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The assessment of practical and investigative skills represents a cornerstone of the GCE A-level science
curriculum, particularly within the frameworks established by AQA for Physics and Chemistry. In the June 2012
examination cycle, the Unit 6 assessment modules—comprising the Investigative Skills Assignment (ISA) and
the Externally Marked Practical Assignment (EMPA)—served as the primary vehicle for evaluating a candidate's
ability to synthesize theoretical knowledge with empirical observation. This detailed technical analysis explores the
structural mechanics of these assessments, the rigorous marking guidelines applied to the PHA6/B6/X and
CHMG6T/P units, and the complex relationship between raw marks and the Uniform Mark Scale (UMS).

The Dual Route Assessment Framework: ISA vs. EMPA

In 2012, AQA provided two distinct pathways for assessing practical competency at the A2 level. Understanding the
technical divergence between these routes is essential for interpreting the historical data from the June 2012 series.

Route T: Investigative Skills Assignment (ISA)

The ISA (Route T) was a center-assessed component, though the tasks and marking criteria were set by the
awarding body. Candidates would engage in a multi-stage process involving a practical experiment followed by a
written test. The core objective of the ISA was to evaluate the student's proficiency in handling equipment,
recording data with appropriate precision, and analyzing that data using statistical or graphical methods.

Route X: Externally Marked Practical Assignment (EMPA)

The EMPA (Route X) was designed for centers that preferred an external marking process. Unlike the ISA, the
EMPA tasks were usually more structured and were administered in two distinct sections. Section A involved the
practical work itself, often split into two parts, where students performed experiments and recorded their raw data.
Section Bwas a written paper taken after the practical work, requiring students to answer questions based on their
own data and theoretically provided scenarios.



Feature Route T (ISA) Route X (EMPA)

Marking Body Internal (Center) with External External (AQA Examiners)
Moderation
Structure Practical task + One written test Two practical tasks (Section A) + One

written test (Section B)

Flexibility High; centers choose from several Fixed; set by the specific exam series
tasks
Focus Integration of skills and theory Rigorous adherence to standardized

practical protocols

Technical Breakdown of Physics PHAG6/B6/X

The PHA6/B6/Xmodule for Physics focused heavily on the quantification of uncertainty and the application of
experimental physics principles. The June 2012 paper required candidates to demonstrate not just the ability to
take measurements, but the ability to critique the methodology used to obtain them.

Section A: Practical Execution and Data Acquisition

In Section A Part 1 of the June 2012 EMPA, the maximum mark was 16. Candidates were required to utilize tools
such as calculators, pencils, and rulers—the fundamental instruments of the experimental physicist. The
emphasis was placed on:

 Instrumental Precision: Recording measurements to the correct number of significant figures based on the
resolution of the instrument (e.g., a micrometer vs. a meter rule).

e Tabulation: Creating clear, organized tables with headings and correct units. A common failure mode identified
in 2012 reports was the omission of units in table headers.

¢ Repeatability: Demonstrating the habit of taking multiple readings to mitigate random error and calculating
mean values.

Section B: The Written Analytical Test

Section B evaluated the theoretical understanding of the practical work. It often included questions on absolute
and percentage uncertainties. The mathematical model for uncertainty in a calculated value (y) derived from
measured values (a, b) was a critical component of the marking scheme:

For addition/subtraction: 9G’ O "a + 9F
For multiplication/division: (9G’' 0 ' O f"a/a) + (9F" 0 "e

Candidates were also expected to linearize non-linear equations to determine constants from the gradient and y-
intercept of a graph, a process requiring high-level algebraic manipulation and a deep understanding of the y = mx
+ ¢ framework.

Chemistry CHM6T/P: Marking Guidelines and Precision

The Chemistry Unit 6 practicals in 2012 (specifically CHM6T/P12 and P13) emphasized chemical observations and
the precise application of units. The mark schemes for these units are particularly revealing regarding the strictness
of A-level assessment standards.



The Role of Units in Marking Guidelines

A specific instruction in the 2012 mark schemes stated: "Ignore absence of units unless units are required in
the Marking Guidelines. Incorrect units lose the mark."This nuance is critical. While a missing unit might
sometimes be overlooked in qualitative descriptions, the provision of a mathematically incorrect unit (e.g., using
cm? instead of dm?3 in a concentration calculation) resulted in an immediate forfeiture of the mark. This enforced a
standard of technical literacy that remains a benchmark for undergraduate-level chemistry readiness.

Consequential Marking (Error Carried Forward)

One of the most vital aspects of the AQA mark scheme was the allowance for consequential marking. If a
candidate made an error in an initial calculation (such as the volume of a titrant), they would lose the mark for that
specific step. However, if they then used that incorrect value correctly in subsequent steps (e.g., to find the molarity
of an unknown solution), they could still earn the remaining marks. This ensured that a single mathematical slip did
not disproportionately penalize the student’s understanding of chemical stoichiometry.

The Mechanics of Raw Marks and UMS Conversion

The June 2012 series data highlights the complexity of the Uniform Mark Scale (UMS). Because different exam
versions vary slightly in difficulty, AQA uses UMS to ensure fairness across different years and different subjects.

The Grade Boundary Matrix

Based on the technical data from the 16472 unit-level raw mark boundaries, we can see how raw performance in
investigative units translated into final grades. For example, in A2 Controlled Assignments such as Graphic
Communication (F442/01) and Photography (F443/01), the raw marks required for an 'A' grade were significantly
high.



Unit Code Assessment Max Raw Grade A Grade B Grade C UMS Cap

Title Mark (Raw) (Raw) (Raw)
F442/01 Graphic Com 100 85 74 64 80
munication
F443/01 Photography 100 89 78 67 80
PHABX Physics 24 (Approx) 19 16 14 Varies
EMPA
Section B

In the context of the Biology (BL2FP/HP) units mentioned in the 2012 data, the UMS system acted as a
normalization tool. A raw mark that might seem low on a particularly difficult higher-tier paper could still result in a
UMS of 90 (A%)if the statistical distribution of all candidates justified that conversion. This prevents "grade inflation”
or "grade deflation" caused by the variability of specific exam questions.

Core Concepts in Investigative Methodology

To achieve high marks in the 2012 Unit 6 assessments, candidates had to master several core scientific concepts.
These are not merely academic requirements but are the foundations of professional laboratory engineering and
research.

1. Accuracy vs. Precision

Accuracy refers to how close a measurement is to the true value. Precisionrefers to the consistency of repeated
measurements. In the PHAG/B6/X papers, students were often asked to identify sources of systematic error (which
affects accuracy) and random error (which affects precision).

2. Calibration and Zero Errors

A recurring theme in investigative skills is the identification of zero error. For instance, if a micrometer screw gauge
does not read 0.00mm when fully closed, all subsequent readings will be offset. The mark schemes required
students to explain how they would correct for this in their final calculations.

3.The "Line of Best Fit" and Anomalies

Graphical analysis was a major component of the ISA and EMPA. Students were required to identify anomalous
data points—readings that did not fit the trend. The marking guidelines insisted that anomalies be excluded from
the line of best fit but acknowledged in the evaluation of the experiment's reliability.

Practical Implementation: A Field Guide for A2 Scientists

Based on the June 2012 standards, a successful investigative workflow follows a rigid sequence of technical steps
designed to maximize data integrity and mark acquisition.

Step 1: Preliminary Apparatus Setup

Before recording formal data, the researcher must verify the range and resolution of all instruments. In the 2012
Physics EMPA, this meant ensuring that the voltmeter or ammeter was capable of measuring the expected
fluctuations in the circuit without exceeding its scale.

Step 2: Variable Isolation and Control



In any investigative assignment, identifying the Independent Variable (what you change), the Dependent Variable
(what you measure), and the Control Variables (what you keep the same) is paramount. Failure to mention control
variables in the Section B written test was a common reason for mark loss in the 2012 Biology and Chemistry ISAs.

Step 3: Execution and Recording

Data should be recorded in real-time. The 2012 marking guidelines for CHM6Temphasized the importance of
qualitative observations. For example, when describing a precipitate, simply saying "it turned cloudy" was often
insufficient; the correct technical description would be "a white precipitate formed which was insoluble in excess
reagent."

Step 4: Statistical and Graphical Analysis

Once the practical is complete, the student must translate raw numbers into a narrative. This involves:

e Calculating the gradient (9G’ 0 "x) with a large triangle to minimize percentage error.

¢ Determining the intercept.

¢ Relating the gradient and intercept back to physical constants (e.g., the Planck constant or the acceleration
due to gravity).

Common Failure Modes and Troubleshooting

Analyzing the 2012 mark schemes allows us to identify the "failure modes"—the technical errors that frequently
occur in high-stakes investigative assessments.

Unit Mismatch and Dimensionless Quantities

In Chemistry, the calculation of the equilibrium constant (Kc) often requires candidates to determine the units of the
final answer. In June 2012, many students failed because they provided a unit when the result was dimensionless,
or vice versa. Troubleshooting this involves a dimensional analysis of the formula used.

Significant Figure Consistency

A major point of contention in the PHA6X Physics EMPA was significant figure (SF) consistency. If the raw data
was measured to 3 SF, the calculated results should not be presented to 5 SF. The rule of thumb in the AQA
marking guidelines was that the final answer should be given to the same number of significant figures as the least
precise piece of data used in the calculation.

The "Explain" vs. "Describe" Command Words

Many candidates lost marks by merely describing a trend (e.g., "as temperature increases, the rate increases")
when the question asked them to explainit (e.g., "as temperature increases, the kinetic energy of particles
increases, leading to more frequent collisions with energy exceeding the activation energy").

The Legacy of the June 2012 Investigative Framework

The June 2012 AQA Unit 6 assessment cycle remains a definitive example of how practical science can be

standardized and quantified. The rigor of the PHA6/B6/X and CHM6T/Pmark schemes ensured that students who
achieved high UMS scores were not only capable of following instructions but were also capable of critical thinking
and error analysis. These skills—precision, attention to units, and the understanding of uncertainty—are the
bedrock of all engineering and scientific endeavors. By examining the 2012 data, it becomes clear that the value of
the A-level investigative unit lies in its ability to bridge the gap between theoretical classroom learning and the
uncompromising reality of laboratory science. The transition from raw marks to a standardized UMS serves as a



final quality control, ensuring that the grades awarded are a true reflection of a student's technical and analytical
prowess within the global scientific community.
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