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A B S T R A C T

Aim: To analyze the psychometric characteristics of items in the nursing inter-institutional progress testing for 
the years 2019, 2021, 2022 and 2023.
Background: Progress testing is a validated method for evaluating professional undergraduate education, aimed at 
identifying knowledge gain in a continuous and progressive manner, with potential benefits for nursing edu
cation. However, for its results to be useful, the evaluation items used in the test must have good psychometric 
performance.
Design: A cross-sectional study.
Methods: A sample of 377 items (multiple-choice questions) was applied to 4678 students in four years of 
progress testing. The difficulty and discrimination indexes were analyzed using descriptive statistics, ANOVA and 
simple linear regression.
Results: The average difficulty index of the test items ranged between 0.39 and 0.46. The areas of child and 
adolescent health, women’s health and adult health had the most difficult items, while the areas of management, 
mental health and public health had the least difficult items. Discrimination index ranged from 0.35 to 0.43. 
There was a difference between discrimination index between the years of application (p < 0.001), with a 
significant increase in the discrimination index (p < 0.001) in the trend analysis. Students in the final years 
showed lower levels of difficulty and discrimination when compared with students in the initial years, 
demonstrating that the test is easier and there is less dispersion of performance among students in the final years.
Conclusions: The items are not difficult and have good discrimination. A gradual annual increase in the 
discrimination index of the items was observed. This study provides useful information for the psychometric 
analysis and quality assurance of knowledge assessment items, both for the implementation of similar PT ex
periences and in the use of multiple-choice questions for other knowledge assessment purposes.
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1. Introduction

Investing in nursing education is a strategic effort at a global level 
and it is necessary to optimize the educational system to align it with 
health needs and guarantee the provision of teaching programs with 
quality standards (World Health Organization, 2021). Given the 
growing concern about the quality of nurse education, evaluating the 
teaching-learning process in undergraduate nursing courses is essential 
(Fehn et al., 2021).

Student assessment should be based on cognitive and behavioral 
competencies (Miller, 1990), both important and complementary, with 
knowledge being the basis for professional performance (Lindgren et al., 
2024). In this process, evaluations are expected to be summative, to 
ensure that minimum standards are met and formative, to improve the 
learning process. This makes it possible to recognize the student’s ability 
to apply knowledge in practice and to identify and correct learning gaps 
(Villela et al., 2022).

Assessments are necessary to determine learning, retention and 
application of knowledge and for this, valid and reliable tools are needed 
(Neeley et al., 2016). One of the assessment tools in this context is 
progress testing, with comprehensive coverage of all the knowledge 
areas in the curriculum (Lindgren et al., 2024).

Progress testing (PT) is a cognitive assessment, aimed at verifying the 
student’s gain in knowledge in a continuous and progressive manner 
(Bicudo et al., 2019). PT adds to the programmatic assessment in
struments. Although it fulfills the summative purpose of assessment, it 
makes a special contribution to the formative purpose, with continuous, 
comprehensive assessments that do not focus exclusively on knowledge, 
but also on the ability to apply knowledge (Troncon et al., 2023).

The PT differs from other multiple-choice exams, applied in course 
evaluations or professional licensing exams, due to its longitudinal 
aspect, applied annually, with a formative assessment perspective, 
where feedback and possibilities are provided for the student to develop 
in subjects where he/she has not yet reached required competencies and 
does not have a classification or approval nature (Dias et al., 2024).

In the medical field, PT has a long history of application in different 
countries, such as the Netherlands (Tio et al., 2016), Canada (Blake 
et al., 1996), United Kingdom (Freeman et al., 2010), Germany (Görlich 
and Friederichs, 2021), Saudi Arabia (Alamro et al., 2023) and Brazil 
(Cecilio-Fernandes et al., 2021). In addition, there are reports of PT 
being applied to dental hygiene, dental therapy and dentistry students in 
the UK (K. Ali et al., 2018) and the dentistry course in Austria (Kirnbauer 
et al., 2018). However, there are no reports in the literature of the 
application of PT in nursing courses.

The subject of this study, the nursing PT, carried out by eight Bra
zilian public teaching institutions, is an innovative strategy for evalu
ating the education of nurses. Its content is based on the National 
Curriculum Guidelines for Undergraduate Nursing Programs, which 
establish the nurse’s training profile, aiming to develop a qualified 
professional for the practice of nursing (Brasil. Ministério da Educação, 
2001). It is important to mention that in Brazil there are no competency 
or licensing exams for newly graduated nurses. In this sense, the PT is an 
opportunity to evaluate and seek improvements in nursing education.

2. Background

PT allows comprehensive analysis of students’ knowledge in 
different areas, enabling cross-sectional analysis, comparing perfor
mance in different skill groups and longitudinal analysis, comparing 
knowledge over time (Freeman et al., 2010).

The same test is administered simultaneously to all students, 
regardless of their year of study, in other words, students in the initial 
and final years take the same test at the same time. The test prioritizes 
the application of knowledge rather than simple memorization (Alamro 
et al., 2023) and its content focuses on the level of knowledge expected 
of a newly graduated professional (Hamamoto Filho et al., 2023).

Although it is recognized that PT should not be the only way of 
assessing knowledge, the analysis of its results is an important feedback 
tool for students and educational institutions (Cecilio-Fernandes et al., 
2021). The progress testing provides feedback for all those involved in 
the educational process (Coombes et al., 2010). Students can situate 
themselves in the evolving learning process (Bicudo et al., 2019). In 
addition, they are able to self-assess skills milestones, identify knowl
edge gaps (Neeley et al., 2016), besides acquiring knowledge and 
developing the ability to apply and reflect on the content covered 
(Cecilio-Fernandes et al., 2016). On the other hand, educational in
stitutions obtain an overview of the curriculum structure, for the specific 
evaluation of subjects or areas of knowledge or for the evaluation of 
curriculum amendments (Bicudo et al., 2019).

However, challenges include the time required to develop and 
implement PT and the difficulty of mapping items for the test in line with 
the required content and curriculum objectives (Neeley et al., 2016). In 
this sense, the blueprint is essential for constructing the test and 
ensuring its validity. Blueprint ensures coherence between educational 
objectives, learning and assessment contexts (McLaughlin et al., 2005). 
The blueprint makes it possible to define the purpose and scope of the 
test, the areas of knowledge and skills assessed. It is relevant for defining 
the composition of the test, the areas covered and the number of ques
tions for each domain; so that the assessment is aligned with the ob
jectives of the educational program and with adequate representation of 
relevant topics for education (Abdellatif et al., 2024; Green and Heales, 
2023).

Student knowledge assessments commonly use multiple choice 
questions (Gottlieb et al., 2023). Questions may require lower or higher 
levels of cognitive processing, depending on whether students have to 
remember, minimally understand or apply their knowledge (Hamamoto 
Filho et al., 2020). In order to ensure that the questions accurately assess 
the students and provide meaningful data, it is important to adopt good 
practices when designing multiple-choice questions (Gottlieb et al., 
2023).

Preparing questions is a challenging process in terms of capacities 
and development time for the faculty member, which requires initial 
orientation and continuous capacity building on writing multiple-choice 
questions (Green and Heales, 2023). In this way, the application of PT 
benefits from the operationalization of a process that takes into account 
faculty training, questions revision by a review committee, quality 
questions analysis, student performance and the psychometric func
tioning of the questions (Hamamoto Filho and Bicudo, 2020).

Psychometric properties of the PT focus on attributes such as val
idity, reliability, difficulty and discrimination. The analysis of post-test 
psychometric indicators is useful for evaluating the test and providing 
feedback to experts (Abdellatif et al., 2024), its interpretation produces 
relevant information both for revising and improving the questions and 
for improving teaching (McGahee and Ball, 2009).

This study aims to analyze the psychometric characteristics of items 
in the nursing inter-institutional progress testing for the years 2019, 
2021, 2022 and 2023.

3. Methods

3.1. Study design

Cross-sectional study to analyze psychometric characteristics of 
items from the nursing inter-institutional PT. For the preparation of the 
study and the presentation of reports, the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) tool was used (Malta 
et al., 2010).

3.2. Setting

The PT has been developed by eight Brazilian public institutions: 
Ribeirão Preto College of Nursing (USP), School of Nursing (USP), 
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Paulista School of Nursing (Unifesp), Marília Medical School 
(FAMEMA), São José do Rio Preto Medical School (FAMERP), Botucatu 
Medical School (Unesp), School of Nursing (Unicamp) and the Federal 
University of São Carlos (UFSCar) (Dias et al., 2024).

The test is administered once a year, at the beginning of the fourth 
quarter of the academic year. The test is held under exam conditions, 
simultaneously for all students, from all undergraduate years at all in
stitutions and lasts a maximum of four hours. Participation is voluntary 
and there is no cost to the student.

The items are prepared by faculty members from the participating 
institutions, who are trained annually in standards and good practices 
on item writing and exam preparation. The test topics are selected using 
a blueprint based on the National Curriculum Guidelines for nursing 
education (Brasil. Ministério da Educação, 2001). This blueprint was 
developed in a participatory process, with representatives from all the 
institutions in the consortium, experts in nursing education, with vali
dation of the items in a panel of experts in each area, made up of rep
resentatives from all the institutions.

The test consists of 120 items (multiple-choice questions with single 
best answer) distributed in six areas: Public Health (n = 20), Manage
ment (n = 15), Child and Adolescent Health (n = 20), Women’s Health 
(n = 20), Adult Health (n = 35) and Mental Health (n = 10). More than 
knowledge retention, the items seek to assess the application of 
knowledge in clinical and managerial situations. The items are validated 
by an inter-institutional panel of experts in each area and in nursing 
education. Since items are evaluated using their psychometric perfor
mance and the need for robust samples for this evaluation, the items are 
not tested prior the application. However, every year around 35 pre- 
tested questions with good psychometric performance in last years are 
used in the exam and 85 new questions are developed.

3.3. Sample

The sample consisted of all the 377 new items developed for PT, 120 
in 2019, 86 in 2021, 85 in 2022 and 86 in 2023. Thus, of the 480 items 
used in the four PT applications, 103 pre-tested items were not consid
ered in this analysis. For the psychometric analysis, all students who 
took the test were considered, excluding those whose performance was 
equal to or less than 25 % of the total score, either due to incompleteness 
or randomly recorded answers. In total the test was taken by 1105 stu
dents in 2019, 1138 in 2021, 1175 in 2022 and 1260 in 2023.

3.4. Data collection methods

The study used secondary data retrieved from the test application 
database. The psychometric characteristics of each item were analyzed 
using an Classical Test Theory approach (Sakai et al., 2011).

The difficulty index was calculated by the proportion of students who 
answered incorrectly each item, ranging from 0 to 1, where the closer to 
1, the more difficult the question. It is classified as: very easy (below 
0.19), easy (0.20–0.39), medium (0.40–0.79), difficult (0.80–0.89) and 
very difficult (above 0.90) (McGahee and Ball, 2009).

The discrimination index was calculated as the difference in correct 
answers for each item between the 27 % of students who performed well 
in the test and the 27 % who performed poorly (Kelley, 1939), ranging 
from − 1 to 1, where the closer to 1, the better the discrimination. It is 
classified as: ’poor item, should be rejected’ (below 0.19), ’poor item, 
subject to reworking’ (0.20–0.29), ’good, but subject to improvement’ 
(0.30–0.39) and ’good’ (above 0.40) (McGahee and Ball, 2009).

3.5. Data analysis

To analyze the difficulty and discrimination indices, the students 
were categorized by undergraduate year and grouped into two cate
gories: initial years (compromising students in their 1st, 2nd and 3rd 
study years) and final years (encompassing students in their 4th and 5th 

study years).
Descriptive statistics were used for univariate and bivariate analysis 

of the variables under study. The ANOVA test was used, with Tukey’s 
post-test and simple linear regression. A 5 % significance level and 95 % 
confidence interval were assumed for all analyses. IBM SPSS Statistics 
software, version 28 (IBM Corp., Armonk, N.Y., USA)., was used.

3.6. Ethical approval

The principles and recommendations for research involving human 
subjects were respected. All the participating institutions consented to 
the study. Since we dealt with secondary data and no student was 
identified, individual consent was not necessary. The project was 
reviewed and approved by the Research Ethics Committee, under 
opinion 5.865.717.

4. Results

In the analysis of difficulty, most of the items were categorized as 
medium difficulty, ranging from 43.5 % to 53.5 % of the total number of 
items in each test. There was a reduction in the number of difficult and 
very difficult items, which amounted to 6.6 % of the items in 2019 and in 
2023 none of the items were classified as difficult or very difficult.

The average difficulty index of the test ranged between 0.39 and 0.46 
(Fig. 1). The difficulty index was higher among students in the initial 
years, ranging from 0.42 to 0.48, while among students in the final years 
the index ranged from 0.30 to 0.40, indicating that the test is easier for 
students in the final years.

The areas of child and adolescent health, women’s health and adult 
health had the most difficult items, while the areas of management, 
mental health and public health had the least difficult items (Fig. 2).

The categorization of item discrimination showed a progressive in
crease in items with better discrimination with each test; items classified 
as ’good but subject to improvement’ and ’good’ accounted for 68.33 % 
of all test items in 2019 and 87.2 % in 2023. The average discrimination 
index has increased year on year (Fig. 3), from 0.35 in 2019 to 0.43 in 
2023.

Discrimination index was higher among students in the initial years, 
with a range between 0.35 and 0.43, when compared with the 
discrimination index among students in the final years, with a range 
between 0.31 and 0.37, demonstrating a homogeneous group of students 
in the final years, with less dispersion of their performance in the PT.

In general, there was a progressive improvement in the item 
discrimination index for all areas (Fig. 4). In the last year of application 
all areas, except management, had a discrimination index higher than 
0.40. Average discrimination equal to or greater than 0.40 was observed 
in mental health in all four applications of the test; the highest average 
discrimination was observed in this area in the last application of the test 
(0.58 in 2023).

The difficult index showed no significant difference between the 
years of application (p = 0.051), although a significant difference was 
observed between the years 2019 and 2022 (p = 0.044).

Regarding the discrimination index, there was a difference between 
the years of application (p < 0.001), with significant differences be
tween the years 2019 and 2022 (p = 0.017) and 2019 and 2023 (p <
0.001).

In the trend analysis of the psychometric indicators, there was a 
significant increase in the discrimination index (F = 10.257, p < 0.001, 
adj R2 = 0.052) (Table 1).

5. Discussion

The analysis of items from 2019 to 2023 indicated tests of medium 
difficulty and good discrimination index. In general, the test shows a 
disproportionate distribution of item difficulty, with a predominance of 
medium- and low-difficulty items when compared with higher-difficulty 
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items. On the other hand, there has been a consistent annual increase in 
the discrimination index with a greater frequency of good quality items.

The psychometric analysis of the items allows to identify the specific 
behavior of each area in the progress testing. In the area of management, 
although the items are of low difficulty, there has been an increase in the 
discrimination index. However, the public health items have low diffi
culty and lower discrimination index when compared with other areas, 
indicating an opportunity for improvement in the development of items 
in this area.

The difficulty index has remained medium and low (below 0.4), with 
stability in difficulty over the years. The predominance of medium and 
easy difficulty questions has been observed in other studies, such as the 
medical course, where these questions accounted for 90–95 % of the 
progress testing items (Feitosa Queiroz et al., 2022); and the experience 
of applying multiple-choice questions in dentistry course, where the 
easy questions varied between 45.8 % and 65 % of the items (Shaikh 
et al., 2020).

The proportion of good discrimination items, which in 2023 repre
sented 87.2 % of the items, showed good performance when compared 
with the 60 % rate of good discrimination items in a progress testing of 
medicine (Feitosa Queiroz et al., 2022).

Despite the satisfactory results of the psychometric performance of 
the items, further analysis is needed to identify the technical quality of 

the test, with a view to improving the item development process and 
providing support for the development of faculty members who prepare 
questions (Villela et al., 2022).

Developing better quality questions increases the validity of the test 
(Shaikh et al., 2020). Faculty need to be familiar with the best practices 
for writing multiple-choice questions (Gupta et al., 2021). In this sense, 
providing faculty development on item writing questions is required and 
effective in reducing flaws (Gupta et al., 2020), because flawed items 
may threaten the examination’s reliability (Ali and Ruit, 2015; Down
ing, 2005). However, some faculty members have little knowledge of 
how to identify flaws in the preparation of items (Kowash et al., 2020).

In this experience, a workshop is offered annually for faculty mem
bers on good practices for preparing multiple-choice questions. How
ever, in addition to faculty development, other institutional actions 
favor the development of good items, such as working groups and panel 
review of the items (Bollela et al., 2018), improvements in communi
cation and motivation for greater faculty engagement, the allocation of 
time for item development and the strengthening of peer review and 
feedback processes for item developers (Abdulghani et al., 2015, 2017; 
Karthikeyan et al., 2020).

The experiences of applying PT have implications and potential 
benefits for students, in assessing and supporting the learning process 
(Neeley et al., 2016); as a complementary method of assessing student 

Fig. 1. Mean values of the difficulty index of the items applied in the progress testing in 2019, 2021, 2022 and 2023 by students’ group.

Fig. 2. Mean values of the difficulty index of the items applied in the progress testing in 2019, 2021, 2022 and 2023 by area.
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performance by faculty members (Cecilio-Fernandes et al., 2021); and 
educational management, analyzing the effectiveness of the curriculum, 
identifying possible revisions and updates (Troncon et al., 2023). In the 
experience of applying the Nursing PT, the establishment of the con
sortium has allowed the test to be applied inter-institutionally, 
expanding the scope and quality of the test, with better accuracy in 
assessing the performance of nursing students (Dias et al., 2024).

6. Limitations and recommendations

A limitation of this study is that it was based only on psychometric 
characteristics, without evaluating the construct validity of the items 
and the suitability of the topic for the blueprint. Another useful point to 
be addressed in future studies is the role of low or high-cognitive order 
items on their psychometric behavior: it is probable that items of higher 
taxonomy, that require more complex cognitive skills, have better 

discrimination indices (Cecilio-Fernandes et al., 2018; Hamamoto Filho 
et al., 2020). Despite this, it is understood that this study provides useful 
information on the development of knowledge assessment items for 
faculty, educational institutions and researchers.

The findings of this study are especially useful for analyzing learning 
assessment processes, for implementing progress testing or for 
improving multiple-choice questions applied in other types of knowl
edge assessment. However, further studies could be developed in terms 
of the adoption of other statistical methods or even the joint analysis of 
psychometric data with information on the level of complexity of the 
cognitive assessment or the suitability of the questions for the blueprint 
and recommended structure.

7. Conclusions

The progress test has been demonstrated to be a useful tool for 
evaluating the retention and application of knowledge among under
graduate nursing students. The psychometric analysis of the character
istics of the items in the nursing inter-institutional progress testing 
indicate that the items are not difficult and have good discrimination.

A gradual annual increase in the discrimination index of the items 
was observed, due to efforts to improve the process of developing and 
reviewing the questions. Nevertheless, for future applications, the test 
should consider the development of questions of different levels of dif
ficulty, with a higher proportion of questions of greater difficulty. In this 

Fig. 3. Mean values of the discrimination index of the items applied in the progress testing in 2019, 2021, 2022 and 2023 by group.

Fig. 4. Mean values of the discrimination index of the items applied in the progress testing in 2019, 2021, 2022 and 2023 by area.

Table 1 
Results of the linear regression for trend behavior of psychometric indicators in 
the years 2019, 2021, 2022 and 2023.

Indicator Standardized coefficients beta P

Difficulty index − 0.074 0.150
Discrimination index 0.202 < 0.001
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sense, in order to improve the quality of the items, actions aimed at 
capacity-building for faculty members in the development of multiple- 
choice questions are particularly useful.

The findings of this study provide useful information for the psy
chometric analysis and quality assurance of items, both for the imple
mentation of similar PT experiences and in the use of multiple-choice 
questions for other knowledge assessment purposes.
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