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ABSTRACT
Aims: To develop and psychometrically test the Reasoning Skills (ReSki) test assess-
ing undergraduate nursing applicants' reasoning skills for student selection purposes.
Design: A methodological cross-sectional design was applied for the psychometric 
testing.
Methods: The ReSki test was developed as part of a wider electronic entrance exami-
nation. The ReSki test included a case followed by three question sections assessing 
nursing applicants' reasoning skills according to the reasoning process. Item response 
theory was used for psychometric testing to assess item discrimination, difficulty and 
pseudoguessing parameters. The ReSki test was taken by 1056 nursing applicants in 
six Finnish Universities of Applied Sciences (28 May 2019).
Results: In the development process, the expert evaluations indicated acceptable 
content validity. In the psychometric testing, the test reliability was supported by item 
variance, the theoretical structure was supported by the correlation coefficients and 
the applicant mean performance supported an acceptable overall test difficulty. The 
item response theory indicated variance between the items’ difficulty and discrimina-
tion ranges. However, most of the wrong items failed at being functional distractors.
Conclusion: The ReSki test is a new and valid objective assessment of undergradu-
ate nursing applicants' reasoning skills. The item response theory provided item-level 
information that can be used for further development of the test, especially related to 
the revisions needed for the distractor items to achieve the desired level of difficulty.
Impact: What problem did the study address? The assessment of nursing applicants' 
reasoning skills is suggested, but there is a lack of admission tools. What were the 
main findings? The results provided support for the reliability and validity of the ReSki 
test. Item response theory indicated the need for further item-level improvement. 
Where and on whom will the research have an impact? The results may benefit higher 
education institutions and researchers when developing a test and/or student selec-
tion processes.

This is an open access article under the terms of the Creat​ive Commo​ns Attri​bution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2021 The Authors. Journal of Advanced Nursing published by John Wiley & Sons Ltd

mailto:﻿
https://orcid.org/0000-0002-7538-9837
https://twitter.com/KirsiTalman
https://orcid.org/0000-0002-2773-9361
https://twitter.com/KirsiTalman
https://orcid.org/0000-0003-1116-410X
https://orcid.org/0000-0002-5680-0993
https://orcid.org/0000-0002-9747-1428
mailto:johevi@utu.fi
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjan.14799&domain=pdf&date_stamp=2021-02-21


2550  |    VIERULA et al.

1  |  INTRODUC TION

Reasoning skills have been identified as important to be assessed in 
nursing student selection (Haavisto et al., 2019; Vierula, Haavisto, 
et al., 2020; Vierula, Hupli, et al., 2020). Cognitive skills such as rea-
soning are vital in nursing (Kajander-Unkuri et al. 2013) and import-
ant to assess already in the selection phase to ensure an applicant's 
academic progress and the attainment of professional qualifications 
(Perkins et al., 2013; Vierula, Haavisto, et al., 2020; Vierula, Hupli, 
et al., 2020). Reasoning skills are essential in theoretical (McNelis 
et al., 2010) and clinical (Timer & Clauson, 2011) studies. Good rea-
soning skills enable solid decision-making improving patient safety. 
The importance of reasoning skills is emphasized in contemporary 
healthcare settings that are cognitively demanding, characterized by 
the increasing use of technology and patients with complex health 
problems (Levett-Jones et al., 2010). Although the assessment of rea-
soning skills has been previously suggested for the selection phase, 
there is a lack of admission tools and a need for operationalization 
of the concept (Haavisto et al., 2019; Schmidt & MacWilliams, 2011; 
Vierula, Haavisto, et al., 2020; Vierula, Hupli, et al., 2020). In this 
study, the Reasoning Skills (ReSki) test was developed and tested to 
assess undergraduate nursing applicants’ reasoning skills.

Since 2000, the number of nursing students has increased in 
the majority of the Organisation for Economic Co-operation and 
Development countries (OECD, 2019). In 2017, there were 121,000 
nursing graduates in the European Union (Eurostat, 2019), reflecting 
the large number of applications processed yearly. Higher education 
institutions (HEIs) must look for suitable applicants who are able to ful-
fil the competence requirements of nursing (Schmidt & MacWilliams, 
2011) and deliver safe care as future professionals (Francis, 2013; 
Shulruf et al., 2018). Recently, many countries have been developing 
nursing/medical student selection processes, aiming to determine ex-
actly what to assess, how to assess it and whom to select (Haavisto 
et al., 2019; MacDuff et al., 2016; Shulruf et al., 2018). Moreover, 
HEIs are responsible for choosing their applicants fairly (Shulruf et al., 
2018) by employing valid and reliable admission tools (Perkins et al., 
2013). Student selection is part of high-stakes testing, having import-
ant consequences both for the test-taker and HEI (National Council 
on Measurement in Education [NCME], 2017). Developing a valid 
test is necessary for the equal treatment of applicants. Validity of an 
admission test is the degree to which all the accumulated evidence 
supports the intended interpretation of test scores for proposed use, 
including the evidence based on test content, response processes, in-
ternal structure, relations to other variables and consequences of test-
ing (American Educational Research Association [AERA], American 
Psychological Association [APA], & NCME, 2014). Traditionally, the 
psychometric properties of tests/exams are reported using classical 
test theory (CTT). However, an item response theory (IRT) approach is 

increasingly recommended for assessing the validity of measurement 
scales in nursing (Tavakol et al., 2014; Yang & Kao, 2014). In this study, 
the psychometric properties were examined using the IRT approach.

2  |  BACKGROUND

Reasoning, decision-making, problem-solving, clinical judgement and 
critical thinking are all concepts used interchangeably to describe cog-
nitive skills (Carbogim et al., 2016; Simmons, 2010). All these concepts 
include elements of both the thinking process and its outcome, but 
reasoning focuses on the thinking process, whereas making decisions 
and judgements and solving problems refer more to an end point of 
the reasoning process (Simmons, 2010). Critical thinking is a facilitator 
of clinical reasoning (Alfaro-LeFevre, 2013; Facione, 1990), involving 
knowledge, experiences, dispositions (attitudes or habits of mind) and 
intellectual abilities (Carbogim et al., 2016) being more than learned 
skills (Facione et al., 1994). Reasoning is a cognitive skill and a generic 
term, defined as a cognitive process directed towards forming conclu-
sions, judgements or inferences based on facts or premises (Merriam 
Webster Dictionary, 2020; Simmons, 2010). In clinical settings, rea-
soning refers to a complex cognitive process, which uses formal and 
informal thinking strategies to gather and analyse patient information, 
evaluate the significance of this information and weigh alternative ac-
tions (Levett-Jones et al., 2010; Simmons, 2010). According to Vierula, 
Hupli, et al. (2020), nursing applicants' reasoning skills should include 
the ability to identify essential information, process the information 
and use the information to make decisions. In this study, reasoning 
skills were understood to be the cognitive skills, abilities, readiness 
and aptitudes required to gain entry to a nursing programme.

Vierula, Haavisto, et al. (2020) identified that nursing appli-
cants' reasoning skills have been measured with the attributes of 
critical thinking using the Health Sciences Reasoning Test and the 
Watson–Glaser Critical Thinking Appraisal. However, the ambig-
uous nature of the concept and challenges in measurement have 
been pointed out (Carbogim et al., 2016; Zuriguel Pérez et al., 2014). 
Decision-making, problem-solving and logics have been assessed 
using other onsite selection methods than standardized tests (e.g., 
an interview; Vierula, Haavisto, et al., 2020). In medical schools, ap-
plicants' reasoning skills have been measured with the University 
Clinical Aptitude Test (UCAT, 2020). Although some of the existing 
tests measure applicants' reasoning skills, the operationalization of 
the concept varies, leaving the question of what exactly to assess 
(Vierula, Haavisto, et al., 2020). The assessment should focus on 
cognitive domains that comprehensively reflect the requirements 
of the professional education and identify applicants who are most 
likely to succeed (Schmidt & MacWilliams, 2011; Vierula, Haavisto, 
et al., 2020; Vierula, Hupli, et al., 2020).
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skills, student selection, test development, undergraduate nursing education
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3  |  THE STUDY

3.1  |  Aim

The aim of the study was to develop and test the psychometric 
properties of the ReSki test for assessing undergraduate nurs-
ing applicants' reasoning skills for student selection purposes. 
The study is part of the Reforming Student Selection in Nursing 
Education (ReSSNE) project developing the undergraduate 
(bachelor-level) nursing student selection processes in Finland 
(Haavisto et al., 2019).

3.2  |  Methodology

The ReSki test was developed following the scale development pro-
cedure applying scoping reviews, focus group interviews, expert 
evaluations and pilot tests (DeVellis, 2017; Figure 1). A methodologi-
cal cross-sectional design with the IRT approach was applied to test 
the psychometric properties of the developed test. IRT is based on 
mathematical equations explaining the relationship between test-
taker ability and the probability of a correct/incorrect item response 
using a nonlinear monotonic function (Hays et al., 2000). The focus 
of the assessment is shifted to the individual items, thus enabling the 

F I G U R E  1  Development process of the Reasoning Skills (ReSki) test

Developing
version 1

STEP 1:
Theoretical base
and item
generation

Initial Reasoning Skills (ReSki) test
A case followed by three questions:

1) 3 correct/13 items,
2) 8 correct/22 items
3) 6 correct/16 items

Earlier literature

Synthesis of results of a literature
review and focus group interviews

Expert panel

Preliminary pilot data collected in four
Universities of Applied Sciences (UAS)
with 430 nursing applicants

Frequencies and percentages analysed

Scoping review and focus group
interviews conducted

Blueprint created

Pilot data collected in six UASs with
846 nursing applicants

Item difficulty and discrimination
evaluated (item response theory)

Expert panel
Item-level content validity index calculated

2 items removed in the
question 2

Version 1 ready

Version 1 structure
retained

Revisions made:
18 items removed, 15 items reworded, 1 new correct

and 9 new incorrect items created (three items each for
questions one and two, four items for question three)

A new structure created:
A case followed by three questions:

1) 3 correct/12 items,
2) 3 correct/12 items
3) 3 correct/12 items

1st round: 3 items and 2
questions modified
2nd round: Modified

items/questions re-evaluated
for clarity. 19 wrong items

re-evaluated for their relevance.
No revisions needed.

Version 2 ready for
psychometric testing

STEP 2:
Preliminary pilot
study

STEP 1:
Strengthening
the theoretical
base

STEP 2:
Pilot study

STEP 3:
Content validity
evaluation

Developing
version 2
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evaluation of item parameters, such as discrimination, difficulty and 
pseudoguessing (the possibility of guessing/false positive; DeVellis, 
2017; Tavakol et al., 2014). Moreover, IRT is considered useful for 
nurse educators and researchers to obtain a greater understanding 
of the interaction between test-taker ability and item parameters 
to monitor and improve the quality of an assessment (Dimitrov & 
Shelestak, 2003; Tavakol et al., 2014).

The two most well-known IRT models are the one-parameter 
(difficulty) logistic (1PL/Rasch analysis) model and the two-
parameter (difficulty and discrimination) logistic (2PL) model (Sulis 
& Toland, 2017). Additionally, a pseudoguessing parameter is pos-
sible to examine by using IRT (DeVellis, 2017; Tavakol et al., 2014). 
In IRT, the relationship between test-taker ability and item param-
eters is transformed mathematically by using natural logarithms in 
an interval scale, resulting in a visual S-shaped logistic curve: the 
item characteristic curve (ICC; DeVellis, 2017; Tavakol et al., 2014; 
Figure 2). In ICCs, the Y-axis is the probability of a correct response. 
The X-axis is the ability increasing from right to left typically ranging 
from ±3. Discrimination describes the relationship of performance 
for an item relative to performance on the full test. Difficulty re-
flects the point on the scale where the likelihood of a correct re-
sponse is 50%. The slope of the ICC reveals if an item discriminates 
among weak test-takers: The steeper the slope, the greater the dis-
crimination. The shift of the ICC reveals the difficulty of an item: An 
easy item shifts the curve to the left along the horizontal axis (test-
taker ability), whereas a difficult item shifts the curve to the right. 
The pseudoguessing parameter is revealed by looking at the starting 
point of an ICC along the vertical axis ranging from 0 to 1: the higher 
the starting point of an ICC, the higher the possibility of guessing.

3.3  |  Development of the ReSki test

The ReSki test was developed during the period of 2015–2019 for 
student selection purposes as part of a wider electronic entrance 
examination measuring undergraduate nursing applicants' language 
skills, mathematical skills, emotional intelligence and certainty of 

career choice (Haavisto et al., 2019). The first version of the ReSki 
test was developed in two steps. The second version was developed 
in three steps (Figure 1).

3.3.1  |  Development of version 1

Step 1: Theoretical base and item generation
The first version of the ReSki test was developed simultaneously with 
the other domains of the new entrance examination. The ReSki test was 
based on previous studies (Levett-Jones et al., 2010; Simmons, 2010), 
a synthesis of a literature review (N = 13) and focus group interviews 
(N  =  27) with nurse educators, directors, students and a nursing as-
sociation representative (Haavisto et al., 2019; Figure 1). The test was 
structured on a case format, including a written case followed by three 
question sections, to assess nursing applicants' reasoning skills ac-
cording to the reasoning process (Levett-Jones et al., 2010; Simmons, 
2010): (1) collecting and processing information, (2) identifying the 
problem and (3) finding the solution (Figure S3). The case was related to 
overweight, a phenomenon that the applicants would be familiar with, 
but for which no previous knowledge in nursing would be required.

The number of items (answer options) per question was for-
mulated on four bases. First, the items needed to follow the cues 
given in the case (Levett-Jones et al., 2010). Second, the wrong items 
needed to be functional distractors, meaning that they were tempt-
ing but incorrect (Malau-Aduli & Zimitat, 2012). Third, the number of 
items should reduce false positives by decreasing the possibility of 
guessing (Chiu & Camilli, 2013). Fourth, the number of initial items 
should be rather large because items are often reduced during the 
instrument testing (DeVellis, 2017). After the initial item generation, 
a panel of experts (N = 5), including nurse educators and research-
ers having expertise in reasoning skills, evaluated the test items to 
gain consensus (Graham, 2010; Polit & Beck, 2006). The number 
of evaluation rounds was not decided beforehand, and two evalu-
ation rounds were undertaken. One item was modified, and three 
new items were generated for question two, resulting in this test 
structure: first question, 13 items in total (three correct); second 

F I G U R E  2  Example of an item 
characteristic curve. Pseudoguessing 
threshold and quantiles (5%, 25%, 50%, 
75%, 95%) highlighted in grey [Colour 
figure can be viewed at wileyonlinelibrary.
com]
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question, 22 items in total (eight correct) and third question, 16 
items in total (six correct; Figure 1; Figure S3). The total scores of 
the ReSki test were allocated as part of the overall entrance exam 
scores. Penalty scores were not used to avoid risk-taking strategies 
affecting the performance of the test-takers (Stenlund et al., 2017).

Step 2: Preliminary pilot study
A preliminary pilot study was conducted (3 November 2016) for the 
first application of the ReSki test (version 1; Maillard et al., 2017). 
The aim was to gain a preliminary understanding of the functionality 
and difficulty of the developed test. A total of 430 undergraduate 
nursing applicants from four Finnish universities of applied sciences 
(UASs) gave their consent for the study, took the test and completed 
a short feedback questionnaire. Frequencies and percentages were 
calculated for each item. Based on the feedback, only 23.2% of the 
applicants found the test difficult to very difficult. After the prelimi-
nary pilot, two dysfunctional distractors (>95% of the respondents 
answered correctly) were removed, and we determined the need to 
continue developing the test (Figure 1; Table 1).

3.3.2  |  Development of version 2

Step 1: Strengthening the theoretical base of the test
A scoping review (N = 24; Vierula, Haavisto, et al., 2020) and focus 
group interviews (Vierula, Hupli, et al., 2020) with graduating nurs-
ing students and experts (educators, managers and researchers; 
N  =  25) were conducted to strengthen the test's theoretical base 
(Figure 1). The aim was to identify the applicants' reasoning skills 
to be assessed to further establish and operationalize the concept 
(DeVellis, 2017). The development of test version 1 was conducted 
simultaneously with all the domains to be assessed in the student 
selection. Therefore, it was considered important to strengthen the 
theoretical base and gather more detailed information about reason-
ing skills for ensuring the development of a valid test.

As a result of the review, the lack of instruments focusing on 
the assessment of reasoning skills in the student selection was con-
firmed (Vierula, Haavisto, et al., 2020). According to the focus group 
results, the assessment should focus on the first steps of the rea-
soning process, meaning the assessment of cognitive process before 

TA B L E  1  Structure of the Reasoning Skills (ReSki) test versions 1 and 2

ReSki test version 1

Measures
Questions 
and items Scoringa  Format Time to complete

Collecting and 
processing 
information

1st question:
3 correct 

items 
out of 13 
items.

Correct answer = 0.5pt
Wrong answer/don't 

know = 0pt

A case format 
electronic 
test

No specific time limitation is set. The test 
is a part of a wider electronic entrance 
examination that takes two and a half 
hours

Identifying the problem 2nd question:
8 correct 

items 
out of 20 
items.

Correct answer = 0.25pt
Wrong answer/don't 

know = 0pt

Finding the solution 3rd question:
6 correct 

items 
out of 16 
items.

Correct answer = 0.25pt
Wrong answer/don't 

know = 0pt

Reasoning Skills (ReSki) test version 2

Collecting information 1st question:
3 correct 

items 
out of 12 
items.

Correct answer = 0.5pt
Wrong answer/don't 

know = 0pt

A case-format 
electronic 
test

No specific time limitation is set. The test 
is a part of a wider electronic entrance 
examination that takes two and a half 
hours

Processing information 2nd question:
3 correct 

items 
out of 12 
items.

Correct answer = 0.5pt
Wrong answer/don't 

know = 0pt

Identifying the problem 
and establishing 
goals

3rd question:
3 correct 

items 
out of 12 
items.

Correct answer = 0.5pt
Wrong answer/don't 

know = 0pt

aNo penalty scores are given. The test scoring is part of a wider electronic entrance examination. 
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implementing the solution (Vierula, Hupli, et al., 2020). Next, a blue-
print was created to overview the test and establish the emphasis 
of the measurement (Waltz et al., 2017). The structure of the initial 
test (version 1) was retained, but the blueprint supported renaming 
the skills to be measured as: (1) collecting information, (2) processing 
information and (3) identifying the problem and establishing goals 
(Table 1; Figure 1).

Step 2: Pilot study
The ReSki test (version 1) was piloted (31 October 2018) in six 
Finnish UASs with undergraduate nursing applicants who took the 
electronic entrance examination and gave their consent to partici-
pate in the study (Figure 1). The major aim of the pilot study was to 
test the level of discrimination and the difficulty of the generated 
items using IRT (DeVellis, 2017). The pilot sample (N = 846, popula-
tion 12,421) represented typical Finnish population characteristics. 
Most of the applicants were female (N = 738, 87.6%), young adults 
(mean age 26.5 years, standard deviation [SD] 8.1, range 18–57) and 
44.1% were first-time applicants.

Descriptive statistics were used to overview the data. The item 
proportions in each question were analysed with percentages and 
frequencies. Extremely easy items (>95% of the respondents chose 
the correct option or <1% chose the wrong option) were removed 
prior to the IRT analysis (6/49 items). The discrimination and diffi-
culty level of the remaining 43 items were analysed with the 2PL 
model for each question with Stata 15.1 (StataCorp., 2017) and 
Mplus 8.1 (Muthén & Muthén, 1998–2012) statistical programs. The 
items were deleted if the difficulty estimates were below –2 refer-
ring to very easy (Baker, 2001; Hambleton et al., 1991). Additionally, 
the test was modified to unify the structure and to reduce the pos-
sibility of guessing. In the new structure, the number of items was 
three correct items out of 12 options for each question. With the 
new structure, the number of correct items in each question was 
25% following a standard four-alternative MCQ test where three al-
ternatives are wrong and one is correct (Roediger & Marsh, 2005). 
Only 10 original items were accepted for further use and revisions to 
the test were made (Figure 1, Table 1; Figure S3).

Step 3: Content validity evaluation
Content validity evaluation was conducted after the pilot study to 
evaluate the item relevance and clarity (DeVon et al., 2007; Figure 1). 
A two-round expert panel (Lynn, 1986) consisted of the same in-
formants who took part in the focus group interviews described in 
Step 1 (Vierula, Hupli, et al., 2020). Six experts who had expertise in 
nursing student selection and reasoning skills were invited, resulting 
in five experts in the first round and four in the second one. This was 
considered an acceptable number; an advised minimum for expert 
panel evaluation is three experts (Lynn, 1986).

First, the panel (N = 5) evaluated the test for question and item 
relevance and clarity using a dichotomous scale (relevant/not rele-
vant, clear/not clear; DeVon et al., 2007; Polit & Beck, 2006). The 
experts were asked to give rationales and suggest revisions where 
necessary. The content validity index (CVI) per item (I-CVI; Polit & 

Beck, 2006) was calculated with percentages following 80% accep-
tance limit (adequate; Imle & Atwood, 1988). Two questions and 
three items were modified and continued to the second round to-
gether with 19 wrong items with less than 80% consensus. Second, 
the experts evaluated the clarity of the modified questions and 
items. The experts also evaluated the 19 wrong items and their rele-
vance compared with the correct items using a dichotomous scale to 
avoid ambiguity of the correct answers. One response did not follow 
the instructions, and only three out of four expert evaluations were 
used. All three experts agreed on the clarity and relevance of the 
evaluated questions/items, resulting in 100% consensus so further 
revisions were not needed. The content validity was considered suf-
ficient (Figure 1).

3.4  |  Psychometric testing of the ReSki test

3.4.1  |  Instrument

As a result of the development process, the ReSki test (version 2; 
Table 1; Figure S3) was ready for psychometric testing.

3.4.2  |  Participants and data collection

Data were collected (28 May 2019) from undergraduate (Bachelor-
level) nursing applicants (N  =  1906, population 18,020) who were 
taking an electronic entrance examination in six Finnish UASs that 
were participant HEIs of the ReSSNE project (Haavisto et al., 2019). 
Applicants received an invitation to participate in the study with the 
entrance examination invitation before the exam day. Informed con-
sent was obtained from the participants electronically before they 
started the entrance examination. Only the data collected from the 
applicants who performed the ReSki test and gave their consent 
(N = 1056) were used for study purposes. The ReSki test (version 
2) was administered as part of the learning skills (including lan-
guage, mathematical- and reasoning skills) domain of the entrance 
examination.

3.4.3  |  Data analysis

The psychometric testing of the ReSki test (version 2) was based 
on descriptive statistics (means, SDs and ranges), correlation co-
efficients for subtotal/total scores and IRT modelling with dis-
crimination, difficulty and pseudoguessing parameters. The data 
were analysed using Statistical Analysis Software (SAS 9.4®; SAS 
Institute Inc, 2015) and Mplus 8.1. (Muthén & Muthén, 1998–
2012). First, frequencies, percentages and central tendency scores 
(mean, SD, and range) were calculated for participant demograph-
ics and descriptive results. Second, a Pearson correlation coeffi-
cient was computed to assess the relationships among subtotals 
(the three questions), between the ReSki test total scores and the 
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domain of learning skills (scores) and between the ReSki test total 
scores and total entrance examination scores. Third, an IRT analy-
sis using a 2PL model was performed for the analysis of discrimina-
tion and difficulty estimates. Twelve items (five in question 1, six 
in question 2 and one in question three) were removed before the 
IRT analysis for being extremely easy (>95% of the respondents 
got the item correct).

After the 2PL analysis, the binary data were further analysed 
using TestGardener (Li et al., 2019) software (online version) to ob-
tain more detailed ICCs and the third parameter: pseudoguessing. 
Accumulated evidence should be gathered to develop a valid test 
(AERA, APA, & NCME, 2014). The TestGardener software uses a 
new version of the IRT suggested by Ramsay and Wiberg (2017) in 
which the test performance is presented over non-negative closed 
intervals (0,100 or 0,N). They have established that optimal scoring 
of binary test data produces improvements in point-wise root-mean-
squared error and bias over sum scoring. Further improvement to 
measure score performance has been demonstrated by using opti-
mal scoring of the full information in option choices. Furthermore, 
a new algorithm to estimate option response functions and optimal 
scoring of each examinee's data has been developed (Ramsay et al., 
2019). In TestGardener ICCs, the Y-axis is the probability of a correct 
response, whereas the X-axis is the ability that is denoted by per-
cent ranks (Figure 2). Because the distribution of test scores varies 
from one test to another, TestGardener uses percent ranks to make 
the data more comparable (Ramsay et al., 2020). Thus, the X-axis is 
scaled to only have positive values.

3.4.4  |  Ethical considerations

The study followed responsible conduct of research (The Finnish 
Advisory Board on Research Integrity, 2012). The ethics committee 
approval was obtained from the ethics committee of the HEI, per-
mission to conduct the study from the participating UASs and the 
informed consent from the participants. The participants were in-
formed about their anonymity, ability to withdraw and the voluntary 
nature of the study. Selection results regarding either individual par-
ticipants or UAS involved in the study were not reported, decreasing 
the potential risks of exposing the study participants.

4  |  RESULTS

4.1  |  Participant demographics

Altogether, 1056 undergraduate nursing applicants took the ReSki 
test and gave their consent to participate in the study. The respond-
ents represented a typical Finnish nursing applicant population: 
most of the applicants were female and rather young, and the major-
ity (59.5%) were first-time applicants (Table 2).

TA B L E  2  Demographic information of participants (N = 1056a)

Variable N % Range Mean (SD)

Age in years 1050 18–55 24.56 (7.22)

Gender

Female 904 86.0

Male 147 14.0

Background education

High school 568 54.0

Vocational school 484 46.0

Previous degree in higher education

Yes 93 8.9

No 953 91.1

Previous applications for nursing education

Yes 426 40.5

No 625 59.5

aMissing values: Age in years (N = 6), gender (N = 5), background 
education (N = 4), previous degree in higher education (N = 10), 
previous applications for nursing education (N = 5). 

TA B L E  3  Means, SDs and ranges for correct item, subtotal and 
total scores (N = 1056)

Question Mean SD Range

Question 1 Collecting 
informationa 

Item 2 0.35 0.23 0–0.5

Item 4 0.45 0.15 0–0.5

Item 7 0.22 0.25 0–0.5

Subtotal 1.02 0.37 0–1.5

Question 2 Processing 
informationb 

Item 5 0.32 0.24 0–0.5

Item 6 0.38 0.21 0–0.5

Item 9 0.40 0.20 0–0.5

Subtotal 1.10 0.37 0–1.5

Question 3 Identifying the 
problem and establishing 
goalsc 

Item 6 0.04 0.14 0–0.5

Item 8 0.41 0.19 0–0.5

Item 12 0.15 0.23 0–0.5

Subtotal 0.60 0.35 0–1.5

Total 2.72 0.80 0–4.5

aCorrect answer = 0.5pt, subtotal scores = 1.5pt. Wrong answer/don't 
know = 0pt. 
bCorrect answer = 0.5pt, subtotal scores = 1.5pt. Wrong answer/don't 
know = 0pt. 
cCorrect answer = 0.5pt, subtotal scores = 1.5pt. Wrong answer/don't 
know = 0pt. 
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4.2  |  Descriptive results and correlations

The lowest mean scores were in question three indicating that it was 
the most difficult part of the test, whereas questions one and two 
were easier for the test-takers (Table 3). A mean value close to the 
centre of the range is considered desirable (DeVellis, 2017). In this 
study, the mean values of questions 1–3 varied from the centre of 
the range, but the mean of the total scores was only slightly higher 
than the centre of the range supporting an appropriate overall dif-
ficulty. The SD was similar in all the questions and indicated the vari-
ance among the test-takers.

There was a positive and statistically significant correlation 
among all the variables studied (Table 4). According to the subtotal 
correlations, if applicants succeeded in one question, they succeeded 
well in all the test questions, supporting the theoretical basis of the 
test. According to the total correlations, if applicants succeeded in 
reasoning skills, they succeeded well in the domain of learning skills 
and in the overall entrance examination, supporting the assumption 
that the ReSki test successfully measured cognitive skills.

4.3  |  Test discrimination, difficulty and 
pseudoguessing

First, the 2PL model showed the discrimination and difficulty esti-
mates for each item in all the questions. The discrimination estimates 
were classified from very high to very low and 0 if not discriminating 
at all (Baker, 2001; Table 5). Six items were highly discriminative, five 

were moderate and most of the items (13/24) had a low/very low dis-
crimination estimate. The difficulty estimates were classified from 
very hard to very easy (Baker, 2001; Hambleton et al., 1991). The 
results showed that the items ranged from very easy to very hard. 
Most of the items were easy or even very easy for the test-takers, 
and the only difficult items were in question three.

Second, the further analysis of the binary data in a new version 
of IRT (TestGardener software), provided the pseudoguessing pa-
rameter and more detailed ICCs for the test items (Figure 2; Table 5; 
Figures S4–S12). The difficulty estimates were recomputed and clas-
sified from easy to difficult according to the 5%, 25%, 50%, 75% and 
95% quantiles (Ramsay et al., 2019; Figure 2; Table 5). The results 
were similar to the difficulty estimates of the 2PL model, indicating 
that the test was easy for the test-takers, except for question three. 
Most of the wrong items were easy for the test-takers, and only one 
wrong item (item 2, question 3) was found to be a functional distrac-
tor. The difficulty range of the correct answers varied from easy to 
difficult.

Third, the pseudoguessing parameter provided information 
about the opportunity for low-ability applicants to answer items 
correctly (Ramsay et al., 2019; Tavakol et al., 2014). Theoretically, 
the pseudoguessing parameter ranges from 0 to 1 but is typically 
less than 0.30 (Cor et al., 2009; Tavakol et al., 2014). Therefore, the 
pseudoguessing was considered high if it exceeded the 30% thresh-
old (Figure 2). The pseudoguessing was analysed by observing the 
cut points in the 5% quantile in the ICCs. This was decided due to the 
small amount of data available for estimating curve shapes below the 
bottom and over the top 5% intervals (Ramsay et al., 2019; Figure 2). 
According to the results, approximately half of the items (13/24) 
were susceptible for guessing among weaker examinees. However, 
only one correct item exceeded the 30% threshold indicating that 
most of the correct items measured the ability of the test-takers 
rather than the ability to guess. Based on both the ICCs (Figures 
S4–S12) and the numerical estimates/levels (Table 5), the easy items 
were more likely wrong items, often demonstrating low discrimina-
tion power and high possibility for guessing.

5  |  DISCUSSION

This study aimed to develop and test the psychometric properties of 
the ReSki test for undergraduate nursing student selection purposes. 
The need to employ valid and reliable admission tools and to construct 
standardized tests has been identified in higher education (Perkins 
et al., 2013; Tavakol et al., 2014). Although it has been suggested that 
reasoning skills be assessed in student selection, the assessment has 
mainly focused on critical thinking (Vierula, Haavisto, et al., 2020). In 
this study, an electronical test was developed to assess reasoning as 
a generic cognitive skill in the selection phase reflecting the require-
ments of a future profession. To our knowledge, an admission test con-
structed on the basis of a reasoning process (the test-taker collects and 
processes the information and finally comes up with a conclusion) has 
not been developed previously. The psychometrical testing was based 

TA B L E  4  Pearson correlation coefficients (r) for subtotal and 
total scores

Subtotal correlations r N p-value

Question 1a  scores and question 
2b  scores

0.32 1056 <.0001

Question 1a  scores and question 
3c  scores

0.27 1056 <.0001

Question 2b  scores and question 
3c  scores

0.29 1056 <.0001

ReSki test total scores and 
question 1a  scores

0.74 1056 <.0001

ReSki test total scores and 
question 2b  scores

0.74 1056 <.0001

ReSki test total scores and 
question 3c  scores

0.70 1056 <.0001

Total correlations

ReSki test total scores and 
learning skills scores (math 
and language skills)

0.44 1056 <.0001

ReSki test total scores and 
total entrance examination 
scores

0.37 1055 <.0001

aCollecting information. 
bProcessing information. 
cIdentifying the problem and establishing goals. 
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on IRT modelling instead of the CTT approach to provide in-depth in-
vestigation of the item parameters for improving the quality and equal-
ity of assessment (Tavakol et al., 2014).

In the test development process, the theoretical basis of 
the ReSki test was established to ensure sound operationaliza-
tion of the concept, which has previously been considered chal-
lenging (Carbogim et al., 2016; Zuriguel Pérez et al., 2014). The 

overall development process included structuring two test versions. 
According to the results, the theoretical basis of the test was sup-
ported by the expert evaluations, which indicated acceptable con-
tent validity. In the development of test version 2, more categories 
describing applicants' reasoning skills were identified in the focus 
group data (Vierula, Hupli, et al., 2020). However, the ReSki test was 
based on only the most relevant reasoning skills to be assessed in 

TA B L E  5  Item discrimination and difficulty estimates with their standardised errors (SEs) and new version IRT (TestGardener [TG]) item 
difficulty and pseudoguessing levels†

f‡ 
Discrimination 
estimates SE

Difficulty 
estimates SE

TG item difficulty 
levels

TG pseudo-
guessing levels

Question 1

Item 1 685 0.29e 0.16 −2.165  1.17 3 >30% threshold

Item 2 733 0.87c  0.18 −1.104  0.20 4 <30% threshold

Item 4 953 1.98a  0.39 −1.734  0.17 4 >30% threshold

Item 7 463 0.80 c  0.27 0.353  0.14 2 <30% threshold

Item 8 933 0.63d  0.14 −3.455  0.71 4 >30% threshold

Item 9 984 5.46a  1.71 −1.554  0.09 4 >30% threshold

Item 12 780 0.56 d  0.13 −1.984  0.45 4 >30% threshold

Question 2

Item 2 801 0.66c  0.27 −1.914  0.69 4 =30% threshold

Item 3 1003 1.32c  0.32 −2.765  0.47 4 >30% threshold

Item 5 670 0.51d  0.15 −1.154  0.32 3 <30% threshold

Item 6 812 1.23c  0.23 −1.254  0.17 4 =30% threshold

Item 9 849 2.32 a  0.95 −1.084  0.17 4 <30% threshold

Item 10 671 1.52b  0.55 −0.534  0.11 3 <30% threshold

Question 3

Item 2 515 0.47d  0.10 0.093  0.14 2 <30% threshold

Item 3 737 0.14e 0.09 −6.185  4.02 4 >30% threshold

Item 4 927 0.38d  0.11 −5.425  1.53 4 >30% threshold

Item 5 876 0.26e 0.11 −6.135  2.42 4 >30% threshold

Item 6 89 1.44b  0.20 2.161  0.20 1 <30% threshold

Item 7 941 0.37d  0.11 −5.865  1.73 4 >30% threshold

Item 8 866 0.21e 0.13 −7.275  4.51 3 <30% threshold

Item 9 875 0.45d  0.12 −3.695  0.90 4 >30% threshold

Item 10 838 0.61d  0.12 −2.395  0.43 4 >30% threshold

Item 11 866 0.46d  0.11 −3.495  0.83 4 >30% threshold

Item 12 315 20.95a  0.65 0.652  0.02 1 <30% threshold

Note: 1 = Difficult (75%–95%), 2 = Moderate to difficult (50%–75%), 3 = Easy to moderate (25%–50%), 4 = Easy (5%–25%).
aVery high (>1.70). 
bHigh (1.35–1.69). 
cModerate (0.65–1.34). 
dLow (0.35–0.64), eVery low (0.1–0.34). 
1Very hard (>2.0). 
2Hard (0.5–2.0). 
3Medium (–0.5 to +0.5). 
4Easy (–0.5 to –2). 
5Very easy (below –2). 
†Correct items highlighted with Bold. 
‡The frequency refers to the number of applicants (N = 1056) who got the item correct. 
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nursing student selection (Vierula, Hupli, et al., 2020). During the 
development process, we noticed that not all the categories were 
relevant or even technically possible to include. Developing the test 
required constant consideration of the possible test difficulty, appli-
cant perspective, features of the electronic platform and using the 
ReSki test as part of a wider entrance examination (e.g. extent and 
length of the test). We found that building a test is a complex proce-
dure that differs from a traditional instrument development process 
(DeVellis, 2017).

The results of the psychometric testing provided support for 
the reliability and validity of the developed test. Based on the re-
sults, the reliability of the ReSki test was supported by item variance 
(DeVellis, 2017). The subtotal correlations supported the theoret-
ical structure of the test, indicating that decision-making is based 
on collecting and processing the information. The results supported 
reasoning skills being cognitive skills as the high-ability applicants 
performed well both in the ReSki test and in the domain of learn-
ing skills. Additionally, the ReSki test identified high-achieving ap-
plicants supported by the statistically significant positive total 
correlations (Schmidt & MacWilliams, 2011). The results indicated 
the ReSki test as being relatively easy for the applicants. However, 
question three increased the difficulty level of the test, resulting in 
the applicant mean performance moving closer to the centre of the 
range, which supports an acceptable overall test difficulty (DeVellis, 
2017). The IRT approach enabled a closer examination of item-level 
characteristics to specify items that were difficult or easy for the 
test-takers. Wrong items mostly failed being functional distractors 
which reflected the poor quality of these items, whereas the quality 
of the correct items was better. Some wrong items still succeeded in 
detecting variance among the applicants. For example, one expla-
nation for the difficulty of question three may be that it included a 
functional distractor.

Overall, the ReSki test is a standardized and thus an objective 
method to assess nursing applicants reasoning skills. Even though 
the test included easy items, it also demonstrated the discriminatory 
value in the study population and can therefore be suggested to be 
used in the student selection context. A revision of the dysfunctional 
distractors and their further testing is suggested to achieve more 
desirable difficulty level of the items. We have learned that develop-
ing good items is an iterative process of developing and testing the 
items (DeVellis, 2017). In the development process, it should also be 
noted that test-takers may be cleverer than the items (Tavakol et al., 
2014). Therefore, sufficient time and resources should be allocated 
in this iterative process. In the future, the ReSki test could be further 
developed to other educational contexts, by shifting the focus from 
generic to competence-specific assessment of reasoning skills.

5.1  |  Limitations

Rigorous steps were taken to develop the test, and the devel-
opment/testing processes were described in detail to provide 
comprehensive information (DeVon et al., 2007). The limitations 

of the development process have been stated in earlier publica-
tions (Haavisto et al., 2019; Vierula, Haavisto, et al., 2020; Vierula, 
Hupli, et al., 2020). Moreover, the expert panels used were rather 
small. Using expert panels may lead to a problem of an inflated 
estimate of validity when experts endorse most items (Lynn, 1986). 
However, expert panels were used twice during the development 
process, including two rounds following a recommendable use of 
this method (Polit & Beck, 2006). In psychometric testing, the re-
sponse rate was 55.4%. However, the sample size was big enough 
for statistical analysis and large in comparison with sample sizes in 
other similar nursing student selection studies (Vierula, Haavisto, 
et al., 2020). The sample represented typical characteristics of 
the population. The IRT analysis was successfully performed, but 
the discrimination value item 12 (question three) was quite high. 
Although the results indicate the item being a functional dis-
tractor, the results may also indicate the item being too difficult 
(Tavakol et al., 2014).

6  |  CONCLUSION

The ReSki test is a novel, valid objective assessment of undergradu-
ate nursing applicants' reasoning skills. The IRT analysis was suc-
cessfully conducted, and it provided item-level information that can 
be used for further development of the test, especially related to 
the revisions needed for the distractor items and thus the desired 
adjustment of the difficulty level. The predictive validity and the us-
ability of the test should be considered in future research as well. 
The study results may benefit HEIs and researchers when develop-
ing a test and/or student selection processes. Additionally, the ReSki 
test could be further developed to other educational contexts shift-
ing its focus from generic reasoning skills to clinical reasoning.
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