
Validation of LogicMills’ MirMe Assessment for 21st Century Skills

Statistical analysis of the “Decider” assessment of Situational Intelligence
(SQ) within academic environments

The development of 21st Century Skills (“21CS”) has been identified as a central concern 

by both ministries of education and employers. Consequently, the development of an 

objective, rigorous, accurate, and reliable means of assessing 21CS is greatly to be desired. 

This paper describes the validation process conducted for one component of the MirMe 

Assessment System for 21st Century Skills (“MirMe”) created by LogicMills Learning 

Centre Pte Ltd. Among the skills measured by MirMe is Situational Intelligence (“SQ”), 

which is assessed via the Decider module of the MirMe system. In line with best practice for 

authentic assessment of skills, the Decider uses a game as its primary assessment 

mechanism. As of writing, MirMe is the world’s first validated, on-line, games-based 

assessment for 21st Century Skills.

 

Validation overview

The SQ measures assessed by the Decider game were carefully developed, reflecting 

insights gathered from more than eight years of observations of how participants played the 

game used in the Decider and how it functioned as an assessment tool in concrete teaching 

practice. Based on our experience teaching and assessing 21st Century Skills for over 50,000

Singapore students of various ages, the selected measures all had high face validity. At the 

time, the Decider had more than 17,000 gameplays and 7,000 users as part of its various 

validation studies. Some of these studies, especially those involving industry partners, are 

subject to confidentiality agreements. What follows are studies approved for external 

publication.

The definition of 21st Century Skills adopted for MirMe was created by surveying accounts of 

21st Century Skills articulated in multiple international educational jurisdictions, with particular

attention being paid to Singapore, Australia, the UK, and the USA. Additionally, as 21CS are 

often described as “Employability Skills”, particular consideration was also devoted to 

published and first-hand accounts of 21CS by employers. 

After systematic review, the major components of 21CS emerged as follows:



Situational Intelligence (SQ) — The skills one needs to make good decisions in a 

changing world

Collaborative Intelligence (CQ) — The skills one needs to work with other people

Global Intelligence (GQ) — The attributes one needs to be an effective global citizen

A graphical representation of the relations among these three components of SQ is given in 

Fig. 1 below. SQ and CQ may be considered to be pillar skills supporting GQ. That is, GQ 

takes up and integrates the lower pillar skills upon which it depends, resulting in new skills. A 

useful comparison is the relationship between skill in negotiation (a high-level, integrated skill

akin to GQ) and its pillar skills (akin to SQ and CQ). Skill in negotiation both depends upon 

but is not reducible to its various pillar skills, which include communication skills, skills for 

setting and prioritising goals, skill in cost/benefit analysis, and so on.  

Figure 1 – 21st Century Skills in relation to each other

Situational Intelligence (SQ) assessment with the Decider

                                                

In what follows, we focusing on SQ. This component of the Decider was refined and validated

in collaboration with researchers from the Max Planck Institute (Berlin). Much of the work 

was carried out under the supervision of Dr Luan Shenghua (MPI) together with Dr Mark 

Nowacki (SMU). 
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21st Century Skills

SQ
Talent

1.Jump in and know 
where you are

• Sizing up an 
environment

2.Know what you can do
• Identify options and 

think ahead

3.Do it and see if it works
• Respond to  

environmental 
feedback

CQ
Lead /Follow

1. Talk with other people

• Communication skills

2. Organize how you work 
 together

• Team dynamics 

3. Share your feelings  
 with others

• Emotional intelligence 
(EQ)

GQ: Values + Talent + Lead/Follow
1. Know your own values
2. Thereafter, you can be open to others from all walks of life
3. This openness takes the form of drawing upon your own talents 

and talents of others, sometimes leading and sometimes following, 
to get things done

4. When you are comfortable doing all this, you are a global citizen
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The Decider consists of an abstract strategy game that is played three times as well as a 

questionnaire. In its final form, the Decider calculates an overall summative or holistic score, 

which is calculated (primarily) from three major components, each of which is in turn 

calculated from multiple sub-components (each of which again depends on multiple sub-sub-

measures). See Fig. 2 below.

Figure 2 – Component measures the Decider SQ assessment (final form)

                                                                                                                                          

As may be seen from Fig. 2, the Decider is designed to measure SQ, understood as one's 

ability to make good decisions in a changing, evolving environment. The Decider’s overall 

SQ-Score is a holistic measure of this ability.

The SQ-Score is, in turn, built upon various components; in general, a person possessing 

situational intelligence displays three characteristics: First, you must be able to Jump in and

know where you are (“J-Score”). That is, one must be able to size up an environment and 

quickly identify significant patterns and key drivers in that environment. Second, you should 

Know what you can do (“K-Score”). That is, one should be able to identify options and 

think ahead. Third, you must be able to Do it and see if it works (“D-Score”). This means 

that one is able to assimilate feedback from the environment and adapt to that feedback in a 

flexible manner. The overall SQ-score is largely determined by the participant’s J-Score, 

K-Score, and D-Score.
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SQ: the skills we need to make good 
decisions in a changing world

SQ Category Components
(1) Identify and set goals
(2) Prioritize needs
(3) Evaluate options
(4) Pursue multiple goals
(5) Utilize resources efficiently
(6) Select appropriate solutions among 
      alternatives

(1) Create opportunities
(2) Make accurate predictions/forecasts
(3) Create first-mover advantage / Carve  
      out a niche
(4) Tackle problems before they arise

 
(1) Modify behavior during competition
(2) Prevent / block competition
(3) Find new resources

(1) Jump in and know 
where you are 

 

•  Size up an environment
•   J - Score

 
(2) Know what you can do
 

•   Identify options and 
    plan ahead 
•   K - Score

(3) Do it and see if it works
 

•   Respond to feedback
•   D - Score



As is usual in the development of a novel psychometric instrument, considerable refinement 

from a more complex initial form was required. In the present case, a total of 17 component 

measures were originally proposed, only 13 of which were retained, as may be seen in Fig. 2.

The SQ measures assessed by the Decider game were carefully developed, reflecting 

insights gathered from more than eight years of observation of how students played the game

and how the game activity functioned as an assessment tool in our concrete teaching 

practice. Based on our experience, the selected measures all had high face validity. 

To understand the psychometric properties of the 17 original Decider measures, we began 

with a principal component analysis (“PCA”). Our goal was two-fold: (a) to examine the 

different components assessed by the measures, and (b) to identify potentially problematic 

measures for further consideration and improvement. The results of this analysis can be 

found in Table 1. 

Table 1 – PCA results for the Decider SQ assessment

  

Among the 17 initial measures, PCA results lead to 13 measures pertaining to four 

components being selected for both samples. The percent of variance explained by those 

items was 83% for the Secondary School sample and 85% for the University sample. The 13 

measures finally selected (see Fig. 2 above) were used to build our final three SQ 
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MirMe Decider Measures: 
Preliminary Analysis

5

Sample Measure Component 1 Component 2 Component 3 Component 4

Secondary 
School

Measure 1 0.94 0.28 0.03 -0.10
Measure 2 0.91 0.21 0.06 0.29
Measure 3 0.89 0.44 0.04 -0.05
Measure 4 0.82 0.11 0.50 -0.09
Measure 5 0.20 0.89 0.11 -0.01
Measure 6 0.14 0.92 0.16 -0.02
Measure 7 0.59 0.77 0.08 -0.01
Measure 8 0.40 0.60 0.08 0.16
Measure 9 0.01 0.36 0.91 -0.01
Measure 10 -0.08 0.17 0.87 0.40
Measure 11 0.34 -0.22 0.73 -0.07
Measure 12 -0.11 -0.19 0.08 0.95
Measure 13 0.28 0.46 0.11 0.77

University

Measure 1 0.98 0.22 0.19 -0.11
Measure 2 0.89 0.28 -0.02 0.10
Measure 3 0.72 0.42 0.11 -0.09
Measure 4 0.71 0.20 0.58 -0.27
Measure 5 0.20 0.81 0.09 0.07
Measure 6 0.20 0.78 0.18 -0.11
Measure 7 0.70 0.63 -0.04 0.00
Measure 8 0.55 0.65 -0.03 0.11
Measure 9 0.02 0.34 0.92 0.02
Measure 10 -0.23 0.15 0.94 0.34
Measure 11 0.27 -0.08 0.78 -0.02
Measure 12 -0.22 -0.16 0.01 0.78
Measure 13 0.52 0.58 0.13 0.94
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components of Jump in and know where you are, Know what you can do, and Do it and see 

if it works. 

Consistent with what we had conceptualized in the design stage, there appeared to be four 

meta-measures that summarized what is being captured by the individual measures. The 

measures loaded in each component also overlap greatly with our conceptualizations. The 

big difference between theory and data is, however, that three measures did not enter into 

any of the four components. Upon close inspection we found that one was correlated too 

highly with one of the 13 included measures; the second simply had low loadings across 

board; and the third did not produce enough variation among the subjects. And, to anticipate 

somewhat, we ultimately decided to remove the fourth meta-measure.

To further refine our measures, determine their internal consistency, and uncover how they 

were related to other accepted measures, we conducted two studies, which are described 

below.

Study #1 

  

We administered the MirMe SpaceBlock SQ assessment to two different samples: the first at 

a secondary school, which involved 379 participants (ages 13 to 14); the second at a local 

university, which involved 352 participants. Genders were evenly represented in both cases. 

Table 2 – Reliability as measured by Cronbach α

With the four meta-components and the measures in each determined, we calculated the 

Cronbach alphas for all components in each sample. See Table 2 above. In general, the 
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Internal Consistency of MirMe 
Decider Measures 

Cronbach α for each game measure component

7

  Secondary School University

Component 1 0.93 0.93

Component 2 0.90 0.88

Component 3 0.67 0.72

Component 4 0.71 0.82

 



numbers are quite high and within an acceptable range, thus supporting the internal 

consistency of the assessment. Typically, a Cronbach alpha of .70 or higher is considered 

acceptable in social science research.1 Moreover, while it would be reasonable to claim that 

Component 3 (in Table 2) is statistically acceptable with respect to internal consistency, upon

further reflection the decision was made to excise it from the final version of the Decider 

assessment. 

                                                                          

In addition to those who would use the MirMe assessment system within an academic 

setting, it is good to remember that results from the Decider are used within corporate 

environments. To this end, it is useful to compare MirMe with other psychometric instruments

that are likely to be found in a business setting. Probably the two most widely-used 

assessments employed by HR departments, recruiters, and corporate trainers alike are the 

Myers-Briggs Type Indicator (“MBTI”) and the DiSC Model assessment (“DiSC”). Both of 

these come in multiple versions with varying psychometric properties, but for a rough 

comparison, the dimensions of the MBTI have been shown to have Cronbach alphas that 

range .64 and .84,2 while DiSC Cronbach alphas range from .70 to .92.3 

  

To see how the Decider correlates with other academic assessments and aptitude tests, we 

collected four different measures on the two samples tested. These are summarised in 

Table 3 below.

For the secondary school sample, we asked students to complete at least 5 trials of the 

game. However, not all students complied. Therefore, the final effective sample size is only a 

portion of all students. The validation measure we collected for this sample was the students’ 

PSLE scores taken before they entered secondary school.4

1 There are, however, many cases where lower Cronbach alphas are deemed appropriate. See the useful 
survey article: Keith S. Taber, “The Use of Cronbach’s Alpha When Developing and Reporting Research 
Instruments in Science Education.” Research in Science Education (2018) 48:1273–1296.

2  Capraro, R.M., and Capraro, M.M. (2002), “Myers-Briggs Type Indicator Score Reliability Across 
Studies: a Meta-Analytic Reliability Generalization Study.” Educational and Psychological Measurement 62:
590-602, p. 594.

3  As reported by: Inscape Publishing (2005), “DiSC Validation Research Report.” 
www.onlinediscprofile.com/wp-content/uploads/disc-research.pdf (accessed 31 October 2016), p. 14. See 
also the research report by Wiley on their version of DiSC, which is available at www.onlinediscprofile.com/
wp-content/uploads/Everything-DiSC-Research-Report.pdf (accessed 2 August 2020).

4 The PSLE, or “Primary School Leaving Examination,” is a mandatory national examination that all students in 
Singapore take at the end of Primary 6. English, Mathematics, Science, and Mother Tongue are assessed, with 
approximately 2 hours dedicated to each subject. The PSLE determines whether a Singapore student is 
permitted to move on to secondary school, determines which secondary school the student may enter, and 
determines the particular academic stream within which the student is placed. To a significant degree, who gets



                                                    
Table 3 – Correlation with other measures

For the university sample, there are two sub-samples, each of which includes students 

from all years and from diverse majors in the university. The first university sub-sample 

consists of a generic university-wide pool of students who were taking different courses 

at the time. There are two validation measures for this sample: the students’ current GPA 

(i.e., grade point average, measured on a 4-point scale) and their A-level scores (taken 

before entering university). The second university sub-sample consists of students 

currently taking the Analytical Skills course (“AS-course”), a course in critical thinking 

required for all students at the university. The AS-course is typically taken during the first 

year of university (92 participants, or 86% of the sub-sample), but due to scheduling factors 

students from all four years are represented (the remaining 15 participants, or 14% of the 

sub-sample). There is one validation measure for this sample: the student’s final grade in the 

AS-course. We asked all students to complete at least 3 trials of the game; however, not all 

complied, which leaves us with a reduced sample size.

We used mainly regression analysis to analyse the predictive validity of MirMe Decider 

measures. In each sample or sub-sample, we first conducted a Generalized Linear Model 

(“GLM”) analysis. The goal was to select the best model, measured by Bayesean Information

Criterion (“BIC”), based on the different measures of the Decider. We then calculated the 

adjusted R 2 value of this model. The results are shown in the last column of the table. As is 

an opportunity to attend university is determined for Singaporeans at age 12.

8/2/20 8

MirMe Decider Measures: 
Correlations with Other Measures

Validation performance of MirMe for the two samples

8

Sample
Effective 
Sample 

Size

Validation 
Measure

Achieved R2 
Using MirMe 

Measures

Secondary School 248 PSLE score 0.184

University

University 
wide 68

Current GPA 0.335

A-level average 0.248

 Analytical  
     Skills    
    classes

107 Final grade 0.128



typically the case with psychometric instruments, the Decider could possibly achieve different

levels of predictive validity depending on the sample and validation measure. The results of 

Study #1 suggest that the Decider tracks student academic performance, with a slightly 

greater explanatory power for university-age students than secondary school students.

Study #2

The Decider was administered to 128 university students, 45 male and 83 female. Data 

collected included A-level results, academic GPA to-date, and the co-curricular activities 

(“CCAs”) both prior and subsequent to entering university. The understanding of what 

constitutes a CCA was broad, including clubs, charitable organisations, professional 

organisations, and in general any student-centric, organised activities that fall outside the 

standard academic course. The CCAs were coded along two dimensions: (1) Group 

versus Individual, and (2) Cognitive versus Non-cognitive. Thus, chess club was coded 

as (individual + cognitive), whereas dragon boating was coded as (group + non-

cognitive).  The results are summarised in Table 4.

Table 4 – Decider correlated with academic measures and CCAs

 

The results of Study #2 suggest that the Decider may be a more accurate predictor 

of university academic performance (as measured by GPA) than A-level results. 

Inspection of Table 4 further reveals that the Decider, when taken in conjunction with A-

level results, yields an even better predictor of student GPA than either measure taken 
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     MirMe Measures at University

Measure Correlated with…
 R2 /Adjusted R2, 
   p value

MirMe A-levels  R 2 = .211, p < .001

MirMe GPA  R 2 = .265, p < .001

A-levels GPA  R 2 = .209, p < .001

MirMe + A-levels GPA  R 2 = .361, p < .001

MirMe Pre-U CCA – 
cognitive  R 2 = .238, p < .001

MirMe Uni-CCA –    
cognitive  R 2 = .391, p < .001

MirMe Pre-U CCA – group  R 2 = .178, p < .01

MirMe Uni-CCA – group  R 2 = .182, p = .039



individually. This is consistent with the hypothesis that whereas MirMe focuses upon the 

assessment of skills, the A-levels place greater emphasis upon content knowledge, both 

of which are important contributors to GPA. 

Furthermore, according to this study, the Decider is also capable of predicting, both 

retrodictively and prospectively, the CCAs that participants engage in. We believe that 

this may be of interest to university administrators who wish to encourage and support 

diversity in student interests and thereby enhance the students’ educational experience. It

is further hypothesized that such information may be relevant for highly-desirable 

business outcomes such as team optimisation. The key findings of Study #2 are given in 

Fig. 3 below.

Figure 3 – Key findings of Study #2

As a follow-up to Study #2, a brief study was subsequently conducted to discover how the

Decider correlated with other well-known psychometric assessments. The results of this 

Study #3 have been published.5 

  
In the study, participants were secondary school students who took both the Decider and the 

TIPI (“Ten Item Personality Inventory”) as well as academic data such as the PSLE. The TIPI

5 Yong, M.S.K., and Shin, Y.H. (2015), “Psychometric Assessment of 21st Century Employability Skills: 
Situational Intelligence and Social Factors.”  Humanities and Social Sciences Research Programme 
(HSSRP), 189–196.
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MirMe Measures at University

Summary of Key Findings

12

(1) The Decider is a better predictor of academic 
performance in terms of achieved GPA than 
traditional A-level results

(2) Combining the Decider with A-levels yields a 
better predictor than either measure taken 
individually

(3)  The Decider’s results predict student 
participation in distinct types of CCA



is a short pencil-and-paper test using the 5-Factor (“Big 5”) dimensions commonly used in 

psychology research.6 

In brief, the results of this study suggest that the relationship between the Decider and 

TIPI is weak and that the two measures are probably orthogonal to one another. This is in 

line with expectations given the focus of the Decider SQ assessment.

  

Future research in 21st Century Skills assessment

We suggest that future research may wish to focus upon the Decider’s performance 

relative to the SAT (“Scholastic Aptitude Test”) widely used by North American 

universities. As a preliminary consideration, we note that published studies of the SAT 

typically report that the percent of variance in first-year GPA predicted for by the SAT 

(Reading + Mathematics) score is between 13% and 20%. Using the College Board’s 

own study of the latest version of their test, the correlation between SAT and first year 

GPA has adjusted R=.51, entailing a percent of variance of 26% (i.e., R2=.26).7 In line 

with the results of Study #2, MirMe could be predicted to out-perform the SAT, as 

the Decider accounts for 26.5% (R2=.265). Furthermore, as appears to be the case with 

the A-levels, we hypothesize that the explanatory power of the Decider plus SAT will be 

greater than either measure alone. 

 

6  For details, see Sam Gosling’s website: https://gosling.psy.utexas.edu/scales-weve-developed/ten-item-
personality-measure-tipi/ (accessed 29 June 2020). For the original TIPI paper see: Gosling, S.D., Rentfrow, 
P.J., & Swann, W.B., Jr. (2003), “A Very Brief Measure of the Big Five Personality Domains.” Journal of 
Research in Personality, 37, 504-528.

7  See Westrick et al. (2019), “Validity of the SAT® for Predicting First-Year Grades and Retention to the 
Second Year,” CollegeBoard, p. 11. Retrieved from https://collegereadiness.collegeboard.org/pdf/national-sat-
validity-study.pdf on 14 July 2020.



Holistic assessment for 21st Century Skills

The body of research around the MirMe Decider indicates that it is an effective assessment 

tool for Situational Intelligence. For a complete assessment of 21CS, two more categories of 

assessment are required: Collaborative Intelligence (CQ), which is a measure of the skills 

needed for working with others, and Global Intelligence (GQ), which is an assessment of the 

attributes and skills needed for effective global citizenship. 

As of January 2016, LogicMills has launched The Explorer, which assesses GQ. An 

assessment for CQ, called The Connector, is expected to be available Q4 2021.

The pages that follow contain information about our research partners and a selected list of 

those organisations that have used the MirMe Assessment System for 21st Century Skills.
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Our Research Partners

The above are our most active research partners. We have also partnered and 
conducted research with:

National University of Singapore (NUS)
       - Faculty of Arts and Social Sciences (FASS) 
       - Lee Kuan Yew School of Public Policy (LKYSPP)

Nanyang Technological University (NTU)

Jacobs University (Germany)

Charles Darwin University (Australia)

Nazarbayev University (Kazakhstan)

Qatar University (Qatar)

INSEAD (Singapore)  
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Our Corporate FootprintOur Corporate Footprint
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A partial list of satisfied clients also includes:

DBS (Development Bank of Singapore)

Pioneer Electronics, Singapore 

International Enterprise Singapore (IE Singapore)

Ministry of Community Development, Youth and Sports (MCYS)

People’s Association, Singapore (PA) 

National Library Board, Singapore (NLB)

Workforce Development Agency (WDA)

Office of the Prime Minister, Singapore (PMO)

and, of course,

Ministry of Education, Singapore (MOE)


