Statistical analysis plan for “The weight of Pokémon species”
SAP version 2.0
Section 1: Administrative Information
1.1 Project title: “The weight of Pokémon species – physical and combat characteristics associated with weight”
1.2 Project documents: Project documents and analysis files are saved on OneDrive, Michigan State University (internal use), and on https://github.com/stratosida/stratosida.github.io (publicly accessible)
1.3 Ethical approval: Not applicable
1.4 Names and contact:
Lara Lusa (lara.lusa@famnit.upr.si), University of Primorska and University of Ljubljana, Slovenia (PI)
Marianne Huebner (huebner@msu.edu), Michigan State University
Section 2: Project Background
Pokémon are creatures within a fictional universe, created by Satoshi Tajiri in 1989. The Pokémon consist of different species and are caught and raised by human Pokémon Trainers who engage in battles among Pokémon for sport. The first set of Pokémon included 151 different species, and new species were added in subsequent releases, called generations. At the time of this study, 1025 different species from nine generations are known, and it is implied that there are more to be discovered. Approximately 100 to 150 new Pokémon species are released every two years.
Most Pokémon resemble animals, but they can also take other forms, such as plants, inanimate objects, machines, human-like forms, or other appearances. Pokémon vary enormously in physical characteristics such as height and weight—from diminutive, fairy-like creatures to massive, dragon-like or inanimate species. These features often correlate with their role in the game, such as their evolutionary phase or rarity, but do not always follow realistic biological principles.
Pokémon species vary in sex representation. Not all Pokémon species have defined male or female forms; some have fixed genders, some have unknown or variable distributions, and a few are entirely genderless, depending on species-specific design. Some Pokémon species are intentionally made easier or harder to catch during gameplay through a game-specific parameter known as the “catch rate,” which is numerically encoded and varies across species.
Evolution is a core mechanism in the Pokémon universe: many species undergo transformation into more powerful forms, often gaining new abilities and altered physical traits. Pokémon can be divided into five categories based on their evolutionary phase: Baby, Basic (or Base), Phase 1, Phase 2, and Not Evolving. Evolutionary families range from single-stage families with a single non-evolving species to two- and three-stage evolutionary families, some with branched evolutions, where a species can evolve into one of several distinct species. For example, Eevee is known for its eight different possible Phase 1 evolved species.
The species belong to eighteen different elemental types and have different characteristics and abilities. With eighteen elemental types and the possibility for species to have one or two types, this typing system introduces an additional layer of biological and functional diversity across Pokémon species.
This study focuses only on canonical Pokémon species, excluding alternative or special forms such as Mega Evolutions, regional variants, or temporary battle transformations.
Unless otherwise noted, all characteristics analyzed in this study refer to fixed, species-level attributes defined by the game developers and not to individual Pokémon encountered during gameplay. The aim of this analysis project is to study the variability in the weight of Pokémon species.
Several characteristics of Pokémon species are documented in publicly available datasets, including weight, height, type, evolutionary phase, generation, and combat abilities. These characteristics are used to define and differentiate each species in the games and are treated as fixed attributes rather than measurements of individuals. For example, the combat abilities are used within the games to calculate individual Pokémon combat statistics based on additional factors such as level, effort values, and individual values, and in almost all games (exceptions are only Legends: Arceus and Pokemon Go) the weight and height are fixed for all individuals in that species.
2.1 Research aims and objectives
The aim of this analysis project is to study the variability in the weight of Pokémon species.
Objective: to describe how differences in weight of the Pokémon species are associated with differences in height and other variables included in our dataset (see Variables section for details).
Hypothesis: There is a positive linear relationship between the height and weight of Pokémon species, even when various other characteristics of the species are considered.
2.2 Target population
Canonical Pokémon species (excluding alternative or special forms such as Mega Evolutions, regional variants, or temporary battle transformations).
Section 3: Design and Data
3.1 Data sources
1. The Pokémon Database
1. Bulbapedia, the community-driven Pokémon encyclopedia
1. The Complete Pokémon Dataset on Kaggle, with source scraped from http://serebii.net/
The Pokémon Database and Bulbapedia have extensive data related to Pokémon species, but this data is not presented in an easily exportable format for the creation of our dataset. Therefore, much of the data was manually curated from these sources.
The curated dataset is open access on https://github.com/stratosida/stratosida.github.io.
1. Data for Pokémon from generations 1-7 were retrieved in March 2023 from the database available from The Complete Pokémon Dataset. A subset of the variables were retained (name, Pokedex ID, percentage of males, type 1 and 2, weight, height, capture rate, base stats and their totals).
1. The main statistics for generations 8 and 9 were obtained from the Pokemondb.net web site, in March 2023 and managed manually.
1. Pokémon DB: Complete Pokédex: Pokedex ID, names, type 1, type 2, HP, attack, defense, speed attack, speed defense, speed, total.
1. Pokémon DB: Height & Weight: height (m), weight (kg), BMI.
1. The base happiness value (defined in generation VIII) was retrieved from Bulbapedia: Base Friendship
1. The generation of a Pokémon was identified using Bulbapedia: Pokémon by Generation
1. Pokémon evolution phases (baby, base, phase 1, phase2, not evolving) and inclusion in specific evolutionary families were retrieved manually from Pokémon DB: evolution charts (additionally defining a variable called Pokémon ID to identify the Pokémon that belong to the same evolutionary family).
1. The legendary, sub-legendary and mythical Pokémon were identified using the descriptions provided in https://www.serebii.net/pokemon/legendary.shtml in August 2024, updating the information previously retrieved from Bulbapedia. The Pokémon not included in these lists were classified as normal.
1. In August 2024, the data about the Pokémon with Pokedex numbers from 1009 to 1025 were included, using the same data sources, as these Pokémon had been released between our first data retrieval and the time when data were re-checked for timeliness.
1. To ensure consistency in species-level comparisons, we excluded Pokémon forms with significant mechanical differences, such as Mega Evolutions, Primal Reversions, and regional variants (e.g., Alolan or Galarian forms). For Pokémon with multiple aesthetic or minor functional variants (e.g., Oricorio styles, Pumpkaboo sizes, Castform weather forms), we retained only one representative form per species.
3.2 Study design
This is a cross-sectional study.
3.3 Eligibility criteria
All canonical Pokémon species are included, excluding alternative or special forms such as Mega Evolutions, regional variants, or temporary battle transformations.
3.4 Data sets
The data set is provided in a tab-delimited database. A data dictionary is available.
Data preprocessing steps:
1. Cleaning variable names: variable names were defined appropriately.
1. Type names were saved as lower case; repeated values in type 1 and type 2 were removed. These were due to errors introduced for Pokémon species that had different regional forms.
1. Missing values in height and weight from generation 1 to 7 were completed based on the other data sources.
1. Special symbols in names were substituted (e.g., male and female symbol in Nidoran- species, accented letters).
1. Percentage of male sex from generation 1 to 7 were corrected based on the data from the other data bases, as they were similar but did not match the data from the other sources.
Section 4: Variables
4.1 Variables used in the main data analysis
Primary outcome variable: weight of the Pokémon species (log2-transformed)
Exposure: height of the Pokémon species (log2-transformed)
Note: Since the distributions of weight and height are skewed (IDA v1 report), log-transformed variables will be used.
Covariates
1. Evolutionary phase: Pokémon species can be categorized into 5 evolutionary phases (Baby, Base, Phase 1, Phase 2, Not Evolving). Pokémon at earlier evolutionary phases (e.g., baby or base) tend to be smaller than those at later evolutionary phases (Phase 1 or Phase 2). Pokémon that do not evolve tend to be larger and stronger than base Pokémon that do evolve and here are treated as a separate category compared to base species.
1. Base stats: A Pokémon species’ combat abilities are described by 6 base statistics (hit points, speed, attack strength, special attack strength, defense ability, and special defense ability) and a total which is the sum of the 6 base stats. Possible values of base statistics range between 1 and 255.
1. Hit points (HP): Determines how much damage a Pokémon can take before fainting.
1. Attack: Affects the power of physical moves the Pokémon uses.
1. Defense: Reduces damage taken from physical moves used against the Pokémon.
1. Special Attack: Affects the power of special moves the Pokémon uses.
1. Special Defense: Reduces damage taken from special moves used against the Pokémon.
1. Speed: Determines which Pokémon acts first in battle (higher Speed moves first).
1. Total: sum of the 6 base stats.
1. IDA findings indicate that the use of base stats rather than total might provide additional information (see 7.2.3).
1. Gender category: derived from male gender percentage within species (values from 0 to 100 possible; blank entries indicate Pokémon species with that are generless). An IDA finding is that percentage of males has few distinct values and might be discretized without substantial loss of information. This variable is used as a categorical variable with four levels: equal, mostly males, mostly females, genderless. This is helpful for taking into account the problem of missing values in percentage male, as the Pokémon with undefined gender can be grouped in their own category.
1. Legendary, sub-legendary, mythical, or normal status: Legendary, sub-legendary and mythical Pokémon tend to be larger and stronger than other (normal) Pokémon.
1. Happiness category: Happiness, also known as Friendship, is a hidden stat in the Pokémon games that measures how emotionally bonded a Pokémon is with its Trainer; the original numeric variable ranges from 0 to 255 (observed range narrower). Base happiness has few distinct values and might be discretized without substantial loss of information. We defined a new variable happiness_cat that discretizes the base happiness; the categories are: Unhappy (<50), Normal (50), Happy (>50).
1. Catch rate: species-specific integer that determines how difficult a Pokémon is to catch. Higher values indicate that a species is easier to catch. The very large (negative) correlation between catch rate and the base stats indicates that the use of this variable in modeling might not contribute much to prediction.
4.2 Other variables
Other variables that describe Pokémon but are not used in the analyses.
1. Generation: A period in the Pokémon video game series defined by the release of a new mainline game, typically introducing a new region, new Pokémon species, gameplay mechanics, and updated graphics. Generations are numbered sequentially, currently 9 generations are available; generations include 100-150 Pokémon species and are released every 2-3 years.
1. Type: Pokémon species can take 18 possible types (normal, fire, water, grass, electric, ice, fighting, poison, ground, flying, psychic, bug, rock, ghost, dark, dragon, steel, fairy) and each species has either one (single-type) or two (dual-type) types. Type 1 and type 2 should not be interpreted hierarchically. Namely, for a dual type Pokémon, excluding type 2 (rather than type 1) would be an arbitrary choice, as the order in which the types are listed does not matter.
1. Evolutionary family: Pokémon species that do evolve are members of an evolutionary family. The size of Pokémon within an evolutionary family is expected to be highly correlated, as Pokémon species tend to increase in size and strength in later evolutions within the family. For example, Charmander (Base, Pokedex number: 4), Charmeleon (Phase 1, Pokedex number: 5) and Charizard (Phase 2, Pokedex number: 6) are members of the same family, as Charmander evolves in Charmeleon, which evolves in Charizard. Size of families varies from 1 (non-evolving species) to 9 (Eevee family) but the typical values are 2 or 3. Evolutionary family might be considered as a grouping variable to take into account the correlation between weights of species that belong to the same evolutionary family.
Comment: Type is not an explanatory variable in this project. For projects that include type as a potential explanatory variable, one should consider the large proportion of single type Pokémon with missing values for type 2. It is possible to consider all observed combinations between type 1 and type 2 (regardless of order) as a new variable, but this would require a very large number of degrees of freedom to be used for modelling. Alternatively, type could be modeled as a binary variable to represent each type, rather than the two separate types. Type may have a modifying effect on the relationship between height and weight, as some types may tend to be denser than others (e.g., rock or steel type are likely denser than ghost or fairy type).
Note: In IDA v1 report, some numeric variables only took a small number of unique values (happiness, percentage_male); categorical versions of these variables were derived.
An abbreviated data dictionary is included in section 8.3; a complete list of other variables included in the dataset is in the full data dictionary.
Section 5: Main Data Analysis
5.1 Description of observation units
Continuous variables will be summarized with mean and standard deviations, categorical variables as frequencies and percentages. All variables in section 4 will be described.
A scatter plot will be constructed to examine the association between the outcome weight and explanatory variable height.
5.2 Main data analysis methods
Linear regression models will be used to estimate the association between height and weight. Covariates are listed in section 4.1.
A1. A univariable regression model will be constructed with height (log2-transformed) as the explanatory variable.
A2. A multivariable regression model will include covariates:
1. Height as the primary explanatory variable (log2-transformed)
1. Special status
1. Gender category
1. Evolutionary phase
1. Base stats
1. Happiness (categorized)
The IDA findings identified associations between potential explanatory variables. Backward selection based on AIC will be used for variable selection.
5.3 Assumptions and diagnostics
Missing values are not expected. Missing values found during IDA were specific definitions of type and an unknown gender category. After re-defining these variables, the missingness was resolved (Section 7, Evaluation and Updates).
Assumptions of linear regression models will be checked:
1. Independent observations: observations are independent after adjusting for covariates (such as evolutionary phase).
1. Normally distributed residuals: A Q-Q plot will be used to examine the normality of residuals.
1. Homogeneous residual variance: Plots of residuals against covariates and fitted values will be used.
1. Linear effect of the continuous covariate: Residual plots of the continuous covariate and fitted values.
1. Outliers and influential points will be examined with residual plots and Cook’s distance. If such Pokémon species are identified, a regression model without these will be considered.
For checking model discrimination, R-squared will be calculated.
A significance level of 0.05 will be used, and 95% confidence intervals for model coefficients will be reported.
Sensitivity analysis 1 - SA1. We expect some correlation in the weights of the Pokémon within evolutionary families. A sensitivity analysis where robust standard errors are derived, taking the clustering of Pokémon species within evolutionary families into account, will be considered. Robust standard errors are preferred over linear mixed models or GEE approaches, as the typical size of the families is expected to be small, with many families including only one species.
Sensitivity analysis 2 - SA2. We expect that Pokémon with large height (which are rare, as observed with IDA) will have a large influence on the results. A sensitivity analysis where Pokémon with large values of height are omitted will be considered to evaluate how much influence these species have on the overall results.
Sensitivity analysis 3 – SA3. During IDA, we defined a profile imbalance index (the standard deviation of each species' own six standardized base stats) to identify species with unusual combinations of base-stat values (see Section 7.2.3 for the ten species with the highest index values). Model diagnostics (Cook’s distance, leverage and studentized residuals) will be calculated during the MDA, and the species with the most extreme values will be identified. The results from a model fitted omitting the species with Cook’s distance above the commonly used threshold 4/n will be compared to those obtained with the complete dataset. In addition, the species identified as influential from model diagnostics will be compared to those already flagged by the profile imbalance index, to assess whether influential points could have been anticipated from the predictor distributions alone, before model fitting.
Sensitivity analysis 4 – SA4. We observed that some Pokémon species have unusual BMI. The results from a model fitted omitting the species with extreme BMI values (unusual combinations of weight and height) will be compared to those obtained with the complete dataset.
Sensitivity analysis 5 – SA5. Blank values of percentage_male identify genderless Pokémon and are structurally undefined rather than missing; only seven distinct values are observed among Pokémon with a defined gender. To assess whether the categorical coding of gender used in the main model (gender_cat) loses information relative to the finer-grained percentage_male, the selected model will be compared, among the 871 Pokémon with a defined gender, using gender_cat (3 remaining categories) versus percentage_male coded as a factor with its 7 observed levels. This analysis is restricted to Pokémon with a defined gender and does not evaluate whether genderless Pokémon should be modeled as a separate category, which is a structural feature of the data rather than an alternative coding choice.
5.4 Sample size
The data set includes all 1025 available Pokémon species as of August 2024.
5.5 Software
Statistical analyses will be performed using R.
Section 6: Initial Data Analysis
6.1 Data preprocessing
Variable transformations for analysis: log transformation for height and weight. Definition of categorical variables based on numerical variables (gender, happiness).
6.2 Unit missingness
NA
6.3 Item missingness
Missing values (frequency and percentage) will be determined for all variables from section 4.
6.4 Unit profile
NA
6.5 Univariable descriptions
Continuous variables will be described with high resolution histograms, quantiles, extreme values (5 lowest and 5 highest values), measures of central tendency and dispersion, and number of distinct values.
Distributions of categorical variables will be described as frequencies and percentages.
6.6 Multivariable descriptions
Summaries of species characteristics will be presented in a table stratified by generation and by evolution phase.
Structural variables will be used to help structure the results of multivariable analyses:
1. Evolutionary phase: Pokémon at later phases of evolution tend to be larger and stronger than earlier phases, and Pokémon that do not evolve tend to be larger and stronger than base Pokémon that do evolve.
1. Generation: It is important to assess if some characteristics of the released species change over time as generations are released.
Pokémon characteristics will be described stratified by evolutionary phase and by generation (two tables). Variables included are height, base statistics, gender, happiness, catch rate, and structural variables.
Side-by-side boxplots of continuous variables with categorical structural variables (evolution and generation) will be constructed. Continuous variables to be examined are height, gender male percentage, catch rate, happiness and the base stats.
Association of height and base stats variables will be explored with scatter plots and a Spearman correlation plot to identify possible problems of collinearity between covariates.
Specific multivariable relationships will be considered:
1. As the sum of the 6 base stats is given in the total variable, it will be considered if total or the 6 separate variables should be used. For example, if most of the heterogeneity in the 6 base stats is explained by total, the total will be used instead of including the 6 base stats to increase degrees of freedom and eliminate the collinearity between these covariates.
1. Legendary, sub-legendary and mythical Pokémon species are all generally large and powerful. Comparisons of main covariates (e.g., height and base stats) between the four populations (legendary, sub-legendary, mythical, and normal) will be examined using boxplots and descriptive statistics to determine whether legendary, sub-legendary and mythical Pokémon species can be combined into a single category of legendary/sub-legendary/mythical or should remain separate categories.
Section 7: Evaluation and Update
7.1 Evaluating the SAP
This is SAP version 2.0. Updates due to missingness, distributions of variables, and correlations are listed in 7.2. IDA findings and possible consequences are described in Table 1 below.
Table 1. IDA findings, their consequences for the planned analysis, and resulting amendments to the SAP
	IDA findings
	Consequence
	Action

	Missing values in male percentage (M) shows Pokémon without gender and few distinct values of percentage of males (U).
	If unknown gender is interpreted as missing data and complete case analysis is used, only Pokémon with defined gender would be included in the analysis. However, missing gender should be interpreted as a category by itself. For non-missing data, the male percentages provide little information.
	Redefine the gender variable, using a category for Pokémon with unknown gender and grouping the numerical values in 3 additional groups (mostly males, equal, mostly females).

	The distributions of height and weight are highly skewed (positive asymmetric distribution), with weight extending to 999.9 kg (95th percentile 260 kg, 99th percentile 699.9 kg) (U).
	Large values for height and weight may be influential in the model estimates.
	The working hypothesis for the regression model is updated to use log2-transformed weight and height (log-log scale) instead of the original scale (Section 5.2, A2-updated). This changes the interpretation of the coefficients (multiplicative rather than additive effects) and remains a hypothesis about functional form: whether the log-log specification adequately fits the data will only be established after the model is fitted, using residual diagnostics (e.g., QQ-plots, residuals vs. fitted values); if these reveal remaining lack of fit, alternative specifications will be considered.

	The height range is from 0.1 to 20 m, but very few Pokémon have extreme height values. Only 3 Pokémon are taller than 10 m, the height of 95% is less than 2.8 m (U).
	The estimated association between height and weight for tall Pokémon will depend heavily on few data points.
	Perform a sensitivity analysis, after the main model is fitted, comparing estimates obtained with and without species that have extreme height values (SA2). Alternatively, only the support (a restricted range) of height can be used.

	The number of distinct values for happiness is very limited (U).
	Happiness provides little information as a continuous variable; it could be a non-linear association with the outcome.
	Happiness can be categorized as unhappy (15%), normal (82%) and happy (3%).

	After categorization of happiness: the happy and unhappy group differ from the normal group in most characteristics (MV).
	Happiness categories contribute information compared to other covariates.
	Happiness_cat (reference level: Normal) is retained as a candidate explanatory variable in the initial multivariable model (A2-updated, Section 7.2.2). Whether it contributes to explaining the outcome, given the small size of the happy and unhappy categories, will be assessed through backward AIC-based variable selection during the MDA, and estimates involving these categories should be interpreted with caution given their imprecision.

	Some categories are rare in some variables (phase, special status, happiness, gender), e.g., there are only 17 baby Pokémon, 31 legendary, 23 mythical and 51 sub-legendary Pokémon, 34 happy Pokémon (U).
	Avoid the use of rare categories as reference values. Inference for contrasts related to rare categories will be imprecise.
	Base Evolution Phase, equal gender proportion and normal happiness and normal status are used as reference categories. The size of the categories should be considered in the interpretation of regression coefficients, possibly evaluating influential points.

	The correlation between the base stats and their total is moderately high (0.5-0.7). Correlation with height of base stats range only from 0.3-0.6; correlation of height and total is 0.7 (MV).
	The six base stats carry additional information compared to total; speed has distinct features from others. Due to the correlation between base stats the standard errors in the regression model may be inflated.
	All six base stats, rather than total, are included in the initial multivariable model (A2-updated). Whether all six are retained, or some are removed due to redundancy, will be determined by backward AIC-based variable selection during the MDA (Section 5.2); this selection may also affect the standard errors of the retained coefficients.

	Non-linear relationships were observed among explanatory variables (MV), some Pokémon have values that are far away from the center of the distributions (U).
	Extreme values of explanatory variables might be influential points; non-linear relationships with the outcome may also be present.
	Estimated models should be inspected for influential observations and for non-linearity of covariates. Transformations of base stats (like rcs) might reduce the impact of large values and appropriately model the association with the outcome.

	Several characteristics of Pokémon species vary systematically across generations (e.g., evolutionary phase composition, proportion of legendary status, gender composition, happiness, and some base stats); these differences overlap descriptively with other variables already included in the model (evolutionary phase, special status, gender category, happiness category) (MV).
	Generation is therefore unlikely to explain additional variation in the outcome once these covariates are included.
	Generation is not used as a covariate in the model.

	The characteristics of Pokémon differ substantially across evolutionary phases. Covariates are strongly associated with evolutionary phase, most notably height and base stats (MV).
	Evolutionary phase may not contribute substantially to the explanation of the outcome. Its presence in the model may inflate standard errors due to collinearity.
	Evolutionary phase is retained in the initial multivariable model (A2-updated), consistent with its role as a key covariate in SAP v1. Whether it contributes independently once height and base stats are included, given the collinearity, will be determined by backward AIC-based variable selection during the MDA (Section 5.2).

	Ranking Pokémon species by a profile imbalance index (the standard deviation of each species' own six standardized base stats) identifies species with unusual combinations of values, e.g., extreme in one or two base stats and comparatively low in others (MV).
	These species might be influential points in a regression model that includes the individual base stats.
	The influence on the regression model estimates of these Pokémon should be evaluated using sensitivity analysis, comparing the species identified as influential during model fitting (Cook's distance, leverage) to those already flagged by the profile imbalance index computed during IDA.

	Catch rate has a strong negative association with base stats variables (MV).
	It is unlikely that catch rate will be an important covariate in the model.
	Given its very large negative correlation with the base stats, catch rate is omitted a priori from the multivariable model (A2-updated, Section 7.2.2), rather than being included and left to backward selection to remove.

	Type 2 is missing frequently, as almost half of the Pokémon are single type (M). Type 1 and type 2 are interchangeable.
	If type 2 is included as an explanatory variable, only single type Pokémon would be included in the analysis for a complete case analysis. Since the order in type does not matter, using information only from type 1 would be arbitrary.
	Define 18 new binary variables, one for each type, indicating if the Pokémon is of a certain type in either type 1 or type 2, to be used for descriptive purposes during IDA (e.g., stratified summaries). Type remains excluded as an explanatory variable in the main regression model, consistent with Section 4.2; a more complex model including the 18 type indicators is explored separately as an additional analysis.



7.2 Updating the SAP
7.2.1 Updates to variables (section 4)
1. The distributions of height and weight are skewed. These variables were log-transformed.
1. Missing values in the variable percentage_male represent an additional category of genderless – unknown gender.
1. The gender variable was updated to reflect the new genderless category.
1. The happiness variable was categorized.
1. Type is represented by two variables: Type 1 and Type 2. However, these variables are not hierarchical and for Pokémon species with two types, neither type is dominant. For Type 2, missing values represent single-type Pokémon. IDA summaries stratified by type consider if a species belongs to a type or not (regardless of whether it is type 1 or 2).
7.2.2 Updates to MDA (section 5.2)
Linear regression models will be used to model the association between log2-transformed weight and the other covariates, with the main covariate of interest being log2-transformed height.
A2-updated. The multivariable regression model includes (transformed) covariates:
1. Log2-transformed height as the primary explanatory variable
1. Gender category derived from gender with categories equal proportion of male and female (=reference level, 50% males), mostly female (<50% males), mostly male (>50% males), unknown gender
1. The six individual base stats are used instead of the total
1. Evolutionary stage (reference level = Base)
1. Special status (reference level = Normal)
1. Happiness categorized in “Mostly unhappy” (<50), “Normal” (50), “Mostly happy” (>50) – categorized, Normal is used as the reference level
1. Catch rate is identified as a variable with large association with base stats and not used in the regression model
Explanations about the changes to the analysis plan due to IDA findings:
The variables base_happiness and percentage_male take few distinct values (8 and 7, respectively), and thus categorical versions of these variables (happiness_cat and gender_cat) are created for use in the statistical analysis.
The very large (negative) correlation between catch rate and the base stats indicates that the use of this variable in modeling might not contribute much to prediction.
The base stats variables are generally strongly associated to total, but not necessarily over the whole range of their values (total does not increase with HP, special defense and defense for their large values, some Pokémon can have large/low values of one variable but not necessarily also in the total). The base stats are less associated with height compared to total. The six base stats seem to carry additional information compared to Total, speed has distinct features from others, for example speed and defense have an extremely low correlation. In regression model the use of the six base stats might be more informative than the use of total, as the six base stats provide to some extent some heterogeneous information about the Pokémon strengths.
It is however possible that the correlation between the base stats might inflate the standard errors of the estimated coefficient, or cause some instability in the model, or that some of the variables will not contribute to improve prediction (for example special attack and special defense, see also the graphs in the next section).
We observed a large association also between other variables that we are considering as potential explanatory variables in the multivariable model. For example, evolutionary stage and special status are strongly associated. Nevertheless, both variables are considered potentially important based on background knowledge. Therefore, we decided to employ backward variable selection based on AIC to select the variables to include in a final model. Log-transformed variables were created (log_weight_kg and log_height_m), and histograms and Q-Q plots show the transformed versions are approximately normally distributed. These transformed versions of weight and height will be used as the outcome and explanatory variables in the regression models, respectively.
The Baby Pokémon phase category has a small sample size (only 17 observed). Therefore, Base will be used as the reference category for Pokémon phase. Similarly, normal status and normal happiness will be used as reference categories.
To identify Pokémon species with unusual combinations of base-stat values in a systematic and reproducible way, we defined a profile imbalance index: each of the six base stats was standardized (z-scores across all 1,025 species), and for each species we computed the standard deviation of its own six standardized values. Shuckle has the single most unbalanced profile: very low hp, attack and special attack, but the highest defense and special defense in the dataset. Blissey and Chansey rank second and third, with extremely high hp but low attack and defense. Guzzlord, Stakataka, Wobbuffet, Regice, Regidrago, Steelix, and Regieleki complete the top ten, each combining an extreme value in one or two stats with comparatively low values elsewhere. Estimated models should be inspected for the presence of overly influential observations and of non-linear relationships with the numerical variables.
The evaluation of metrics that allow influential species to be identified during modeling, the comparison of these species with those flagged by the profile imbalance index computed during IDA, and the sensitivity analyses that explore the changes in modeling results after removing species that have large values of Cook’s distance, are included in the amended SAP.
Findings from modelling
The model using log2-transformed height and weight showed more homogeneous residual variance and residuals closer to normality than a model on the original scale. Residual diagnostics nevertheless revealed a localized lack of fit for the tallest Pokémon species, which led to the addition of an untransformed height term (height_m) alongside log2(height_m) in the regression model.
Pokémon with unusual combinations of height and weight (BMI) may influence the modeling results. For example, Cosmoem with weight 999.9 kg and height 0.1 m, or Gastly and Haunter, taller than 1 m but with weight of 0.1 kg. A sensitivity analysis that evaluates the models without these species was included in the amended SAP.
Section 8: Supplement
8.1 Key references
References for the Pokémon data and background are listed in section 3.1.
8.2 Sustainable handling of analysis outputs
Data set, code, analysis output and SAP are available on stratosida github.
8.3 Data dictionary
Table 2. Abbreviated data dictionary with original and derived variables to be used in the main data analysis (full data dictionary provided with the data set).
	Variable
	Variable Name
	Description
	Source

	Pokémon name
	name
	English name of the Pokémon species
	Pokémon Database

	Pokédex Number
	pokedex_number
	Unique number for each Pokémon species
	Pokémon Database

	Evolutionary phase
	PokemonPhase_5cat
	Levels: Baby, Base, Phase1, Phase2, NotEvolving. Reference level = Base
	Manually created based on Pokémon Database

	Pokémon ID
	PokemonID
	Number corresponding to each Pokémon evolutionary family
	Manually created based on Pokémon Database

	Weight (kg)
	weight_kg
	Weight of a Pokémon species in kg
	Pokémon Database

	Height (m)
	height_m
	Height of a Pokémon species in m
	Pokémon Database

	Percentage Male
	percentage_male
	The percentage of the Pokémon species that is male; blank if Pokémon is genderless
	The Complete Pokémon Dataset

	Gender Category
	gender_cat
	Levels: Equal, Mostly male, Mostly female, Genderless
	Derived: categorized based on percentage male

	Type 1
	type1
	Properties applied to Pokémon and their moves, which affect the power of moves in battle. A Pokémon can have 1 or 2 types.
	Pokémon Database

	Type 2
	type2
	As above, blank for single-type Pokémon
	Pokémon Database

	Special Status
	special_status
	Categorical variable indicating if a Pokémon has mythical, legendary, sub-legendary, or normal status
	Manually created based on Serebii.net

	Catch Rate
	catch_rate
	Catch rate is related to the probability of catching wild Pokémon
	The Complete Pokémon Dataset

	Base Friendship (Happiness)
	base_happiness_8
	A numeric value ranging from 0 to 140 representing how much a Pokémon is attached to their trainer and enjoys being in their care
	Bulbapedia

	Happiness Category
	happiness_cat
	Levels: Unhappy (<50), Normal (50), Happy (>50)
	Derived: categorized based on base_happiness_8

	Types (multiple variables)
	is_rock, is_steel, is_fire, is_water, etc.
	Binary variables representing whether the Pokémon species is of the specified type
	Derived: based on type1 and type2 variables

	Hit Points
	hp
	Hit Points – a Pokémon’s life force
	Pokémon Database

	Attack Strength
	attack
	Strength of moves used by the Pokémon in the physical moves category
	Pokémon Database

	Defense Ability
	defense
	Ability to take attacks from other Pokémon, in the physical moves category
	Pokémon Database

	Speed
	speed
	Determines which Pokémon makes the first move in battle
	Pokémon Database

	Special Attack Strength
	sp_attack
	Strength of moves used by the Pokémon in the special moves category
	Pokémon Database

	Special Defense Ability
	sp_defense
	Strength of moves used by the Pokémon in the special moves category (defensive)
	Pokémon Database

	Total
	total
	Sum of previous 6 base characteristics
	Pokémon Database



8.4 Table of variables for specific analyses
Observational Units: 1025 known Pokémon species in currently released nine generations Unique Identifiers: Species name and Pokédex number Outcome variable: weight (log2-transformed)
Table 3A. Analyses and variables
	Primary Analyses
	Variables considered

	A1: univariable linear regression model
	height

	A2: multivariable linear regression model
	height, special_status, base stats (all), evolutionary phase, gender_cat, catch rate (omitted), happiness_cat; use of variable selection, backward based on AIC



	Additional Analyses
	Variables considered, subgroupings or general description

	SA1: sensitivity analysis (correlation)
	Robust standard errors and p-values are derived to take the correlation within evolutionary family into account.

	SA2: sensitivity analysis (extreme height)
	Variables in A2. Sensitivity analysis omitting large values of height (for example, using only data in the 0-5m range). Alternatively, the attention can be limited to a restricted range of values of height.

	SA3: sensitivity analysis (unusual combinations)
	Variables in A2. Model fitted omitting Pokémon species with Cook's distance above 4/n; comparison of these species with those flagged by the profile imbalance index computed during IDA.

	SA4: sensitivity analysis (extreme BMI)
	Variables in A2. Sensitivity analysis omitting Pokémon species that have extreme combinations of height and weight (BMI).

	SA5: sensitivity analysis (gender coding)
	Variables in A2, restricted to the 871 Pokémon with a defined gender. Sensitivity analysis comparing gender_cat (3 categories) to percentage_male coded as a 7-level factor.



