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Introduction
It is a common notion that vocational education and training (VET) leads to improve-
ments regarding the competencies of apprentices. However, there is only little empiri-
cal knowledge available regarding the effects leading to such improvements in dual 
VET (Deutscher and Winther 2018), where outcomes may be affected by school-based 
instruction and in-company training, as well as by complex relations between instruc-
tion and learning in both venues. An important question in the use of competence tests 
for longitudinal studies examining such effects is whether the measurement instruments 
used are instructionally sensitive, meaning that they can detect improvement related to 

Abstract 

The identification of effects of vocational education and training conditions on compe-
tence development in nursing education requires longitudinal studies. An important 
precondition is the availability of a test of nursing competence which is economical in 
use, measures a homogeneous construct throughout years of nursing education and 
across nursing specializations, and can detect increases in the required competence, 
hence allowing for sensitive testing. This article describes a cross-sectional study that 
aimed to optimize a computer-based test measuring nursing competence in care for 
the elderly—the TEMA test—through the selection of items on the basis of measure-
ment error, differential item functioning, and item difficulty. Evidence of the test sen-
sitivity of the optimized TEMA-L instrument is presented for the second and third year 
of nursing education. The total sample consisted of n = 133 German nursing students 
from clinical and geriatric nursing. The resulting instrument includes two test booklets 
consisting of 36 (WLE = 0.72) and 35 items (WLE = 0.70) respectively for the second 
and third year of training. The cross-sectional data indicate that the test likely has good 
properties for sensitive testing of nursing competence in a future longitudinal study. 
Hence, it might be used to study factors contributing to increases in nursing compe-
tence in German VET and serve as an example for similar studies in other countries. 
Limitations of the current study and related subjects of future research are discussed.

Keywords:  Competence development, Computer-based testing, Differential item 
functioning, Test sensitivity, Item response theory, Nursing education, Vocational 
education and training

Open Access

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third 
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​
creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

RESEARCH

Wittmann et al. Empirical Res Voc Ed Train            (2022) 14:3  
https://doi.org/10.1186/s40461-022-00131-9

*Correspondence:   
aldin.strikovic@tum.de 
1 TUM School of Social 
Sciences and Technology, 
Technical University 
of Munich (TUM), Arcisstraße 
21, 80333 Munich, Germany
Full list of author information 
is available at the end of the 
article

http://orcid.org/0000-0003-3985-3177
http://orcid.org/0000-0002-3743-0501
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40461-022-00131-9&domain=pdf


Page 2 of 26Wittmann et al. Empirical Res Voc Ed Train            (2022) 14:3 

the quality of instruction (Naumann et al. 2019) in both the theoretical and the practical 
sphere (Deutscher and Winther 2018). Naumann et al. (2017) consider test sensitivity, 
understood as the overall variation of test scores across time points or groups, to be a 
prerequisite for identifying instructional sensitivity. This concept, which is the focus of 
our paper, implies that the test measures growth on a homogeneous construct over time. 
In contrast, item sensitivity—understood as a relative measure—can be defined as the 
degree to which the sensitivity of the respective item deviates from overall test sensi-
tivity; it is usually measured through differential item functioning (DIF; Naumann et al. 
2019) and should be low in a sensitive test.

There are only few existing domain-specific competence testing measures for VET 
that are suitable for larger samples (Abele et al. 2021) and allow for longitudinal appli-
cation (e.g., Deutscher and Winther 2018). This is particularly true of nursing educa-
tion, which in Germany is mostly conducted in non-academic settings and, while not 
officially part of the dual system of VET, is also an example of a dualistic non-academic 
form of VET with school-based instruction on the one hand and practical on-site train-
ing in care institutions on the other (Bals and Wittmann 2009; Lehmann et al. 2014). In 
this field, most of the internationally available measurement instruments for competen-
cies have consisted for many years of either self-reports (Wu et  al. 2015; Yanhua and 
Watson 2011) or clinical evaluations in real-world settings (e.g., objective-structured 
clinical examinations; see Solà-Pola et al. 2020). There has been a lack of systematically 
and consistently developed, valid and reliable assessment instruments in clinical practice 
(Immonen et al. 2019). Whereas examining nursing competence in real-world situations 
is preferable to self-reporting in terms of validity (Kajander-Unkuri et al. 2016), it is not 
only inefficient with larger samples but also deficient in terms of standardization and 
reliability, particularly in the case of repeated long-term testing. This is likely a reason 
why longitudinal studies are rare (e.g., Fan et al. 2015). One way to address these issues 
is through computerized testing, which the National Council Licensure Examination 
(NCLEX) requires for nursing licensure in the United States. To address standardiza-
tion issues in these admission examinations for vocational nursing practice, Woo and 
Dragan (2012) carried out item sensitivity analyses for content relevance to subgroups 
based on DIF analyses. However, we could not find any study of nursing competence 
in the international and national literature conducted with the purpose of testing this 
construct across years of nursing education or even preparing for its sensitive and eco-
nomical longitudinal testing. We aim to lay the foundation for such testing in the study 
presented in this paper.

To address issues of valid and reliable testing of nursing competencies in larger sam-
ples, we developed a computer-based test on nursing competence in care for the elderly 
using a video-based situational judgment approach. We reported in Kaspar et al. (2016) 
on the measurement quality of the TEMA test in a calibration study, using empirical evi-
dence from a cross-sectional large-scale assessment with 402 geriatric nursing students 
at the end of nursing education. The test construction supports its curricular and con-
tent validity to test nursing competence across geriatric and clinical nursing. However, 
we were not able to examine its suitability for testing across years of nursing education. 
Hence, the TEMA test could be used reliably to determine and compare the results of 
apprentices in geriatric nursing at the end of VET across the expected capability range 
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for students but not (yet) to determine progress throughout VET. In addition, the TEMA 
test comprises 77 items, requiring almost two hours of testing time, which restricts its 
economical application in combination with other instruments, such as measures of the 
quality of VET.

With the cross-sectional study presented in this paper, we therefore aim to further 
optimize this computerized instrument in two ways. This involves, first, enhanced test 
economics through a reduction in the number of items and, second, the design of an 
instrument that allows for tracing progress on a homogeneous core construct of nurs-
ing competence in care for the elderly. In preparation for a future longitudinal study, we 
present evidence of the intended test sensitivity of the TEMA test for the second and 
third year of nursing education and across nursing specializations (clinical and geriat-
ric nursing). Hence, our research questions in this study are whether it is possible (1) 
to create an economical short form of the TEMA test providing for acceptable reliabil-
ity, (2) to maximize test sensitivity by reducing the number of items whose relative item 
sensitivity deviates substantially from overall test sensitivity by applying differential item 
functioning (see Naumann et al. 2016, 2017), (3) to create a test enabling us to account 
for increases in achievement according to years of education, specifically to avoid floor 
effects. We pursue these targets while at the same time maintaining curricular and con-
tent validity and being fair across years of nursing education and nursing specializations. 
The purpose is to create an economic, reliable, and homogeneous test in which item dif-
ficulties balance out across the test for these subgroups, that is, preconditions other than 
increasing overall achievement on the core construct. With the resulting instrument, it 
should be possible to examine its aptitude for longitudinal analysis of competence devel-
opment or to establish instructional sensitivity in a future study, for example by linking 
test results to the quality of VET (Wittmann et al. 2022; see Naumann et al. 2019).

The TEMA test
Against the background of the increasing relevance of care work for the elderly, imply-
ing specific foci such as multimorbidity or cognitive decline, we developed the TEMA 
test in order to evaluate the learning outcomes for nursing students regarding care for 
the elderly. To achieve this goal, we proposed a conceptual model of geriatric care com-
petencies to guide the selection of a set of care situations and specific nursing behaviors 
for competence testing and to define a statistical model for estimating proficiency on the 
basis of test data. The TEMA test refers to competent action and interaction with care 
recipients and family members.1 The instrument is intended to acknowledge care as a 
continuing mutual relationship with the care recipient and to align with the central ele-
ments of the care process, including diagnosis, intervention, and reflection (Kaspar et al. 
2016).

The test is provided in the form of a video-based situational judgment test. Since com-
petence assessment relies critically on the adequate representation of situations call-
ing for the required behavior, we defined and validated a sampling space of everyday 

1  Other facets of competent nursing, such as interactions with other health professionals or coping with the care pro-
vider’s own resources and vulnerabilities, are currently specified both theoretically and empirically as separate facets of 
nursing competence in the follow-up project EKGe (Wittmann et al. 2022).
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demands and challenges in care for elderly persons by means of systematic curricular 
analysis and expert interviews and refined it on the basis of Hundenborn’s (2007) con-
cept of care situations. The test environment provides a set of care situations from three 
institutional fields of practice covering three major incidents of care for the elderly 
(dementia, chronic diseases, end of life): (1) long-term group care (LTC) for patients 
with dementia (dementia hostel), (2) outpatient care (OTC) with a focus on chronic dis-
eases and multimorbidity, and (3) institutional palliative care (PAL); they include five 
hypothetical care recipients with multiple care needs as cases. Within the fields of prac-
tice, we developed an overall set of twelve situations referring to care affordances identi-
fied as typical on the basis of curriculum analyses and expert interviews, such as wound 
and pain management, care planning, nutrition counseling, and emergency measures, 
among others, providing for item prompts. The situations were transformed into short 
video sequences of about 1 or 2 min each, with the filming monitored by trained nurses 
to enhance authenticity of the settings and the acting (Kaspar et al. 2016). Curricular and 
content validation of the test comprised the breadth of nursing education relevant to 
care for the elderly in Germany, meaning geriatric and clinical nursing, as well as a gen-
eralized program curriculum comprising both specializations since 2020 (see Wittmann 
et  al. 2022). Table  1 provides an overview of the institutional fields of practice, major 
incidents, and situations.

High test proficiency levels should represent respondents’ complex cognitive apprais-
als, which can serve as a basis for nursing activity in real care situations, including inter-
action and communication. We thus operationalized them with systematic reference 
to recognition of emotion, communication of empathetic understanding, and control 
of emotional expression (for details, see Kaspar and Hartig 2015), as well as bioscience 
knowledge required for competent diagnostics of the care recipients (Abele et al. 2021).

Item formats cover typical care activities (Fichtmüller and Walter 2007), such as the 
selection of one of several possible appraisals of situations or states (e.g., Which informa-
tion will you make use of …?), behaviors and action plans (e.g., How would you respond 
to …? How would you proceed …? How would you prioritize …?), or evaluations of 
observed behavior (e.g., How would you evaluate/interpret …?). During test construc-
tion, the video-based situational stimuli were checked by nursing students in two pilot 
studies for issues such as undue exaggeration, stereotyping, and lack of consistency with 
the adjoining test items. To provide for standardized scoring, item responses must be 
given in closed format (multiple choice, true–false, image map, right order). In Table 2, 
we list the number of situations and items as well as maximum point scores for each of 
the curriculum- and content-validated activity fields in the TEMA test. Since respond-
ents can achieve up to three points for items in the true–false format, a maximum score 
of 95 points is possible for the entirety of 77 items (Kaspar et al. 2016).

To estimate the psychometric qualities in the original calibration study, we asked 402 
geriatric nursing students from 24 German schools at the end of VET to respond to the 
computer-based test. Multi-dimensional item response theory (IRT) modeling served 
as a means of estimating proficiency. The standardized computer-based testing (CBT) 
measures nursing students’ client-directed care competence with acceptable precision 
(WLE = 0.76) in an optimized test version using 64 items, and does so across the whole 
range of observed proficiency levels. Test items from all proposed institutional fields of 
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practice substantially contribute to the overall test reliability, supporting its structural 
validity (Messick 1987, 1995). As must be noted, the test should be expected to be rather 
demanding, since test subjects in the original calibration study attained only 45% of the 
maximum test score (Kaspar et al. 2016).

Another recent cross-sectional study carried out by Ries (2020) on a sample of 408 
students in clinical nursing supports the conclusion that the test can be meaningfully 
applied in clinical nursing as well; it possesses even higher reliability (WLE = 0.87) 
than in the calibration study, which may indicate that the test works slightly differently 
in geriatric nursing than it does in clinical nursing. Similarly to the original calibration 
study, attainment averaged 44% of the maximum score, raising the question of how to 
apply the test meaningfully to second- or first-year students while avoiding floor effects. 
The findings therefore underscore the need to determine how items can be selected for 
longitudinal testing with the TEMA assessment for the breadth of non-academic nurs-
ing education as it relates to the elderly.

Methods
We aim to select items, particularly anchor items, to be able to use the TEMA test effi-
ciently for the purpose of a future longitudinal study, while at the same time validating 
its fit for students in both clinical nursing related to care for the elderly and geriatric 
nursing. To achieve this goal, we merged two samples from clinical nursing and geriat-
ric nursing respectively, leading to an overall cross-sectional sample of 133 nursing stu-
dents. Our sampling strategy involved selecting two classes per year of nursing for each 
of the subsamples, with second- and third-year data collected at the same schools, in 
order to create comparable data sets for these nursing education subgroups.2 The com-
bined sample slightly skews towards geriatric nursing (57.1% vs. 42.9% as opposed to 
51.5% vs. 48.5% in federal nursing student population data). As the test had proved in 
the previous studies to be rather difficult for students at the end of nursing education, 
we expected the test might be too difficult for first year students and therefore did not 
include them in the study. Since class sizes are mostly smaller in the third than in the 
second year due to dropout, roughly 60% of the students in the overall sample were in 
the middle of their second year when the test was conducted. Our final sample largely 
matches the sample from the original calibration study, where 83.1% of respondents 
were female and the age was heterogeneous, varying from 19 to 54, with an average of 
29 years, and 29.4% of respondents originated from families in which languages other 

Table 2  Number of situations and items and maximum point scores according to activity fields/
major care incidents

Activity fields Number of 
situations

Number of 
items

Maximum 
point scores

(1) Long-term group care (LTC) for patients with dementia 
(dementia hostel)

5 26 28

(2) Outpatient care (OTC) with a focus on chronic diseases 4 27 38

(3) Institutional palliative care (PAL) 3 24 29

Sum 12 77 95

2  Due to the April 2020 pandemic-related lockdown we could not entirely complete the strategy in clinical nursing and 
were unable to gather third year data for the second class.
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than German were spoken (Döring et al. 2016). With regard to the overall nursing stu-
dent population, male student nurses were somewhat underrepresented (25.1% in the 
overall nursing student population; BMBF 2021), and the oldest age group (> 25) was, 
due to its high share in the geriatric nursing subsample, considerably overrepresented 
(27.8% in the overall nursing student population; Federal Statistical Office of Germany 
2021). While gender played no role as an explaining factor in the original calibration 
study, proficiency slightly increased with age (Döring et  al. 2016). This may point to 
larger issues of heterogeneity, particularly in geriatric nursing, and should be taken into 
account when interpreting our results. Table 3 provides an overview of the sample. Con-
gruent with previous findings, respondents averaged 42.26 of a maximum of 95 points 
on the test.

First, we used one-dimensional Rasch modeling and iteratively excluded items with 
measurement error in mind, particularly those with low item-total correlation, while 
preventing one-sided item exclusion by analyzing distribution across the fields of prac-
tice and the situations in the TEMA test. Second, we carried out differential item func-
tioning (DIF) analysis to ensure that the test items could be used for sensitive testing 
in the second and third year of nursing education while being fair across the different 
nursing education specializations, meaning geriatric and clinical nursing education. To 
assess subgroup invariance in our sample, we refer to common recommendations from 
the NEPS study for assessing DIF (Pohl and Carstensen 2012). Thus, we consider abso-
lute differences in estimated difficulties greater than 1 logit to be very strong DIF, and 
absolute differences between 0.6 and 1 to be worthy of attention for further investigation 
(Pohl and Carstensen 2012). While the overall test should differentiate between years 
of nursing education, item DIF should be low. Hence, items that showed a strong sub-
group difference were discarded. In the final step, we used the results of these analy-
ses for selecting items to avoid floor effects when testing second- and third-year nursing 

Table 3  Years of nursing education, gender, and age group for the geriatric nursing and the clinical 
nursing subsamples (percentage)

a Data on gender, age, and language spoken lacking for one student

Geriatric nursing Clinical nursing Overall sample

2nd year 3rd year 2nd year 3rd year

Gender

 m 7 (14.6%) 6 (21.4%) 7 (21.2%) 6 (26.1%) 26 (19.7%)

 f 41 (85.4%) 22 (78.6%) 26 (78.8%) 17 (73.9%) 106 (80.3%)

Age group (years)

 < 21 6 (12.5%) 4 (14.3%) 20 (60.6%) 10 (43.5%) 40 (30.3%)

 21–25 8 (16.7%) 6 (21.4%) 8 (24.2%) 6 (26.1%) 28 (21.2%)

 > 25 34 (70.8%) 18 (64.3%) 5 (15.2%) 7 (30.4%) 64 (48.5%)

Language spoken in the family

 Only German 34 (70.8%) 22 (78.6%) 22 (66.7%) 13 (56.5%) 91 (68.9%)

 Other 14 (29.2%) 6 (21.4%) 11 (33.3%) 10 (43.5%) 41 (31.1%)

Sum 48 (100.0%) 28 (100.0%) 33 (100.0%) 23 (100.0%) 132a (100.0%)

 Share of overall sample 36.4% 21.2% 25.0% 17.4%
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apprentices, again applying curricular and content validity as well as reliability consid-
erations. Analyses were carried out with ConQuest 2.0.

Results
Item reduction through measurement error minimization

Two items had to be excluded since they were constants, meaning that all item answers 
were false, and therefore no diagnostic value could be obtained. Rasch scaling of the 
remaining 75 items led to a reliability score of WLE = 0.75. In a first step, we selected 
items iteratively with reliability in mind in an effort to minimize measurement error 
(see Appendix Table 7). We considered three measures for this purpose: weighted mean 
square (WMNSQ), t-statistics, and corrected item-total correlation. Applying common 
rules of thumb, we considered values of WMNSQ < 1.15 as indicative of a close item fit, 
1.15 ≤ WMNSQ < 1.20 as a small item misfit, and WMNSQ ≥ 1.20 as a considerable item 
misfit (Smith et al. 2008; Gnambs and Nusser 2019). By conventional standards, we inter-
preted t-values greater than + 2 or less than − 2 as less compatible with the model than 
expected (p < 0.05) (Bond et al. 2021). While WMNSQ lay within a range of 0.8 to 1.2 
for all items, suggesting an acceptable model fit (Pohl and Carstensen 2012), the t-value 
was outside the range of −  2.0 to 2.0 for only one item, indicating that the observed 
data were less consistent with the model than expected (p < 0.05) and suggesting that 
the item should be omitted. In addition to the WMNSQ and t-value, we evaluated item-
total correlations. According to common rules of thumb for evaluating the correlations 
of the item score with the total score, values > 0.20 are considered acceptable (Pohl and 
Carstensen 2012). With curricular and content validity in mind, we excluded items only 
if their item-total correlation was less than 0.15. Items with an item-total correlation 
less than 0.15 may indicate a low discrimination between low and high performers; fur-
thermore, the low correlation can be interpreted as a problem of construct validity. This 
resulted in the exclusion of 18 items. The remaining item pool contained 56 items with 
acceptable values on all three criteria and an improved reliability of WLE = 0.78.

In order to evaluate whether, while increasing reliability and test economics, items 
were excluded to the detriment of curricular and content validity, we analyzed the con-
tent and the distribution of the excluded items with regard to fields of practice and situ-
ations. The content analysis shows that the remaining items continue to reflect the fields 
of practice and the situations. Table  4 also indicates that items are distributed fairly 
across fields of practice and situations, indicating that the 56 item pool maintains cur-
ricular and content validity.

Differential item functioning

DIF analyses serve to ensure that test items show the same order of difficulty for vary-
ing subgroups in the overall sample. DIF exists for an item if its difficulty interacts with 
subgroup membership (Osterlind and Everson 2009), meaning that test subjects with the 
same ability score vary in the likelihood that they will answer an item depending on sub-
group membership, and implying that a test containing the respective item discriminates 
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against at least one of the subgroups. The main intent in our study is to ensure that no 
such discrimination occurs for second and third year nursing students and across both 
geriatric and clinical nursing (Koller et al. 2012). It should be emphasized again that the 
rationale for this is to create a homogeneous test suitable for tracing overall achieve-
ment on the core construct of nursing competence over years of nursing education. Item 
parameters were fixed at 0. With N = 133 nursing students, we conducted both local, 
that is, item-based, and global, meaning across-item, DIF analyses.

While geriatric nursing students scored slightly higher than their counterparts in clini-
cal nursing, global DIF scores indicated no significant DIF between the geriatric nursing 
and clinical nursing subgroups (see Appendix Table  10). Item-level analyses indicated 
that twelve items varied significantly between the program subgroups (A05d, A16d, 
A19d, A21d, A25d, A47d, A49d, A54d, A70o, A77d, A78d, A81d), six of them strongly 
(A05d, A19d, A47d, A54d, A70o, A78d), with seven of the items being more difficult for 
geriatric nursing students (A21d, A25d, A49d, A54d, A70o, A77d, A81d) and five more 
difficult for clinical nursing students (A05d, A16d, A19d, A47d, A78d; see Appendix 

Table 4  Item distributions across fields of practice and situations before and after exclusion

Fields of practice (FP) and situations (Sit) Number of items 
before exclusion

Number 
of items 
excluded

Number of items 
after exclusion

FP 1: Care and assistance for care recipients with 
dementia (long-term care)

26 7 19

 Sit. 1.1: Teamwork in handovers, cooperation, care 
documentation and planning

7 1 6

 Sit. 1.2: Biography-oriented personal hygiene, decu-
bitus prophylaxis, interacting and communicating 
with restricted awareness

8 2 6

 Sit. 1.3: Acting in an emergency situation (shortness 
of breath), dealing with conflicts

4 2 2

 Sit. 1.4: Biography-oriented activity with communica-
tion restrictions

3 2 1

 Sit. 1.5: Dealing with measures restricting freedom 
and with time pressure

4 0 4

FP 2: Care and assistance for care recipients with 
chronic illnesses (outpatient care)

27 8 19

 Sit. 2.1: Wound management, hygiene in the home 
environment, dealing with revulsion

7 3 4

 Sit. 2.2: Food intake in the event of swallowing disor-
ders, action in an emergency situation (aspiration)

5 1 4

 Sit. 2.3: Participation in geriatric rehabilitation con-
cepts (e.g., Bobath concept), guidance for relatives

7 3 4

 Sit. 2.4: Nutritional counseling, blood sugar control 
and insulin administration

8 1 7

FP 3: Care and assistance for care recipients at the end 
of life (institutionalized palliative care)

24 6 18

 Sit. 3.1: Admission interview, relationship building, 
pain management

13 1 12

 Sit. 3.2: Ethical decision-making (refusal to eat) 4 2 2

 Sit. 3.3: Terminal care and grief counseling, working 
with relatives, caring for the deceased

7 3 4

Sum: 77 21 56
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Table  11). Curriculum analysis for the six items with strong DIF (A05d, A19d, A47d, 
A54d, A70o, A78d) indicated that differences could consistently be attributed to dif-
ferences in comprehensiveness or explicitness within the curriculum, with the excep-
tion of item A78d, which requires bioscience knowledge and might therefore be easier 
to answer for students from clinical nursing (see Friedel and Treagust 2005). While we 
therefore excluded these items with strong DIF to generate an instrument for tracing 
increasing overall achievement in nursing in general, they may still be suitable for a test 
intended to trace longitudinal development regarding effects of specializations. Differ-
ences in the curriculum are of particular significance with regard to item A19d, an item 
concerning biography-oriented activity, which is granted considerably more time in the 
geriatric nursing specialization.

As was to be expected, third-year students scored higher on the tasks than second-
year students, albeit only slightly. However, DIF analyses regarding the year of education 
did not lead to significant global DIF either (see Appendix Table 8). On the item level, an 
inhomogeneous picture arose, with some items being solved more frequently by second-
year students and some more frequently by third-year students. Three items showed 
strong DIF, with two of these items being more frequently solved by third-year students 
(A03d, A77d) and one more frequently by second-year students (A22d) (see Appendix 
Table 9). Item A22d refers to restricting freedom in a dementia case, an explicit part of 
the second-year curriculum for both clinical and geriatric nursing and therefore pos-
sibly easier recalled in the second year. Differences for item A03d concerning planning 
measures for food intake could not be sufficiently traced to curriculum but may be 
related to the amount of practical experience. In contrast, item A77d, which refers to 
hypoglycemia symptoms, requires bioscience or medical knowledge and may be better 
recalled close to the final exam. Overall, this supports the assumption that these items 
with strong DIF may be excluded from an instrument aiming at measuring progress in 
nursing competence.

To ensure that the new TEMA-L instrument will be fair for the subgroups and that the 
competencies of the different subgroups can be compared with each other, we excluded 
nine items with strong DIF from the test as a result of the DIF analysis (Pohl and 
Carstensen 2012, p. 12). Table 5 displays the distribution of the omitted and the remain-
ing tasks according to the fields of practice and the situation. Items remain fairly distrib-
uted across the fields of practice, and our analyses show that they continue to cover all 
situational content, except for the biography-oriented activity mentioned above (situa-
tion 1.4).

Item selection for measurement in the second and third year of nursing education

Our final step in the construction of a sensitive test was the selection of test items out 
of the remaining 47 items which can be applied for assessment in the second and third 
year of nursing education. The criterion for the item selection was that the items cho-
sen should have the most diagnostic information value for different points of meas-
urement in a future longitudinal study, creating an efficient test while at the same time 



Page 11 of 26Wittmann et al. Empirical Res Voc Ed Train            (2022) 14:3 	

maintaining a satisfying level of reliability. To this end, items should be selected for two 
measurement points in the second year and the third year of education, respectively. 
Hence, our purpose was to avoid floor effects at a first point of measurement in the sec-
ond year of nursing education and ceiling effects at the second point of measurement 
in the third year (Rost 2004). Additionally, we intended a fair distribution specifically 
across the fields of practice in caring for the elderly, but also across situations, in order to 
maintain curricular and content validity.

To accomplish this, we first identified a set of 30 items of medium difficulty and 
good fit values as anchor items. Another 11 items were distributed according to the 
intended points of measurement, leading to an overall 36 and 35 items respectively for 
each of them. We chose five items that were solved by a higher share of third-year stu-
dents and with slightly higher levels of difficulty for measurement in the third year of 
nursing education. Six items, which were generally solved at a high rate, were selected 

Table 5  Item distribution across fields of practice and situations before DIF analysis and after 
exclusion

Fields of practice (FP) and situations (Sit) Number of items 
before exclusion

Number 
of items 
excluded

Number of items 
after exclusion

FP 1: Care and assistance for care recipients with 
dementia
(long-term care)

19 4 15

 Sit. 1.1: Teamwork in handovers, cooperation, care 
documentation and planning

6 2 4

 Sit. 1.2: Biography-oriented personal hygiene, decu-
bitus prophylaxis, interacting and communicating 
with restricted awareness

6 0 6

 Sit. 1.3: Acting in an emergency situation (shortness 
of breath), dealing with conflicts

2 0 2

 Sit. 1.4: Biography-oriented activity with communica-
tion restrictions

1 1 0

 Sit. 1.5: Dealing with measures restricting freedom 
and with time pressure

4 1 3

FP 2: Care and assistance for care recipients with 
chronic illnesses (outpatient care)

19 3 16

 Sit. 2.1: Wound management, hygiene in the home 
environment, dealing with revulsion

4 0 4

 Sit. 2.2: Food intake in the event of swallowing disor-
ders, action in an emergency situation (aspiration)

4 0 4

 Sit. 2.3: Participation in geriatric rehabilitation con-
cepts (e.g., Bobath concept), guidance for relatives

4 0 4

 Sit. 2.4: Nutritional counseling, blood sugar control 
and insulin administration

7 3 4

FP 3: Care and assistance for care recipients at the end 
of life (institutionalized palliative care)

18 2 16

 Sit. 3.1: Admission interview, relationship building, 
pain management

12 2 10

 Sit. 3.2: Ethical decision making (refusal to eat) 2 0 2

 Sit. 3.3: Terminal care and grief counseling, working 
with relatives, caring for the deceased

4 0 4

Sum: 56 9 47
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for measurement in the second year of nursing education. The results are depicted in 
Table  6, which shows that the items selected remain fairly distributed across fields of 
practice and situations, except situation 1.4. While biography-related items still remain 
part of the instrument, this means that biography-oriented activity was entirely excluded 

Table 6  Reliability, item selection, and distribution for the first and second point of measurement

Measurement second year Measurement third year

Item Situation Item Situation

Anchor items (n = 30)

 A01d 1.1 A01d 1.1

 A74d 1.1 A74d 1.1

 A06d 1.2 A06d 1.2

 A08d 1.2 A08d 1.2

 A71d 1.2 A71d 1.2

 A10d 1.2 A10d 1.2

 A14d 1.3 A14d 1.3

 A16d 1.3 A16d 1.3

 A21d 1.5 A21d 1.5

 A24d 1.5 A24d 1.5

 A34o 2.1 A34o 2.1

 A75o 2.1 A75o 2.1

 A28o 2.2 A28o 2.2

 A30d 2.2 A30d 2.2

 A37d 2.3 A37d 2.3

 A38o 2.3 A38o 2.3

 A40o 2.3 A40o 2.3

 A43d 2.4 A43d 2.4

 A45o 2.4 A45o 2.4

 A46d 2.4 A46d 2.4

 A49d 3.1 A49d 3.1

 A51d 3.1 A51d 3.1

 A56d 3.1 A56d 3.1

 A57d 3.1 A57d 3.1

 A81d 3.1 A81d 3.1

 A59d 3.2 A59d 3.2

 A60d 3.2 A60d 3.2

 A63o 3.3 A63o 3.3

 A68d 3.3 A68d 3.3

 A69o 3.3 A69o 3.3

Measurement point specific items

 A02d 1.1 A73d 1.1

 A09d 1.2 A11d 1.2

 A25d 2.2 A72d 2.1

 A44o 2.4

 A50d 3.1 A55d 3.1

 A53d 3.1 A65d 3.3

WLE reliability = 0.72 WLE reliability = 0.70
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from the final instrument. Again, it must be emphasized that the purpose of our analysis 
is to generate an instrument which is fair for the different nursing specializations in the 
tracing of overall achievement. We would, however, strongly suggest integrating items 
regarding situation 1.4 into test environments for tracing increases of competence in the 
geriatric nursing specialization and taking this aspect of nursing education into account 
for future instrument development. The selected items continue to reflect the situational 
content of the remaining situations.

To ensure that the test booklets were fair at both intended measurement points, in 
a final step we performed DIF analyses between the second and third year of nursing 
education and between the two nursing specializations for the test booklets of the two 
measurement points. The DIF analyses did not result in a significant global DIF for 
either of the test booklets. Students in the third year of nursing education and geriatric 
nursing performed better on the tasks than students in the second year of nursing edu-
cation and clinical nursing in the test booklet for the third year of nursing education, 
albeit only slightly (Appendix Table 16). In addition, the item-level results show that no 
item exhibited strong DIF (see Tables 12, 13, 14, 15, 16, 17, 18, 19). Overall, the reliability 
of WLE remains at a satisfactory level, with WLE = 0.72 for measurement in the second 
and WLE = 0.70 for measurement in the third year of nursing education.

Discussion and limitations
The purpose of this paper was to optimize the TEMA assessment of nursing compe-
tencies in care for the elderly in preparation for longitudinal testing in the second and 
third year of nursing education, under the condition that it must be sufficiently reliable 
and economical with regard to testing time. To this end, the resulting assessment should 
be a sensitive test with regard to the core construct: it should reflect learning progress 
with regard to nursing competence over time without inherently preferring one pro-
grammatic group over another or varying the construct according to years of experience. 
Using Rasch scaling, we managed to identify a body of items which contribute to item-
total correlation and reliability, are fair across existing nursing education specializations 
and across years of nursing education, and generally maintain the curricular and content 
validity, which formed the basis of the construction of the TEMA test. As the new test 
version results in only 36 and 35 items respectively per point of measurement, it has the 
benefit of reducing the number of test items by more than 50%, leading to significant 
gains in testing time in a longitudinal design.

The sampling strategy involved only two classes per group, and a future study should 
be broader in scope. Overall, the results of this study must also be interpreted with cau-
tion due to the heterogeneity of the sample. While the sample somewhat underrepre-
sents males with regard to the general nursing student population, we consider this to 
be of lesser importance, as gender was not significantly linked with TEMA measure-
ment of nursing competence in our previous large-scale assessment calibration study, 
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conducted with a much broader sample of third-year nursing students. Since age was a 
significant factor linked slightly positively with proficiency in the calibration study, the 
high share of students older than 25 in the second year of the geriatric nursing subgroup 
may contribute to third-year students performing only slightly better than second-year 
students. Generally, while third-year students scored better than second year students 
in the resulting third-year booklet, global DIF between third- as opposed to second-
year nursing education subgroups was not significant. As this is likely due to the small 
sample size, significant differences might be expected in a larger sample. However, the 
study was carried out as a cross-sectional study, and longitudinal testing will be neces-
sary to exclude the possibility that the DIF found in this study with regard to the years 
in the program are an artifact of the cohorts and do not represent individual develop-
ment throughout nursing education. While the advantage of our cross-sectional study 
is that it is sample-conserving and avoids repetition effects, our intent in a subsequent 
study using the TEMA-L instrument is to disentangle such effects using an experimental 
longitudinal design with a larger sample. Furthermore, while the sample was comprised 
of nursing students from both clinical and geriatric nursing and retains satisfactory reli-
ability for our overall sample, and although the curricular and content validity of the test 
was examined against the generalized nursing curriculum in place since 2020, empirical 
evidence for the new cohort that started in 2020 has yet to be collected and should be a 
subject of future study. Finally, sensitive items may indicate variations in either school-
based instruction or practical training and might be used in future studies in a controlled 
manner to elucidate possible origins of variance.

Conclusions
In our cross-sectional study, we developed a reliable and economical technology-based 
assessment of nursing competence in care for the elderly that is sensitive to years of 
nursing education. These findings lead us to assume that the instrument can be validly 
applied in a future study for longitudinal testing of nursing competence concerning care-
related action and interaction with clients, patients, and family in the second and third 
year of nursing education. Moreover, this instrument can be used to conduct system-
atic research on factors improving nursing competence in the context of VET, both in 
the theoretical and in the practical sphere. Since our cross-sectional approach to testing 
sensitivity avoids problems of repeated testing attached to longitudinal studies, it might 
also serve as an empirical example on making sense and use of cross-sectional data in 
preparing longitudinal test designs.

Appendix
See Tables 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 and 19.
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Table 7  Item information for one-dimensional Rasch scaling

Item Estimate Standard error WMNSQ CI t-value Discrimination

A01d − 0.681 0.083 0.94 (0.87, 1.13) − 0.9 0.42

A02d − 1.351 0.086 1.00 (0.76, 1.24) 0.0 0.24

A03d − 1.226 0.085 0.97 (0.78, 1.22) − 0.2 0.31

A04o 1.505 0.083 1.02 (0.43, 1.57) 0.2 0.06

A05d − 0.224 0.083 1.04 (0.93, 1.07) 0.9 0.16

A06d − 0.338 0.083 1.02 (0.91, 1.09) 0.4 0.17

A07d 0.183 0.082 1.07 (0.93, 1.07) 1.9 0.03

A08d − 0.450 0.083 1.00 (0.90, 1.10) 0.1 0.19

A09d − 0.982 0.084 0.98 (0.82, 1.18) − 0.1 0.26

A10d − 1.860 0.088 1.03 (0.65, 1.35) 0.2 0.15

A11d − 0.982 0.084 1.01 (0.82, 1.18) 0.1 0.18

A12d 0.181 0.082 1.00 (0.93, 1.07) 0.1 0.17

A14d − 0.353 0.083 0.94 (0.91, 1.09) − 1.3 0.36

A15d − 0.906 0.084 1.01 (0.84, 1.16) 0.1 0.08

A16d − 0.831 0.084 0.91 (0.85, 1.15) − 1.1 0.48

A17o − 0.490 0.072 1.11 (0.83, 1.17) 1.2 0.12

A18d 0.276 0.083 1.15 (0.93, 1.07) 3.8 − 0.19

A19d − 1.924 0.088 0.96 (0.63, 1.37) − 0.2 0.35

A20d 2.439 0.089 0.97 (0.51, 1.49) − 0.0 0.04

A21d 0.124 0.082 0.99 (0.93, 1.07) − 0.3 0.20

A22d 0.708 0.083 1.00 (0.88, 1.12) 0.0 0.19

A23d 0.736 0.083 1.01 (0.87, 1.13) 0.1 0.15

A24d − 0.652 0.083 1.00 (0.87, 1.13) 0.1 0.25

A25d − 0.642 0.083 0.97 (0.88, 1.12) − 0.4 0.29

A26d − 0.378 0.083 1.03 (0.91, 1.09) 0.7 0.10

A27d − 3.082 0.091 0.96 (0.26, 1.74) 0.0 0.30

A28o 1.265 0.078 0.92 (0.71, 1.29) − 0.5 0.39

A29d 0.430 0.083 1.04 (0.91, 1.09) 0.9 0.18

A30d − 0.093 0.083 0.98 (0.93, 1.07) − 0.4 0.25

A31d − 0.362 0.083 1.02 (0.91, 1.09) 0.4 0.13

A32d − 0.159 0.083 1.04 (0.93, 1.07) 1.0 0.12

A34o 0.304 0.068 1.03 (0.86, 1.14) 0.5 0.24

A35o 2.193 0.084 1.11 (0.66, 1.34) 0.6 − 0.00

A37d 0.825 0.084 1.01 (0.86, 1.14) 0.2 0.23

A38o 0.487 0.064 1.12 (0.81, 1.19) 1.2 0.30

A39d − 2.116 0.088 0.94 (0.59, 1.41) − 0.2 0.19

A40o 0.951 0.074 1.00 (0.72, 1.28) 0.1 0.32

A41d 1.678 0.087 1.05 (0.70, 1.30) 0.4 0.11

A42d 3.814 0.092 1.26 (0.00, 2.06) 0.6 − 0.03

A43d 0.012 0.082 0.98 (0.94, 1.06) − 0.7 0.32

A44o − 0.834 0.075 0.96 (0.78, 1.22) − 0.3 0.41

A45o 0.442 0.068 0.99 (0.84, 1.16) − 0.1 0.36

A46d − 0.354 0.083 0.89 (0.91, 1.09) − 2.6 0.45

A47d − 2.661 0.090 0.89 (0.42, 1.58) − 0.3 0.19

A49d − 0.206 0.083 0.90 (0.92, 1.08) − 2.7 0.48

A50d − 1.572 0.087 0.94 (0.71, 1.29) − 0.4 0.34

A51d 0.388 0.083 1.01 (0.91, 1.09) 0.2 0.24

A52d − 0.751 0.084 1.02 (0.86, 1.14) 0.4 0.13

A53d − 1.272 0.085 0.93 (0.77, 1.23) − 0.6 0.38
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a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Table 7  (continued)

Item Estimate Standard error WMNSQ CI t-value Discrimination

A54d 1.150 0.085 0.94 (0.80, 1.20) − 0.6 0.39

A55d 0.416 0.083 0.88 (0.91, 1.09) − 2.7 0.61

A56d − 0.149 0.083 1.00 (0.93, 1.07) 0.1 0.26

A57d 0.203 0.083 0.93 (0.93, 1.07) − 2.0 0.39

A59d − 0.200 0.083 1.01 (0.93, 1.07) 0.3 0.26

A60d 0.781 0.084 0.95 (0.86, 1.14) − 0.8 0.36

A61d 1.690 0.087 1.03 (0.70, 1.30) 0.2 0.10

A62o 0.938 0.074 1.05 (0.71, 1.29) 0.4 0.14

A63o 0.220 0.072 1.06 (0.85, 1.15) 0.8 0.19

A65d − 1.021 0.085 0.95 (0.82, 1.18) − 0.5 0.37

A66d 0.585 0.083 1.06 (0.89, 1.11) 1.1 0.08

A67d 0.213 0.083 1.03 (0.93, 1.07) 0.8 0.11

A68d 0.141 0.083 0.96 (0.93, 1.07) − 1.2 0.33

A69o 1.578 0.081 1.02 (0.70, 1.30) 0.2 0.20

A70o 0.622 0.073 1.12 (0.82, 1.18) 1.2 0.13

A71d − 0.488 0.083 1.01 (0.90, 1.10) 0.2 0.18

A72d 0.035 0.083 1.00 (0.94, 1.06) 0.0 0.24

A73d 1.160 0.085 1.00 (0.80, 1.20) 0.1 0.15

A74d 0.190 0.083 1.00 (0.93, 1.07) 0.1 0.25

A75o 0.600a 0.711 1.06 (0.77, 1.23) 0.6 0.34

A76d 0.265 0.083 1.03 (0.93, 1.07) 0.7 0.15

A77d − 0.272 0.083 0.99 (0.92, 1.08) − 0.1 0.29

A78d − 1.277 0.086 0.96 (0.77, 1.23) − 0.3 0.27

A79d 0.765 0.085 1.01 (0.86, 1.14) 0.2 0.13

A80d 1.254 0.085 0.98 (0.78, 1.22) − 0.1 0.18

A81d − 0.606 0.084 0.99 (0.88, 1.12) − 0.1 0.21

Table 8  Global DIF analysis to identify subgroup invariance between years of nursing education

a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Estimate Standard error

2nd year of nursing education − 0.092 0.054

3rd year of nursing education 0.092a

Chi-square test of parameter equality 2.88

df 1

Sig Level 0.089
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Table 9  DIF item analysis to identify subgroup invariance between years of nursing education at 
the item level

Item Estimate (2nd year) Estimate (3rd year) Standard error

A01d − 0.274 0.274a 0.190

A02d − 0.100 0.100a 0.219

A03d 0.525 − 0.525a 0.246
A05d 0.043 − 0.043a 0.183

A06d − 0.121 0.121a 0.184

A08d − 0.214 0.214a 0.185

A09d − 0.145 0.145a 0.200

A10d − 0.054 0.054a 0.254

A11d 0.104 − 0.104a 0.205

A14d 0.217 − 0.217a 0.188

A16d 0.396 − 0.396a 0.211

A19d 0.186 − 0.186a 0.276

A21d − 0.069 0.069a 0.182

A22d − 0.529 0.529a 0.204
A23d 0.111 − 0.111a 0.191

A24d − 0.107 0.107a 0.191

A25d 0.127 − 0.127a 0.194

A27d 0.051 − 0.051a 0.439

A28o − 0.268 0.268a 0.278

A29d − 0.371 0.371a 0.189

A30d − 0.266 0.266a 0.185

A34o 0.162 − 0.162a 0.109

A37d 0.048 − 0.048a 0.194

A38o − 0.039 0.039a 0.104

A39d − 0.173 0.173a 0.288

A40o 0.071 − 0.071a 0.132

A43d − 0.056 0.056a 0.182

A44o 0.086 − 0.086a 0.162

A45o 0.136 − 0.136a 0.109

A46d 0.117 − 0.117a 0.188

A47d − 0.314 0.314a 0.370

A49d − 0.107 0.107a 0.185

A50d − 0.239 0.239a 0.239

A51d − 0.217 0.217a 0.186

A53d − 0.171 0.171a 0.219

A54d 0.389 − 0.389a 0.206

A55d 0.225 − 0.225a 0.187

A56d 0.042 − 0.042a 0.186

A57d 0.179 − 0.179a 0.185

A59d − 0.238 0.238a 0.184

A60d − 0.143 0.143a 0.197

A63o − 0.217 0.217a 0.119

A65d 0.140 − 0.140a 0.213

A68d 0.063 − 0.063a 0.183

A70o 0.080 − 0.080a 0.128

A71d 0.164 − 0.164a 0.191

A72d 0.144 − 0.144a 0.184

A73d 0.252 − 0.252a 0.206
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Table 9  (continued)

Item Estimate (2nd year) Estimate (3rd year) Standard error

A74d − 0.024 0.024a 0.182

A77d 0.745 − 0.745a 0.207
A78d 0.343 − 0.343a 0.241

A79d − 0.135 0.135a 0.208

A80d − 0.104 0.104a 0.216

A81d 0.006 − 0.006a 0.193

A69o − 0.331 0.331a 0.296

A75o − 0.120a 0.120a

Separation reliability = 0.192; Chi-square test of parameter equality = 71.38, df = 55, Sig. = 0.068

Significant values are printed in bold
a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Table 10  Global DIF analysis to identify subgroup invariance between specializations

a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Estimate Standard error

Geriatric nursing 0.048 0.054

Clinical nursing − 0.048a

Chi-square test of parameter equality 0.82

df 1

Sig Level 0.366

Table 11  DIF item analysis to identify subgroup invariance between specializations at the item level

Item Estimate (geriatric nursing) Estimate (clinical nursing) Standard error

A01d − 0.219 0.219a 0.189

A02d 0.038 − 0.038a 0.218

A03d − 0.192 0.192a 0.209

A05d − 0.907 0.907a 0.197

A06d − 0.308 0.308a 0.184

A08d 0.205 − 0.205a 0.185

A09d − 0.042 0.042a 0.198

A10d − 0.059 0.059a 0.250

A11d − 0.363 0.363a 0.200

A14d 0.086 − 0.086a 0.182

A16d − 0.440 0.440a 0.196

A19d − 0.535 0.535a 0.268

A21d 0.375 − 0.375a 0.182

A22d 0.024 − 0.024a 0.189

A23d − 0.329 0.329a 0.198

A24d − 0.055 0.055a 0.189

A25d 0.395 − 0.395a 0.194

A27d − 0.082 0.082a 0.416

A28o 0.054 − 0.054a 0.241

A29d − 0.031 0.031a 0.183

A30d − 0.242 0.242a 0.184

A34o − 0.113 0.113a 0.109

A37d 0.277 − 0.277a 0.192
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Separation reliability = 0.581; Chi-square test of parameter equality = 129.72, df = 55, Sig. = 0.000

Significant values are printed in bold
a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Table 11  (continued)

Item Estimate (geriatric nursing) Estimate (clinical nursing) Standard error

A38o 0.003 − 0.003a 0.104

A39d − 0.112 0.112a 0.284

A40o 0.042 − 0.042a 0.132

A43d 0.301 − 0.301a 0.181

A44o 0.103 − 0.103a 0.154

A45o − 0.065 0.065a 0.108

A46d − 0.027 0.027a 0.183

A47d − 1.121 1.121a 0.543

A49d 0.454 − 0.454a 0.189

A50d 0.241 − 0.241a 0.244

A51d 0.019 − 0.019a 0.183

A53d 0.133 − 0.133a 0.220

A54d 0.502 − 0.502a 0.206

A55d 0.035 − 0.035a 0.185

A56d 0.096 − 0.096a 0.183

A57d − 0.046 0.046a 0.182

A59d − 0.354 0.354a 0.185

A60d 0.003 − 0.003a 0.195

A63o 0.045 − 0.045a 0.119

A65d 0.133 − 0.133a 0.206

A68d 0.307 − 0.307a 0.182

A70o 0.661 − 0.661a 0.144

A71d 0.079 − 0.079a 0.185

A72d 0.347 − 0.347a 0.182

A73d 0.207 − 0.207a 0.205

A74d − 0.106 0.106a 0.181

A77d 0.489 − 0.489a 0.188

A78d − 0.491 0.491a 0.225

A79d 0.117 − 0.117a 0.206

A80d 0.205 − 0.205a 0.212

A81d 0.402 − 0.402a 0.196

A69o − 0.358 0.358a 0.287

A75o 0.216a − 0.216a

Table 12  Global DIF analysis to identify subgroup invariance between years of nursing education 
for measurement in the second year

a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Estimate Standard error

2nd year of nursing education − 0.044 0.054

3rd year of nursing education 0.044a

Chi-square test of parameter 
equality

0.67

df 1

Sig Level 0.413
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Table 13  DIF item analysis to identify subgroup invariance between years of nursing education at 
the item level for measurement in the second year

Separation reliability = 0.000; Chi-square test of parameter equality = 30.80, df = 35, Sig. = 0.671

Significant values are printed in bold
a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Item Estimate (2nd year of training) Estimate (3rd year of training) Standard error

A01d − 0.225 0.225a 0.189

A74d 0.025 − 0.025a 0.181

A06d − 0.070 0.070a 0.183

A08d − 0.163 0.163a 0.184

A71d 0.209 − 0.209a 0.190

A10d 0.001 − 0.001a 0.255

A14d 0.269 − 0.269a 0.187

A16d 0.450 − 0.450a 0.210
A21d − 0.019 0.019a 0.181

A24d − 0.061 0.061a 0.190

A34o 0.206 − 0.206a 0.109

A75o − 0.066 0.066a 0.113

A28o − 0.228 0.228a 0.279

A30d − 0.225 0.225a 0.183

A37d 0.088 − 0.088a 0.193

A38o 0.009 − 0.009a 0.104

A40o 0.122 − 0.122a 0.132

A43d − 0.016 0.016a 0.180

A45o 0.183 − 0.183a 0.109

A46d 0.156 − 0.156a 0.186

A49d − 0.067 0.067a 0.183

A51d − 0.173 0.173a 0.184

A56d 0.085 − 0.085a 0.184

A57d 0.226 − 0.226a 0.184

A81d 0.057 − 0.057a 0.192

A59d − 0.193 0.193a 0.183

A60d − 0.094 0.094a 0.196

A63o − 0.169 0.169a 0.118

A68d 0.110 − 0.110a 0.182

A69o − 0.249 0.249a 0.282

A02d − 0.049 0.049a 0.218

A09d − 0.094 0.094a 0.199

A25d 0.175 − 0.175a 0.193

A44o 0.122 − 0.122a 0.160

A50d − 0.199 0.199a 0.235

A53d − 0.134a 0.134a
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Table 15  DIF item analysis to identify subgroup invariance between specializations at the item level 
for measurement in the second year

Separation reliability = 0.332; Chi-square test of parameter equality = 50.48, df = 35, Sig. = 0.044

Significant values are printed in bold
a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Item Estimate (geriatric nursing) Estimate (clinical nursing) Standard error

A01d − 0.261 0.261a 0.187

A74d − 0.145 0.145a 0.180

A06d − 0.347 0.347a 0.182

A08d 0.164 − 0.164a 0.184

A71d 0.037 − 0.037a 0.184

A10d − 0.104 0.104a 0.247

A14d 0.045 − 0.045a 0.181

A16d − 0.481 0.481a 0.194

A21d 0.335 − 0.335a 0.180

A24d − 0.098 0.098a 0.188

A34o − 0.151 0.151a 0.108

A75o 0.178 − 0.178a 0.112

A28o 0.016 − 0.016a 0.240

A30d − 0.280 0.280a 0.182

A37d 0.236 − 0.236a 0.191

A38o − 0.033 0.033a 0.103

A40o 0.006 − 0.006a 0.131

A43d 0.260 − 0.260a 0.180

A45o − 0.100 0.100a 0.108

A46d − 0.069 0.069a 0.182

A49d 0.411 − 0.411a 0.187

A51d − 0.020 0.020a 0.182

A56d 0.057 − 0.057a 0.181

A57d − 0.085 0.085a 0.181

A81d 0.361 − 0.361a 0.194

A59d − 0.394 0.394a 0.183

A60d − 0.033 0.033a 0.193

A63o 0.007 − 0.007a 0.119

A68d 0.267 − 0.267a 0.181

A69o − 0.390 0.390a 0.282

A02d − 0.006 0.006a 0.216

A09d − 0.084 0.084a 0.197

A25d 0.354 − 0.354a 0.192

A44o 0.058 − 0.058a 0.152

A50d 0.195 − 0.195a 0.241

A53d 0.093a − 0.093a

Table 16  Global DIF analysis to identify subgroup invariance between years of nursing education 
for measurement in the third year

a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Estimate Standard error

2nd year of training − 0.080 0.047

3rd year of training 0.080a

Chi-square test of parameter equality 2.87

df 1

Sig Level 0.090
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Table 17  DIF item analysis to identify subgroup invariance between years of nursing education at 
the item level for measurement in the third year

Separation reliability = 0.000; Chi-square test of parameter equality = 32.47, df = 34, Sig. = 0.543

Significant values are printed in bold
a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Item Estimate (2nd year) Estimate (3rd year) Standard error

A01d − 0.259 0.259a 0.188

A74d − 0.013 0.013a 0.181

A06d − 0.106 0.106a 0.183

A08d − 0.198 0.198a 0.184

A71d 0.173 − 0.173a 0.189

A10d − 0.029 0.029a 0.254

A14d 0.233 − 0.233a 0.187

A16d 0.416 − 0.416a 0.210

A21d − 0.055 0.055a 0.180

A24d − 0.094 0.094a 0.190

A34o 0.166 − 0.166a 0.108

A75o − 0.107 0.107a 0.112

A28o − 0.269 0.269a 0.276

A30d − 0.262 0.262a 0.183

A37d 0.049 − 0.049a 0.192

A38o − 0.033 0.033a 0.104

A40o 0.079 − 0.079a 0.131

A43d − 0.052 0.052a 0.180

A45o 0.141 − 0.141a 0.108

A46d 0.121 − 0.121a 0.186

A49d − 0.102 0.102a 0.183

A51d − 0.210 0.210a 0.184

A56d 0.053 − 0.053a 0.184

A57d 0.189 − 0.189a 0.183

A81d 0.022 − 0.022a 0.191

A59d − 0.227 0.227a 0.183

A60d − 0.130 0.130a 0.196

A63o − 0.206 0.206a 0.118

A68d 0.074 − 0.074a 0.182

A69o − 0.293 0.293a 0.280

A73d 0.263 − 0.263a 0.205

A11d 0.123 − 0.123a 0.205

A72d 0.152 − 0.152a 0.182

A55d 0.235 − 0.235a 0.186

A65d 0.152a − 0.152a
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Table 18  Global DIF analysis to identify subgroup invariance between specializations for 
measurement in the third year

a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Estimate Standard error

Geriatric nursing 0.020 0.051

Clinical nursing − 0.020a

Chi-square test of parameter equality 0.15

df 1

Sig Level 0.695

Table 19  DIF item analysis to identify subgroup invariance between specializations at the item level 
for measurement in the third year

Separation reliability = 0.401; Chi-square test of parameter equality = 53.69, df = 34, Sig. = 0.017

Significant values are printed in bold
a The item parameters were fixed to zero as part of the item analysis. One parameter is fixed by ConQuest by default for 
model identification purposes

Item Estimate (geriatric nursing) Estimate (clinical nursing) Standard error

A01d − 0.246 0.246a 0.187

A74d − 0.132 0.132a 0.180

A06d − 0.334 0.334a 0.182

A08d 0.177 − 0.177a 0.183

A71d 0.050 − 0.050a 0.183

A10d − 0.089 0.089a 0.247

A14d 0.059 − 0.059a 0.181

A16d − 0.465 0.465a 0.194

A21d 0.348 − 0.348a 0.180

A24d − 0.083 0.083a 0.187

A34o − 0.137 0.137a 0.108

A75o 0.188 − 0.188a 0.111

A28o 0.026 − 0.026a 0.240

A30d − 0.268 0.268a 0.182

A37d 0.249 − 0.249a 0.191

A38o − 0.022 0.022a 0.103

A40o 0.016 − 0.016a 0.131

A43d 0.273 − 0.273a 0.179

A45o − 0.089 0.089a 0.108

A46d − 0.054 0.054a 0.181

A49d 0.425 − 0.425a 0.187

A51d − 0.007 0.007a 0.182

A56d 0.071 − 0.071a 0.181

A57d − 0.071 0.071a 0.181

A81d 0.375 − 0.375a 0.194

A59d − 0.379 0.379a 0.183

A60d − 0.021 0.021a 0.193

A63o 0.021 − 0.021a 0.118

A68d 0.281 − 0.281a 0.181

A69o − 0.381 0.381a 0.278

A73d 0.180 − 0.180a 0.203

A11d − 0.389 0.389a 0.198

A72d 0.319 − 0.319a 0.180

A55d 0.006 − 0.006a 0.184

A65d 0.105a − 0.105a
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