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DEFINITION

Quoting from the Summary of a Workshop™ on ASSESSING 21ST CENTURY
SKILLS:

® Cognitive skills: nonroutine problem solving, critical thinking, systems
thinking

” ~ ® |nferpersonal skills: complex communication, social skills, teamwork, cultural

l sensitivity, dealing with diversity

® Intrapersonal skills: self-management, time management, self development, self-

regulation, adaptability, executive functioning

1 ? http: / /www.national-academies.org/

'
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* The National Research Council (NRC) has conducted a series of activities to address the issue of 21st century skills in education today. In October 2005, the NRC convened a planning meeting intended to explore the role of K-12 education in developing these skills. Participants identified three critical unanswered questions and encouraged that they be further explored:
1. Is there a body of evidence supporting a taxonomy of 21st century skills coupled to individual and societal well-being?
2. Do we have evidence of effective models to teach 21st century skills through science, technology, engineering, and mathematics (STEM) education?
3. How can we assess 21st century skills?

The project that is the subject of this report was approved by the Governing Board of the National Research Council, whose members are drawn from the councils of the National Academy of Sciences, the National Academy of Engineering, and the Institute of Medicine. The members of the committee responsible for the report were chosen for their special competences and with regard for appropriate balance.

http://www.national-academies.org/

DEFINITION

A skilled problem solver uses expert thinking to examine a broad span (

of information, recognize patterns, and narrow the information to

~ reacha diagnosis of the problem. Moving beyond diagnosis to a

' colution requires knowledge of how the information is linked

conceptually and involves metacognition—the ability to reflect on
whether a problem-solving strategy is working and to switch to another
strategy if it is not working (Levy and Murnane, 2004). It includes
creativity to generate new and innovative solutions, integrating
seemingly unrelated information, and entertaining possibilities that

others may miss (Houston, 2007).
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DEFINITION

The ability to understand how an entire system works; how an

action, change, or malfunction in one part of the system

- affects the rest of the system; adopting a “big picture”

perspective on work (Houston, 2007). It includes judgment
and decision making, systems analysis, and systems evaluation
as well as abstract reasoning about how the different

elements of a work process interact (Peterson et al., 1999).
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DEFINITION

There is no consensus! Just defined as an important component
to both previously defined skills..... (Mayer, 1990)
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THREE DEFINITIONS

“[Critical thinking involves] cognitive skills or strategies that increase the probability
of a desirable outcome—in the long run, critical thinkers will have more desirable

outcomes than ‘noncritical’ thinkers. . . . Critical thinking is purposeful, reasoned, and

- goal-directed. It is the kind of thinking involved in solving problems, formulating

inferences, calculating likelihoods, and making decisions” (Halpern, 1998, pp. 450-
451).

“Critical thinking is reflective and reasonable thinking that is focused on deciding
what to believe or do” (Ennis, 1985, p. 45).

“Critical thinking [is] the ability and willingness to test the validity of propositions”
(Bangert-Drowns and Bankert, 1990, p. 3).
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® There are relationships between measures of general cognitive ability

(historically referred to as IQ) and job outcomes (Kuncel and Hezlett, 2010)

~ ® There is evidence documenting that verbal and quantitative skills along with

general cognitive ability are predictive of college and career performance.
® There is evidence for separation between domain-general and domain-specific.

® There is evidence of a correlation between cognitive skills testing and predicted

graduate students’ performance
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® Measuring or assessing effectiveness of the teaching and learning approach

by fostering domain-specific cognitive skills in higher education.

- ® Calibrating delivery of module contents while monitoring cognitive abilities.

l ® Put into context the numbers rising from NSS, SES and module pass rates in

O that fostering of cognitive skills becomes a first class citizen again in academic
performance. O




® Define constructs to be measured: Two variables, perception of lecture contents and

perception of problem complexity

.  ® Qualitative research methodology: Students being asked to take part in Poll
l Everywhere specific questionnaires, decent amount of data gathered
® Case study:
® Algorithms (Theory, Design and Implementation), UG Level 5 ~
® Web Intelligence, UG Level 6

T ® Data analysis: Graphs and first correlations among variables



VARIABLE 1

® What labels (keywords) best
describe the contents of today's
lecture (Algorithms: LW 1)2

hels (keywords) best describe the contents of today's lecture (Alga
Lw1)?
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Start the presentation to activate live content
\ If you see this message in presentation mode, install the add-in or get help at PoliEv.com/app




= : *
'VARIABLE 2 .. 74
1 . is the degree of complexity for this problem (tutorial: Algorithms, .

/ according with your perception?
8 _ l
Highly compex (e.g., could not understand
and resolve)
Fairly complex (e.g., it took me hours to
l comprehend and resolve computationally)
iy Average (e.g., it took me 1-2 hours to

comprehend and resolve computationally)

Start the presentation to activate live content

If you see this message in presentation mode, install the add-in or get help at PollEv.com/app
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Poll Title: What is the degree of complexity for this problem (tutorial: Algorithms, LW1) according with your perception?
https://www.polleverywhere.com/multiple_choice_polls/1HzJC7NprmZ7Irn


MOTIVATION FOR VARIABLE 1

® There is evidence that tagging content is highly related with the way we
perceive things and can be used as a metric in that:

® Comparisons with the key vocabulary™ (keywords, concepts) of a lecture can be made in

l order to measure whether all intended key concepts (keywords) have been received;
® Comparisons among students’ perceptions can be made on the same lecture or across the
O timeline of a module/course;
® Comparisons between pre- and post-lecture perceptions Q

® You can also compare the variety of vocabularies across different modules or levels

W T ® There is evidence that tagging helps in memorising contents easier
}&,
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* Tag clouds are useful not only for dissecting others’ writings but also for analysing and revising your own. Since it provides a picture of word frequency, a cloud can give you a quick and easy picture of what you are actually writing and which terms you use most often. Try turning a paper into a tag cloud, and see what words turn up most frequently: 

Are they the ones you would expect?

Are they the ones you want your reader to associate with the paper?

Do you know why these words are the most frequent?

Are you using unnecessary or unclear jargon, or would your topic be identifiable to anyone who saw this cloud? 

You can also try writing up your own keyword list before you create the cloud. If the key concepts you identify do not show up strongly on the tag cloud, you may want to think of ways to emphasize them more.



MOTIVATION FOR VARIABLE 2

® There is evidence that perception of problem complexity is highly related with

problem solving skills in that we can

® contrast perceived problem complexity among students with a well established one among

professionals;
l ® make comparisons between pre- and post-lecture perceived complexity;

® make comparisons among different cohorts of students for the same problems and same or
different learning and teaching approaches;

® can monitor the distance between students’ perceived complexity and professionals’ one for N
different families of problem definitions.;

and students’ perceptions.

® calibrate problem complexity and difficulty based on the distance between professionals’
T £
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CAN YOU SEE THE DIFFERENCE?
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HOW CAN | INTERPRET THESE FIGUR
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N, /4
1 TIMELINE OF PERCEIVED COMPLEXITY FOR PROBLEMS AS
TUTORIAL EXERCISES: WATCH C4 PORTION ON PIE CHARTS

Perception of complexity LW1 Perception of complexity in LW2

-

—

s C4 n(C3 n(C2 c1
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C4: Highly complex (e.g., could not understand and resolve)  
C3: Average (e.g., it took me 1-2 hours to comprehend and resolve computationally)  
C2: Fairly complex (e.g., it took me hours to comprehend and resolve computationally) 
C1: Peanuts (e.g., easy to comprehend and resolve computationally, less than an hour) 


PRELIMINARY DATA ANALYSIS AND EXEMPLARY
FINDINGS:

)

COMPARISONS AGAINST GOLDEN LEGEND:
?:-E)A\/I\:\IEII_AEI)Q(IIDT$OR PERCEIVED PROBLEM ® SPDC-1314: Average of students’

perceived degree of complexity in

Degree of academic year 2013/14
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academic year 2012/13
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® SPDC-1112: Average of students’

----------- perceived degree of complexity in
academic year 2011 /12
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Web Intelligence ® Golden standard: Average of perceived

module timeline

- weeks degrees of complexity as informed by

academic, scholar, research, CPD activities
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Remark: The graph SPDC-13-14 is very close to the golden standard’s one, the academic year, when the KPI “pass rate” at first attempt was met. The other two graphs, SPDC-1112 and SPDC-1213 show a far more dissimilarity with the golden standard, with the first showing a more intense fluctuation (academic year with the lowest pass rate). The bigger the dissimilarity, the higher the possibility to have a less effective teaching and/or learning support.



® Possibly a much easier tutorial exercise, however, unlikely....

® Possibly a better explanation given to the first tutorial exercise in the lecture, however,

unlikely...
l ® Possibly students filled up the knowledge gap quicker, however, unlikely...

Main hypothesis: Possibly some indicator on improvement of problem solving skills to be

1 attributed to the PBL approach as a representative of active learning?

I



® Although cognitive skills are acknowledged among the key personal skills of

the 21°" century, currently there is no well established evaluation framework
for assessing effectiveness of (active) learning and teaching approaches for
the advancement of domain-specific cognitive abilities after training on a

l course or a module.

® Currently available data reflecting on student satisfaction (e.g., NSS*, SES)

and pass rates, do not adequately measure advancement of cognitive skills

-~

(problem solving, system thinking, critical thinking)
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-

It is just a preliminary study, however,

We look into the further analysing the data reflecting perceptions of lecture contents and
problem complexity;

We look into correlations between these parameters and other data such as performance on
assessments, online readings, attendance, learning and teaching approach (e.g., active with
mobile devices, PBL vs. non-PBL)

We look into expanding the portfolio of parameters and formalising our approach toward a
multi-dimensional metric space model for assessing effectiveness of learning and teaching on the
advancement of cognitive skills r

Gain a deeper understanding of effectiveness of learning and teaching approaches instead of
(over-) reacting to students’ comments and simplistically jump into conclusions...

END OF PRESENTATION



® Gain a deeper understanding of effectiveness of learning and teaching approaches instead of

(over-) reacting to students’ comments and simplistically jump into conclusions...
® Rethinking assessment by looking beyond the “memory based” assessment patterns...

® |f we do not get to a holistic evaluation framework for domain-specific, or even more ambitious

- domain-generic cognitive skills, then we could, at least have a more holistic approach to
l assessing effectiveness and calibrating of learning and teaching approaches for module learning

outcomes™ and courses...

Far reaching (science-fiction¢): Passive Brain Computer Interface (BCl) utilising spontaneously
occurring brain signals to implicitly infer information about the cognitive or affective state of Y
the user/student ©

T - END OF PRESENTATION
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