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    Abstract     As a founder country of the ATC21S TM  project, Singapore contributed 
actively in the task concept check, cognitive laboratories, pilot studies and fi eld 
trials throughout the development of the ATC21S task prototypes. (The acronym 
ATC21S TM  has been globally trademarked. For purposes of simplicity the acronym 
is presented throughout the chapter as ATC21S.) In all, 87 teachers/education 
 offi cers and about 2,000 students aged 11, 13 and 15 from four elementary and 
eight secondary schools were involved in the project from 2010 to 2012. Besides 
capturing data on student performance in the tasks, Singapore researchers also 
interviewed teachers and students in order to better understand their attitudes 
toward the assessment of collaborative problem solving and learning through digi-
tal networks, and the challenges they faced in it. We found that teachers had to deal 
with “troubling” concepts in the new teaching and assessment paradigm – including 
the introduction of ambiguity into assessment tasks, tracking dynamic behaviours 
in collaborative settings, and the debate over content-rich and content-free assess-
ment of 21st century competencies. Singapore students had fewer problems with 
learning through digital networks tools and skills than with skills of negotiation, 
group decision- making, communicating effectively to manage group dynamics and 
dealing with ambiguity and a less structured assessment environment. These les-
sons learned from the project provided useful pointers for Singapore as we enhance 
efforts in the teaching, learning and assessment of 21st century competencies in 
our schools.  
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        Context 

 Singapore is a small nation-state in South-east Asia, with about fi ve million  residents 
packed into all of 710 km 2  of land. It is home to a multi-ethnic and multi- lingual 
society of Chinese, Malays, Indians and people of many other ethnicities. Education 
is an important pillar of the Singapore social and economic architecture. The 2014 
education budget of more than 11 billion Singapore dollars (about USD 9 billion) 
represents about 20 % of total government expenditure (Ministry of Finance, 
Singapore  2014 ) and is the second highest amount after expenditure on defence. 
This refl ects the national priority given to education. 

 Formal schooling starts at age six in Primary 1 (equivalent to grade 1). Virtually 
all the half million students are enrolled in 357 publicly funded primary schools, 
secondary schools and pre-university institutions. Singapore has a national curricu-
lum that provides equitable access to a broad and holistic education that includes the 
study of English, Mother Tongue Languages (such as Mandarin, Malay and Tamil), 
mathematics, the sciences, physical education, humanities and the arts. These sub-
jects are complemented by co-curricular activities and community service pro-
grammes that develop life skills and socio-emotional competencies. All public 
schools base their teaching and learning programmes on the national curriculum 
and subject syllabuses. The subject syllabuses are reviewed regularly to ensure that 
they remain relevant for the future. 

 In 2009, Singapore developed a 21st century competency (21CC) framework to 
guide the development of its national curricula. The framework (Fig.  9.1 ) articulates 
the competencies that would enable students to grow into confi dent and concerned 
citizens with the necessary attributes and skills to learn continuously, work effec-
tively in teams, exercise initiative, take risks and strive for excellence (Ministry of 
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  Fig. 9.1    Framework for 21st century competencies and student outcomes © Ministry of Education, 
Singapore (Reproduced with permission from the Singapore Ministry of Education)       
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Education, Singapore [MOE]  2010 ). The framework identifi es three sets of enabling 
21st century skills:

     1.    Civic literacy, global awareness and cross-cultural skills;   
   2.    Critical and inventive thinking; and   
   3.    Communication, collaboration and information skills.    

  The 21CC framework extends the work of  Thinking Schools, Learning Nation , 
an education reform movement that began in 1997 to nurture a more thinking and 
inquiring mindset among Singapore students (Ng  2004 ; Sharpe and Gopinathan 
 2002 ). With the implementation of the 21CC framework, efforts were mounted to 
expand opportunities for all students to develop these competencies. For example, 
elementary schools enhanced their approaches to the teaching and learning of art 
and music to better develop creative capacities and personal, cultural and social 
identity in students (MOE  2011 ).  

    ATC21S Development in Singapore 

 It was during this period of heightened interest in the teaching, learning and assess-
ing of 21CC that Singapore joined Australia, Finland, the United States, the 
University of Melbourne, and three international companies – Cisco, Intel and 
Microsoft – in founding the Assessment and Teaching of 21st Century Skills 
(ATC21S) project. Essentially, the ATC21S project sought answers to the following 
key questions (Griffi n et al.  2012 ):

•    What are the 21st century competencies?  
•   How can teachers teach them? How do students acquire them?  
•   How can students demonstrate them in measureable ways?    

 The ATC21S project in Singapore was spearheaded and funded by the Ministry 
of Education and drew in collaborators from the National Institute of Education, 
Nanyang Technological University. Twelve schools were also recruited as our part-
ners in the project. Participating in the ATC21S project enabled Singapore to work 
with the international research community to establish assessment practices for 
21CC, and more importantly, to fi nd ways to automate such practices. These serve 
to complement and enhance our national efforts in the teaching, learning and assess-
ment of 21CC. As the project developed intensively in the ensuing months, 
Singapore was heavily involved in the four critical phases of task concept check, 
cognitive laboratories, pilot studies and trials in the development of the task 
prototypes for the two sets of 21st century competencies – learning through digital 
networks – information and communication technology (LDN-ICT) and collabora-
tive problem solving (CPS). 

 Prior to the actual data collection for the ATC21S project, it was hypothesised 
that the teachers and students involved in the study would have had limited exposure 
to the types of assessment tasks that were being developed in the project. Therefore, 
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beyond the data that were specifi c to the ATC21S research questions, the Singapore 
team extended the scope to capture the teachers’ and students’ experience in their 
engagement with the tasks. The additional questions included: Did the teachers 
think that the tasks were assessing 21st century competencies? What aspects of the 
assessment and tasks did the teachers think would engage students, given the socio- 
cultural context of Singapore classrooms? What troubled or encouraged teachers 
when they thought about using the tasks for teaching, learning and assessment? 
Similarly, what aspects of the assessment and tasks did their students fi nd engaging? 
And what aspects did students think were challenging? 

 In this chapter, we share the main fi ndings and refl ections from our inquiry into 
these questions within the context of the iterative process being used by the ATC21S 
tasks to further refi ne both the tasks and assessment practices. It is hoped that by shar-
ing the voices of our teachers and students through the task development process, the 
international community can gain useful pointers in the collective efforts to assess 
21CC attributes.  

    Method 

 In all, 87 teachers/education offi cers and a sample of about 2,000 students aged 11, 
13 and 15 from four elementary and eight secondary schools in Singapore were 
involved in the four phases of task concept check, cognitive laboratories, pilot 
 studies and trials (see Table  9.1 ). Griffi n and Care (2015; Chap.   1    ) describes the 
processes involved in the four phases.

   The 12 schools accepting the invitation to participate in this project had ensured 
that all teachers and students taking part had given their consent with the under-
standing that they could withdraw at any point if they wished. Table  9.2  summarises 
the sources of data for the current chapter.

   Table 9.1    Number of ATC21S participants from Singapore   

 Task development 
phase  Number of schools 

 Number 
of student 
participants 

 Number of teacher/education 
offi cer participants 

 Task concept 
check 

 2 elementary and 2 
secondary schools 

 –  32 

 Cognitive 
laboratory 

 2 elementary and 2 
secondary schools 

 11 year-olds: 34  – 
 13 year-olds: 25 
 15 year-olds: 13 

 Pilot  2 elementary and 3 
secondary schools 

 11 year-olds: 70  10 
 13 year-olds: 66 
 15 year-olds: 98 

 Trials  4 elementary and 8 
secondary schools 

 11 year-olds: 232  64 
 13 year-olds: 799 
 15 year-olds: 749 
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       Responses to the ATC21S Tasks 

 In our interviews of teachers and students, we asked for their views about using the 
ATC21S tasks for teaching, learning and assessment of 21CC. We also asked them 
to tell us which aspects of the tasks engaged, encouraged or challenged them. In this 
chapter, we have organised our teacher and student responses to the ATC21S tasks 
around six areas:

    1.    Relevance to the teaching, learning and assessment of 21CC   
   2.    Engagement with tasks   
   3.    Seeking meaning in content-rich and content-free tasks   
   4.    Collaboration   
   5.    Introducing ambiguity in tasks   
   6.    Tools and technical issues     

    Relevance to the Teaching, Learning and Assessment 
of 21st Century Competencies 

 In general, the teachers saw the potential of using the ATC21S tasks for the teaching 
and learning of 21CC, barring customisation to suit local contexts. In reviewing the 
learning through digital networks tasks, teachers felt that the tasks were, in 

   Table 9.2    Sources of data for this chapter   

 Phase data was 
collected  Mode of data collection 

 Number of student/
teacher respondents 

 Task concept 
check 

 Focus group discussions and feedback form  Teachers: 32 

 Cognitive 
laboratory 

 Transcripts from students’ think-aloud to understand 
their thought processes and how and why they 
responded in a particular manner in the tasks 
 One-on-one post-task interview with students to 
elicit their views on the tasks 

 Students: 
 11 year-olds: 25 
 13 year-olds: 25 
 15 year-olds: 9 

 Pilot  Post-task student survey and one-on-one interview 
with selected students to understand their attitudes 
toward and challenges faced in the learning and 
assessment of 21CC 

 Students: 
 11 year-olds: 70 
 13 year-olds: 66 
 15 year-olds: 98 

 Trials  Post-task student survey and one-on-one interview 
with selected students and teachers to understand 
their attitudes toward and challenges faced in the 
learning and assessment of 21CC 

 Students: 
 11 year-olds: 228 
 13 year-olds: 738 
 15 year-olds: 722 
 Teachers: 3 

9 Student and Teacher Responses to Collaborative Problem Solving…



204

principle, aligned to the targeted constructs of functioning as consumers and 
 producers of knowledge; and developing and sustaining social and intellectual capi-
tal. One elementary school teacher described how these tasks could help build the 
skills of “communication, reaching consensus when different ideas are there” which 
were “important, essential skills” that could support his school’s 21CC program on 
“inventiveness”. The CPS tasks were good exemplars of how to build in the need for 
students “to work together…and to really see strengths in the other person”. 

 In previewing the tasks at the concept review stage, our teachers anticipated that 
the ICT-delivered tasks would likely appeal to their students whom they regard as 
“IT-savvy”. Indeed our students, who were more exposed to pen-and-paper tests, 
were generally intrigued by the novelty of the tasks. However, 21st century compe-
tencies are not about the use of ICT alone. Instead, they are about the potential that 
judicial use of ICT can have on the transformation of key aspects of assessment, 
particularly the measurement of 21st century skills, such as metacognition, creativ-
ity and collaborative problem solving (Binkley et al.  2012 ), that are diffi cult to 
assess through pen-and-paper tests. The ATC21S tasks were good exemplars where 
there was clear leverage on ICT and social networking tools for online collabora-
tion. However, one teacher observed that the ATC21S tasks have not made good use 
of the ICT platform to provide timely feedback to the students:

  I do not see any formative feedback given to students in the task. Students are not aware of 
whether they got the answer right or wrong, and how do they improve based on the mistakes 
they have made in solving the questions? 

   One student reiterated this observation:

  I received no feedback. 

   The teacher and student were not wrong in their expectations. Experts who 
worked on the ATC21S white papers have pointed to assessment innovation through 
advanced Web 2.0 technology that could tailor assessment and feedback to students 
even while they were working on the tasks (see Wilson et al.  2012 ). This is indeed 
an area of work-in-progress for the ATC21S team. In fact, data collected during the 
trials would provide a rich source of information to develop the learning analytics 
for the two sets of competencies, a step towards designing an automated system that 
could provide just-in-time probes to measure learning progress and to provide feed-
back. As one teacher put it, it would be excellent if students were learning “without 
realising that they are being taught”. Such a system could also then address teach-
ers’ concern about the need to differentiate the tasks for students at different levels 
of profi ciency in the 21CC.  

    Engagement with Tasks 

 Students were engaged by the dynamic and interactive nature of the tasks. For 
example, in one of the ATC21S tasks, students could “send” weights to each other 
to balance a beam. One student said: “I enjoyed the interactive tasks”. Other 
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students described the tasks as “fun, attractive, interesting”. In fact, students’ overall 
engagement level with the tasks was very high and many indicated that they would 
like to do similar tasks in school. From the post-task survey we conducted during 
the pilot and trials, close to 9 in 10 students agreed that the ATC21S tasks were 
interesting, more than 8 in 10 enjoyed solving the tasks together with their partner 
and more than 7 in 10 students preferred this mode of assessment to traditional pen-
and- paper tests. These fi ndings are consistent across all age groups. 

 Although students described many of the tasks as “fun”, it did not mean that they 
found the tasks intellectually unchallenging. In fact, most of our students did not 
fi nd the tasks easy, as one student summarised it:

  The task sets you thinking – puts thinking and analytical skills to use. 

   The appropriate level of intellectual challenge in a task plays a role in engaging 
students – studies have shown that students may become disengaged when tasks are 
not challenging enough (e.g., Hayes  2008 ). Conversely, task designers also need to 
guard against tasks that are perceived to be too challenging (Brophy  1987 ). Pitching 
the task appropriately for students is therefore an important consideration in engag-
ing students in learning. It is not unreasonable to believe that this principle does 
apply to the learning of 21CC. In fact, the ICT platform that delivers the task can 
potentially be leveraged to differentiate task diffi culty for different students.  

    Seeking Meaning in Content-Rich and Content-Free Tasks 

 How can 21st century competencies be best learned and assessed? Should they be 
embedded in content-rich tasks or in tasks that require very little disciplinary knowl-
edge? This was one of the questions that the ATC21S team wanted to fi nd some 
answers to. It therefore commissioned experts to develop both types of tasks. 
Different prototypes that drew on varying degrees of content knowledge were devel-
oped as contexts for measuring collaborative problem solving, ranging from 
content- rich tasks based on specifi c scientifi c or mathematical concepts (for exam-
ple, Game of 20), to relatively “content-free” tasks that required students to recog-
nise general patterns or rules from a real-life scenario (for example, Hot Chocolate). 

 Content-rich tasks generally sit well within most curricular frameworks that are 
designed along disciplinary lines, making it easier to identify the teachers who 
would teach the 21CC within disciplinary content. On the other hand, there are also 
concerns that the content within a task might alter profi ciency estimates on the 
21CC construct (Wilson et al.  2012 ). 

 Based solely on qualitative responses, we found that both teachers and students 
tend to struggle to fi nd “purpose and meaning” when encountering content-free 
tasks. A student during a cognitive laboratory session thought aloud: “I don’t get 
what you are supposed to do here. Asking to make a line appear but what is the line 
for? Purpose?” In another save/print task, a student said: “Don’t understand what 
this is for… Since it is a tutorial to teach me something, just follow blindly what 
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they are telling me.” Teachers similarly searched for coherence and meaningfulness 
of the various activities, as illustrated in several teacher voices on the poetry task:

  What movie are you creating? What are the objectives? What is the feedback? What is the 
point of the exercise? 
 It’s testing the ICT skills, not the poem. They have the skills without learning anything. 
 The students just do, don’t know why. 
 Meaning making is important. 
 There is no link between the literary elements and the task. It’s not really about this poem, 
what does it capture? 

   While it could be argued that these exemplifi ed the cultural mind-set of teachers 
who were discipline-centric, or that these were unfamiliar experiences for teachers 
and students who tended to focus on assessment of content knowledge, it was also 
possible to understand from that context that pedagogically sound acquisition of 
content could actually help build the very competency measured in this task. As 
explained by a participating teacher:

  …there is room to build students’ knowledge of literary elements and devices through the 
resources already made available in the scenario and exchange of views with partners to 
build new insights in the understanding of literary works. For example, while Singapore 
students may not understand the signifi cance of the use of “Jim Crow” and the historical 
element of the Merry-go-round piece in America, actual exchange of views with other stu-
dents can help them build this social understanding and capital. 

   Related to this is the question of whether the quality of thinking is integral to 21st 
century education. Beyond demonstrating the ability to use ICT and networking 
tools, is the quality of the output, in terms of what students write and create, and 
how they reason and justify their answers during the task, integral to 21st century 
teaching, learning and assessment? In terms of building intellectual capital, teachers 
expressed the view that the quality of the ideas and knowledge generated from the 
task was equally important to the 21st century skills that are being measured. 

 Perhaps the crux of the matter is not so much the question of whether the task is 
content-rich or content-free. Regardless of whether it is anchored in a discipline or 
not, a more important issue is whether students could fi nd meaning and authenticity 
when working on the tasks. The tasks could be scaffolded to build up towards mean-
ingful goals, as meaning making is an important aspect of learning (Perkins  2009 ). 
As a 15-year old commented: “I was bothered from the beginning on what was the 
aim of the activity”. There is therefore room to consider this perspective of meaning 
making for teachers and students in the design of the tasks.  

    Collaboration 

 There was considerable deliberation within the ATC21S community on linking the 
design of the tasks to the accurate assessment of collaboration. The key debate 
revolved around the balance in the provision of symmetric and asymmetric access 
to information that would facilitate meaningful collaboration. Each approach 
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seemed likely to solicit different aspects of collaboration skills and provide avenues 
for the development of these different dimensions. 

 The developers for the learning through digital networks tasks believed that the 
same information should be available to all players in a collaborative setting, while 
the developers for the collaborative problem solving tasks ensured collaboration by 
giving different collaborators access to different sets of information. We believe that 
the ideal scenario would be a good balance between the two across a comprehensive 
range of tasks. We made some observations on how our students collaborated based 
on the current tasks. Our students responded to “collaboration” tasks in several 
ways – (i) one student worked out the solution while the partner passively agreed to 
the solution; (ii) one student worked out the solution while the partner verifi ed the 
answer; (iii) the two students discussed the problem and worked out their solutions 
collaboratively. Our students tended not to collaborate on tasks where they and their 
partners were presented with the same information. Collaboration was not seen to 
be critical in accomplishing the task, as students could attempt the questions with-
out working with others. In other words, students saw the problem solution as the 
larger goal and sidelined the collaboration when they perceived that they could 
solve the problem independently. 

 During the interviews following the cognitive laboratory, students explained that 
the different pace at which their partners completed each task affected the quality of 
collaboration (each group had between three to four collaborators during the cogni-
tive laboratory for learning through networks). One student reached a collaborative 
task in Arctic Trek much earlier than her team-mates. She initiated a chat but later 
decided to skip that collaborative chat and move on to the next task after having no 
response from her partners, none of whom had arrived at this part of the task yet. 
She said: “It’s frustrating when my friends don’t answer back”. 

 One aspect that students liked about the collaboration tasks was the opportunity 
for negotiation and decision-making among members who collaborate. Our stu-
dents liked the opportunity of listening to “confl icting opinions”, of “giving my own 
opinions” and of “seeing friends’ thoughts in Webspiration (the poetry task)”. The 
students did not often encounter such opportunities in their regular classrooms, as 
one student commented: “This kind of online negotiation, discussion and decision- 
making is not common during school work.” Indeed, learning how to negotiate and 
make decisions in a team are important competencies to develop. 

 One of the things that we are curious to fi nd out from the ATC21S data is the 
impact of student ability on collaboration outcomes. For example, we observed that 
when a very academically able student was paired with an academically weaker stu-
dent, there appeared to be domineering behaviour by the more able and articulate 
student to take the lead in the task. We are not sure if this observation was an isolated 
event or that prior ability of students could have an impact on the levels and quality of 
collaboration. Further analysis of the actual ATC21S data collected will be helpful in 
answering this important question. 

 In one of the interviews, one student told us: “I fi nd it very diffi cult to answer and 
work with others through on-line collaboration”. It made us wonder if measures of 
collaboration would also depend on the modality (e.g., using online chat versus 
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audio chat) and platforms (e.g., offl ine versus online) of collaboration. This would 
be an interesting follow-up study that could help improve the design of 21CC col-
laborative tasks.  

    Introducing Ambiguity in Tasks 

 One consistent observation made by our students and teachers was that the ATC21S 
tasks were less well-defi ned than the tasks in traditional tests. Students generally 
had to fi gure out the problem they had to solve and the approaches they needed to 
take to solve it. For example, in the Warehouse task, where the objective is to secure 
a warehouse by correctly positioning security cameras, collaborators are presented 
with different information – one can see and place cameras while the other sees only 
yellow beams (which show the coverage of the cameras placed) but not the cameras. 
Students need to realise that they have control of different parts of the problem, and 
in this case, fi gure out what the yellow beams represent. In the cognitive laboratory, 
we often heard students say:

  What is the question? 
 What am I supposed to do here? 
 How am I supposed to do this? 
 The instructions are not clear. 

   One student said there was “not enough information given in the tasks on how to 
use the relevant websites to answer the questions”. The younger elementary stu-
dents described the task instructions as “confusing”. The students were searching 
for “clear instructions,” as one student put it – something they were more used to in 
the tests they have usually encountered. Students said they have to “fi gure out on my 
own”, “spend a lot of time to fi gure out what was expected” and “when I found it, 
which course of action I should take, then much clearer. The activity became much 
more understandable.” 

 One teacher made a keen observation about the tasks: “Introduction of ambiguity 
into the tasks creates space for students to think, inquire and collaborate”. Indeed, 
many of the ATC21S tasks were deliberately designed to be less structured and 
more ambiguous than traditional assessments, and to provide collaborators with dif-
ferent ‘views’ of the problem. This created space for students to think about what 
the problem was and to collaborate and work out different ways to go about solving 
it. This is an attempt to better refl ect the reality of 21st century contexts where prob-
lems are ill-defi ned, information/expertise resides with different sources and solu-
tions are neither immediately obvious nor straightforward (NRC  2011 ). 

 While we support the introduction of ambiguity into the 21CC tasks, we suggest 
that task designers pay more attention to how the goals and instructions of the task 
are crafted, providing clarity where ambiguity is not intended so as to reduce con-
fusion and not to discourage students from continuing or even getting started with 
the tasks. For instance, a 15-year old student commented during the cognitive 
 laboratory: “Refl ect on the poem. What are they asking in this question? Is it evaluation 
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of poem or usefulness of poem?” The extent of ambiguity introduced should 
perhaps also take into consideration the age and profi ciency level of the students. 
Younger students or students starting from a lower level of profi ciency might 
require more scaffolding and feedback to help them stay engaged with the tasks 
instead of giving up because they were too “confused” or even discouraged (see for 
example Kirschner et al.  2006 ). Already, some of the ATC21S tasks are good 
exemplars of problems for which scaffolding has been built into the design. For 
example, in a task based on a numbers game, students fi rst play against the com-
puter on their own to understand how the game is played, before they move on to 
work with their partner to play against the computer. In another task, students can 
review the outcome of the previous page to understand how the puzzle is solved 
and apply their learning to the problem on the next page (which is built on the 
previous puzzle). In other words, the problems are designed to be increasingly less 
well-defi ned as the students progress through the task. These are important task 
design considerations, especially when working with different learners.  

    Tools and Technical Issues 

 Choice of online tools and support for technical issues are important in task design 
to minimise confounding factors in measuring student profi ciency levels in the 
21CC. The design of tools that students need to use in tasks should be user-friendly 
and intuitive so that students are not hampered by the complexity of the tools in 
progressing within the task. In the poetry task, students across all age groups had 
diffi culty using the mind mapping tools – many found it confusing and most chal-
lenging. One student who skipped the page said during the post-task interview that 
he knew what a mind map was and how to draw one, but he did not know how to use 
the tools in the task to do that. Another student thought aloud: “Cannot seem to do 
anything… This page is confusing, how to use this? Not sure what to do.” The stu-
dent later explained that the task did not give specifi c instructions on how to use the 
tools and the tools were not intuitive. For example, the pencil icon did not visually 
tell a user that it could be used to create a label and a link. 

 Consequently, the interface design and interactivity of the tools could be aligned 
with common software to avoid confusion. For example, students were generally 
profi cient and comfortable with using the chat function in the tasks, which they 
found to be similar to chatting on Facebook. However, students felt that they should 
not be restricted to using the chat function to communicate, and preferred to use 
social networking tools that were more common and authentic, e.g., Facebook, 
MSN messenger, even mobile phone. 

 There were some technical issues that surfaced during the trials, such as server 
failure, long loading times between pages of the tasks, system hanging, and techni-
cal bugs in the assessment software, that could have an impact on the delivery of the 
assessment as well as on students’ motivation and engagement with the activities. 
While some of these problems could not have been prevented, the lesson learnt is 
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that it is crucial to pre-empt infrastructure problems and conduct comprehensive 
compatibility testing with the operating platform prior to the implementation of any 
computer-based assessment.   

    Challenges 

 Assessment practices tend to drive learning behaviours and trigger pedagogical 
responses. For an essentially centralised education system that has achieved strong 
recognition on the international stage for its students’ academic attainment, a fun-
damental change in what is being assessed requires substantial efforts. The changes 
needed are not confi ned to the professional space but will likely involve social and 
economic shifts. This represents a key challenge in introducing the assessment of 
21st Century skills at the system level. 

 At the practice level, the tools developed under ATC21S are at best at the nascent 
stage of an exciting journey. While they point strongly to a reasonable way forward 
in attempting to automate such assessments, there is still substantial development 
ahead. For our context, the interpretation of the actions of the students when attempt-
ing the tasks will likely need refi nement, as such interpretations need to take into 
account cultural differences amongst others. On top of this, the discourse of the 
students which is captured could usefully be analysed. This layer of interactions 
will add richness to the assessment of the students’ 21st Century skills, without 
which the picture will not be complete. As our understanding of 21st Century skills 
and their assessment increases, curricula and pedagogical adjustments will need to 
keep pace to make the collective efforts meaningful and effective. 

 On the technical level, the key challenge is the ability of the computing system 
to capture and accurately interpret discourse (including both verbal and non-verbal). 
Given that natural language processing is still fairly far away from being ideal, and 
that the ability to interpret human factors such as facial expressions and body lan-
guage is only at the development stage, a fully automated system for assessing 21st 
Century skills will not be easy to achieve. A blended approach, at least till the tech-
nologies catch up, with teachers being effectively supported by systems that can 
take up the bulk of the assessment load, could be a reasonable interim practice that 
helps support ATC21S and similar work.  

   Conclusion 
 Most countries, including Singapore, have minimally developed a curricular 
framework or policy on building students’ 21st century competencies. While 
there is some extent of agreement on what constitutes 21st century competen-
cies (see for example Voogt and Roblin  2012 ), there has been less clarity and 

(continued)
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