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Abstract  
The affordances of microworld simulations to promote student engagement and motivation are 
well documented in the literature. These technologies which can be highly have the potential to 
enhance a student’s learning experience. Nevertheless their widespread use in mainstream 
secondary school classrooms remains limited as these technologies do not sit well in conventional 
classroom settings, where short class durations, didactic pedagogy and an emphasis on teaching 
to the test prevail. 

The problems in secondary school STEM education, such as declining number of students 
considering a career in science related disciplines, have often been linked to didactic teaching 
styles in classrooms, with an emphasis on transference of knowledge from the teacher to student 
and where text books are the main source of curriculum content. In physics, teaching is often 
focused on the application of mathematical formulae and lacks context and applicability to real 
world problems. As a result many students find physics a ‘difficult and hard subject to study’ 
leading to poor motivation and low engagement with the subject. This research brings three key 
elements together - microworld technology, a constructionist, contextualised pedagogy and a 21st 

century learning model – to investigate their combined impact on student engagement and 
confidence in physics. Students worked in teams using a constructionist microworld simulation to 
build electrical circuits. An exploratory case study was carried out involving 39 secondary school 
students (aged ~15/16) participating in 4 separate physics workshops. 

An attitudinal questionnaire was used for quantitative data capture, while focus groups and 
observation provided rich qualitative data for triangulation. The findings from the study indicate 
positive changes in student engagement, confidence in physics and attitude to the use of 
technology for learning. The qualitative data provides context for these findings, which while being 
based on a modest sample in terms of the number of participants and duration of the learning 
experience, nevertheless support the hypothesis that a 21st century pedagogical approach is a 
suitable framework for exploiting the potential of microworlds to promote engagement and 
confidence in physics. 
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1: Introduction 
‘Microworld:   An interactive, exploratory learning environment of a small subset of a 
domain that is immediately understandable by a user and also intrinsically motivating to 
the user.   A microworld can be changed and modified by the user in order to explore the 
domain and to test hypotheses about the domain.’ Rieber (2005) 

Microworlds have been likened to playpens or sandboxes, providing the learner an opportunity for 
creative exploration and there is extensive literature highlighting the potential of simulations and 
microworlds to support student engagement and conceptual understanding. Simulations usually 
provide a representation of physical phenomena, with varying levels of interactivity which allow 
the user modify, create or alter parameters that will generate a response within the simulation. 
Several research studies have examined the affordances of simulations to develop deeper 
conceptual understanding (Girvan, 2014; Martínez, Naranjo, Pérez, Suero, & Pardo, 2011; 
Perkins, Moore, Podolefsky, Lancaster, & Denison, 2012; Zacharia & de Jong, 2014). In particular 
the ability of simulations to benefit a learners understanding through visualisation has been 
demonstrated in science subjects (Blikstein, Fuhrmann, Greene, & Salehi, 2012; Chiu, DeJaegher, 
& Chao, 2015). While research into constructionist virtual worlds to support creative mathematical 
thinking points to the importance of collaboration and sharing of created artefacts (Kynigos, 
Moustaki, Smyrnaiou, & Xenos).  

The problems in secondary school STEM education, such as declining number of students 
considering a career in science related disciplines, have often been linked to didactic teaching 
styles in classrooms, with an emphasis on transference of knowledge from the teacher to student 
and where text books are the main source of curriculum content.  In physics, teaching is often 
focused on the application of mathematical formulae and lacks context and applicability to real 
world problems. As a result many students find physics a ‘difficult and hard subject to study’ 
leading to poor motivation and low engagement with the subject. The use of technology in general 
and micorworlds in particular have the potential to help address at least some of these barriers. 
However traditional classroom environments, with didactic teaching style and short class durations 
are not ideal environments in which to exploit the power of learning through technology (McGarr, 
2009).  Instead the constructivist and constructionist pedagogies at the core of models for 21st 
century learning (Dede, 2010) may be much more suitable frameworks to capitalise on the power 
of technology in general and micro-worlds in particular (B. Tangney, Bray, A., & Oldham, E., 2015).  

21st Century Learning Environment 
Bridge21, a specific model of 21st century learning, has been shown to be an effective environment 
for technology mediated learning (Bray, Oldham, & Tangney, 2013; Conneely, Girvan, Lawlor, & 
Tangney, 2015; Johnston, Conneely, Murchan, & Tangney, 2014; B. Tangney & Bray, 2013). In 
particular in the area of mathematics Tangney et al (B. Tangney, Bray, A., & Oldham, E., 2015) 
have investigated the combination of mobile technology with contextual and social constructive 
pedagogies such as Bridge21. The initial results of this ‘perfect storm’ (as referred to by the 
authors) are very positive and ‘student engagement and appreciation of mathematics content are 
favourably affected’. 

This research study follows a similar approach, but in this case the subject area is physics and 
investigates the combination of microworld technology, a constructionist, contextualised pedagogy 
and the Bridge21 learning model. Physics is chosen as the subject domain because of the decline 
in the number of secondary level students studying physics, which research from several countries 
(Lyons, 2006) attributes to transmissive teaching styles and a perceived  lack of relevance.  Even 
with students who do study the subject research points to low levels of engagement and poor 
conceptual understanding of the core concepts in physics (Azevedo, 2006; Saleh, 2011).   

Research Questions and Goals 
The research was undertaken as part of a larger project,  looking at the introduction of 21st Century 
Teaching & Learning in Irish secondary schools (age 12-16),  and sought to investigate how 
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microworlds, when used as part of a 21st century learning model, impact student engagement and 
confidence in physics?  

 
2: Design & Methodology 

Overview of the Learning Activity 
The microworld selected for use in the study was from the Physics Education and Technology 
(PhET) project at the University of Colorado1 and it was chosen because it allows for a high degree 
of interactivity, has strong construction capabilities and is highly immersive. The Circuit 
Construction kit is a low floor, medium ceiling, microworld, easy for students to engage with but 
sufficiently challenging for more advanced users. It is constructionist in its pedagogical approach, 
allowing for concrete and abstract representations and supports cognitive conflict and 
investigation of alternate models. 

The Circuit Construction Kit microworld was incorporated into a 5 hour Bridge21 workshop at the 
researcher’s institution. 3 separate workshops with ~10 students in each were run and formed the 
basis of this research sample. This together with an initial pilot workshop consisting of 8 
participants gave a total sample size of n=39 students over 4 workshops. The workshops 
incorporated real world, problem based activities that required participants to construct both series 
and parallel electrical circuit designs for set of Christmas tree lights and explain their choice and 
potential design benefits.   

The Mathematics and Technology Attitudes Scale (MTAS) developed by (Pierce, Stacey, & 
Barkatsas, 2007)  measures 5 variables related to the learning of mathematics with technology: 
Mathematics Confidence (MC), Confidence with Technology (TC), Affective Engagement (AE), 
Behavioural Engagement (BE), and attitude to learning mathematics with technology (MT). The 
questionnaire was modified for use in this study and was administered pre and post the 
workshops. 

3: Implementation 
The 39 students, of mixed gender, came from five different schools. Many of the participants had 
attended Bridge21 workshops in the past and thus were already familiar with the structure and 
team collaboration elements. This helped ensure that the investigation could focus on the use of 
microworlds and was not overly influenced by the novelty of the Bridge21 experience itself.    

Data Collection & Analysis 
Quantitative data was collected using the modified MTAS questionnaire while qualitative data was 
gathered through pre and post questionnaires, focus groups, observation and student output 
during the workshop activities. Qualitative and quantitative data was collected at the same time, 
both were analysed separately allowing for an element of triangulation to provide deeper insight 
into the research questions. See Figure 4. 

Focus group interviews were run immediately after each workshop and each group comprised of 
between 4 and 6 participants and the discussion was recorded (using an unobtrusive smartphone 
recording app). 8 separate focus group discussions were recorded which yielded well over an hour 
of data to be analysed. 

 

1 https://phet.colorado.edu/ 
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Figure 2:   PhET Circuit Construction Kit illustrating complex circuit design. The user has access to 
accurate measuring tools such as ammeters, voltmeters and results are immediate. 

 

Figure 3:   The Bridge21 learning space. Workstations are fully configurable and can be easily rearranged 
to suit specific needs. Large monitors support sharing within the team. 

 
Figure 4:   The data analysis framework used in this parallel mixed method case study. Congruence between 
quantitative and qualitative data supported the research findings. 
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4: Findings 
MTAS Survey – Statistical Analysis 
Examining the t values in Table  1 shows that 4 of the 5 MTAS subcategories show significant 
positive differences after the workshop namely: Affective Engagement (AE), Behavioural 
Engagement (BE), Physics Confidence (PC) and Attitude to the use of technology in 
teaching physics (PT). For PT (t=6.894) the change was very significant indicating that the 
participants had a positive reaction to the PhET Circuit Construction Kit microworld.  Only 
Technology Confidence (TC) with t= 1.275 showed no significant change pre and post workshop 
activity.  

 

 
Table 1:   Results of the paired t-test analysis on the pre and post workshop MTAS questionnaires. At 95% 
confidence interval a t value greater than 2.021 is significant. 
 

Qualitative Data 
Both Open and Directed coding techniques were used to analyse the data and the results of 
directed coding of the focus group data against the MTAS subscales aligns well with the 
quantitative data. The frequency of occurrence of the open coding themes was highest for a 
positive reaction to the physics workshop for PT, PC, AE and BE, again in that order. This matches 
the order of the measured impact from the MTAS data. 
Engagement Impact 
The research identified several factors that contributed to the increase in behavioural (BE) and 
affective engagement (AE). These are: Microworld Technology; Collaboration; Self-Discovery. 

The constructionist capability of the PhET microworld was a significant factor in the improvement 
of participants’ affective engagement. The PhET microworld allowed students to create their own 
models and use these to confirm or challenge their understanding of the underlying concepts.  The 
microworld also enabled students to see and understand abstract concepts such as electron flow, 
capacitor charging, neither of which cannot be easily grasped through textbooks or real physical 
experimentation. 

Collaboration played an important part during the workshops in promoting engagement.  Students 
worked in teams, discussed their solutions and were asked to present back to the whole group 
and this aspect was seen as positive by the participants.  

‘I think like, when you found the problem and you solved it and the light came on and it 
worked, and you got passed the problem as a team and you had a working circuit then, I 
think that was the best bit.’ 
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Impact on Confidence in Physics 
The research findings offer statistical evidence that these workshops made a significant 
improvement in the students’ attitudes to physics and to their confidence with the subject and two 
main factors contributing to this emerge from a structured analysis of the qualitative data, namely 
the Bridge21 workshop format (when contrasted with their conventional class experience) and the 
contextualised nature of the learning. 

The contrast between the Bridge21 model with the participants own class experience was very 
evident from the workshop focus groups as typified by statements such as  

‘Because it wasn’t like school. It was like, I don’t know—because you didn’t tell us we have 
to do this, and then this and then this. We got to just learn how to do it ourselves, kind of.  
And it makes you understand it more and it is more fun than just being told what to do.’ 

‘Like with that Ohm thing, I learned that in five minutes. But in school I couldn’t even 
remember it from the book. Because it showed you exactly what was going on with the 
computer.’ 

By contextualising the learning of physics to real life situations during the Bridge21 workshops 
students had a basis from which to understand the concepts and then apply the underlying 
mathematics to solve the problem.  

‘Because you know which way the circuits were actually moving. Like you know which way 
it is all set up. Instead of just looking at picture of piece of wires on the ground. You actually 
look at the simulation and see how it all fits together.’ 

‘Yeah, I just viewed it as a school subject. But after the workshop you see it is a lot more 
real-world stuff. ‘ 

Technology Effectiveness 

With a t value =6.894, student attitudes to using technology in physics learning (PT) showed the 
most statistically significant change as a result of the workshops. The choice of microworld 
technology was a major factor in this improvement. The data suggests several features of the 
PhET microworld that led to this positive change; visualisation; experimentation and construction 
capabilities. The microworld allowed students to “do physics” and imagine and create new models 
in ways that is not possible with existing teaching methods.  

‘I didn’t know that electricity was the flow of electrons. You could see the way that they 
were going around. So that was good.’ 

‘I think if because you could see it and you didn’t have to imagine it like you normally did 
in class and stuff. And then you could move them around and make stuff so it helped.’ 

A recurring theme during the focus groups related to the constructionist features of the microworld 
and participants being able to ‘do things’. With the freedom to create, students developed their 
own models and views of the circuits they constructed. Since the PhET software is based on real 
electrical principles students often created circuits that did not work or because of voltage 
irregularities gave unexpected outcomes. This challenged students to understand what was 
happening and propose a solution. 

‘And doing things in a more interactive, and like hands on way…. start learning things a lot 
easier when they do it hands on.’ 

‘Because we were actually able to see how a circuit gets put together. And we done a lot 
of experimentation as well. You know and, I suppose you can be told how something works 
but unless you, kind of, try it yourself and try different ways of doing things you don’t really 
learn much.’ 
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Summary 
The authors are engaged in a large scale design based research project which is working with 
teachers and schools across Ireland to embed 21st Century Teaching and Learning practices in 
mainstream secondary schools (Conneely et al., 2015; Johnston et al., 2014). A core premise of 
that work is that a 21st century learning model, such as Bridge21,  is a more suitable framework 
for exploiting the potential of technology to support constructivist and constructionist learning than 
the traditional didactic model.  This study looks at student engagement and confidence in physics 
when following such an approach. Carried out in an out of school setting the data indicates that 
both engagement with, and confidence in, physics improved as a result of the learning experience. 
The data also suggests that the attitude towards using technology in the study of physics 
improved.  Factors which contributed to these improvements include the constructionist nature of 
the simulation, collaboration between peers and the contextualised nature of the learning activity.   

The limitations of the study are its short duration, the lack of longitudinal follow-up with the 
participants to see if the intervention had any lasting impact and the fact that the activity took place 
in an out of school setting.  Nevertheless this study, combined with our other experience of 
transitioning learning activities from our learning space to schools, gives confidence that the 
approach followed is transferrable to a real classroom setting and ongoing research will investigate 
this in practice. 
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