff more positive, as the simulation is there for later runs 
at much lower cost of staff time. 

Students have been a lot more positive, they get a lot more work out of the 
session, it’s a constant thing – even at lunchtime they are sat there doing college 
work on their iPads. 

These are the experiences we have reflected in the examples in the next section. 

We found many colleges, training providers and workplaces that use some digital simulations, 
but very few that recognise and use the full range of digital simulations they could be 
deploying across all subject areas. 

Use of simulations 

This section illustrates each type of simulation with examples that are currently or recently in 
use. For each case, our aim was to collect information on its impact on learning outcomes, the 
teacher’s role and workload, its integration with other pedagogies, learners’ independent use, 
and the financial implications of development and implementation. Both teachers and 
management want to be convinced of the benefits and costs of these technologies. However, 
case studies currently are rarely sufficiently explicit about pedagogic value and business 
models. In this study we have also found it very difficult to track down all this information 
within our timescale, mainly because it is rarely part of the record, and is not required in 
existing audit processes. Education and training organisations do not collect this information. 
Our examples are incomplete, therefore, although they do give a sense of the range of 
practice in the sector.  

Serious games 

 Immersive virtual reality environments are used to provide the storyline or context 
for simulating an experience or event, e.g. a severely disabled student would not be 
able to climb a mountain or go on safari, but immersive VR can recreate the 
experience. Learners with severe behaviour or anxiety issues can learn to cope with 
stressful environments such as shopping or busy roads in a controlled environment 
before trying the real life circumstances. 

 One college uses a Second Life virtual reality simulation to provide a context for the 
maths required in Engineering problems. It is difficult or expensive to give access to 
the real thing, and students find this approach to problem solving more interesting 
than working on them in the pure abstracted form. Students must think practically 
about problems and learn that engineering is a practical as well as a theoretical 
science. 

 Simulation software is used extensively by the UK armed forces for preparing 
personnel for scenarios they are likely to encounter, such as ‘anti-ambush conduct 
rules’ (a collaborative serious game). The simulations are also used for formative 
assessment. The assessment can take two forms: the learner is provided with 
feedback by the simulation in terms of ‘After-Action Review’ (a feature of the 
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software) which takes the form of reflection; and they are used by facilitators to 
monitor learners’ progress. Overall benefits are efficiency and effectiveness.  

System models  

 Yenka provides simulations of a range of systems in science, maths, 
technology and computing, where a powerful model of the system 
enables the vocational teacher/trainer to design the simulation that 

students work with
5

. 

 

 Virtual Laboratories are beginning to emerge as a response to the need for easy, safe, 
efficient direct experimentation and inquiry both in face-to-face and remote contexts. 
Recent efforts in the US include the ChemCollective, a collection of virtual labs and 

activities for teaching and learning chemistry concepts
6

.  

The ChemCollective virtual lab 

 

The ChemCollective is a digital library of online activities that simulate a virtual 
laboratory and challenge students’ chemistry knowledge in a realistic manner 
similar to the activities of practising chemists. The “Virtual Lab” allows students to 
design and carry out their own experiments, where “the goal is not to replace, or 
even to emulate, the physical laboratory, but to supplement textbook problem-
solving by connecting abstract concepts to experiments and real-world 

applications”
7

. 

                                                               

5. http://www.yenka.com). 

6. Yaron, Karabinos, Lange, Greeno, & Leinhardt, 2010) 

7. Yaron, et al., 2010 

http://www.yenka.com/
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 A welding simulation supports practice and shows the results of what students do.  

Welding simulation, Mid-Kent College 

Access to welding equipment is limited due being the high-risk whereas the 
simulation provides safe learning. This enables the college to introduce the 
engineering sector to 14-16 year olds. 

150 new students use it each year; most use it many times over. It is owned by the 
College so can be used as often as required. Now it is also used for Art Engineering: 
“Students from design and art are using it to try out welding in art! Brilliant. No-one 
had thought of this.” 

The simulation is both additional activity (in student's own time) and built into 
guided learning hours. It has radically increased time spent practising welding. 

It accounts for 4-6 weeks of welding previously done in the workshop, but this was 
not time spent welding like for like due to the cost of materials. 

The pedagogic value is that students learn from their mistakes, independently of 
the teacher, due to the quality of feedback from the model. It has introduced an 
element of competition between students to see who is the best, and promoted the 
idea of self-improvement, and a “personal best”. Apart from viewing through the 
mask, it is also projected to the wall so all other students can follow the progress of 
classmates and learn from each other's technique. It has improved the social 
coherence of classes because of the 'games' attitude of students. 

They can also extend virtual training opportunities to employers, to address the lack 
of technical and practical engineering skills and further increase the engineering 
community in the heart of Kent. 

 

This simulation reduces the College’s carbon footprint by cutting back on waste and 
saving energy. 

Learning outcomes: Pass rates have improved on this element and the quality of 
work is better. 

Effects on teaching: No reduction in teacher hours. It is seen as a huge 
enhancement in terms of learner time spent honing welding skills. There are no 
extra time requirements or costs. 

Cost: £50,000, manufactured by Lincoln Electrics (US), originally designed to train 
US Marines to weld and is still used for this. 

Funding: College and the Skills Funding Agency. 
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 Recognising the importance of making meaning from direct experiences and from peer-
interaction several designers are extending the capabilities of these virtual labs to operate 

at a distance in order to enable communication between students
8

. 

 Light vehicle repair companies have their own training materials that incorporate 
simulations of the working of their engines. Car, lorry and motorcycle 
manufacturers provide colleges and other providers with simulation and other 
training materials to support automobile engineering programmes.  

 Sparrow Cranes provides an offshore crane operations simulator, which complements the 
live crane operator training with simulated lifting scenarios, designed to also include 
planned malfunctions, and allowing assessment of the crane operator’s reaction to 
emergency situations. The rationale is both health and safety, and profitability. 

Modelling tools 

 Yenka tools for designing simulations can be used by students to build a model of a 

system
9

. 

Yenka simulations (published by Crocodile Clips) 

Students use the simulation design tools to create their own model of a system, and 
test it against real world data or behaviour, as a more challenging way to test and 
develop their conceptual understanding of how a system works. One example is to 
build an electrical circuit that lights a bulb when a switch is closed. This is a good 
example of the way simulations can provide the learner with informational 
feedback that supports their independent learning. 

The simulation model works in a realistic way, producing the result that follows 
from the student input. This informational feedback enables them to improve their 
action towards achieving the goal. It is important to engage the learner in a process 
from which they are always learning, so they keep coming back to it. 

Colleges can buy a licence to use the suite of tools that offer simulation and 
modelling across several topics in science and maths. 

 The Yenka simulations approach has the great advantage that it also provides an 
authoring environment so that the teacher can create a model for their students to 
manipulate to achieve a specific goal, and thereby test and develop their 
understanding of the system. This means that teachers are contributing directly to 
building effective pedagogic innovation by designing their own simulation. 

 Shareville provides an immersive reality environment with an embedded model 
which sets up a problem to solve in a human interaction (such as helping people 
with learning difficulties, law cases), offers option choices and shows the result of 
each option chosen. The Shareville approach also offers teachers an authoring 

                                                               

8. Dormido et al., 2012; Hanson et al., 2010) 

9. http://www.yenka.com 

http://www.yenka.com/
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environment in which they can create a model of their own scenarios, choices, and 

consequences for their own simulation of a workplace situation
10

.  

Role-play simulations 

 Stock Market Challenge is a set of simulations of financial markets including Global 
Investor, Dealing Room and Trading Floor. The simulations fit FE subject areas of 
Business, Accounting and Finance. Students work in pairs to play the role of traders 
in financial markets, competing against other students by investing in companies 
and currencies on the simulated exchanges. The real-time feedback helps students 
learn about the way in which markets and exchanges work, and also develops their 

skills as investors
11

. 

Scenario simulations 

 SimVenture is a commercial product based primarily on business scenarios, which can be 
extended also to other curriculum areas such as ICT and engineering. 

SimVenture 

 

The tool is widely used for teaching ICT, electrical engineering and business studies 
across all sectors of education (>20 FE colleges) and is also used by commercial 
companies. 

The cost of a licence ranges from £25.00 (for one person) to £32K for a full 
commercial licence with no restrictive use. 

                                                               

10. http://shareville.bcu.ac.uk 

11. http://www.stockmarketchallenge.co.uk/for-education/further 

http://shareville.bcu.ac.uk/
http://www.stockmarketchallenge.co.uk/for-education/further
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 SimVenture is a highly versatile tool used widely in a range of learning 
environments to ‘teach business, entrepreneurship and employability skills’. The 
resource allows people to discover for themselves (by making decisions and dealing 
with consequences) how to create and run a business without fear of real financial 
failure. Ideal for individual and group work, SimVenture allows people to develop 
critical team-working skills whilst making decisions about running their virtual 
business. Since the business game includes ready-made Scenarios and a save and 
load function, SimVenture can be used to run ‘active’ case studies where people 
face up to the consequences of the business decisions they make. The tool provides 
an authetic learning experience and the results have shown that students’ 
engagement with learning results in better retention of the experiences, which are 

very hands-on, in a collaborative team context
12

. 

 Patient simulators are developed for high-risk situations that can attract high levels 
of investment and pricing. High fidelity patient simulators such as SimMan 3G are in 
use at a number of hospitals such as Harefield Hospital STaR Centre (Simulation 
Training and Resource Centre).  

SimMan 3G Patient Simulator 

 

Learning outcomes: the use of high fidelity simulation can result in increased clinical 

reasoning, greater clinical knowledge, and added self-confidence among students.
13

 

Effects on teaching: trainee faculty introduced to SimMan 3G scenarios concluded 

that the scenarios could provide highly relevant and effective training
14

. 

Cost: £64,000. Manufactured by Laerdal Medical (Norway). 

                                                               

12. http://simventure.co.uk/ 

13. (Maas & Flood, 2011) 

14. (Pedley, Rawding, McGuinness, Abid, Collins, Holdsworth, Midha, Osborn & Patel, 2011) 
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 SimMan 3G can talk, go into cardiac arrest, respond to drugs and, without correct 
treatment, die. SimMan’s responses can be manipulated and voiced remotely by an 
operator. High levels of authenticity are created, and learners report that that the 
rate of activity and the presence of monitors recreates the stressful environment of 
a real emergency. Among the advantages of the simulation is its capacity to create 
extreme conditions that occur infrequently, thereby enabling medical staff to 
prepare for emergency procedures that they might otherwise have no opportunity 
to encounter before being required to perform.  The complex scenarios require 
students to perform additional assessments and recognize multiple patient 
problems.  

 Stone Quarry Simulator (Excalibur Games) provides “a realistic simulation of 
decisions needed to run a quarry profitably”. 

 NIACE has run a competition to develop an App for Maths skills that allows learners 
to practise their skills prior to entering a shop or other situation requiring 
calculation skills to simulate that experience and avoid the potentially embarrassing 
consequences of their current lack of skills. Portsmouth City Council have also 
developed Apps for Maths and English that have this element of a timely simulation 
immediately prior to a real-life event. 

Experiencing the virtual world of the workplace 

In addition to these uses of digital technology, there are also now many opportunities for 
students to experience the authentic workplace when it is itself a digital environment. 

Students learning CAD/CAM and Product Design, now use a 3D printer for the Computer-
Aided Manufacturing stage of their work. So as well as using industry standard Auto-CAD, they 
move straight to the CAM manufacturing stage. 

A similar example is the use of computer guided tractors using GPS at Hadlow College, which 
is a technology used on working farms in the real world, not a simulation but a commercial 
product. 

When real-world practice is itself digital, the students’ learning and assessment can more 
easily match real-world practice, supported with guidance from the teachers present. All the 
filmmaking at Havering Sixth Form College is now IT-based, with use of CGI, for example, again 
reflecting real world practice in the film industry as it becomes increasingly digitised.  

Scenario-based learning is used In Business Studies. News24 is running in the background, 
both in the classroom and in corridors. Classes can be interrupt-driven to analyse relevant 
news items. BBC Education runs as ticker-tape on screen-savers.  

On Level 2 DIDA courses, students produce an e-portfolio CD-Rom linking to web-based 
resources. Students are on Games-making courses at Level 3. 
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Criteria for developing a digital simulation 

By providing a tight definition of what we mean by ‘simulation’, interviewees and the 
exemplars they discussed, have been very helpful in enabling us to generate a useful set of 
criteria that should be considered for any proposal for building a digital simulation: 

1. The skill is basic or fundamental to employment opportunities but is also expensive, 
dangerous, or difficult to practise in the authentic context. 

2. The authentic practice is inaccessible to some groups of vocational learners e.g. young 
learners, those with disabilities, and simulations can open up some aspects of the 
curriculum for them. 

3. It widens opportunities for cross-subject use, providing additional experiences for other 
vocational learners. 

4. Real provision is environmentally costly relative to the simulation, the cost of which is 
sustainable in the long term. 

5. The simulation enables development of a skill over time, with supported independent 
practice leading to improving technique or understanding. 

6. It achieves the pedagogic value of learners being able to practise repeatedly, at their 
own pace, independently of the teacher, but with support through feedback from the 
simulation, to gain a thorough grounding in the skill and concepts. 

7. The simulation is sufficiently interesting and important to be seen as a marketable 
feature for enrolling at the college. 

8. The simulation enables formative assessment of the learner’s progress, offering the 
learner the ability to reflect on their achievements and plan their next steps. 

Recommendation 1 

Proposals for digital simulations should aim to meet most of these criteria for building a 
digital simulation. 

The final criterion relates specifically to formative assessment. We found no evidence of 
simulations being used for summative assessment, although this is beginning to happen in the 

US
15

. Automated collection of the traces that students leave when interacting with simulators 
provides detailed records of the learners’ interactions as a form of authentic assessment in 

the context of the simulator
16

. The VET system should be aware of the potential of next 
generation assessments that utilize the technological advances in learning analytics. 

Recommendation 2 

Policymakers and assessment bodies should seriously consider potential of next generation 
assessments and the use of learning analytics as part of a comprehensive rethink of the 
assessment systems currently in use within VET. 

                                                               

15. RCEPRP. (2011). The Road Ahead for State Assessments: Policy Analysis for California Education (PACE); 
Rennie Center for Education Research & Policy. 

16. (Dede, 2011) 
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Lessons learned from the National Learning Network  

The National Learning Network (NLN) was a national partnership programme that began in 
1999. It was designed to increase the uptake of information and learning technology (ILT) 
across post-16 education in England. The programme supported further education, sixth form 
colleges and adult and community learning (ACL) providers. Its main priority was the 
development of a bank of digital learning resources (the NLN Materials), many of which were 
digital simulations. 

NLN digital simulations  

NLN simulations included electrical circuits; chemical bonding; 3D geometry for art 
and design; skin and respiration in sports science; flood management in geography; 
safety hazards in construction; garden design in horticulture and decision-making in 
catering.  

A virtual sports centre, burger bar and construction site provided opportunities for 
students to practise their skills in reading instructions and making notes in an 
environment designed to simulate working experience. Various exemplar 
collections of materials containing simulations are available at 
http://www.xtlearn.net/p/kl1#tab-0 . 

As a system-wide programme of digital resource development, NLN provides a useful model 
from which to learn. Working in partnership with over 20 commercial developers and subject 

experts in VET colleges, Becta
17

 commissioned and managed the development and testing of 
more than 900 hours of NLN Materials across a wide range of subjects.  

The main successes were (i) the development of a large body of digital materials, (ii) an 
improved access interface and integration with Moodle that improved take-up; (iii) it played a 
key role in raising awareness of the possibilities of digital resources and in stimulating the 
uptake; (iv) it created a community of champions that survives now as the Jisc CHAMPS 
network. 

The main problems were (i) technical, including a poor access interface that affected initial 
take-up, the inclusion of 3rd party assets, and restrictive plug-ins; (ii) no sustainable 
funding/business model; (iii) access was restricted to VET, which narrowed take-up. 

Key issues from the NLN experience 

1. Establish appropriate business models 

Which areas in vocational learning are most susceptible to the development and use of 
simulations and why? What are the projected returns on investment? What 
combination of public and private funding and risk are appropriate? Who should own 
the resulting IP and what business models are envisaged to maintain development, 

                                                               

17. Becta was funded by the Education Department (variously named) to support the use of learning 
technologies in schools and FE. It was abolished in 2010. 

http://www.xtlearn.net/p/kl1#tab-0
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provide training and support?  These questions were never fully addressed hampering 
development and ultimately making the programme unsustainable economically. 

2. Involve vocational teachers and trainers as co-creators 

Involve teachers early on in the process and ensure repeated prototyping and iteration 
in response to user feedback. This represents a more economically efficient and 
pedagogically sound model than one in which content is purchased either off the shelf 
or with minimum input from experts. This model was adopted by Becta in principle but 
still left the developers largely in control of the process and could be further improved 
with greater weighting given to the practicalities (such as provision for teacher release 
time) of ensuring the input of informed teachers throughout. This does not mean that 
input from simulation software specialists from both public and private sectors should 
not be sought, rather that their role should be carefully married with subject matter 
and practitioner expertise.   

3. Build a community of experienced practitioners 

Recognise that even good content needs communities of practice that build up around 
it for it to thrive and become widely embedded in practice. Note that other excellent 
initiatives such as FERL and ACLearn.net, were effectively lost when their content was 
ingested into the Excellence Gateway and their communities dissipated. The influence 
of the NLN mentors in helping to spread the word and the willingness of the ILT 
community to share practice and ideas are enduring and endearing legacies of the NLN 
experience. For example, the principle that pedagogy drives the use of technology lives 
on in the strategic approaches of some of the new Principals. This community building 
was a key component in the success of the programme and can still be drawn on for 
any future development work both as a model and as a continuing practising body of 
expertise. 

4. Promote and incentivise sharing of resources and practice 

Generic tools for collaboration and sharing have become widely popular elsewhere on 
the web and education-specific tools are now also available. Nevertheless, the 
structure, funding and support mechanisms for education often militate against the 
identification and sharing of good practice. It is interesting to note how few of the 
organisations that were brought together to develop NLN still exist.  

These findings are echoed by the recent SimShare project funded by HEA, which focused on 
simulations as Open Educational Resources, and set out to build a user community around 

their development and re-use
18

. They report that the key ways forward are to enhance the 
social network aspect of the site, with greater opportunities to share information and 
comments, to build a more extensive pedagogic resource where potential users can view 
simulations in action.  

In 2010 SFA ceased funding the service and it was threatened with closure. Xtensis agreed to 
provide a free cut-down version of their software to LSIS to maintain continuity of service and 
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the site was transferred to them. There has been no further funding or content updates 
although the service continues to be actively used with over 6000 unique visits each month.  

The current Jisc FE and Skills Development Programme is supporting work to update and 
recontextualise NLN and other resources for use with current technologies and is developing 
distributive models for the updated resources to address these issues. XtLearn has been 
working with a number of providers to facilitate this development. 

Recommendation 3  

To learn from this experience, and respond to the changing educational political and 
organisational landscape, we need to: 

Establish appropriate business models 

Involve vocational teachers and trainers as co-creators 

Build a community of experienced practitioners 

Promote and incentivise sharing of resources and practice. 
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The VET context and the use of digital simulations 

We now have to interpret this analysis in terms of the current economic conditions in the 
sector, and the policy ambitions for its future. The implications of our findings are worked 
through in this section, distilled into three main points. 

From the current experience and use of digital simulations in VET, from interviewees’ 
reflections, and from research findings, we were able to distill the main the criteria for 
developing digital simulations, as previously summarised. 

We now have to ask who will carry forward this innovative use of technology? And we begin 
with the teachers and trainers. They are at the frontline of working with students, they 
discover what works and what does not, so they must be responsible for the innovation and 
experimentation needed. We consider how feasible it is for the teaching profession to 
develop the cross-sector knowledge of how to use technology to improve learning outcomes. 

The agencies and organisations running the sector have their responsilities too. How will the 
drivers within the VET system support teachers in this new practice? We learn the lessons of 
the NLN experience to propose how the agencies that drive what teachers do might assist this 
work. 

Finally, how is it affordable? What are the business models that make it feasible for the sector 
to benefit from the potential of digital simulations? 

Trusting the teachers 

It is clear that the key to advancing digital simulations lies with teachers and trainers who are 
prepared to be curious and explore their curriculum design, and managers who will actively 
support them.  We know from The Digital Practitioner work that confidence is the main 
criterion that determines the rate of professional progression and development in using 

technology
19

.  

Teaching staff will be central to how simulation usage continues to develop. The Digital 
Practitioner research suggests that the digital literacy of VET teachers and trainers is 
improving, they are curious and willing participants in the use of a range of technologies, and 
there is no strong cultural factor among teachers that is holding back simulation development. 
If software and hardware can be developed commercially then there will be an excellent 
range of VET teaching staff able to contribute to designing the learning experience and the 
practical contexts that need to be built into simulations. Vocational teachers and trainers are 
able to make the twin contributions of their vocational craft and teaching ability.  

Consequently, the pedagogical component can be well resourced from the VET teaching 
community, if they are given the time to do this. This in turns builds a larger and more 
knowledgeable consumer market for simulations. A commercially viable model for creating 
effective digital simulations is therefore possible, through partnerships between colleges, 
commercial learning providers, and the digital industry. A well-managed creative industry 
partnership of this kind could develop the scale, effectiveness and productivity that would 
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enable the VET sector to take its place as the world leader it could be, bringing its expertise to 
help in meeting the worldwide demand for high quality online vocational education and 
training.  

These conditions do not yet exist in the VET system, which is in danger of squandering its 
teaching talent on local small-scale technology innovation and unsustainable short-term 
projects. Technology works best on the large scale, tackling the most difficult educational 
challenges, which is where it makes the most difference. But this requires imaginative long-
term investment and management across the teaching workforce, which the sector rarely 
gets, being always in a state of organisational flux. 

Technology innovation does not have to run only as a commercial operation. We have noted 
the requirement for teachers to be involved, and their willingness to participate, and we have 
noted the collaborative networks across colleges, and even occasionally between colleges and 
industry, and this bottom-up development of shared pedagogical knowledge could be a 
perfectly viable complement to a commercial partnership model. But teachers and trainers 
need the tools and resources and the working conditions that enable them to be pro-active in 
teaching innovation. There are some examples of this. The Learning Designer tools being 

developed in collaboration with the Jisc Advance programme
20

 support teachers and trainers 
innovating and sharing effective pedagogic designs for using digital technologies. The Yenka 
system modelling tools and the Shareville scenario-building tools are exemplary in enabling 
teachers and trainers to author models themselves, creating their own goals and interactive 
activities for their learners, and so engaging them directly in developing the community 
knowledge about new kinds of pedagogy.  

Interviewees argued that some VET teachers and trainers are subject matter experts, and do 
not have sufficient professional training to enable them to use an appropriate technology-
based pedagogy. They would be able to greatly improve the quality of their learning 
technology use if they had access to learning design tools and the opportunity to exchange 
pedagogic plans, such as recommended ways of incorporating complex simulations.  

One area that is lacking is the sharing of best pedagogical practice—the trainers 
are subject matter experts, so there is insufficient attention given to pedagogy, 
and the development and sharing of best pedagogic practice, resulting in the 
duplication of effort. 

Staff have developed their own online tools for a simulation- originally all colleges 
did their own thing, but within a local cluster they develop and share within the 
group. 

Barriers are age and capability of staff; they need lots of support for them so we 
put this at the forefront, and intend to sustain these programs for wider use after 
projects end; all colleges in the cluster have a joint working party to identify good 
practice that can be shared; some curriculum areas allow us to focus 
enhancements across the whole cluster. 

We need a national agenda, as we have for STEM, driven from government, being 
supported and prioritised; and investment, which should go to a central body for 
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organisations to bid to, and be clustered across private and public and universities 
as well, cross-sector; teachers and learners involved. 

It is very difficult to find out about the availability of simulations, to find out what’s 
on the market and be able to assess it – we need a site to show what is out there. 

Recommendation 4 

Bring together VET leaders, policymakers, learning technologists, teaching innovators and 
commercial enterprise to work out a long-term partnership investment model that will 
enable the sector to build shareable and customisable simulation tools and resources as a 
viable commercial enterprise. 

Recommendation 5 

Bring together the teaching-related agencies to plan how their work will support teachers 
and trainers, colleges and learning providers, and regional clusters, in building the 
pedagogic knowledge around shareable and customisable simulation tools and resources 
and their application in VET. 

Working together across the VET system 

How might we manage this more collaborative and productive approach to development of 
technology-based pedagogies in the VET system? 

It is clear that the work on digital simulations needs to be mainstreamed. Jisc has a role in 
promoting this type of resource, but in order to achieve transfer to the mainstream we need 
to counter the inhibitors, which at different times include policy from organisations such as 
OFSTED, the assessment bodies, and funding agencies, as well as internal factors within 
providers.   

Interviewees told us that many people in VET - teachers, workplace trainers, and especially 
the learning technologists - are keen to develop or adopt simulation technologies but Senior 
Teams less so. There is so little funding that they operate in a very hand-to-mouth 
environment. The Education and Training Foundation (ETF) will not be the appropriate body 
to provide the kind of coordination needed directly, although it could provide leadership and 
commission activity from partner organisations.  

Jisc can provide access to tools and materials and, most importantly, practical help for 
providers to use them in practice. We need to facilitate teachers’ use of technology, and the 
development of their expertise in pedagogic knowledge of how best to use it. This aligns well 
with the ETF approach to developing the profession.  

The Jisc Regional Support Centres, whilst always operating to a single remit, have traditionally 
set priorities independently in consultation with regional providers. They are increasingly 
taking on the mantle of a single service, by running campaigns to support centrally directed 
policy initiatives, for example: where there is improved join-up across the sector agencies, 
such as Ofsted and assessment and funding bodies, and a clear desire to deliver progress.   

It is important, however, that the RSCs retain their position as supportive ‘friends’ of 
providers, helping them to implement change, which will improve their business and their 
service to learners, delivering change desired by central policy, and not working as an arm of 
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government enforcing change, which is not seen as beneficial. This is likely to deliver better 
results than a directive approach, as well as fitting with the general policy of more local 
determinism and Jisc’s emerging structure as a membership organisation. 

Interviewees had several suggestions for improving cross-sector working: 

There should be more support from colleges in the use of digital simulations, which 
would involve “a wider acknowledgement of the role that simulations could have in 
learning and skills acquisition” and research to evaluate what learners feel about 
it. 

Promote industry sponsorship of the development of simulations because of their 
own training needs and more sharing of training simulations in industry. 

Colleges would welcome the opportunity for lecturers to become involved in 
developing or trialling simulations. Such a cross-over would benefit both 
companies and colleges, and give FE staff commercialisation training. 

Create a directory of software and advocate incentives such as tax breaks for 
companies to develop simulation software in collaboration with FE lecturers.  

The current ASPiH/HEA national project on simulation in healthcare across HE and FE
21

 set up 
by the Department of Health, may provide a model for a national approach in this and a range 
of other subject areas for the VET system. It embraces both physical and digital simulations. 
The aim of the 2-year project is to create “a UK-wide resource which can inform 
commissioners, regulatory bodies and standard setting organisations regarding good or best 
practice in the use of simulation-based education to support workforce development and 
improve patient outcomes”. It is therefore highly practice-oriented, works within the overall 
DH framework, and brings together both academic (HEA) and industry (ASPiH) organisations. 
The approach is to build and support a community of 40 ‘simulation development officers’ 
across the country, working on a very part-time basis to provide the resources, guidelines and 
working practices that will make this form of learning work as effectively as possible. Sector-
wide approaches are important, and it would be valuable for BIS to track the progress of the 
DH model. 

The two-way street between colleges and training providers, and employers could be 
supported by cross-sector placements and events to encourage regular dialogue. Employers 
will benefit from the pedagogical insights offered by providers, who will in turn be better 
equipped to interpret employers’ needs and develop digital simulations to offer generic 
training solutions. Such solutions can then be shared between providers. The fast changing 
technological landscape means that this knowledge needs to be continually updated. 

Recommendation 6 

The sector agencies and organisations that have a responsibility for what teachers do should 
take responsibility for ensuring that the drivers they create align with enabling teachers to 
develop their pedagogic expertise through the collaborative development of simulation 
technologies. 
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Business models for developing and sustaining simulations 

The development and implementation model for a simulation determines its benefits and 
costs, so in this section we look at different business models in terms of a cost-benefit 
analysis. 

We have explored several types of collaborative development model to offset the high cost of 
digital simulation development for a single provider or organisation. 

The economics of simulation vary widely from the mission critical simulations with high 
potential economic, legal or health and safety implications to more mundane but highly 
effective examples, such as hospital cleaning as part of infection control, which has resources 
made available through the NHS. 

Companies such as Rolls-Royce, which need to train employees all over the world in company-
specific skills and practices, need the efficiency of digital simulations, but find them expensive 
to develop. To bridge the college-workplace link they would like to see the development by 
colleges of generic versions that companies could customise to their own context. The model 
adopted by Babcock Engineering and their subsidiaries starts from the company developing 
simulations and then working with educational partners to develop different approaches to 
pedagogy and delivery e.g. working with City of Plymouth College. This involvement of the 
college teachers in the pedagogic development of high-level skills spreads the cost of 
development, and is a valuable form of teacher engagement. 

In one model of sponsorship of FE and Skills providers Babcock Engineering fund the 
development of simulations in areas such as turbine technology, marine engineering, and 
steam plant, but then deliver through sponsored providers in the sector such as Plymouth City 
College and a number of colleges in Surrey.  

A complementary example of this collaboration between national, local and industry partners 
can be seen in the funding of the Windmill Simulation software by the Higher Still Unit in 
Scotland for schools and FE Colleges. The software simulates oil and gas industry process 

control activity and is used for teaching IT skills
22

. 

Another model would be for colleges to develop generic resources for what is common 
between workplaces and colleges, e.g. resources for self-assessment, health and safety 
training, Equality & Diversity training. For example, ‘In Touch Care’ developed a new equality 
plan that fits the assessment requirements, which is a good model of broad cross sector 
coordination. 

They could be used for skills that are generic and transferable across different employment 
contexts e.g. risk assessment in health and safety, and combine common sequences of action 
with context specific procedures. 

It is common to expect digital simulations to be expensive to develop and maintain, and yet 
we also found examples of simulation authoring tools (SimShare, Yenka, Missionmaker) that 
have the benefits of engaging the teachers in innovation, enabling customisation to local 
contexts, and spreading the load of development. 
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The benefits and costs of digital simulations 

To summarise: we have seen the pedagogical benefits: 

 Students are active learners, working at their own pace, linking theory to practice 

 Digital simulations provide the immediate informational feedback that enables 
independent learning 

 Because they can learn independently in a rewarding and motivating environment, 
students spend much more time on task 

 Simulations are effective preparation and follow-up to the limited availability of the 
real-world experience 

 The online element of simulations means that work on them can be collaborative 
either locally or even internationally 

 Online digital simulations enable more efficient distribution of learning across 
college, work and home 

 Simulation and game authoring tools allow local customisation and therefore 
improve the pedagogical value of the learning experience 

There are also logistical benefits: 

 Students can experience the operational aspects of hazardous environments 

 Real-world experience is not accessible to students 

There are also economic benefits 

 The cost of raw materials is too high or is unsustainable 

 The digital simulation can be reused many times for many students, reducing the 
per capita development costs 

 Simulation and game authoring tools spread the cost of development across the 
teaching community 

One important barrier to carrying out a clear cost-benefit analysis, however, is the lack of 
relevant data in the sector, as we discovered in trying to prepare evidence-based case studies. 
This is not peculiar to the VET system, as neither the activity-based costing of teaching, nor 
the long term cost analysis of educational resource development and implementation, is a 

feature of the financial modelling in any sector
23

. 

We can nonetheless identify the main costs of simulation development and teaching support, 
and the planning conditions under which the benefits can be realised and the costs reduced: 

                                                               

23. (Laurillard, 2006) 



Digital Simulations in VET  26 

 

 The development of the underlying model requires a team that includes expertise in 
the subject discipline areas, pedagogy, computer modelling, and interface design 

 Multiple applications of a single underlying model are often possible, allowing 
amortisation of the development costs over a large number of courses 

 If software development is collaborative and open source (using technologies such 
as sourceforge, GitHub, etc) then teachers who are good at technology 
development can contribute to innovation and sharing of their ideas 

 The costs of subject discipline expertise can be shared if the elements used by the 
simulation can be customised, and teachers can contribute local examples, and 
their own digital resources 

 If the underlying model is designed to be generic and customisable, it can be  
updated over time, and adapted to a wide range of subjects and levels, which 
reduces the per capita costs of development 

 If pedagogical expertise is used to ensure that feedback is always intrinsic 
(information about the result of the student’s action, rather than extrinsic comment 
on how good it was) then it will support independent learning, reducing teaching 
support costs 

 If pedagogical expertise is used to ensure that students are able to support each 
other’s learning, through collaboration on finding the optimal outputs of the 
simulation, then this peer support can reduce teacher support for the same or 
better results 

 Pedagogic design can be continually improved if teachers can design, test and share 
their own versions of the lesson plans and study guides used with a simulation, by 
using online learning design tools 

 If teachers design lesson plans and study guides that support students learning from 
digital simulations beyond the classroom, at home, at work, and in collaboration 
with other students, this will improve their time on task, their learning outcomes, 
and hence the value for money 

Recommendation 6 

To make simulations more economically viable across the VET sector: 

 Create more simulation and game authoring environments so that teachers can 
lead the pedagogic design of the simulations and games being developed 

 Support senior teams in changing their business models to allow investment for 
long-term pay-off, and collaboration across college clusters and the sector as a 
whole 

 Build clusters of colleges to collaborate on developing and sharing simulations and 
games 
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 Plan for investment in the collaborative development of digital simulations across 
the sector, with a managed process for sharing pedagogies, and collecting and 
sharing evidence on learners’ activities and outcomes. 
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Recommendations 

These are recommendations developed in the previous sections: 

Recommendation 1 

Proposals for digital simulations should aim to meet most of the criteria for building a digital 
simulation. 

Recommendation 2 

Policymakers and assessment bodies should seriously consider potential of next generation 
assessments and the use of learning analytics as part of a comprehensive rethink of the 
assessment systems currently in use within VET. 

Recommendation 3  

To learn from this experience, and respond to the changing educational political and 
organisational landscape, we need to: 

Establish appropriate business models 

Involve vocational teachers and trainers as co-creators 

Build a community of experienced practitioners 

Promote and incentivise sharing of resources and practice. 

Recommendation 4 

Bring together VET leaders, policymakers, learning technologists and teaching innovators to 
work out a long-term partnership investment model to enable the sector to build shareable 
and customisable simulation tools and resources as a viable commercial enterprise. 

Recommendation 5 

Bring together the teaching-related agencies to plan how their work will support teachers and 
trainers, colleges and learning providers, and regional clusters, in building the pedagogic 
knowledge around shareable and customisable simulation tools and resources and their 
application in VET. 

Recommendation 6 

To make simulations more economically viable across the VET sector: 

 Create more simulation and game authoring environments so that teachers can lead 
the pedagogic design of the simulations and games being developed 

 Support senior teams in changing their business models to allow investment for 
long-term pay-off, and collaboration across college clusters and the sector as a 
whole 

 Build clusters of colleges to collaborate on developing and sharing simulations and 
games 
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 Plan for investment in the collaborative development of digital simulations across 
the sector, with a managed process for sharing pedagogies, and collecting and 
sharing evidence on learners’ activities and outcomes. 

By following the recommendations emerging from this report, the UK could establish 
investment models that would enable the VET sector to develop generic simulation tools and 
resources that teachers and trainers can easily customise for their local conditions. The 
improvement in supported independent learning, and in the student achievement that should 
result, would be of great value to the sector and its stakeholders.  

If such a national coordination programme were carefully managed, and the learning analytics 
tracked to build the evidence of effectiveness, then eventually these products could be made 
available as educational exports, given the global demand for post-school education for 

employment and the new UNESCO goals for education in the skills for work
24

. 

There is an opportunity now, to use the reorganisation in the  sector to frame a new kind of 
ambition for its teaching workforce: to bring together, through CAVTL, companies, agencies, 
learning providers, and sector-led bodies such as AELP, AoC, to explore and develop 
opportunities for simulation that address local, national and even international needs. 
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Appendix 1: Interviewees 

College staff with LT interests 

Ursula Bailey, e-learning Champion Sparsholt (land-based) College 

Rebecca Barrington, e-learning manager South Devon College, Plymouth  

Matthew Cox, e-learning Technician Worcester College of Technology  

Eddie Erasmus, e-Learning Champion Young Epilepsy, Lingfield  

Graham Francis Havering Sixth Form College 

Andy Jeffrey, Motor Vehicle Programme Tutor East Kent College Broadstairs  

Danny McAtominey, Consultant Trainer e-Learning, JiscNetskills, Newcastle University 

David McMillan, Burton and South Derbyshire College  

Keith Murphy, e-learning Champion Brighton, Hove, Surrey 6th Form College 

Ronan O'Bierne, Quality manager, Bradford College 

Paul Rolfe, Head of Technology & Innovation, Highbury College, Portsmouth 

Paul Wakeling Havering Sixth Form College 

Sue Wallace, Lecturer, School of Adult Learning and Employability, South Tyneside College  

Karen Wilkes, Programme Leader Beauty Therapy East Kent College 

Debrah Wilson, Programme Manager Engineering, Mid-Kent College Gillingham 

Employers in the VET system 

Lt Col Carl Lightfoot, Defence Centre of Training Support, Kermode Hall, RAF Halton, Aylesbury 

Andrew Wilson, Gen II Training, Cumbria 

Training providers 

Kaye Bachelard, E-learning development, Cirius Training Company, Chatham 

Dave Foord, A6 Training (e-learning), Loughborough 

Ron Mitchell TechDis trainer, e-learning expert 

Dr Teresa Mullin, KM Training Ltd 

Jo North, Executive Director, In Touch Care Ltd  

Andrew Wilson, Gen II Training, Cumbria 

Rebecca Yeomans B2BEngage Training 

FE-related public sector agencies and NGOs 

Malcolm Bodley, Adviser, JISC RSC-Eastern 
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Philip Butler, University of London Computer Centre 

Susan Easton NIACE 

Kate Guy, Manager, Jisc RSC-NI 

Guy Lambert, CEO, Jisc Advance 

Ewa Luger NIACE 

Union officials with LT interests 

Anna Kalsi, eLearning Officer, Union Learn  

Dan Taubman, UCU 

Technology Companies (Simulation) 

Peter Harrington, Managing Director, SimVenture  

Steve Jeyes mySkills Pearson 

Dominic Sharrett, Yenka simulation products  
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Appendix 2: The team members 

Dr Patricia Charlton, London Knowledge Lab (LKL, IOE) 

Dr Eileen Kennedy, (LKL, IOE) 

Bernard Horan, (LKL, IOE) 

Prof Diana Laurillard, (LKL, IOE) 

Dr Manolis Mavrikis, (LKL, IOE) 

Nigel Ecclesfield, Jisc Advance (http://www.jiscadvance.ac.uk) 

Fred Garnett 

Rod Paley, XtLearn (http://www.xtlearn.net) 

Geoff Rebbeck, QTLS 

http://www.jiscadvance.ac.uk/
http://www.xtlearn.net/
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Appendix 3: Why should digital simulations be 
pedagogically valuable? 

It is important to clarify the impact of digital simulations on learning, and their potential to 
develop innovation when problem solving. 

Pedagogical characteristics of digital simulations 

Evidence of better retention through the use of simulation tools for learning has been 
emerging over the last decade as more is understood about the role of student interaction 
and feedback: 

1. Multiple representations of the problem are possible e.g. in Cornerstone
25

 Keystage 3 
maths the students interact with the “equation”, the narrative description of the 
problem, a visual representation and a graph, leading to better retention of the 
concepts learned.  

2. Students collaborate and discuss the work and explore different ideas, getting 
appropriate feedback. As the welding example shows, peer observation can be a 
crucial element in encouraging the use of simulations to practice skills as well as the 
feedback from the simulation itself. 

3. Timely and appropriate feedback enhances learning because the process forms part of 
testing the student’s knowledge while the student explores and examines the 
potential problem space. So the learner exercises deeper retrieval from memory and 
integrates the feedback effectively as it is provided in context. The student can act on 
the feedback and refine their problem solving skills within the learning cycle, for 
example, in the welding simulation tool students can receive feedback on what needs 
to be changed to improve their skills at the moment they are engaged with the task. 

4. Simulation tools enable the learner to keep trying again, taking into account the “new 
knowledge” from the feedback. This practice cycle exercises and develops deeper 
retrieval from memory, which in turn improves the retention through this retrieval 
process in a similar way to learning supported through assessment. John Keelman 

(from Questionmark
26

) found that when assessment encourages the student to think 
deeply, and retrieve knowledge frequently, retention improves, whereas revising 
simply for an exam the knowledge yields poor retention. Relevant and timely feedback 
in simulation-based learning creates similar conditions to those in the type of 
assessment John Keelman is discussing.  

5. Digital simulations reduce risk, e.g. they improve safety in the welding simulator, 
which provides new learning opportunities for a larger set of learners. 
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6. Digital simulations reduce the cost of operating expensive equipment and its 
environmental impact e.g. heavy industrial plant and extensive requirements for on-
site training e.g. the offshore industries. 

7. Digital simulations have the potential to help students develop resilience and 
robustness in their approach to problem solving. When students fail but receive 
helpful feedback their motivation to try again is higher compared to situations where 
failure or the opportunity to act on a critique is delayed. For example, in the welding 
simulator the students can immediately try again, so the overhead of trying is 
significantly reduced, so failing to achieve has a less de-motivating impact and 
students are more likely to try again to reach success. Deep learning can arise from 
failure, because it helps students recognise what works and why, and gives them the 
satisfaction of fixing the mistake. 

8. This experience of satisfaction develops resilience in a student’s approach to problem 
solving: they learn to keep trying again, because the impact of failure is lessened. This 
is similar to the experience of serious gamers where they are motivated by the sense 

of the epic win and the psychological experience of ‘flow’. 
27

   

Psychology of flow in serious games and digital simulations 

Many digital simulations support an immersive experience similar to the experience of 
electronic games. Research shows that the experience of ‘flow’ is a common element of many 

games
28

. Flow is an experience “so gratifying that people are willing to do it for its own sake, 
with little concern for what they will get out of it, even when it is difficult or dangerous” (Ibid: 
71). They identified nine elements of flow: 

 a task that can be completed; 

 the ability to concentrate on the task; 

 that concentration is possible because the task has clear goals; 

 that concentration is possible because the task provides immediate feedback; 

 the ability to exercise a sense of control over actions; 

 a deep but effortless involvement that removes awareness of the frustrations of 
everyday life; 

 concern for self disappears, but sense of self emerges stronger afterwards; and 

 the sense of the duration of time is altered; 

 the activity becomes autotelic (internally driven). 

These are all characteristics that would be of great value for the individual learning 
experience, keeping the learner engaged and on-task, becoming self-motivated, rather than 
externally driven. This is the kind of experience that develops the reflective independent 
learner. The ability of the digital simulation to create this kind of experience for learners is 
what makes it such a valuable digital pedagogy. 

                                                               

27. The engagement with the game means that deeper learning potentially takes place as learners experience 
activity over a longer duration. This in gaming and other tasks is often referred to as “flow”, of being in the 
moment. The experience for the learner is often classed as very satisfying.    

28. (Csikszentmihalyi, 1991) 
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