GSBF

Greenwich School of
Business and Finance

Change your life. Start from here

Advanced Skill Certificate in Data Analysis for School Leaders

Data Analysis Techniques and Tools for Education

AB Testing

Related terms: split testing, experimental design, control group

Explanation: AB testing compares two versions of an educational intervention—such as a digital lesson or
assessment format—to determine which yields better student outcomes. Data are collected on key
performance indicators and analysed statistically to identify a statistically significant difference.

Example: A school district pilots two versions of an online math module; version A includes interactive
videos while version B uses static text. Test scores are compared after four weeks.

Challenge: Ensuring sample size is sufficient to detect meaningful differences and controlling for external
variables that may influence results.

Action Research

Related terms: participatory research, iterative cycle, reflective practice

Explanation: Action research involves educators systematically investigating their own practice,
implementing changes, and evaluating impacts in a cyclical process. Quantitative data (e.g., attendance
rates) are often combined with qualitative observations.

Example: A principal collects attendance data before and after introducing a mentorship program, then
reflects on observed changes in school climate.

Challenge: Balancing rigorous data collection with the time constraints of daily school operations.

Aggregated Data

Related terms: data summarisation, roll-up, macro-level analysis

Explanation: Aggregated data combine individual student records into higher-level metrics such as class
averages or district-wide proficiency rates. This enables trend analysis while preserving privacy.
Example: Individual test scores are summed to produce a school-wide average for each grade level.
Challenge: Loss of granularity may mask achievement gaps among sub-populations.

ANOVA

Related terms: analysis of variance, F-test, between-group variance

Explanation: ANOVA tests whether three or more groups differ significantly on a continuous outcome. It
partitions total variability into between-group and within-group components, producing an F statistic and
associated p-value.

Example: Comparing reading growth across three instructional models—direct instruction, blended learning,
and project-based learning.

Challenge: Violations of homogeneity of variance or normality can compromise test validity; post-hoc tests
are needed to locate specific group differences.
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Bar Chart

Related terms: categorical visualization, column graph, frequency plot

Explanation: A bar chart displays discrete categories on one axis and a quantitative measure on the other,
using rectangular bars whose lengths represent values. It is ideal for comparing attendance rates across
schools.

Example: A district visualises the proportion of students meeting proficiency in math by school.
Challenge: Overcrowding bars when many categories exist, leading to reduced readability.

Correlation Coefficient

Related terms: Pearson r, Spearman rho, linear association

Explanation: The correlation coefficient quantifies the strength and direction of a linear relationship between
two variables, ranging from -1 to +1. A positive value indicates that as one variable increases, the other
tends to increase as well.

Example: Calculating the correlation between homework completion rates and end-of-year math scores.
Challenge: Correlation does not imply causation; outliers can heavily influence the coefficient.

Cross-Tabulation

Related terms: contingency table, joint frequency, chi-square test

Explanation: Cross-tabulation presents the joint distribution of two categorical variables, allowing analysts
to observe patterns such as the relationship between gender and course enrollment.

Example: A table showing the number of male and female students who chose advanced science courses.
Challenge: Small cell counts can invalidate chi-square assumptions, requiring alternative exact tests.

Data Dashboard

Related terms: visual analytics, key performance indicator (KPI), real-time monitoring

Explanation: A data dashboard consolidates multiple visual components—charts, gauges, and tables—into a
single interface for quick monitoring of educational metrics like attendance, discipline incidents, and test
scores.

Example: A principal accesses a dashboard that updates daily with attendance percentages for each grade.
Challenge: Overloading users with too many widgets can obscure critical insights; maintaining data accuracy
across sources is essential.

Descriptive Statistics

Related terms: mean, median, standard deviation, frequency distribution

Explanation: Descriptive statistics summarise the central tendency, dispersion, and shape of a data set,
providing a baseline understanding before inferential testing.

Example: Reporting the average reading score, the median, and the standard deviation for a cohort of 200
students.

Challenge: Relying solely on descriptive metrics may overlook underlying patterns such as skewness or
outliers.
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Effect Size

Related terms: Cohen'’s d, Hedge's g, practical significance

Explanation: Effect size quantifies the magnitude of a difference or relationship, independent of sample size,
offering insight into educational relevance.

Example: An intervention yields a Cohen’s d of 0.45, indicating a moderate improvement in mathematics
proficiency.

Challenge: Interpreting effect sizes requires contextual benchmarks; small effects may be meaningful in
large-scale policy decisions.

Factor Analysis

Related terms: latent variables, principal component analysis (PCA), dimensionality reduction

Explanation: Factor analysis extracts underlying constructs that explain correlations among observed
variables, often used to validate survey instruments measuring student engagement.

Example: Identifying three factors—autonomy, competence, and relatedness—from a 20-item motivation
questionnaire.

Challenge: Determining the appropriate number of factors and ensuring sample adequacy can be complex.

Heat Map

Related terms: density plot, colour scaling, spatial visualization

Explanation: A heat map uses colour gradients to represent the intensity of values across a matrix,
facilitating quick identification of hotspots such as districts with high absenteeism.

Example: Visualising attendance rates by school and month, where darker shades indicate lower attendance.
Challenge: Selecting colour palettes that are accessible to colour-blind users and avoiding misinterpretation
of scale.

[tem Response Theory (IRT)

Related terms: Rasch model, latent trait, test calibration

Explanation: IRT models the probability that a student with a given ability level will answer a specific item
correctly, accounting for item difficulty and discrimination.

Example: Calibrating a mathematics assessment to ensure items differentiate among high- and
low-performing students.

Challenge: Requires large sample sizes and sophisticated software; mis-specification can lead to biased
ability estimates.

Learning Analytics

Related terms: educational data mining, predictive modelling, student success metrics

Explanation: Learning analytics applies statistical and computational techniques to learner data—such as
LMS logs—to improve instructional design and support interventions.

Example: Using clickstream data to predict which students are at risk of dropping out of an online course.
Challenge: Balancing data privacy with actionable insights; interpreting complex patterns without
over-reliance on algorithmic black boxes.

Read online: https://certificates.gsbf.co.uk/glossaries/4111687/data- Greenwich School of Business and Finance - 11 Jul 2026
analysis-techniques-and-tools-for-education



GSBF

Greenwich School of
Business and Finance

Change your life. Start from here

Linear Regression

Related terms: least squares, predictor variable, coefficient estimate

Explanation: Linear regression models the relationship between a dependent variable and one or more
independent variables, estimating how changes in predictors affect outcomes.

Example: Predicting final exam scores based on hours of study, attendance, and prior GPA.

Challenge: Multicollinearity among predictors can inflate variance; assumptions of linearity and
homoscedasticity must be checked.

Longitudinal Study

Related terms: cohort analysis, repeated measures, trend analysis

Explanation: A longitudinal study follows the same subjects over multiple time points, allowing analysts to
observe growth, decline, or stability in educational outcomes.

Example: Tracking the reading proficiency of a fifth-grade cohort from fall to spring across three years.
Challenge: Attrition can bias results; maintaining consistent measurement tools over time is essential.

Multivariate Analysis

Related terms: MANOVA, canonical correlation, multivariate regression

Explanation: Multivariate analysis examines multiple dependent variables simultaneously, capturing
interrelationships that univariate techniques miss.

Example: Assessing the impact of a literacy program on reading comprehension, vocabulary, and writing
quality together.

Challenge: Requires larger sample sizes and more stringent assumptions; interpretation is more complex.

Neural Networks

Related terms: deep learning, artificial intelligence, backpropagation

Explanation: Neural networks are computational models inspired by brain architecture, capable of learning
nonlinear patterns from large educational datasets such as image-based assessments.

Example: Classifying handwritten student responses to open-ended questions using a convolutional neural
network.

Challenge: Opacity of model decisions (the “black-box” problem) and need for extensive computational
resources.

Predictive Modeling

Related terms: classification, regression tree, machine learning

Explanation: Predictive modeling uses historical data to forecast future events, such as student achievement
or dropout risk, often employing algorithms like random forests or logistic regression.

Example: Building a model that predicts which ninth-graders are likely to fail chemistry based on
attendance, prior grades, and socioeconomic indicators.

Challenge: Model overfitting, data drift over time, and ethical concerns about profiling.

Qualitative Coding
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Related terms: thematic analysis, content analysis, NVivo

Explanation: Qualitative coding assigns descriptive labels to textual data—such as teacher interviews—to
uncover recurring themes and patterns.

Example: Coding interview transcripts to identify barriers teachers face when implementing formative
assessment.

Challenge: Subjectivity in code assignment; ensuring inter-rater reliability.

Randomized Controlled Trial (RCT)

Related terms: experimental design, treatment group, control condition

Explanation: An RCT randomly assigns participants to an intervention or control condition, providing the
strongest evidence of causal impact in educational research.

Example: Randomly assigning half of a school’s classrooms to receive a new math curriculum while the
other half continues with the standard program.

Challenge: Ethical considerations of withholding potentially beneficial interventions; logistical complexity in
school settings.

Regression Discontinuity

Related terms: cutoff design, causal inference, treatment effect

Explanation: Regression discontinuity exploits a predefined threshold (e.g., test score) to compare outcomes
just above and below the cutoff, approximating random assignment.

Example: Evaluating a scholarship program that is awarded to students scoring above 85 on a state exam.
Challenge: Requires sufficient observations near the cutoff and careful bandwidth selection.

Standardized Test Scores

Related terms: norm-referenced assessment, scaling, proficiency levels

Explanation: Standardized test scores are derived from assessments administered under uniform conditions,
allowing comparison across schools, districts, or states.

Example: Reporting the percentage of students achieving “Advanced” on a statewide mathematics
assessment.

Challenge: Test-taking bias, cultural relevance, and the pressure to teach to the test.

Survey Design

Related terms: questionnaire construction, Likert scale, validity testing

Explanation: Survey design involves crafting items that reliably capture attitudes, perceptions, or behaviours,
followed by pilot testing to ensure clarity and reliability.

Example: Designing a teacher climate survey with items measuring perceived administrative support.
Challenge: Low response rates, social desirability bias, and ambiguous wording.

Time Series Analysis
Related terms: autoregressive models, seasonality, trend decomposition
Explanation: Time series analysis examines data points collected sequentially over time to identify patterns
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such as trends, cycles, and seasonal effects.
Example: Analyzing monthly attendance rates over five years to detect seasonal dips during flu season.
Challenge: Autocorrelation can violate independence assumptions; missing data points disrupt continuity.

Validity

Related terms: construct validity, content validity, criterion validity

Explanation: Validity refers to the extent to which an instrument measures what it intends to measure,
ensuring that inferences drawn from data are sound.

Example: Demonstrating that a motivation questionnaire predicts actual classroom engagement.
Challenge: Establishing validity requires multiple studies and triangulation with other data sources.

Weighted Average

Related terms: composite score, scaling factor, aggregation method

Explanation: A weighted average assigns different importance to component values before averaging,
reflecting the relative significance of each metric.

Example: Calculating an overall school performance index where graduation rate receives a higher weight
than attendance.

Challenge: Determining appropriate weights can be subjective and may introduce bias.

ANOVA - Repeated Measures

Related terms: within-subject design, sphericity, Greenhouse-Geisser correction

Explanation: Repeated-measures ANOVA analyses the same participants across multiple conditions or time
points, accounting for intra-subject correlation.

Example: Measuring the same group of students’ reading scores before, during, and after a literacy
intervention.

Challenge: Violation of sphericity requires adjustments; missing data across time points reduce power.

Bar Graph — Stacked

Related terms: cumulative bar chart, proportion visualisation, data layering

Explanation: A stacked bar graph divides each bar into segments representing sub-categories, illustrating
how components contribute to the total.

Example: Displaying the proportion of students achieving each proficiency level within each school.
Challenge: Comparing segment sizes across bars can be difficult; small categories may be invisible.

Cluster Analysis

Related terms: k-means, hierarchical clustering, segmentation

Explanation: Cluster analysis groups observations with similar characteristics, aiding in the identification of
student sub-populations such as high-achievers or at-risk groups.

Example: Segmenting students based on attendance, GPA, and disciplinary incidents into three clusters.
Challenge: Selecting the appropriate number of clusters and distance metric; clusters may be sensitive to
outliers.
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Confidence Interval

Related terms: margin of error, statistical inference, coverage probability

Explanation: A confidence interval provides a range of plausible values for a population parameter, typically
expressed at a 95% confidence level.

Example: Reporting that the mean reading score is 78 with a 95% confidence interval of 75-81.

Challenge: Misinterpretation that the interval contains the true value with 95% probability; dependence on
sample size and variability.

Correlation Matrix

Related terms: pairwise correlation, heat map, multicollinearity check

Explanation: A correlation matrix displays correlation coefficients for each pair of variables, helping analysts
assess relationships and detect multicollinearity before regression modelling.

Example: Presenting correlations among attendance, homework completion, and math scores.

Challenge: Large matrices become unwieldy; high correlations may necessitate variable reduction.

Data Mining

Related terms: pattern discovery, association rules, clustering

Explanation: Data mining extracts hidden patterns from large educational datasets, such as discovering
frequent co-occurrences of course selections.

Example: Identifying that students who take advanced physics also tend to enrol in calculus.
Challenge: Risk of spurious patterns; need for validation against theory.

Descriptive Analytics

Related terms: reporting, dashboards, summary statistics

Explanation: Descriptive analytics answers “what happened?” by summarising historical data, forming the
foundation for deeper analytical work.

Example: Generating a quarterly report of school attendance trends.

Challenge: Overreliance on past data may obscure emerging issues.

Effect Modification

Related terms: interaction effect, moderator variable, stratified analysis

Explanation: Effect modification occurs when the magnitude of an intervention’s impact varies across levels
of another variable, such as gender or socioeconomic status.

Example: An after-school tutoring program improves math scores more for low-income students than for
high-income peers.

Challenge: Requires sufficient subgroup sample sizes and careful interpretation of interaction terms.

Factor Loading

Related terms: eigenvalue, component matrix, factor score

Explanation: Factor loadings indicate the strength and direction of the relationship between observed
variables and latent factors in factor analysis.
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Example: A loading of 0.78 for “student autonomy” on the “motivation” factor suggests a strong association.
Challenge: Cross-loadings (variables loading on multiple factors) complicate factor interpretation.

Growth Curve Modeling

Related terms: longitudinal analysis, mixed-effects model, trajectory

Explanation: Growth curve modeling tracks individual student progress over time, estimating average
growth trajectories and variability.

Example: Modelling reading growth from grades 3 to 5 to identify students deviating from expected
pathways.

Challenge: Requires repeated measures for each student and handling of missing data.

Histogram

Related terms: frequency distribution, binning, shape analysis

Explanation: A histogram visualises the distribution of a single continuous variable by grouping data into
bins and displaying the frequency of observations in each bin.

Example: Showing the distribution of standardized test scores across a district.

Challenge: Choice of bin width can obscure or exaggerate patterns.

Impact Evaluation

Related terms: outcome assessment, quasi-experimental design, logic model

Explanation: Impact evaluation measures the extent to which an educational program achieves its intended
outcomes, often using comparison groups or pre-post designs.

Example: Assessing the effect of a new literacy curriculum on reading proficiency after one academic year.
Challenge: Attribution of outcomes to the program versus external influences.

Inferential Statistics

Related terms: hypothesis testing, confidence intervals, p-value

Explanation: Inferential statistics allow analysts to draw conclusions about a population based on sample
data, estimating the likelihood that observed effects are due to chance.

Example: Testing whether the mean math score differs between two schools using a t-test.

Challenge: Misinterpretation of p-values and overgeneralisation beyond the sample.

K-Means Clustering

Related terms: centroid, within-cluster sum of squares, iteration

Explanation: K-means clustering partitions data into a predetermined number (k) of clusters by minimizing
the distance between points and their cluster centroids.

Example: Grouping students into three clusters based on attendance, GPA, and behavioral incidents.
Challenge: Choosing the correct k and sensitivity to initial centroid placement.

Logistic Regression
Related terms: binary outcome, odds ratio, maximum likelihood
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Explanation: Logistic regression predicts the probability of a dichotomous outcome (e.g., pass/fail) based on
one or more predictor variables, producing odds ratios for each predictor.

Example: Estimating the odds of graduating on time based on attendance rate and high school GPA.
Challenge: Assumes linearity of log-odds; multicollinearity can inflate standard errors.

Mean Absolute Deviation (MAD)

Related terms: dispersion measure, robustness, absolute error

Explanation: MAD calculates the average absolute distance between each data point and the mean, offering
a robust alternative to standard deviation when outliers are present.

Example: Reporting MAD for weekly attendance to highlight variability across weeks.

Challenge: Does not distinguish direction of deviation; less commonly used than variance.

Multicollinearity

Related terms: variance inflation factor (VIF), predictor correlation, redundancy

Explanation: Multicollinearity occurs when independent variables in a regression model are highly
correlated, inflating standard errors and reducing interpretability.

Example: High correlation between parental education and household income causing instability in
coefficient estimates.

Challenge: Detecting multicollinearity using VIF and deciding whether to combine variables or drop
redundant predictors.

Normal Distribution

Related terms: Gaussian curve, bell shape, central limit theorem

Explanation: The normal distribution is a symmetric probability distribution characterized by its mean and
standard deviation; many statistical tests assume normality of residuals.

Example: Assuming test scores are approximately normally distributed to apply a t-test.

Challenge: Real-world educational data often deviate from normality due to ceiling or floor effects.

Outlier Detection

Related terms: Z-score, boxplot, robust statistics

Explanation: Outlier detection identifies observations that deviate markedly from the rest of the data, which
may indicate data entry errors or genuine extreme cases.

Example: Flagging a student with a test score three standard deviations above the mean for verification.
Challenge: Deciding whether to exclude, transform, or retain outliers; risk of bias if outliers are removed
indiscriminately.

Panel Data

Related terms: longitudinal data, fixed effects, random effects

Explanation: Panel data combine cross-sectional and time-series dimensions, tracking the same units (e.g.,
schools) over multiple periods, enabling richer analysis of policy impacts.

Example: Examining how changes in funding affect graduation rates across districts over ten years.
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Challenge: Balancing fixed-effects (which control for unobserved heterogeneity) against random-effects
models; handling missing panels.

Predictor Variable

Related terms: independent variable, covariate, feature

Explanation: A predictor variable is an input used to forecast or explain variation in a dependent outcome
within statistical models.

Example: Using attendance rate as a predictor of end-of-year math proficiency.

Challenge: Selecting relevant predictors without overfitting; ensuring predictors are measured reliably.

Principal Component Analysis (PCA)

Related terms: dimensionality reduction, eigenvectors, variance explained

Explanation: PCA transforms correlated variables into a smaller set of uncorrelated components that capture
the majority of variance, simplifying complex data sets.

Example: Reducing a 30-item survey into three principal components representing motivation, engagement,
and self-efficacy.

Challenge: Interpreting components and deciding how many to retain based on scree plots.

Qualitative Comparative Analysis (QCA)

Related terms: configurational logic, set theory, case-oriented method

Explanation: QCA blends qualitative case knowledge with quantitative logic to identify necessary and
sufficient conditions for an outcome across multiple cases.

Example: Determining which combination of leadership practices and resource allocations leads to high
student achievement.

Challenge: Requires systematic coding of conditions and careful handling of logical contradictions.

Random Sample

Related terms: probability sampling, representativeness, sampling frame

Explanation: A random sample selects participants such that each member of the target population has an
equal chance of inclusion, supporting generalisation of findings.

Example: Drawing a random sample of 500 students from a district roster for a satisfaction survey.
Challenge: Ensuring the sampling frame is complete; dealing with non-response bias.

Regression Coefficient

Related terms: beta weight, slope, parameter estimate

Explanation: The regression coefficient quantifies the expected change in the dependent variable for a
one-unit change in the predictor, holding other variables constant.

Example: A coefficient of 0.5 indicates that each additional hour of study is associated with a 0.5-point
increase in test score.

Challenge: Interpretation depends on variable scaling; interaction terms complicate direct interpretation.
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Reliability

Related terms: internal consistency, test-retest, Cronbach’s alpha

Explanation: Reliability assesses the consistency of a measurement instrument, indicating the degree to
which repeated administrations yield similar results.

Example: A Cronbach’s alpha of 0.88 for a student engagement survey suggests high internal consistency.
Challenge: High reliability does not guarantee validity; overly homogeneous items can inflate alpha.

Sample Size Determination

Related terms: power analysis, effect size, confidence level

Explanation: Determining sample size involves calculating the number of observations needed to detect a
specified effect with desired statistical power and significance.

Example: Using a power analysis to decide that 200 students are required to detect a medium effect size
with 80% power.

Challenge: Overestimation leads to unnecessary data collection; underestimation reduces ability to detect
meaningful effects.

Scatter Plot

Related terms: bivariate graph, trend line, outlier visualisation

Explanation: A scatter plot displays pairs of values for two continuous variables, allowing visual assessment
of relationship direction, strength, and potential outliers.

Example: Plotting study hours against test scores to observe a positive trend.

Challenge: Overplotting in large datasets can obscure patterns; adding a fitted line helps interpretation.

Segmented Regression

Related terms: interrupted time series, policy impact, breakpoint analysis

Explanation: Segmented regression models distinct linear trends before and after an intervention point,
estimating immediate level changes and slope changes.

Example: Evaluating the effect of a new attendance policy by modelling attendance rates before and after
implementation.

Challenge: Correctly identifying the breakpoint and accounting for autocorrelation.

Standard Deviation

Related terms: dispersion, variance, spread

Explanation: Standard deviation measures the average distance of data points from the mean, providing a
sense of variability within a dataset.

Example: Reporting a mean test score of 75 with a standard deviation of 10.

Challenge: Sensitive to outliers; may not reflect distribution shape if data are skewed.

Student-Level Dashboard
Related terms: personalised analytics, learning progress, KPI
Explanation: A student-level dashboard aggregates individual performance metrics—such as attendance,
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assignment completion, and assessment scores—into an accessible visual format for students, parents, and
teachers.

Example: A middle-school student views a dashboard showing weekly attendance trends and upcoming
assignment deadlines.

Challenge: Protecting student privacy while providing actionable insights; ensuring data accuracy across
systems.

Survival Analysis

Related terms: time-to-event, hazard ratio, Kaplan-Meier

Explanation: Survival analysis examines the time until an event occurs (e.g., dropout), accounting for
censored observations where the event has not yet happened.

Example: Estimating the probability of a student remaining enrolled through high school using a
Kaplan-Meier curve.

Challenge: Requires careful handling of censored data and assumptions about proportional hazards.

Temporal Granularity

Related terms: time resolution, aggregation level, data frequency

Explanation: Temporal granularity refers to the finest time unit (daily, weekly, monthly) at which data are
collected or analysed, influencing the detection of patterns.

Example: Choosing daily attendance data to capture short-term fluctuations versus monthly aggregates for
trend analysis.

Challenge: Higher granularity increases data volume and may introduce noise; lower granularity can obscure
important dynamics.

Triangulation

Related terms: mixed methods, data convergence, validation

Explanation: Triangulation combines multiple data sources or methods (quantitative and qualitative) to
strengthen the credibility of findings.

Example: Using test scores, teacher interviews, and classroom observations to assess the impact of a literacy
intervention.

Challenge: Integrating disparate data types and resolving conflicting evidence.

Variable Transformation

Related terms: logarithmic scaling, standardisation, Box-Cox

Explanation: Transforming variables (e.g., taking logarithms) can address skewness, stabilize variance, or
meet model assumptions.

Example: Applying a log transformation to highly skewed attendance data before regression analysis.
Challenge: Interpreting results on the transformed scale and ensuring transformations are appropriate for
the research context.

Variance Inflation Factor (VIF)
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Related terms: multicollinearity diagnostic, tolerance, regression diagnostics

Explanation: VIF quantifies how much variance of an estimated regression coefficient is inflated due to
collinearity with other predictors; values above 5-10 suggest problematic multicollinearity.

Example: A VIF of 8 for parental education indicates potential redundancy with household income.
Challenge: Deciding whether to drop, combine, or centre variables to reduce VIF.

Weighted Least Squares (WLS)

Related terms: heteroscedasticity correction, variance weighting, regression technique

Explanation: WLS assigns weights to observations inversely proportional to their variance, improving
efficiency when error variance is not constant across observations.

Example: Giving less weight to schools with highly variable attendance rates in a regression model.
Challenge: Determining appropriate weights; mis-specification can bias estimates.

Z-Score Standardisation

Related terms: standard score, normalisation, comparative metric

Explanation: Z-score standardisation converts raw scores into a common scale with a mean of 0 and
standard deviation of 1, facilitating comparison across different metrics.

Example: Transforming math and reading scores to z-scores to compare student performance across
subjects.

Challenge: Assumes underlying normal distribution; extreme values can still dominate analyses.
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