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Background: Network science as a new field in psychological measurement provides a good
platform for test analysis, but in Iran, research on the analysis of test questions using network data
analysis has been neglected.

Aims: The aim of this study was to introduce network data analysis as a psychometric-mathematical
technique and its use in the questionnaire analysis process.

Methods: This research is descriptive-analytical, the statistical population of all language learners
was the top ten language teaching institutes in Tehran in 2020, from which 1556 language learners
were selected by convenience sampling method and answering the English vocabulary size test
(Nation and Waring, 1997). Data analysis was performed by ggraph software package under R
software.

Results: The graph obtained from the communication network of questions based on the
Fruchterman-Ringold algorithm was plotted, the parent-child relationship of the questions was
determined based on the Bayesian network, and the descriptive features of the test and the indicators
of network centrality were extracted.

Conclusion: Introducing the technique of analyzing network data and using it for questions analysis
process is one of the achievements of this article. Using the advantages of network science such as
the ability to simplify, manage, store and collect high-volume data and analyze test questions based
on the map and indicators that are fully consistent with it, we can understand the internal relationship
between different test questions, and by considering the importance of the questions in the network
structure of the net relationship between the questions, it is possible to improve the testing methods.
Similar studies and researches are proposed to compare the results of network data analysis with
psychometric properties obtained based on conventional and classical methods.
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Introduction

The use of network data analysis in the field of psychology
and psychometrics is considered to be the latest
methodology. Network methodology makes it possible to
study several objectives simultaneously. Under the best of
conditions, the measurement model provides an integrated
texture that meets the requirements for testing at the same
time (Araghi, Taheri, joz Ramazani, Abas pour&
Zarghami, 2017). The ability to integrate different
variables through network data analysis can be used in test
analysis and extraction of test indicators. Two reasons
have led to the consideration of the network approach in
the field of psychometric: a) in recent years, models and
theories about latent variables have prevailed b) Unlike
latent models, the network perspective has helped to
develop dynamic systems (Borsboom, 2008). The purpose
of question analysis and determination of test-construction
indicators is to identify inappropriate questions and correct
them, and finally to develop a measurement tool. In the
network method, the question analysis is performed based
on the map and parameters that correspond exactly to it,
which is the result of the internal relationship between
different test questions (Ddérnyei, 2014). Here, network
nodes refer to the test questions being studied, and the
relationship between them is determined by interface lines
called edges (Saarinen, Cater& Littman, 2020).

In this research, the benefits of network data analysis are
used to analyze English vocabulary size test. Today, the
importance and use of English in professional and
educational affairs in the international arena is not hidden
from anyone. Assessing language learners is an important
part of teaching any foreign language. Inaccurate
assessment of individuals' language knowledge can greatly
affect the learning process. Therefore, designing the
principles of making standardized tests can greatly
guarantee the success of language teaching. The aim of
this study was to introduce network data analysis as a
psychometric-mathematical technique and its use in the
guestionnaire analysis process.

Method

This research is descriptive-analytical, the statistical
population of all language learners was the top ten
language teaching institutes in Tehran in 2020, from which
1556 language learners were selected by convenience
sampling method and answering the English vocabulary
size test (Nation and Waring, 1997). To draw the network
map of vocabulary size test, Fruchterman-Ringold
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algorithm and qgraph software package under R software
were used and based on that, network parameters were
extracted. To investigate the parent-child relationship,
Bayesian network were drawn based on the Hilling
Climbing (HC) algorithm using bnlearn and bnviewer
software packages.

Results

In this study, the Cronbach's alpha reliability coefficient
for all questions (140 questions) was 0.921. Nonlinear
multifactorial analysis was performed under R software.
We need a correlation matrix to map the network of
relationships between vocabulary test questions. Since the
test questions are dual values, the tetrachoric correlation
matrix was chosen. The graph obtained from the
communication network of questions based on the
Fruchterman-Ringold algorithm was plotted (figure 1).
Each graph has its own characteristics: A) Edge
thickness (meaning the lines drawn between two
nodes) indicates a significant relationship between
the two questions based on correlation. B) The more
this connection, the thicker the edge between the two
nodes, the presence of the interface line means a
meaningful connection. C) Indicates the color of the
edges to communicate between variables. Green
edges indicate a significant positive relationship
between nodes, and red edges indicate a significant
negative relationship. D) Central nodes are nodes that
are located in the center of the graph, peripheral nodes
are nodes that are located around. F) The proximity of
nodes to each other indicates a high relationship
between them. The parent-child relationship of the
questions was determined based on the Bayesian network
(figure 2), and the descriptive features of the test and the
indicators of network centrality were extracted.


http://psychologicalscience.ir/article-1-1131-fa.html
http://dx.doi.org/10.52547/JPS.20.103.1131

[ DOI: 10.52547/JPS.20.103.1131 ]

Monthly Journal of

Vol. 20, No. 103, Autumn(October) 2021

Figure 2: Bayesian network with HC algorithm

Conclusion

Introducing the technique of analyzing network data and
using it for questions analysis process is one of the
achievements of this article. The use of graph theory-based
methods is faster in finding inappropriate questions, and
through it, the relationship matrix between the questions
can be visualized quite clearly and a lot of information can
be presented together. Using the advantages of network
science such as the ability to simplify, manage, store and
collect high-volume data and analyze test questions based
on the map and indicators that are fully consistent with it,
we can understand the internal relationship between

different test questions, and by considering the importance
of the questions in the network structure of the net
relationship between the questions, it is possible to
improve the testing methods. Similar studies and
researches are proposed to compare the results of network
data analysis with psychometric properties obtained based
on conventional and classical methods.
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