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The 11 Plus (11+) entrance examination remains one of the most significant academic milestones
for students in the United Kingdom seeking entry into selective grammar schools. Within the
ecosystem of 11+ testing, the Centre for Evaluation and Monitoring (CEM), formerly at Durham
University and now part of Cambridge University Press & Assessment, has established a
reputation for producing assessments that prioritize raw cognitive potential over rehearsed
knowledge. At the heart of this assessment methodology is Non-Verbal Reasoning (NVR).

The Theoretical Framework of Non-Verbal Reasoning

Non-Verbal Reasoning is not merely a test of "puzzles”; it is a rigorous psychometric evaluation of
a child's Fluid Intelligence ($Gf$). According to the Cattell-Horn-Carroll (CHC) theory of cognitive
abilities, fluid intelligence refers to the capacity to reason and solve novel problems, independent of
any knowledge from the past. Unlike Verbal Reasoning, which can be influenced by a child's
vocabulary or exposure to literature, NVR focuses on Visual-Spatial Processing ($Gv$) and Indu
ctive Reasoning.

The CEM NVR framework is designed to be "tutor-proof,” meaning it seeks to identify children with
the natural aptitude to identify patterns, understand complex spatial relationships, and apply logical
rules to abstract shapes. This is achieved by employing a high variety of question formats and strict
time constraints, ensuring that only students with high processing speeds and robust cognitive
flexibility can excel.

Core Cognitive Mechanisms in CEM NVR

To master CEM-style NVR, one must understand the underlying cognitive mechanisms that the
test evaluates. These include:

- Visual Discrimination: The ability to identify similarities and differences between shapes based
on minute details such as line thickness, shading, or orientation.

- Mental Rotation: The capacity to rotate 2D or 3D objects in the mind's eye to determine how
they would appear from a different perspective.

- Sequential Logic: Recognizing the rules governing a progression of shapes, where multiple
variables (e.g., color, position, size) may be changing simultaneously.

Page 1 of 7



TECHNICAL GUIDE | TECHNICAL PAPER

- Spatial Visualization: The ability to manipulate complex spatial patterns, such as identifying the
net of a cube or visualizing how a piece of paper would look after being folded and punched.

Anatomy of CEM Non-Verbal Reasoning Question Types

The CEM board frequently updates its question banks to maintain the integrity of the test.
However, the technical structure of the questions generally falls into several well-defined
categories. Understanding these categories is essential for developing a systematic approach to
solving them.

1. Matrices and Grids

Matrices typically consist of a $2\times2$ or $3\times3$ grid where one cell is left blank. The
student must identify the relationship both horizontally (across rows) and vertically (down columns)
to determine the missing element. This requires multivariate analysis, as the rule governing the
first row must be consistent with the second and third rows.

2. Analogies (AistoBas Cisto ?)

Analogies test the ability to isolate a transformation. If Shape A transforms into Shape B through a
specific set of operations (e.g., a 90-degree clockwise rotation and a color inversion), the student
must apply that exact algorithmic transformation to Shape C to find the result.

3. Odd One Out (Classification)

This format requires students to identify a common property among four out of five shapes. The
technical challenge here is Elimination Logic. Students must look for properties such as the
number of sides, symmetry, intersection points, or the parity (odd/even) of certain elements.

4. Series and Progressions

In a series question, a sequence of shapes follows a logical path. The student must predict the
next shape. These often involve circular permutations, where elements move around the
perimeter of a square or circle in specific increments.

5. Figure Reflection and Rotation

These questions assess isometry-transformations that preserve the shape and size of the object.
Reflections occur across a vertical, horizontal, or diagonal axis, while rotations are typically in 45,
90, or 180-degree increments. Technical proficiency here involves distinguishing between a flip
(reflection) and a turn (rotation).

Technical Analysis: CEM vs. GL Assessment
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For parents and educators, distinguishing between CEM and GL (Granada Learning) styles is
critical for resource allocation. The following table provides a side-by-side comparison of the
technical nuances of each board.
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CEM (Cambridge CEM) GL Assessment

Often multiple-choice, but integrates | Distinct papers for each subject
VR and NVR in the same paper. area.

Section-based timing with strict limits | Often provides a single block of time
(e.g., 6 minutes for 12 questions). for the whole paper.

High variety; less predictable from More standardized; tends to stick to

year to year. known types.

Questions often increase in More linear difficulty progression.

complexity rapidly within sections.

Strong emphasis on 3D spatial Historically more focused on 2D
reasoning and cube nets. pattern recognition.

Page 4 of 7



TECHNICAL GUIDE | TECHNICAL PAPER

The Impact of Spatial Reasoning

Recent research in educational psychology suggests that spatial reasoning is a strong predictor of
success in STEM (Science, Technology, Engineering, and Mathematics) fields. By prioritizing
NVR, CEM exams effectively identify students who possess the foundational skills required for
advanced mathematical modeling and architectural visualization. This makes the CEM NVR
component not just an entrance gatekeeper, but a diagnostic tool for future academic potential.

Strategic Preparation: The "S.P.O.T." Method

To achieve high scores in the CEM 11+ NVR, students cannot rely on intuition alone. A technical,
procedural approach is required. One of the most effective methodologies used by high-performing
students is the S.P.O.T. mnemonic:

1. S - Shape: Count the number of sides, vertices, or individual components. Are they curved or
straight?

2. P - Position: Where are the elements located relative to the frame or each other? Are they
moving clockwise, anticlockwise, or jumping diagonally?

3. O - Orientation: Which way are the shapes pointing? Check for rotations and reflections.

4. T - Texture/Tone: Look at the shading, patterns, or colors. Is there a sequence of "Black,
White, Grey"?

By applying this systematic checklist to every question, students reduce Cognitive Load. Instead
of trying to grasp the "whole" shape at once, they break it down into quantifiable variables, making
the solution easier to derive.

Resource Evaluation: CGP and the 11+ CEM Ecosystem

The JSON data provided highlights the prominence of CGP (Coordination Group Publications)
in the 11+ CEM market. CGP books are structured to mirror the technical demands of the actual

test. For instance, the "11+ CEM Non-Verbal Reasoning Practice Book & Assessment Tests" for
various age groups (7-8, 9-10, and 10-11) utilize a tiered approach to difficulty.

Technical Features of CGP Practice Materials:
- Modular Assessment: Breaking down NVR into sub-topics like "3D and Spatial" allows for
targeted intervention in weak areas.

- Timed Conditions: Most CEM practice books include short, high-intensity tests that replicate
the time-pressure of the actual exam.

- Detailed Answer Explanations: Essential for understanding the logic behind a transformation,
rather than just knowing the correct answer.
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Case Study: Age-Appropriate Progression

Consider the progression from the Ages 9-10 book to the Ages 10-11 book. In the 9-10 bracket,
guestions might focus on a single transformation (e.g., a simple rotation). By the 10-11 bracket, the
guestions become multi-layered, requiring the student to identify a rotation, a shading change,
and a positional shift all within the same sequence. This necessitates a higher degree of Working
Memory.

Practical Implementation: A 12-Month Field Guide

Preparation for the 11+ CEM NVR should be viewed as a marathon of cognitive development
rather than a sprint of memorization. The following procedural guide outlines a technical approach
to preparation:

Phase 1: Foundation (Months 1-4)

Focus on untimed practice. The goal is to master the S.P.O.T. method. Use 3D physical models
(like blocks or origami) to help children understand how 2D shapes fold into 3D objects. This builds
the neurological pathways required for mental rotation.

Phase 2: Speed and Accuracy (Months 5-8)

Introduce timed sections. A core technical challenge of CEM is the Rate of Correct Response
(RCR). Students should aim to solve a standard NVR question in 30-45 seconds. Practice
identifying "distractor" answers-options that are nearly correct but contain one minor flaw.

Phase 3: Advanced Spatial Mastery (Months 9-11)

Move into complex spatial reasoning. This includes horizontal and vertical layering, where shapes
overlap and the rule depends on which shape is "on top." Use the CGP Assessment Tests to
benchmark performance against a standard distribution.

Phase 4: Simulated Examination (Month 12)

Conduct full-length mock exams. Ensure the environment is silent and the child uses a pencil and
separate answer sheet, as is common in CEM testing centers. Focus on Exam Technique, such
as knowing when to skip a particularly difficult question to maximize points on easier ones.

Troubleshooting Common Failure Modes

Even high-achieving students encounter obstacles in NVR. Identifying these failure modes early is
key to remediation.

Problem: Over-Analysis
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Symptom: The student finds multiple logical rules for a single question, leading to indecision.Solut
ion: Teach the Principle of Parsimony (Occam's Razor). In NVR, the simplest rule that applies
to all elements is almost always the correct one.

Problem: 3D Visualization Blindness

Symptom: Difficulty with cube nets and 3D rotations.Solution: Use "Transparent Cube" exercises.
Draw a cube and treat it as if it were made of glass, identifying which faces are opposite each
other. Remember the technical rule: Opposite faces on a cube net can never be adjacent in the 3D
cube.

Problem: Fatigue and Accuracy Drop

Symptom: Performance declines toward the end of the test.Solution: Build Cognitive Endurance
. CEM papers are designed to be exhausting. Regular practice with 10-minute "bursts" can help
build the mental stamina required for the full assessment.

Mathematical Probability and Guessing Strategies

In a standard CEM multiple-choice NVR paper with 5 options, a random guess has a 20%
probability of being correct ($P=0.2%). However, by applying Elimination Logic, a student can
often discard 2 or 3 obviously incorrect options. If two options are discarded, the probability of a
correct guess increases to 33.3% ($P=0.33$). If three are discarded, it rises to 50% ($P=0.5%).

Technical execution during the exam should always include marking the answer sheet for every
guestion, as there is no negative marking in the CEM 11+. If time is running out, a "educated
guess" based on the S.P.O.T. method significantly outperforms random selection.

The Broader Implications of Non-Verbal Mastery

While the immediate goal of mastering CEM Non-Verbal Reasoning is 11+ success, the skills
developed have far-reaching implications. The ability to decode abstract information and recognize
patterns is the cornerstone of modern data science, programming, and engineering. By engaging
with the rigorous logic of the CEM NVR, students are not just preparing for a test; they are refining
the cognitive architecture required for high-level problem solving in the 21st-century digital
economy.

As educational assessments continue to evolve, the emphasis on fluid intelligence and spatial
reasoning is likely to increase. The technical strategies outlined here-systematic observation,
multivariate analysis, and cognitive endurance-provide a robust framework for navigating the
complexities of CEM NVR and beyond. Success in this field is a combination of innate aptitude and
disciplined, technical practice.
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