
Turn your psychometrics interactive with 

{ShinyItemAnalysis} modules

INTRODUCTION

	• {ShinyItemAnalysis} (SIA1) is an R 
package and a  {shiny} web applica-
tion that provides various psychomet-
ric analyses. It was developed to en-
hance the learning of psychometric 
concepts, showcase contemporary re-
search, and streamline routine psycho-
metric work.

	• As the field expands, numerous meth-
ods have emerged. Yet, many novel 
methods lack interactive implementa-
tion or didactic demonstration.

	• To address this gap, we introduce “SIA 
modules” – an add-on extension feature 
that enables anyone to build on top of 
the rich SIA infrastructure (incl. data 
uploading and processing), substantial-
ly alleviating the development.

METHODS AND MATERIALS

	• A SIA module consists of a server logic 
and UI function pair,  forming an ordi-
nary {shiny} module. Both functions 
reside in R/ directory of a package and 
are a regular part of its namespace.

	• The function bindings, title, and catego-
ry of a SIA module are then described 
in a YAML file located in the package’s 
inst/ directory.

	• If a package declares in its DESCRIP-
TION that it contains SIA modules, then 
SIA reads the YAML, the package is 
loaded and attached, and the modules 
are plugged into the app’s sections ac-
cording to their category.

EXAMPLE MODULES

	• In the R package {SIAmodules}2 we 
provide several examples, including:
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Computerized Adaptive Tests

	• A didactic on adaptive ability estima-
tion, based on a model either fitted by 
SIA using current data, or an example 
model provided by the module itself.

Range-restricted Reliability

	• A demonstration of the difficulties in 
estimating inter-rater reliability in re-
stricted samples3.

	• Extends SIA to handle continuous data 
from multiple raters and adheres to the 
recommended module structure by in-
cluding sample R code, references etc.

Computerized Adaptive Tests
This module provides illustration of computerized adaptive test (CAT) with the {mirtCAT} package. In the first step of the CAT, the respondent's estimated ability
is preset at 0. In each step of the CAT (right slider), the item with the highest information for the estimated ability (left part of the figure) is presented to the
respondent, and, based upon their answer (correct/incorrect), a new ability estimate is computed (right part of the figure). This is repeated in an iterative cycle,
until a stopping criterion (defined by the standard error of the ability estimate, middle slider) is met.
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Computerized Adaptive Tests

Range-restricted Reliability
This module illustrates the issue of range-restricted reliability and the difficulties with maximum likelihood estimation, described in more detail in the context of
inter-rater reliability in grant proposal review in Erosheva, Martinkova, & Lee (2021). We use their AIBS grant proposal peer-review dataset for presentation.

Below, you may select the ratio and type of range restriction given by the proportion of rated proposals. In contexts other than grant review, the subject/object
of interest may be different: a student in educational assessment, a job application in hiring, a patient in a medical study, etc. Further, you may select the
direction of restriction (top or bottom). The left plot illustrates the variability in ratings for the whole dataset outshading the data which would be lost due to
range-restriction. The right plot provides the estimates of the calculated inter-rater reliability estimates, defined by intraclass corelation in the simplest model
including the ratee effect only. The estimates are accompanied by a bootstrapped 95% confidence interval based on 25 bootstrap samples.

Interpretation

Selected R code

library(ggplot2) 
library(purrr) 
library(ShinyItemAnalysis) 
 
# estimate reliability with ICC for complete AIBS dataset 
ICCrestricted(Data = AIBS, case = "ID", var = "Score", rank = "ScoreRankAdj") 
 
# estimate range-restricted ICC 
ICCrestricted(Data = AIBS, case = "ID", var = "Score", rank = "ScoreRankAdj", 
              sel = 0.90, dir = "top") 
 
# caterpillar plot 
AIBS %>% 
  ggplot(aes(x = ScoreRankAdj, y = Score, group = ID)) + 
  geom_line(col = "gray") + 
  geom_point(shape = 1, size = 1.5) + 
  stat_summary(fun = mean, fun.args = list(na.rm = TRUE), geom = "point", 
               col = "red", shape = 5, size = 2.5, stroke = .35) + 
  labs(x = "Ratee rank", y = "Rating (score)") + 
  coord_cartesian(ylim = c(1, 5)) + 
  theme_app() 
 
# estimate all possible top-restricted subsets 
all_top_restricted <- map_dfr(2:72, 
                              ~ ICCrestricted(Data = AIBS, case = "ID", var = "Score", 
                                              rank = "ScoreRankAdj", sel = .x, nsim = 10)) 
all_top_restricted 
 
# or alternatively, in base R: 
base_way <- lapply(2:72, function(x) { 
  ICCrestricted(Data = AIBS, case = "ID", var = "Score", rank = "ScoreRankAdj", 
                sel = x, nsim = 10)}) 
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For the complete dataset, the estimated inter-rater reliability is 0.37, with 95% CI of [0.2, 0.47]. For the 74% (that is 53) of top proposals, the estimated inter-rater
reliability is 0.01, with 95% CI of [0, 0.08].
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ADD YOUR OWN MODULE

	• The {SIAtools} package assists 
in managing SIA modules and helps 
avoid common pitfalls during mod-
ule creation.

	• create_module_project() sets 
up a new package with the complete 
infrastructure needed for the mod-
ules.

	• add_module() creates an .R file for 
a module with a pre-filled template 
and adds an entry to the YAML.

	• preview_module() runs the mod-
ule in a standalone development en-
vironment.

DISCUSSION

	• Interactive presentations can help 
promote new concepts and methods 
in psychometric research, making 
them accessible to a wider range of 
users. 

	• SIA modules enables researchers 
and lecturers to easily create their 
own demonstrations, leveraging the 
infrastructure of the SIA app.

	• For more details 
on {ShinyItem­
Analysis} and 
how SIA and SIA 
modules can assist 
in promoting psy-
chometric meth-
ods and research, 
please refer to the 
book4.

Mgr. Jan Geletič, Ph.D., obdržel Cenu
Josefa Hlávky
Cena Josefa Hlávky byla udělena na zámku v
Lužanech 16. listopadu 2019.

Ve čtvrtek 14. listopadu 2019 se
konal Den otevřených dveří 2019
Děkujeme Vám za návštěvu, budeme se těšit
opět příští rok.

8th International ISCB Course in
Biostatistics in Prague - 8th
November, 2019.
Speaker: Prof. Stephen Senn, PhD, FRSE,
Edinburgh, U.K. Course Title: “Design and
Analysis of N of 1 Trials”.
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See the app with all 
{SIAmodules} in action at 
shiny.cs.cas.cz/ShinyItemAnalysis

F U N D E D  B Y

The module reuses the Nominal Response 
Model fitted by SIA on the current dataset se-
lected in the “Data” tab. Modules can utilize 
any {shiny} “reactive” object of the SIA app.

This module’s catego-
ry is “Reliability”, so it 
gets appended to the 
respective section.

Sample R code enables users to run 
a basic analysis in their R console.


