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Abstract

This paper presents a methodology for developing critical reflection among student
teachers by using a novel artificial life simulation called Creatures. The paper is a
report of an initial investigation that connects some theory to the affordances of a
particular video game, and is a conceptual paper. In this paper, the various theories
and concepts central to the methodology is outlined, and ultimately be combined
and explored in depth. The game Creatures is also explored for its potential use as a
reflective teaching tool. The actual methodology is then outlined for future research
using this approach, ultimately concluding with tentative hypotheses regarding the
significance of using artificial life for teacher education. Based on our combined
experience in a higher education context lecturing education modules, student
teachers do not critically reflect on their practice sufficiently and especially on the
impact that their teaching will have on learners in the future. The Creatures
simulation offers a viable solution to this problem, in which artificial creatures called
Norns can be interacted with and taught important language and behavioral skills. In
so doing, the student teachers who play the simulation may have a non-invasive
manner in which to experience firsthand how their decisions may impact on future
learning, and to reflect upon it using critical reflection.

Keywords: Critical reflection, Artificial life simulation, Creatures video game,
Metacognition, Dispositions

Introduction
According to Walkington, Christensen, and Kock (2001), teacher education at univer-

sity level requires student teachers to reflect on their practices and to adjust their

teaching and assessment accordingly. However, through years of observation and lec-

turing student teachers, it has become apparent that these students do not only not re-

flect on their learning, but they do not reflect on their teaching during the practicum

component of their training at schools (Howard, 2003). The problem of student

teachers not reflecting and self-evaluating their practice leads to complacency and ego-

centric beliefs surrounding their abilities to teach, which could be linked to Lortie’s ap-

prenticeship of observation (Borg, 2004). The authors argue that reflective practice,
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although espoused in current assignments and portfolio requirements, are not effect-

ively being implemented, and that a revolutionary new reflective strategy needs to be

implemented, that will inculcate a natural, progressive, and reflective disposition within

the student teachers (Harford & MacRuairc, 2008; Tillema, 2000).

To that effect, a proposed framework will be discussed in this paper, with the intent

of making use of an artificial life simulation called Creatures, which will have reflective

activity imbedded within, in order for student teachers to reflect upon their actions.

The authors are aware of several technological simulations that can be used to further

develop reflective teaching, but the Creatures video game was specifically chosen, as it

is essentially fun to play and was released with the intent of being played as a game and

not as a serious simulation. The idea is that if students are playing this game, they may

tangentially pick up the necessary reflection skills as they are engaged in gameplay.

Theoretical/conceptual framework
The main concepts central to this paper are cognitive and metacognitive skills, disposi-

tions, critical reflection, game based learning and artificial life simulations. The next

section pertains to the cognitive and meta-cognitive skills.

Cognitive and meta-cognitive skills
According to Facione (1990, 2000), Reynolds (2011), and Stupnisky, Renaud, Daniels,

Haynes, and Perry (2008), the core critical thinking skills comprise observation, inter-

pretation, analysis, inference, evaluation, explanation, and metacognition. As stated by

Reynolds (2011), an individual or group engaged in robust critical thinking gives due

deliberation to establish for instance:

� Evidence through reality.

� Background skills to separate a problem from a situation.

� Applicable criteria for making sound judgments.

� Appropriate methods or strategies for making a judgment.

� Valid theoretical constructs for understanding a problem and the question at hand.

In his Delphi study intended at reaching agreement concerning critical thinking,

Facione (1990, 2009) discovered that experts in the field of critical thinking regard the

subsequent cognitive and meta-cognitive skills as relating to critical thinking:

Cognitive skills

Inference

The ability to draw reasonable conclusions flowing from given information that can in-

clude opinions and judgements (Chartrand & Rose, 2008; Facione, 2009). In order to

draw inferences one needs to possess the ability to question information.

Evaluation

Judging the authenticity and credibility of information, and to establish if information

that is provided is supportive of conclusions being made. Evaluation also means to be
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able to assess the logical strength of an inferred relationship between different sets of

information (Chartrand & Rose, 2008; Facione, 2009; Woolfolk, 2010).

Analysis

Identifying relationships between different sets of information, by focusing on similar-

ities and differences (Chartrand & Rose, 2008; Facione, 2009).

Interpretation

Understanding and communicating the meaning of information, which involves the ap-

plication of skills such as categorisation and decoding information. Interpretation, im-

plies comprehension and expression of meaning in relation to experiences, situations,

and information (Chartrand & Rose, 2008; Facione, 2009).

Metacognition is “cognition about cognition”, “thinking about thinking”, “knowing

about knowing”, becoming “aware of one’s awareness” and higher-order thinking skills.

The term comes from the root word meta, meaning “beyond”, or “on top of”. Metacog-

nition can take many forms; it includes knowledge about when and how to use particu-

lar strategies for learning or problem-solving. There are generally two components of

metacognition: (1) knowledge about cognition and (2) regulation of cognition.

Meta-cognitive skills

Self-regulation

Questioning, correcting and validating one’s own thinking, opinions and assumptions

(reflection) (Bandura, 2015; Dignath & Büttner, 2008). In essence, the practice of self-

regulation, means checking up on one’s ideas and thoughts in order to establish if one’

ideas and thoughts are logical, justified, and in accordance with the task that one is

involved in.

Explanation

Expressing the results of one’s thinking and providing reasons for the way of thinking

coherently (Facione, 2009).

Essential skills that are applied during critical thinking are logical reasoning skills

(Halpern, 2003). According to Bjorklund (2005) and Hughes and Lavery (2015), these

logical reasoning skills are used in almost every human activity such as problem solv-

ing, decision making, interpreting, and making inferences (Kompf & Bond, 2001).

These metacognitive skills will be beneficial for student teachers when they critically re-

flect on their actions while playing the Creatures video game. The ability to question,

correct and validate one’s own thinking and to express the results of one’s thinking will

be useful in this study, as the student teachers would be expected to do this when play-

ing the game, and to reflect on how their decisions can impact on the Norns in the

game. This will link with the students’ own experiences with the game and how they

perceive what they are doing in the game. These experiences would potentially lead to

self-corrective operation, in order to adapt or make changes to the world that the

Norns inhabit.

The following section discusses the various critical thinking dispositions that exist

and that can be fostered among students.

Bunt and Gouws Smart Learning Environments            (2020) 7:12 Page 3 of 19



Critical thinking dispositions

In addition to cognitive and meta-cognitive skills, critical thinkers should also attain a

level of maturity in their development of critical thinking, by acquiring certain critical

thinking attitudes or dispositions in addition to the aforementioned set of skills (Davies,

2013; Dewey, 1933; Fahim & Shakouri, 2012; Norris & Ennis, 1989). It is not enough to

teach students to perform thinking operations and tasks. They should also be disposed

to carrying them out on their own, unasked (Ennis, 1987), thus requiring habitual dis-

positions, or behavioural traits displayed automatically without any prompting on the

teacher’s part. According to Ennis (1987), p. 25 these dispositions include:

� Seeking a clear statement of the thesis or question.

� Seeking reasons.

� Trying to be well informed.

� Using and mentioning trustworthy sources.

� Taking into account the entire situation.

� Trying to remain relevant to the main point.

� Keeping in mind the primary or basic concern.

� Looking for alternatives.

� Being open-minded.

� Taking a position (and changing a position) when the evidence and reasons are

adequate to do so.

� Seeking as much accuracy as the subject allows.

� Dealing in an orderly manner with the parts of a complex whole.

� Using one’s critical thinking abilities.

� Being sensitive to the feelings, level of knowledge, and degree of sophistication of

others.

The dispositions mentioned by Ennis (1987) align well with the view of Facione

(2000), p. 64, who defined human dispositions as “...a person’s consistent internal motiv-

ation to act toward, or to respond to, persons, events, or circumstances in habitual, and

yet potentially malleable, ways”.

The seven critical thinking dispositions identified by Facione (2000), p. 64; 2009, p. 8

include:

Truth-seeking

A daring aspiration for the best knowledge, even if such knowledge fails to support or

challenges one’s preconceptions, beliefs or self-interests.

Open-mindedness

Acceptance of different views, and self-monitoring for likely subjectivity.

Inquisitiveness

Being inquisitive and enthusiastic to obtain knowledge and learn explanations even

when the applications of the knowledge are not directly obvious.
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Analyticity

Demanding the application of reason and evidence, attentive to challenging situations,

disposed to expect consequences.

Systematicity

Appreciating administration, attention and thoroughness to approach problems of all

levels of complexity.

Critical thinking self-confidence

Trusting of one’s own reasoning skills and seeing oneself as a good thinker.

Cognitive maturity

Being discrete in making, suspending, or reviewing judgment, displaying an awareness

that multiple solutions can be acceptable, and appreciating the need to reach closure

even in the absence of complete knowledge.

Dispositions are also referred to as habits of mind that define a person’s predisposition

toward critical thinking, and comprise a willingness to follow reason, a logical approach

to problem solving, curiosity, impartiality, and confidence in reasoning (Costa, 2009).

Costa and Kallick (2005), p. 4, indicate that habits of mind are “an identified set of 16

problem solving, life-related skills, necessary to effectively operate in society and promote

strategic reasoning, insightfulness, perseverance, creativity and craftsmanship”. The un-

derstanding and application of these 16 habits of mind function to afford the individual

with skills to work through actual life situations that prepare that person to react using

awareness (cues), thought, and intentional strategy in order to gain a positive outcome

(Costa & Kallick, 2005). The following section provides an overview of the 16 habits of

mind in more depth.

Persisting

Remaining focused on the task and following through in order to complete a task.

Managing impulsivity

Taking the time to decide upon options; thinking prior to speaking or acting; staying

composed when stressed or challenged; being sympathetic and considerate of others;

and advancing carefully.

Listening with understanding and empathy

Paying attention to and not ignoring another person’s opinions, emotion and thoughts;

striving to put oneself in another person’s shoes; expressing verbally to others when

one can relate to what they are conveying; and holding thoughts at a distance in order

to respect another person’s point of view and feelings.

Thinking flexibly

Being capable of changing a viewpoint; considering the contributions of others; creating

alternatives; and considering options.
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Thinking about thinking (metacognition)

Being mindful of individual thoughts, emotions, goals and actions; knowing what one

does and says has an emotional impact on others; and being eager to reflect on the ef-

fect of choices on oneself and others.

Striving for accuracy

Determining if there are errors; measuring at least twice; and cultivating a need for pre-

cision, commitment and expertise.

Questioning and posing problems

Asking oneself, “How do I know this?”; cultivating a questioning outlook; contemplat-

ing on what information is required; selecting strategies to obtain that information; and

contemplating on the impediments that are necessary to resolve.

Applying past knowledge to new situations

Practicing what is learned; contemplating on prior knowledge and experience; and ap-

plying knowledge outside of the context in which it was acquired.

Thinking and communicating with clarity and precision

Endeavouring to be clear when communicating and writing; attempting to be precise

when communicating; evading generalisations, misrepresentations, simplifications and

omissions when communicating, and writing.

Gathering data through all senses

Taking the time to observe what one sees; listening to what one hears; taking note of

what one smells; tasting what one eats; and feeling what one is touching.

Creating, imagining, innovating

Thinking about how something might be done differently from the norm; suggesting

novel ideas; endeavouring for innovation; and considering novel suggestions others

might make.

Responding with wonderment and awe

Being intrigued by the world’s beauty, nature’s power and vastness of the universe; hav-

ing regard for what is awe-inspiring and can touch one’s heart; and opening up to the

little and big surprises in life.

Taking responsible risks

Preparing to try something different; contemplating doing things that are safe and ra-

tional even though it may be new; and facing the fear of making errors.

Finding humour

Being eager to laugh appropriately; searching for the whimsical, silly, sarcastic and un-

expected in life; and laughing at oneself when one can.
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Thinking interdependently

Being eager to engage with others and openly seek their input and viewpoint; accepting

the decisions that others make even though one might differ slightly; and being dis-

posed to learn from others in mutual circumstances.

Remaining open to continuous learning

Being receptive to novel experiences in order to learn; being grateful and modest

enough to acknowledge when not knowing something; and gladly accepting new infor-

mation on all subjects.

The critical thinking dispositions as espoused by Facione (2000) link well with Costa

and Kallick’s (2005) extensive list of 16 habits of mind, as both describe an individual’s

tendency or inclination to reason or think in a critical manner. Both refer to actions or

thoughts that occur on a regular basis. Dispositions enhance the quality of thinking,

and are therefore necessary, in order for one to recognise when critical thinking skills

are needed. Moreover, a willing and mental effort is required to apply critical thinking

skills (Facione, 2011; Profetto-McGrath (2003).

From the previous discussion, it is clear that in order to achieve the goal of reflective

critical thinking, students require the correct dispositional habits in order to be more

pre-disposed towards thinking in a reflective manner. These habits could be inculcated

through the use of the Creatures video game. If the students are motivated to play the

game, they may become predisposed to using these habits and internalizing them.

Major habits that would play a role when playing the Creatures video game include ap-

plying past knowledge to new situations, where the player will need to take pre-existing

knowledge about how Norns can interact with certain objects and try to adapt to new

objects, as well as gathering data through all senses. The player would need to interpret

the world that the Norns exist in to find out what can be interacted with and what dan-

gers lurk within their world. The next section details the nature of critical reflection.

Critical reflection
Critical reflection can be understood as a reasoning procedure to create meaning of an ex-

perience (Howard, 2003). Critical reflection can be descriptive, logical, and critical, and

can be articulated in numerous manners such as in written form, orally, or as an artistic

expression (Yang, 2009). In brief, this process can enhance depth and breadth to an experi-

ence and constructs links between course content and the experience (Mezirow, 1998).

Frequently, a reflection activity is directed by a set of written stimuli (Howard, 2003).

A best practice for critical reflection is that students ought to react to prompts before,

during, and after their experience; consequently, the prompts should be attuned to

equal the timing of the reflection (Yang, 2009). Critical reflection can be incorporated

into any type of experiential learning activity - inside the classroom or outside the

classroom (Mezirow, 1998).

It is essential to comprehend what critical reflection is not. It is not a reading assign-

ment, it is not an activity summary, and it is not an emotional channel without other

dimensions of experience described and analysed (Mezirow, 1998; Yang, 2009). Critical

reflection should be cautiously considered by the instructor to generate and document

student learning before, during, and after the experience (Howard, 2003).
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Four steps ought to be considered when utilizing critical reflection:

1. Identify the student learning outcomes related to the experience. What do you

expect students to gain as a result of this activity? Understand multiple points of

view? Be able to propose solutions to a problem? (Howard, 2003)

2. Once you identify the outcomes, then you can design the reflection activities to

best achieve the outcomes. Remember, that critical reflection is a continuous

process (Howard, 2003).

3. Engage students in critical reflection before, during, and after the experience

(Howard, 2003).

4. Assess their learning. A rubric that outlines the criteria for evaluation and levels of

performance for each criterion can be useful for grading reflection products and

providing detailed feedback to students (Howard, 2003; Yang, 2009).

All four of these previous steps will be conducted in the study. All student teacher

participants who play the Creatures video game will be given specific outcomes that

they will need to reach, such as being able to reflect on their actions. Next, the re-

searchers would give a set list of questions which would form step 2, which take the

form of a reflective activity. Step 3 will be carried out before the Creatures video game

is played, during, as well as after. The researchers will develop a scoring rubric for these

reflections in order to assist them in grading the feedback given.

Dewey (1933) was among the first to identify reflection as a specialised form of think-

ing (Finlay, 2008). He considered reflection to stem from doubt, hesitation or perplexity

related to a directly experienced situation. For him, this prompted purposeful inquiry and

problem resolution (Sinclair, 1998). Dewey also argued that reflective thinking moved

people away from routine thinking/action (guided by tradition or external authority) to-

wards reflective action (involving careful, critical consideration of taken-for-granted

knowledge) (Finlay, 2008). This way of conceptualising reflection crucially starts with ex-

perience and stresses how we learn from ‘doing’, i.e. practice. Specifically, Dewey argued

that we ‘think the problem out’ towards formulating hypotheses in trial and error reflect-

ive situations and then use these to plan action, testing out our ideas (Finlay, 2008).

Dewey’s ideas provided a basis for the concept of ‘reflective practice’ which gained in-

fluence with the arrival of Schön (1983) ‘The reflective practitioner: how professionals

think in action’. In this seminal work, Schon identified ways in which professionals

could become aware of their implicit knowledge and learn from their experience. His

main concern was to facilitate the development of reflective practitioners rather than

describe the process of reflection per se. However, one of his most important and

enduring contributions was to identify two types of reflection: reflection-on-action

(after-the-event thinking) and reflection-in-action (thinking while doing).

In the case of reflection-on-action, professionals are understood consciously to

review, describe, analyse and evaluate their past practice with a view to gaining insight

to improve future practice (Finlay, 2008). With reflection-in-action, professionals are

seen as examining their experiences and responses as they occur. In both types of re-

flection, professionals aim to connect with their feelings and attend to relevant theory

(Finlay, 2008). They seek to build new understandings to shape their action in the

unfolding situation. In Schon’s words:
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“The practitioner allows himself to experience surprise, puzzlement, or confusion in a

situation which he finds uncertain or unique. He reflects on the phenomenon before

him, and on the prior understandings which have been implicit in his behaviour. He

carries out an experiment which serves to generate both a new understanding of the

phenomenon and a change in the situation” (Schön, 1983, p.68).

From the previous discussion, it is clear that critical reflection is a key skill that stu-

dents should possess. The Creatures video game strategy that would be implemented

would allow for students to reflect in action, that is to say they will reflect while playing

the game, and how their thinking and actions are influencing the Norns and how they

are developing. However, reflection on practice will be carried out as well at the end of

the Creatures video game intervention, in which student teachers would transfer the re-

flection in action that was previously carried out in the game into their classrooms

when they go out for their practicum period. In order to obtain this reflective goal, the

authors wish to move to a discussion on how we envisage to attain this goal using game

based learning, and more specifically, artificial life simulations.

Transfer of learning theory
Transfer of learning takes place when students see the value of applying knowledge or

skills acquired previously and stored in their memories, to other situations. Research

indicates that learning transfer is infrequent and that it occurs most commonly when

instruction is “... cued, primed, and guided...” (Bransford, Brown, Cocking, Pellegrino, &

Donovan, 2000, p. 324).

Various hypotheses and definitions have been advanced for transfer of learning.

Firstly, it is speculated that different types of transfer exist, namely near transfer (the

application of skill to solve a novel problem in a similar context), and far transfer (the

presentation of skill to solve novel problems presented in a dissimilar context) (Perkins

& Salomon, 1992).

Secondly, Perkins and Salomon (1992) and Schwartz, Bransford, and Sears (2005)

propose that positive transfer happens in circumstances where learning supports ori-

ginal problem solving, and negative transfer happens when previous learning constrains

performance on decidedly connected tasks. Thirdly, Schwartz et al. (2005) propose that

transferring knowledge into a situation may differ from transferring knowledge out to a

situation as a means to reconcile findings that transfer may both be frequent and chal-

lenging to promote.

A significant and long research history has also endeavoured to elucidate the circum-

stances under which transfer of learning might happen. Early research by Ruger (1910) for

example found that, the “level of attention”, “attitudes”, “method of attack” (or method for

tackling a problem), a “search for new points of view”, “a careful testing of hypothesis” and

“generalization” were all valuable approaches for promoting transfer (Ruger, 1910, p. 15).

To encourage transfer through teaching, Perkins and Salomon (1992), p. 6457 recom-

mend aligning (“hugging”) instruction with practice and assessment, and “bridging”, or

encouraging students to reflect on past experiences or make connections between prior

knowledge and current content for effective transfer to occur.

There is disagreement among researchers regarding the transferability of critical

thinking skills learned in one context, to new contexts, domains, and disciplines. Some

researchers (Halpern, 1998; Willingham, 2008), have a tendency to agree that
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transferability is unlikely to happen unless students are instructed to explicitly transfer

these skills. Students therefore need to be offered opportunities to employ critical

thinking skills and abilities in a variety of contexts and subject areas. Furthermore, in-

struction should accentuate executive functioning or meta-cognitive skills, such as set-

ting goals, planning, and monitoring progress toward goals (Kennedy, 1991). Thirdly,

students should be exposed to deep problem structure, because most students’ thinking

tends to concentrate on the surface structure of problems, or the superficial aspects of

tasks (Halpern, 1998; Willingham, 2008).

Hummel and Holyoak (cited in Halpern, 1998, p. 181) highlight the importance of

structure sensitivity for the transferability of critical thinking skills. They define struc-

ture sensitivity as the ability to “code and manipulate relational knowledge.” The pur-

pose of structure training is to encourage and allow students to identify a specific

problem structure each time they come across it, whether it is presented in math, sci-

ence, or social studies, and that they then utilise suitable strategies to solve the prob-

lems. Structure training entails issuing practice in diverse environments and settings.

Halpern (1998) points out that the use of real-world learning activities helps to stimu-

late the transfer of critical thinking skills. Brown (1990) reasons that domain-specific

knowledge may be needed for young children to effectively transfer skills to new prob-

lems that display the same deep structure. She commented, “We conclude that even

young children show insightful learning and transfer on the basis of deep structural prin-

ciples, rather than mere reliance on salient perceptual features, when they have access

to the requisite domain-specific knowledge to mediate that learning” (Brown, 1990, p.

130). Thus, teaching for transfer may also entail providing adequate instruction on rele-

vant background information. This will be carried out with any student teachers play-

ing the Creatures video game, as the game mechanics and controls will need to be

taught to them first, as well as how they should be reflecting while playing.

Fig. 1 A Norn in the Creatures video game
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From this previous discussion on critical reflection, it is important to understand the

specific strategy or methodology that will be used in implementing this reflective prac-

tice. The envisaged strategy will use the Creatures video game, which falls under the

strategy of game-based learning.

Game-based learning
As this paper addresses using a video game to develop metacognitive reflective thinking

among student teachers, it is important to discuss the theory of game-based learning

and serious games.

It is crucial to understand that while all serious games incorporate game-based learn-

ing, not all game-based learning can be called serious games. According to Djaouti, Al-

varez, and Jessel (2011), a serious game or applied game is a game intended for a

principal purpose other than pure entertainment. The “serious” adjective is usually

added to denote to video games used by industries like defence, education, scientific ex-

ploration, health care, emergency management, city planning, engineering, and politics

(Djaouti et al., 2011). Serious games can be viewed as a sub-genre of serious storytelling

(Lugmayr et al., 2017, p. 15707), where storytelling is applied “outside the context of en-

tertainment, where the narration develops as an arrangement of patterns impressive in

quality ... and is part of a thoughtful progress” (Lugmayr et al., 2017, p. 15707). The

aforementioned description highlights the features of simulation, usually containing

flight simulation and medical simulation, but also highlights the additional pedagogical

value of fun and competition.

Game-based learning denotes to the appropriating of definite gaming principles and

relating them to real-life settings to engross users (Trybus, 2010). The motivational

psychology involved in game based learning allows students to engage with educational

Table 1 Object categories in the Creatures game
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materials in an active and enthusiastic manner (Pho & Dinscore, 2015). Game-based

learning does not only involve games for students to play, it also plans for learning ac-

tivities that can sequentially introduce concepts, and facilitate users towards an end ob-

jective. Old-fashioned games can integrate competition, points, incentives, and

feedback loops. According to Pho and Dinscore (2015), game-based learning has be-

come increasingly popular in higher education as a way to engage students in learning.

The following section focuses specifically on artificial life simulations and how they

function.

Artificial life simulation and neural networks
Artificial life (often abbreviated ALife or A-Life) is an area of scholarship where re-

searchers scrutinize systems connected to natural life, its processes, and its develop-

ment, through the usage of simulations with computer models, robotics, and

biochemistry (Bedau et al., 2000). The discipline was coined by Christopher Langton,

an American theoretical biologist, in 1986 (Langton, 1997). There are three main types

of Alife, labelled for their methodologies: soft (Kadleček & Nahodil, 2001), from soft-

ware; hard (Kirby, 2002), from hardware; and wet, from biochemistry. Artificial life re-

searchers study traditional biology by attempting to reconstruct features of biological

occurrences (Grand, 2005).

Artificial neural networks (ANN) or connectionist systems are computing systems

that are inspired by, but not the same as, biological neural networks that make up ani-

mal brains (Langton, 1997). Such systems “learn” to do things by looking at examples,

usually devoid of programming with task-specific rules (Curran & O'Riordan, 2003).

For instance, in image recognition, they may learn to classify images that comprise of

cats by examining example images that have been physically labeled as “cat” or “no cat”

and utilizing the findings to identify cats in other images (Grand, 2005). They do this

Fig. 2 The computer in the Creatures video game
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deprived of any previous knowledge of cats, for instance, that they have fur, tails, whis-

kers and cat-like faces. In its place, they spontaneously produce identifying characteris-

tics from the examples that they process (James, Scogings, & Hawick, 2004).

An ANN is founded on a group of connected units or nodes named artificial neurons,

which roughly represent the neurons in a biological brain (Kadleček & Nahodil, 2001).

Each connection, similar to the synapses in a biological brain, can send a signal to other

neurons (Bedau et al., 2000). An artificial neuron that receives a signal then processes it

and can signal neurons connected to it (Kirby, 2002).

In ANN applications, the “signal” at a connection is a real number, and the output of

individual neurons is computed by some non-linear function of the sum of its inputs

(James et al., 2004). The connections are called edges. Neurons and edges characteris-

tically have a mass that regulates as learning continues (Curran & O'Riordan, 2003).

The mass grows or declines the strength of the signal at a connection (Grand, 2005).

Neurons may have a threshold such that a signal is directed only if the collective signal

crosses that threshold (Langton, 1997). Normally, neurons are combined into layers.

Alternate layers can perform alternate transformations on their inputs. Signals travel

from the first layer (the input layer), to the last layer (the output layer), possibly after

traversing the layers multiple times (Bedau et al., 2000).

The original goal of the ANN approach was to solve problems in the same way that a

human brain would (Curran & O'Riordan, 2003). However, over time, attention moved

Table 2 Concepts that can be taught to a Norn
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to performing specific tasks, leading to deviations from biology (Langton, 1997). ANNs

have been used on a variety of tasks, including computer vision, speech recognition,

machine translation, social network filtering, playing board and video games and

medical diagnosis (Langton, 1997). This links with the aim of this investigation, as the

Creatures video game would serve the function of a specific task, namely to support

the development of student teacher critical reflection.

From the previous discussion, it is apparent that artificial life simulations attempt to

understand evolutionary processes such as cognition utilizing computer technology

(Grand, 2005). One such successful simulation will now be elaborated upon, known as

Creatures.

Creatures video game
Creatures is an artificial life (Alife) computer program series, created in the mid-1990s

by English computer scientist Steve Grand while employed at the Cambridge video

games developer Millennium Interactive (Grand, 2003). Gameplay centers on nurturing

extra-terrestrial creatures known as Norns, teaching them to survive, assisting them to

explore their world, protecting them against other species, and breeding them (Grand

& Cliff, 1998). Words can be taught to creatures by a learning computer (for verbs) or

by repeating the name of the object while the creature is looking at it (Grand, 2003).

After a creature comprehends language, the player can teach their creature by typing in

instructions, which the creature might choose to act upon (Grand & Cliff, 1998). A

comprehensive life cycle is demonstrated for the creatures - childhood, adolescence,

adulthood, and senescence, each with their own specific requirements (Grand, 2003).

The gameplay is intended to nurture an emotional connection among the player and

their creatures. Rather than taking a scripted style, Creatures series games were driven

by comprehensive biological and neurological simulation and their unpredicted results

(Kember, 2003). There were six major Creatures releases from Creature Labs. Between

1996 and 2001, there were three principal games released, the Docking Station add-on

(generally referenced as a separate game) and two children’s games, and there were

three games created for console systems (Grand, 2003). A sequel named Creatures

Online was in development, with the artificial life technology from Creatures 3 and

Docking Station updated to a 3D environment (Grand, 2004).

Norns
Norns (Cyberlifogenis cutis) are a species of creature, made by the Shee to amuse them

and serve tea and biscuits (Grand & Cliff, 1998; Fig. 1). They were genetically engi-

neered on the disc-shaped planet Albia. Several were left behind there as the Shee took

off in their spaceship, the Ark (though they did take a few of them with them). They

are endearing and innocent creatures, who require some attention to survive, though

some breeds are more adept in living in the wild (Grand & Cliff, 1998).

Norns are the main Alife appeal of the games in the Creatures series (Grand, 2005).

They compete (to an extent) amongst one another, and with the other species currently

in Albia and on the Ark: Ettins and Grendels (Grand & Cliff, 1998). Players can choose

to help them survive, typically by active administration of their surroundings and the

adding of numerous helper agents (Table 1), or leave them to fend for themselves over

protracted periods of time in feral runs (Grand, 2003). Some go even further in their

Bunt and Gouws Smart Learning Environments            (2020) 7:12 Page 14 of 19



“testing” of norns, which others refer to as norn torture, which brings up several ethical

questions as to whether torturing norns is morally wrong (Grand & Cliff, 1998).

Teaching the Norns
The computer (Fig. 2) is one of the most important objects in the game (Grand, 2003). It

teaches Norns the fourteen concepts of language used to guide and influence a Norn’s life

(Grand & Cliff, 1998). Once a Norn is standing next to the computer, the player needs to

press the left button at the top of the computer to repeat the current concept on screen

(Table 2). The Norn will attempt to speak the word that the computer is trying to teach

him/her. It is helpful to repeat the concept until the Norn says the word correctly (Grand

& Cliff, 1998). Once the Norn says the word correctly he/she will then know and under-

stand what to do if you say the word to him (Grand, 2003).

The two arrow buttons will cycle the fourteen concepts to the left or right respectively.

Repeat the process until the Norn has learnt all fourteen concepts very well (Grand, 2003).

It is important to teach all of the Norns the concepts as soon as they are born (Grand &

Cliff, 1998). If left untaught, the other Norns in the world will teach the babies language,

but it is possible that an adult Norn could learn baby language. The consequences of not

teaching Norns language can lead to them not understanding the player’s commands.

Once you have taught your Norn one or two of the concepts yourself he will most

likely carry on learning if you leave him alone (Grand & Cliff, 1998).

The following table describes all fourteen concepts that can be taught to a Norn via

the computer.

The more times you repeat a concept on the computer screen the better the Norn will

learn that concept (Grand & Cliff, 1998). It is advised that once a concept is said correctly

that you repeat it a further three or four times. This will radically reduce the possibility of

adults learning baby talk and strengthen their ability to teach others (Grand, 2003).

Objects within the game
There are many objects to be found in Albia (Table 1). It is important that your Norn

knows the names of all objects in the world to communicate properly (Grand, 2003).

Once your Norn is able to distinguish different objects, you will be able to instruct him

to operate them (Grand & Cliff, 1998).

The following table illustrates the categories found in Creatures and the objects

within those categories.

It is very important to note that all objects within Albia are categorized. There are

approximately twenty different categories of objects (Grand & Cliff, 1998). Once a

Norn knows the name of one object he/she will associate the same name to all other

objects within that group. It is also advisable to keep the names short to cut down on

typing (Grand, 2003).

Methodology: using creatures as an educational and reflective tool for
student teachers
The Creatures video game can be used to teach student teachers about specific learning

theories. As has been mentioned previously, the Norns can be taught certain behavior

using reinforcement and punishment by either tickling/slapping them, or by saying

“yes” and “no”. This links to the learning theory of behaviorism. Behaviourism views a
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student as fundamentally passive, reacting to environmental stimuli (Skinner, 2011).

The student begins as a clean slate (i.e. tabula rasa) and behaviour is moulded through

positive reinforcement or negative reinforcement (Watson, 2013). Together, positive

reinforcement and negative reinforcement increase the possibility that the precursor

behaviour will happen or not happen again. Learning is consequently defined as a

change in behaviour in the student (Pavlov & Anrep, 2003).

Within the behaviourist view of learning, the teacher is the central person in the class-

room and takes complete control (Arends, 2004; Neisser, 2014). The student has limited

occasions for evaluation or reflection within the learning process, and is merely told what

is right or wrong, thus supporting a positivist realist approach to knowledge acquisition

(South African Institute for Distance Education, 2012). In addition, a critical realist ap-

proach could also characterise behaviourism, which implies that knowledge is viewed as

non-prescriptive and fallible (South African Institute for Distance Education, 2012). Ac-

cording to Arends (2004) and Neisser (2014) the conceptualisation of learning by means

of a positivist realist approach could be regarded as insignificant, as the emphasis is on

the product or outcome of learning without giving consideration to the internal thinking

processes and emotions involved during the process to produce the learning outcome.

Another learning theory that can be demonstrated within the Creatures video game

is constructivism, more precisely social constructivism. Constructivism postulates that

learning is an active, constructive process, where learning takes place by doing and dis-

covery (Ackermann, 2001; Killen, 2015; Kirschner, Sweller, & Clark, 2006; Powell &

Kalina, 2009; Tobias & Duffy, 2009. The student is an information builder and con-

structs knowledge out of experiences (Bächtold, 2013; Duffy & Jonassen, 2013; Piaget,

2013; Tobias & Duffy, 2009; Vygotsky, 1980). Social constructivism entails learning

from others’ experiences through modelling behaviour, as well as learning from the

consequences of others’ behaviour. This is true for Creatures, as the Norns can learn

from each other, as they can teach each other language and the various categories of

items. They can also learn from observing the consequences of other Norns’ behaviour.

If one Norn is being disciplined with a smack of the hand, if another Norn is watching,

they will also learn that the particular behaviour is bad.

The benefit for using the Creatures video game as an educational tool for student

teachers is invaluable. Instead of merely being lectured to about these learning theories,

they can now see first-hand these theories being simulated without any negative conse-

quences on real school learners. As they have direct control of what gets taught to their

Norns and the consequences of their choices being simulated in real time, it can make

for a powerful learning experience in terms of how learners learn in schools. This is

where the reflection benefit will be most useful for student teachers.

Conclusion
It is envisioned that a study using this method would incorporate some form of self-

reflection questionnaire or interview where the student teacher would need to critically

comment on their actions and experiences with the Norns and relate it to the class-

room. Over a period of time it would be interesting to measure the levels of critical re-

flection and to test whether improvement was noted among student teachers. This

method could possibly also lead to the inculcation of specific habits of mind or critical

thinking dispositions, such as metacognition, persistence and managing impulsivity.
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