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is available at the end of the laboratory tasks: responsible action, data management, and laboratory techniques.
article Focusing on these laboratory tasks, we developed a test instrument measuring the

professional knowledge of prospective laboratory assistants (acronym: PROKLAS) about
biochemistry and cell biology.

Methods: We designed a paper-and-pencil test measuring the professional knowl-
edge of laboratory assistants required to fulfill daily laboratory tasks in biochemistry
and cell biology. A sample of N = 284 Vocational Education and Training (VET) students
[(average age = 20.0 years (SD = 3.3)] were tested in a cross-sectional study. The sam-
ple comprised of prospective biology laboratory assistants, biological technicians, and
medical laboratory technicians.

Results: Confirmatory factor analysis (CFA) indicates that the test developed allows
us to measure the professional knowledge of laboratory assistants in biochemistry
and cell biology as two empirically separable constructs among laboratory assistants.
CFA with covariates widely confirms the validity of PROKLAS in its respective sub-
scales. Firstly, VET-related covariates predicted biochemistry and cell biology scores of
students considerably better compared to the covariates related to general second-
ary school. Secondly, general biological knowledge predicted biochemistry and cell
biology scores of PROKLAS. Finally, VET students’self-efficacy in laboratory tasks and
their opportunities to learn laboratory tasks are positively correlated to achievement in
PROKLAS. However, we found a similar relationship for self-efficacy in English too.

Conclusion: Our analyses indicate that PROKLAS can be effectively used for summa-
tive and formative VET evaluation in assessing the professional knowledge of labora-
tory assistants in biochemistry and cell biology.
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Introduction

Ever since fictitious shows like Crime Scene Investigation flooded television channels,
everyone is aware of scientific laboratory assistants and forensic technicians working in
laboratories who apply various scientific techniques to track down criminals. The popu-
larity of these shows has impacted our perception of the abilities of laboratory assistants
(Podlas 2006). While most of these shows are fictional, the professions of the scientific
laboratory assistants in medicine and biology enacted are real. In this study, we focus
on the professional knowledge of laboratory assistants in biology and medicine that is
required to perform their daily laboratory work. Although we focus specifically on the
German education system, the laboratory duties are similar across countries, and our
study would be of interest to a wider audience.

Vocational Education and Training (VET) programs, like those to become a laboratory
assistant, play an important role in training people outside university careers (Deissinger
et al. 2011). They have been very successful in creating occupational opportunities for
adolescents (Schmidt 2010; Shavit and Muller 2000). In Germany, 2.5 million students
were enrolled across 330 different VET programs from 2013 to 2014 alone (Federal Sta-
tistical Office 2014). Recent efforts were initiated to compare and rank the quality of VET
programs nationally and internationally, for example, in the National Quality Framework
(NQF) and the European Quality Framework (EQF; Brockmann et al. 2011; Deissinger
2009). However, comparing international and national VET programs is difficult due to
their lack of common standards for learning goals (Brockmann et al. 2011). To be able to
compare VET programs, it is very important to first develop reliable instruments assess-
ing the profession-specific requirements of the VET programs (Deissinger et al. 2011).
We contribute to this effort with our newly developed instrument testing the profession
knowledge of laboratory assistants. Recently, several educational research studies have
started to assess the quality of VET programs, drawing attention to the construct of pro-
fessional competences (Seeber 2014; Winther and Prenzel 2014). Professional compe-
tences are defined as the “..capability to perform; to use knowledge, skills and attitudes
that are integrated in the professional repertoire of the individual..” (Mulder et al. 2006,
p 23). They are described as work activity-oriented skills (in a broader sense) encompass-
ing knowledge, skills (in a more specific sense), and attitudes (cf. KMK, Secretariat of the
Standing Conference of the Ministers of Education and Cultural Affairs of the Lénder in
the Federal Republic of Germany 2011; Le Deist and Winterton 2005).

An important facet of professional competence is the professional knowledge acquired
by the trainees. It is defined as the knowledge that people need to practice their profes-
sion, for example, to solve complex problems at workplace (Kirschner 2013; Riedl 2003).
Measuring professional knowledge is considered as a suitable form of quality assessment
for VET programs (Gschwendtner 2011; Nickolaus et al. 2012). Consequently, the first
instruments for the evaluation of such programs addressed professional knowledge,
e.g. for mechanical technicians (Abele et al. 2013) and for commercial business clerks
(Achtenhagen and Winther 2014). However, to our knowledge, there are no validated
instruments for VET programs in biology and medicine currently existing, despite the
important role of laboratory assistants in hospitals, research institutes, and industries.
To address this gap, we have developed a paper-and-pencil test (Professional Knowledge
of Laboratory Assistants or PROKLAS). We validated it in this study with N = 284 VET
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students, that allows for the assessment of their professional knowledge of laboratory
tasks in biochemistry and cell biology. In this paper, we use the term “laboratory assis-
tants” for “laboratory assistants in biology and medicine’, and “laboratory tasks” for “lab-

oratory tasks in biochemistry and cell biology”.

Background

Common tasks of laboratory assistants in biology and medicine

Laboratory assistants are trained to work with complex biological systems performing
technical or diagnostic tests in medical and scientific laboratories (Barley and Bechky
1994). Their duties include performing laboratory equipment maintenance and repair,
operating instruments, and conducting experiments (Barley and Bechky 1994). The first
laboratory work standard, the Good Laboratory Practice (GLP), was issued in the 1970s
by the Food and Drug Administration (FDA) in the United States for laboratory work
procedures in scientific and clinical research areas. The GLP standards were particularly
introduced to reduce safety concerns in laboratories. In 1997, the GLP was internation-
ally set as a standard by the Organization for Economic Cooperation and Development
(OECD 1998). In 2003, the Good Clinical Laboratory Practice (GCLP) was introduced to
extend the standards of GLP to the specialized clinical research laboratories worldwide
(Ezzelle et al. 2008). The GLP and GCLP present guidelines for personnel and facility
organization, quality assurance, lab equipment, and Standard Operating Procedures for
standardized documentations (Cooper-Hannan et al. 1999).

When conceptualizing and designing our test instrument, we compared GLP and
GCLP standards to current curricula and governmental regulations of VET programs
of laboratory assistants in biology and medicine. Based on these guidelines we identi-
fied two content fields, i.e. biochemistry and cell biology that are mandatory for training
laboratory assistants. Each handling procedure provided in the guidelines was assigned
to one of the two content fields. For example, procedures involving non-living matter
(e.g. weighing substances, or extracting DNA) were grouped under biochemistry, while
procedures involving living organisms (e.g. growing cells in flasks) were classified under
cell biology. Within biochemistry and cell biology, we distinguished between the follow-
ing three laboratory tasks of daily work routine: (1) responsible action, (2) data manage-
ment, and (3) laboratory techniques.

Responsible Action (RA) referred to the use of the globally harmonized system of the
classification and labeling of (i.e. in biochemistry) potential toxic chemicals according to
the United Nations Economic Commission for Europe (UNECE 2011). Data Manage-
ment (DM) included information about analyzing measurement data outputs, or how
to retrieve information about substances used in the laboratory. Laboratory Techniques
(LT) include information on working procedures of experiments, like (for biochemistry)
conducting a polymerase chain reaction (PCR), or (in cell biology) growing tissue cells.

In summary, considering the laboratory practice standards and the VET program cur-
ricula, we identified procedures that are performed daily by laboratory assistants in biol-
ogy as well as in medicine. These common procedures allowed us to use PROKLAS for
the assessment of professional knowledge of laboratory tasks of VET students in biology
and medicine (e.g., biological technicians, biological laboratory assistants, and medical

laboratory assistants, respectively).
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Training as a laboratory assistant

In Germany, students can choose to enroll in different VET programs after finishing
the secondary level of general school education and before entering the labor mar-
ket (Miiskens et al. 2009). Typically, these programs can be grouped into two types:
(a) the dual system integrating industry and school education (e.g. VET programs for
laboratory assistants in biology), and (b) a purely school-based education system (e.g.
VET programs for technical assistants in medicine or biology). In the dual system, the
laboratory assistants are employed in the industry and are trained at two places, their
industrial workplace and a vocational school. Being employed at an organization, the
dual VET students are directly integrated in the daily work processes of the industry
and receive first-hand training and work experience this way. Their training follows offi-
cial guidelines of school curricula (Bundesgesetzesblatt (BGBL) 2009; Harms et al. 2013;
KMK 2011). However, laboratory working duties can be limited by the productivity and
the size of the company (Hansson 2007).

In contrast, students at the school-based system are taught in classrooms and school
laboratories alone (Miiskens et al. 2009), thereby receiving less first-hand work experi-
ence. Despite these regulation differences, both types of VET programs pursue the com-
mon goal to train people in acquiring practical working skills for their future profession
(KMK 2011; Nickolaus et al. 2012). Their training includes final written examination
(e.g., in science and language) and practical tests on laboratory tasks following the offi-
cial guidelines of training, examination regulation, and school curricula (e.g. APO-BK
2015; BGBI 2009), in accordance with the German Chambers of Commerce and Indus-
try (IHK, Industrie- und Handelskammer). We present here a newly developed test
instrument to test laboratory assistants independent of their VET type or discipline in
biology or medicine. To achieve this goal, we focused on the common ground of profes-
sional knowledge about laboratory practice in our tested VET programs in biology and
medicine.

Assessing professional knowledge and conceptualizing the test instrument PROKLAS
Focusing on laboratory practice in healthcare and medical professions, there are only
a few instruments available testing the professional knowledge required to perform
laboratory tasks. They mostly deal with emergency responses in hospitals by applying
computer-assisted simulations or video sequences (Tavares et al. 2014; Wickler et al.
2013). Few other instruments focus on regular clinical work duties (e.g., for nurses) by
standardized role play (e.g., Objective Structured Clinical Examination (OSCE); Selim
et al. 2012), or through paper-and-pencil test formats for medical students at universi-
ties (Cowin et al. 2008). However, as mentioned above, there are no instruments avail-
able that measure the professional knowledge of prospective laboratory assistants. We
addressed this gap by developing PROKLAS.

When conceptualizing PROKLAS, we took into account that laboratory assistants
require a broad range of scientific knowledge (e.g., in zoology, biotechnology, micro-
biology, etc.) and as described above, have common guidelines in laboratory practices.
As outlined before we identified two different fields in the laboratory practice which
we termed “biochemistry” and “cell biology” Within these two groups, we focused on
the three laboratory tasks: (1) RA, including safety regulations important for health
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Fig. 1 Model of professional knowledge of laboratory tasks used for item development

and environmental protection, (2) DM, including office-desk work duties like analyzing
measurements, and (3) LT, including experimental work in the laboratory.

Since only theoretical and factual knowledge (so-called declarative knowledge; De
Jong and Ferguson-Hessler 1996; Konig 2010) is not sufficient for mastering the labora-
tory tasks, we also took the so called procedural knowledge (Ambrosini and Bowman
2001; Eraut 2000; Miller 1990) into consideration when developing PROKLAS. The terms
“declarative” and “procedural knowledge” were introduced in 1983 by Anderson in his
adaptive control of thought (ACT) theory (Anderson 1983). Declarative knowledge is
defined as factual knowledge as ‘knowing that’ (Shavelson et al. 2005), which is memo-
rized as a set of knowledge about facts, events, objects and people which can be verbalized
and is not situation-specific (K6nig 2010). In contrast, procedural knowledge is defined as
‘knowing how’ (Shavelson et al. 2005) or ‘how it works” and ‘how to do it’ (Ambrosini and
Bowman 2001), and can be seen as the knowledge on how to execute action sequences
to solve problems (Rittle-Johnson and Star 2007). Our items for declarative knowledge
assessed memorized information and definitions on substances or equipment needed
in laboratories, whereas those for procedural knowledge involved identifying handling
errors or questioning the correct procedures. Since procedural knowledge is found to
evolve gradually from declarative knowledge in the training of novices (Anderson 1983;
McPherson and Thomas 1989) we covered both, although procedural knowledge cannot
be assessed without detailed information on each of the individuals’ cognitive ability (Mc
Pherson et al. 1989). The complete model for the item development to assess the profes-
sional knowledge of laboratory assistants is shown in Fig. 1.

Research questions
With regard to the aims outlined above, we examined the following research questions
in our study:

1. Are the two fields of biochemistry and cell biology (and the three laboratory tasks of
RA, DM, and LT) reflected in VET students” professional knowledge about labora-
tory tasks?

2. Is the VET students’ professional knowledge of laboratory tasks in biochemistry and
cell biology coherently related to the academic background, general biological knowl-
edge, self-efficacy, and perceived opportunities to learn?
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Hypotheses

For our first research question, we hypothesized that our instrument measures the pro-
fessional knowledge about laboratory tasks in biochemistry and cell biology. Though
there are many similarities of daily work routine in laboratories, tasks within biochem-
istry and cell biology differ in their methods and working techniques. For example,
laboratory tasks about DNA extraction or analytical screening are typical techniques in
biochemistry, and differ from sampling or cultivation of organisms in cell biology (Gant-
ner et al. 2011). Accordingly, on the one hand we expected that students’ responses can
be explained by their knowledge in biochemistry and cell biology as two latent abilities.
On the other hand, we similarly expected that students’ responses can be explained by
their knowledge of RA, DM, and LT as three latent abilities.

For our second research question, we used personal characteristics of the tested VET
students, namely: (a) their academic background, (b) their general biological knowledge,
(c) their self-efficacy, and (d) their perceived opportunities to learn. Based on these four
personal characteristics, we framed our hypotheses as follows:

Academic background: As school grades reflect cognitive abilities (Trapmann et al.
2007), we hypothesized that VET students with better school and VET grades will per-
form better in PROKLAS. We also hypothesized that a higher VET students’ training
year (VET vyear) will show a positive effect on the test performance. Studies involving
university and school students have shown that the number of years spent in education
has an effect on their test performance (Astin 1999; Kleickmann et al. 2013; Riese and
Reinhold 2012). We assume to find a similar effect for students when they transition into
their VET programs.

General biological knowledge: Ausubel (1968) stated that “the most important single
factor influencing learning is what the learner already knows”. Meta-analysis studies have
shown that subject-related pre-knowledge of school students predict test performances
(Hattie 2009). We hypothesized that pre-knowledge in biological contexts (e.g., about
evolution or ecology), as taught in general secondary school, might positively influence
students’ performance in our instrument.

Self-efficacy: According to Bandura (1977), a person’s willingness to initiate a coping
behavior is affected by the confidence in his own abilities and efforts to do a particular
task. Meta-analyses have shown that self-efficacy is moderately related to work-related
performance (Stajkovic and Luthans 1998) and academic achievement (Carroll et al.
2009). We hypothesize that vocational students’ professional knowledge of laboratory
tasks is positively related to their self-efficacy in performing those tasks. In contrast,
there should be no substantial correlation between self-efficacy in a non-related subject
such as English.

Perceived opportunities to learn: VET programs provide plenty of learning opportuni-
ties in work-based contexts (Tynjéld 2008). Since learning success depends on the use
of opportunities to learn (e.g., Helmke and Schrader 2014), we hypothesized that using
such learning opportunities will positively affect test performance.
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Methods

Methodological approach for the domain analysis

Within these two fields of biochemistry and cell biology, we developed items to cover
the three laboratory tasks. Item development was conducted and advised by two experts
from the Leibniz Institute for Science and Mathematics Education in Kiel, 10 VET
school teachers, and two VET educators from the industry.

For the assessment of procedural knowledge, we asked, for example, “State the proper
procedures for sterile filtration of small amounts of samples using a sterile filter and a
syringe., with five choices, one of which is correct (Item no. 44, Additional file 1). For the
assessment of declarative knowledge, we asked, “State which method is used to deter-
mine the antibody titer in blood’; again with five choices and one correct answer (Item
no. 19, Additional file 1).

Measures

The test instrument (PROKLAS). Based on the model of professional knowledge used in
Fig. 1, we developed 135 items to assess VET students’ knowledge of laboratory tasks.
Except for one semi-open item, all items were designed in multiple-choice format. Some
items contained pictograms or pictures to illustrate the context (e.g., biohazard char-
acteristics of chemicals). Items developed stemmed from the two major fields of bio-
chemistry (72 items, including those from pharmacology, molecular biology, and genetic
engineering) and cell biology (63 items, including those from zoology, botany, and
microbiology). Items addressed the three central laboratory tasks within each discipline,
namely: RA (19 items for biochemistry and 29 items for cell biology), DM (20 items for
biochemistry and 13 items for cell biology), and LT (33 items for biochemistry and 21
items for cell biology). The items developed addressed the two categories of knowledge
in each laboratory task: declarative knowledge and procedural knowledge. Declara-
tive knowledge was operationalized by items stimulating cognitive processes such as
‘remember and retrieve! Procedural knowledge was operationalized by items stimulat-
ing cognitive processes such as ‘apply and understand’ according to Bloom’s taxonomy
(Krathwohl 2002). The final set of 92 items is provided in the appendices in English and
German (Additional files 1 and 2, respectively).

Personal characteristics of the VET students. We used the following personal charac-
teristics of the VET students to validate the subscales biochemistry and cell biology: (a)
academic background, (b) general biological knowledge, (c) self-efficacy, and (d) per-
ceived opportunities to learn.

For academic background, we collected information about students’ final grades
from general secondary school and the type of general secondary school they attended
before entering the VET program. Final school grades potentially ranged from 1 (highest
achievement) to 6 (lowest achievement). Two types of general secondary schools can be
distinguished, those that train their students for a non-academic career (grades 5-9 [or
10]; nonacademic track), and those that train their students about 2-3 years longer for
an academic career (grades 5—12 [or 13]; academic track; cf. Grofischedl et al. 2015). We
also collected information on students’ VET grades and their year in the VET program.
The potential range of VET grades corresponded to the range of final school grade.
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We assessed the general biological knowledge of the VET students using 12 items,
comprising of areas from morphology, physiology, evolution, genetics, and ecology that
were developed by Grof3schedl et al. (2014). Ten items were administered in multiple-
choice format and two in short answer format. Since all the items were scored dichoto-
mously (0 = wrong answer vs. 1 = correct answer), the person’s ability was estimated
with Rasch’s simple logistic model according to the WLE method (Weighted Likeli-
hood Estimate; Wright and Mok 2000) using ACER Conquest software (version 1.1.0;
Wu et al. 1998). Cronbach’s alpha and WLE reliability were estimated to be .61 and .54,
respectively.

Self-efficacy of the VET students was assessed by a revised version of the “Berlin evalu-
ation instrument for self-evaluated student competencies” (BEvaKomp; Braun et al.
2008). The revised instrument measured students’ self-reported competency for labo-
ratory work procedures and English as a foreign language using 15 items on a 4-point
scale, from “does not apply at all” (1) to “fully applies” (4). Additionally, students were
also asked to answer in similar 4-point scale their self-competency in laboratory tasks
(e.g., laboratory safety and microbiological methods) and English as foreign language. An
example of an item measuring professional knowledge is: “I can provide an overview on
the topics in the subject area of laboratory tasks (vs. English)”. Cronbach’s alpha was .94
(M = 89.56, SD = 13.97) for self-efficacy in laboratory tasks and .95 (M = 37.00,
SD = 9.80) for English, respectively.

We assessed the perceived opportunities to learn by asking VET students to indicate
how intensively particular contents were reflected in their previous school career. For
this, we used 12 items based on knowledge of laboratory tasks and 12 items based on
general biological knowledge. All the items were on a 4-point scale from “not at all” (1) to
“extremely” (4). Cronbach alphas for opportunities to learn laboratory tasks and general
biology were .78 (M = 36.50, SD = 5.33) and .86 (M = 22.24, SD = 6.68), respectively.

Research design

Due to the large number of items, we implemented a planned missing data design with
three booklets to evaluate our instrument (cf. Frey et al. 2009; Graham et al. 2006). Book-
let 1 and 2 contained two distinct sets of items. These booklets were linked by booklet 3,
with about 50 % overlap from the total number of items (linking items). Each participant
completed only one booklet. The booklets were randomly distributed.

Sample and procedure

In August 2013, 284 students [62 % female, average age: 20.0 years (SD = 3.3)] partici-
pated in our cross—sectional study. 10 % were enrolled in the VET program as ‘labo-
ratory biology assistants’ [52.4 % female; average age: 19.9 years (SD = 2.0)], 82 % as
‘biology technicians’ [62.8 % female; average age: 19.8 years (SD = 3.1)], and 8 % as
‘medical laboratory technicians’ [all female; average age: 23.2 years (SD = 5.2)]. We
tested students out of fourteen classes from four VET schools in three different German
states (Schleswig—Holstein, Lower Saxony, and Hamburg). Laboratory biology assis-
tants participated in the dual VET program, whereas biology technicians and medical
laboratory technicians were part of the school-based VET program. Trained test leaders
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administered the study that was conducted on-site in the VET school classes. The test
time was set for 3 h, with a 10-min break. All the participants answering PROKLAS also
answered items about their academic background, and additional questions about their
general biological knowledge. Moreover, a sub-sample of 38 VET students answered
questions about self-efficacy and perceived opportunities to learn.

We used parcel score to conduct a factorial analysis of our model. Even though there
is no set rule for the minimum amount of data needed to run a CFA, a minimum ratio
of 1:5 between estimated parameters and participants is suggested (Bentler 1989; Krauss
et al. 2008). Because of the large number of items, we could not apply this ratio when
using items as indicators. Therefore, we used subscale or parcel scores as manifest indi-
cators to measure latent variables (e.g., instead of 92, there are just six factor loadings;
see Fig. 2; cf. Little et al. 2002). ACER Conquest software (version 1.1.0; cf. Wu et al.
1998) allowed us to calculate the parcel scores for CFA.

Results

Statistical item analyses

In order to evaluate the measurement quality of our items, we calculated item difficulties
and discrimination parameters in terms of Classical Test Theory. To overcome problems
accompanied with missing data, calculations were conducted with ACER Conquest soft-
ware (version 1.1.0; Wu et al. 1998). Item difficulties (and discrimination parameters)
ranged between .14 and .79 (.11 and .60, respectively) for biochemistry, and between .04
and .82 (—14 and .61, respectively) for cell biology. Our item selection was based on an
item analysis, in which items with an item difficulty outside the range of .20 and .80 as
well as items with discrimination indices less than .15 were removed. We removed 15
items for biochemistry and 28 items for cell biology, yielding item difficulties (and dis-
crimination parameters) ranging between .21 and .55 (.15 and .78, respectively) for bio-
chemistry and .22 and .50 (.20 and .81, respectively) for cell biology (see Additional file 3:
Table S1). We checked for the content of each of the removed items to ensure that all

laboratory tasks were still covered by our instrument.

BO***

Cell biology

.80 .73 .77 .78 .53 .75 X3(15, N = 284) = 578.28, p <.001
\‘ CFI =0.997
TLI = 0.995
IRA1 | |DM1 ‘ ‘ LT1 | | RA2 ‘ |DM2‘ | LT2 ‘ AIC = 5097.11
BIC = 5166.44
T RMSEA = 0.025

Fig. 2 Model for the latent constructs of biochemistry and cell biology based on six parcels. Responsible
action (RA), Data management (DM), Laboratory techniques (LT), Comparative fit index (CF/), Tucker-Lewis
fitindex (TL/), Akaike information criterion (AIC), Bayes Information criterion (BIC), Root-mean-square error of

approximation (RMSEA). “"p < 001
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Factorial structure of PROKLAS

To answer our first research question, we explored the factorial structure of PROKLAS.
We applied confirmatory factor analyses (CFA) by using the maximum likelihood pro-
cedure with robust standard errors using Mplus (version 7.11; cf. Muthén and Muthén
1998-2012). A three-dimensional Rasch model was specified for biochemistry and cell
biology, respectively. Each dimension represented one of the three laboratory tasks (RA,
DM, LT) considered in PROKLAS. Parcel scores were estimated with the WLE method,
which is less biased than maximum likelihood estimation, and provides best point esti-
mates of individual ability (Warm 1989). As VET students came from 14 different classes,
we used the CFA calculation option ‘Type = complex’ to consider the nested structure
of the data. To fix the metric of the latent variables, the factor variance was set to 1. Sev-
eral goodness-of-fit indexes were calculated: the comparative fit index (CFI), the Tucker—
Lewis Index (TLI), the akaike information criterion (AIC), the Bayes information criterion
(BIC), and the root mean square error of approximation to determine model fit (RMSEA;
Jackson et al. 2009; Schreiber et al. 2006). CFI and TLI represent the ratio of the discrep-
ancy between the data and the hypothesized model. Good model fit is described by val-
ues >.95 (Schreiber et al. 2006). The penalized model selection criteria, AIC and BIC,
are used to describe the complexity of a model (Kuha 2004). Lower values indicate better
model fits, when comparing different models. The RMSEA represents the average of the
covariance residuals between two models. A value of 0 indicates perfect fit, and satisfac-
tory fit values go below <.06 (Hu and Bentler 1999; Schreiber et al. 2006). Our analysis
indicated an excellent model fit (CFI = .997, TLI = .995, AIC = 5097.11, BIC = 5166.44,
RMSEA = .025) for the two-factor model which assumes a single latent ability for each
discipline (i.e. biochemistry and cell biology; Fig. 2). We compared goodness-of-fit of the
two-factor model to the goodness-of-fit of a one-factor model (CFI = .914, TLI = .856,
AIC = 5160.19, BIC = 5225.88, RMSEA = .138) assuming a single latent ability for
answering PROKLAS. The descriptive results indicate that the two-factor model clearly
outperformed the one factor model. We verified this finding with the Satorra—Bentler
test, which calculates the differences of scaled (mean adjusted) Chi square values. The
Satorra—Bentler test was significant (TRd = 1.97, p < .001, Adf = 1, N = 284), indicating
that assuming two latent abilities better fitted to the observed data than assuming a single
latent ability. The reliability of the subscales is described by the factor p coefficient, which
overcomes the shortcoming of Cronbach’s alpha coefficient outlined by Raykov (2004).
The factor p coefficients for biochemistry and cell biology were .93, each.

Subsequently, we specified a three-factor model assuming a single factor for each latent
ability of laboratory task (RA, DM, and LT). In this model, each laboratory task is meas-
ured by two indicators, one indicator from biochemistry and one indicator from cell biol-
ogy. Analysis shows that the three-factor model (CFI = .887, TLI = .718, AIC = 5161.26,
BIC = 5237.89, RMSEA = .025) clearly misfits the data. Finally, we specified a multitrait-
multimethod model to reflect both fields and laboratory tasks in structural equation
modelling. Therefore, we modified the two-factor model by allowing correlated residuals
between the corresponding laboratory tasks of both the fields (e.g. a residual correlation
between the indicators RA-biochemistry and RA-cell biology; CFI = .990, TLI = .971,
AIC = 5111.32, BIC = 5191.60, RMSEA = .062). However, the simple two-factor model
outperformed the three-factor and the multitrait-multimethod model.
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In order to check whether dimensionality of the two-factor model depends on the
students’ academic background, we tested several multiple-group models with two
grouping variables, as the ‘type of general secondary school’ (0 = nonacademic track,
1 = academic track) and “VET-year’ as a dummy coded variable (0 = early period of
studies, 1 = later period of studies). For each of the grouping variables, we did a model
comparison between two multiple-group models. In the first model, the factor cor-
relation was allowed to vary across groups, whereas in the second it was equal across
groups. Loadings, intercepts, and residual variances of the indicators were set invariant
across groups. Referring to ‘type of general secondary school’ as a grouping variable, the
factor correlation for the nonacademic track group (r = .52; SE = .31) does not differ
significantly (TRd = 3.16, p = .075, Adf = 1, N = 238) from the factor correlation for the
academic track group (r = .84; SE = .06). Referring to “VET-year’ as a grouping variable,
the factor correlations also does not differ significantly (TRd = 2.52, p = .112, Adf =1,
N = 271) between the early (r = .62; SE = .14) and the later period of studies (r = .76;
SE = .06).

Relationship between PROKLAS subscales and VET students’ personal characteristics

For our second research question, we were interested in understanding how subscale
scores of PROKLAS are related to particular personal characteristics of VET students,
as measured by their (a) academic background, (b) general biological knowledge, (c)
self-efficacy, and (d) perceived opportunities to learn. For this purpose, a CFA with
covariates (cf. MIMIC model; Muthén and Muthén 1998-2012) was performed, where
the relationship between the dependent variables (knowledge of biochemistry and cell
biology) and a single covariate (Table 1) or a set of covariates (i.e. personal character-
istics of VET students; MIMIC model; Muthén and Muthén 1998-2012; Table 2) were

Table 1 Latent regression coefficients and standard errors for knowledge of biochemis-
try and cell biology (dependent variables) regressed on a single covariate (MIMIC model;
Muthén and Muthén, 1998-2012)

Covariate Biochemistry Cell Biology
B SEB B R B SEB B R?
Academic Type of secondary school 18 42 08 01 -22 32 —.10 01
Background  Secondary school grade® —-34 15 —.18% 03 =44 6 —22%* 05
VET year .56 17 AS¥F* .20 72 18 S54%* 29
VET grade® —.84 17 — 4T 22 —.80 07 —A45%%% 21
General biological knowledge 46 12 S53¥* 28 J6 .07 21 05
Self-efficacy  In laboratory tasks 116 13 Ag**¥* D)3 86 22 39%** 15
In English 86 .27 46%* 22 66 17 36" 13
OTL For laboratory tasks 157 97 58* 34 77 86 33 RN
For general biology 102 93 49 24 57 63 30 .09

Type of secondary school = general secondary school accomplished before entering the VET program (0 = nonacademic
track, 1 = academic track)

VET vocational education and training, OTL opportunities to learn
*p <.05,% p<.01,%*p< 001

2 Negative values represent positive relationships between students’test performance and academic achievement
(operationalized as grades)

Page 11 of 20
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studied. For the type of general secondary school (academic track vs. non-academic
track), we expected to, but did not find that VET students from the academic track
outperformed those from the non-academic track (Table 1). For VET year, we hypoth-
esized and confirmed that advanced VET students outperformed beginners in their
biochemistry and cell biology scores in PROKLAS (Table 1). We also hypothesized and
proved a positive relationship between general biological knowledge and biochemis-
try/cell biology scores in PROKLAS. Furthermore, we expected to and again proved
our hypothesis that high-achieving VET students (operationalized by the general sec-
ondary school and VET grades) outperformed low-achieving students concerning the
subscale score of PROKLAS (Table 1). As there are dependences between particular
covariates, we did CFA with sets of covariates to adjust for the respective dependences.
We adjusted general secondary school grades for type of general secondary school and
VET grade for VET year (Table 2). Results show that VET-related covariates (year and
grade) explained considerably more variance in biochemistry and cell biology scores
than covariates related to general secondary school (type and grade). This strongly sup-
ports the validity of PROKLAS.

We also applied subscales representing self-efficacy in laboratory tasks and English
to predict subscale scores of PROKLAS. We hypothesized that the subscale scores are
better predicted by the self-efficacy in laboratory tasks than in English. CFAs with the
respective covariates did not confirm our hypothesis (Tables 1 and 2). Although self-
efficacy in laboratory tasks is significantly related to the subscale scores of PROKLAS,
there is also a substantial relationship between self-efficacy in English and PROKLAS.
Finally, we hypothesized that opportunities to learn laboratory tasks predicted subscale
scores of PROKLAS much better than opportunities to learn general biology. Although
this was observed for the biochemistry subscale, it was not the case for the cell biology
subscale (Tables 1 and 2).

Table 2 Latent regression coefficients and standard errors for knowledge of biochemistry
and cell biology (dependent variables) on indicators of VET students’ personal characteris-
tics (MIMIC model; Muthén and Muthén 1998-2012)

Covariate Biochemistry Cell biology
B SEB B R? B SEB B R?

Academic Type of secondary school 47 A7 22 —-08 35 —04
Background  Secondary school grade? —49 A7 =24 07 -41 20 —21* 05

VET year 65 .19 42X 66 .18 AQFF

VET grade® —.89 21 —44%%% 40 -88 .10 —42%%% 39
Self-efficacy  In laboratory tasks 1.12 27 A0%F* 69 15 37

In English 73 21 37** .38 543 27%% 22
OoTL For laboratory tasks 1.30 15 ATFRH 57 56 25

For general biology 38 121 A7 36 24 36 13 12

Type of secondary school = general secondary school accomplished before entering the VET program (0 = nonacademic
track, 1 = academic track)

VET vo-cational educational training, OTL opportunities to learn
*p<.05,*p<.01,**p< 001

2 Negative values represent positive relationships between students’ test performance and academic achievement
(operationalized as grades)
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Discussion

Validity of the instrument

In this study, we developed an instrument that assesses the professional knowledge of
laboratory assistants about laboratory tasks in biochemistry and cell biology. To our
knowledge, this is the first empirically validated instrument available in this field. We
distinguished between the three laboratory tasks: (1) the safety regulations important
for health and environmental protection (RA), (2) the office-desk work when analyz-
ing measurements (DM), and (3) conducting experiments in the laboratory (LT). We
checked the validity of the PROKLAS subscales with a correlational approach (CFA and
CFA with covariates). For this, we collected information about personal characteristics
of VET students, which were related to the PROKLAS scores.

Based on our research questions, there are four findings supporting the validity of our
instrument: Firstly, analyses indicated that the two latent abilities representing profes-
sional knowledge of laboratory tasks in biochemistry and cell biology were reflected by
the VET students’ responses. Both abilities were correlated but empirically separable.
Secondly, VET-related covariates (VET year and VET grade) predicted biochemistry and
cell biology scores of students considerably better compared to the covariates related to
general secondary school (type of general secondary school and final grade in general
secondary school). We hypothesized that students of an academic track would score
PROKLAS better than students of a non-academic track. Academic track students are
educated 2-3 years longer by teachers who are intensively trained to teach biological
fields (e.g., molecular biology or cell biology) in more depth in the academic track (KMK
2008). It has been shown that students’ achievement is linked to the subject knowledge
of such well trained teachers (Darling-Hammond 2000; Heller et al. 2012). In this case,
our results indicating no differences between academic track and non-academic track
students are surprising. However this might be explained by a selection process of the
students after graduating the general regular school. Well-performing academic track
students are more likely to enroll at university studies than entering the VET programs,
leaving relatively poorer academic track students and non-academic students for VET
programs (Bosch 2010). Regarding the VET year our data showed that VET students
who advanced in their program outperform VET program beginners, confirming results
indicating a similar effect as seen in the VET program of mechanical technicians (Nick-
olaus et al. 2013). Thirdly, general biological knowledge predicted biochemistry and cell
biology scores of PROKLAS. Similar results have been reported before in meta-analyses
studies showing that subject-related pre-knowledge of school students predicts test per-
formances (e.g. Hattie 2009). Assessing the VET students’ pre-knowledge in biology, we
decided to apply a short test due to a better test-time economy, leaving more test-time
for PROKLAS. The low reliability score that we achieved of .6 is still in an acceptable
range above .55 for a short test according to Rost (2007). This score can be explained by
the broad range of items questioning the knowledge about biological disciplines tested
which is more preferable then a narrow set reflecting the VET students’ knowledge (Rost
2007).

Finally, VET students’ self-efficacy in laboratory tasks and their opportunities to
learn laboratory tasks are positively correlated to achievement in PROKLAS. However,
we found a similar relationship for self-efficacy in English too. As many terms used in
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biological and medical laboratory practice are derived from the English language (e.g.,
PCR), we can speculate that understanding English might facilitate VET students’ per-
formance in PROKLAS.

Our results indicate that neither academic background nor the time the VET students
spent in their VET programs directly affect the dimensionality of PROKLAS. In case
of academic track, we assume to have a selection of VET students attending the pro-
grams as explained above. Regarding the time spent at the VET program, we did not find
a significant effect on the dimensionality of our model either. This indicates the good
model fit of PROKLAS which can be applied at different stages of training for laboratory
assistants and makes the obtained scores comparable. In literature, a differentiation of
sub scales was observed during the training of mechanical technicians (Nickolaus et al.
2013). We have not seen this differentiation in our laboratory tasks; however this could
still develop at later training stages.

PROKLAS can be applied for assessing the professional knowledge of laboratory assis-
tants in biology and medicine independent of their academic background. We designed
PROKLAS in a paper-and-pencil format because it is easier and faster to administer
for large-scale assessments and allows an objective grading when standardized (Kane
1992). These formats are commonly used in large-scale assessments like Trends in
International Mathematics and Science Study (TIMSS) and Programme for Interna-
tional Student Assessment (PISA; Harlow and Jones 2004). Paper-and-pencil-tests in
multiple choice formats are also applied in medical education reflecting declarative and
procedural knowledge (Abu-Zaid and Khan 2013). However, there have been critiques
about the usefulness of the paper-and-pencil format in how well they can reflect practi-
cal working situations (Erpenbeck 2009; Mulder et al. 2006). To what extent PROKLAS
can accurately predict practical working skills of laboratory tasks and potentially replace
action-oriented tests to measure practical skills in VET programs needs further investi-
gations. Action-oriented individual tests are common praxis for the examination of labo-
ratory assistants’ knowledge in biology or medicine (BGBI 2009; KMK 2011). Although
they can test problem solving skills in real work situations, they are difficult to stand-
ardize (Kane 1992). Alternatively, simulation tests allow standardized testing by using
computer software or video sequences (Achtenhagen and Winther 2014; Nickolaus
et al. 2011). However, analyzing simulation tests are reported to be very time consum-
ing (Achtenhagen and Winther 2014; Gschwendtner et al. 2009). These limitations make
those test formats impracticable for the use of standardized large-scale assessments.
Another concern with paper-and-pencil tests is that relating to possible booklet design
effects. Designing booklets require, for example, to avoid fatigue effects when too many
items need to be handled (Hohensinn et al. 2008), or to keep a strong linkage between
booklets when more than one is applied (Graham et al. 2006). Therefore, we applied an
efficacy 3-form design with a distinct set of items in three different booklets linked by
a 50 % overlap (Graham et al. 2006). Minimizing possible fatigue- and item positioning
effects, we mixed the item difficulties in these booklets with an equal amount of graphics
and pictures in each booklet, and we provided a half time break to our participants. Test-
ing for booklet effects revealed no significant differences between the booklet groups.
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Limitations of PROKLAS

We applied item parcel scores as manifest indicators for the two latent variables reflect-
ing the professional knowledge in biochemistry and cell biology. With the exception of
the item parcel DM2 (of the subscale data management) loading on cell biology (Fig. 2),
all standardized factor loadings of the item parcels exceeded the critical value of .70 (cf.
Kline 2011). This indicates that the parcels of items represent the appropriate latent abil-
ities, and thereby confirmed the validity of PROKLAS. Although, we can infer that the
parcels adequately indicated knowledge in biochemistry and cell biology, we cannot state
that each of the items included in these parcels also indicates knowledge in both fields of
biochemistry and cell biology. To be able to address this, we would need to increase the
sample size to reach the recommended items (as estimated parameters) to participants’
ratio of 1:5 (Bentler 1989).

For the design of PROKLAS, professional knowledge was classified as declarative
knowledge and procedural knowledge. While the former included items requiring facts,
definitions and information, the procedural knowledge was tested by items asking for a
deeper understanding of handling procedures. Both categories of knowledge have been
reported as having very closely associated dimensions (Nickolaus and Seeber 2013).
This might be due to the operationalization of procedural knowledge which in the pro-
fessional context always requires declarative knowledge components (Nickolaus et al.
2012). Novices in training still form first a declarative base when developing procedural
knowledge (McPherson SL and Thomas 1989). Due to the smooth transition between
declarative and procedural knowledge, we cannot clearly distinguish between both
categories of cognition. To be able to do so, we would need to compare VET students’
scores in PROKLAS with observation of these VET students in action-oriented tests for
laboratory tasks. In this case, each dimension of laboratory tasks would be needed to be
observed and then compared to the scores obtained in PROKLAS. This is currently out-
side the scope of this project. To compare VET students’ score in PROKLAS we would
also apply a simulation test with video vignettes (cf. Seeber 2014) or computer-assisted
simulations (cf. Achtenhagen and Winther 2014), which has not been developed yet.

Despite these limitations, PROKLAS could be a very useful tool to assess the profes-
sional knowledge of laboratory assistants in biochemistry and cell biology independent
of their academic track and their VET year. It therefore can be used also as a prognostic
tool to test the professional knowledge at different stages in the VET program. Since its
design covers a broad range of topics in biochemistry (including chemistry and genetics)
and cell biology (including immunology and microbiology), it also can be used to assess
professional knowledge in domain related and ecological aspects. This might become
useful when assessing the learning stage of in a VET program during training.

Conclusions

In this study, we presented the test instrument PROKLAS that assesses the professional
knowledge of laboratory assistants about laboratory tasks. We checked the validity of
PROKLAS using CFA and CFA with covariates. Our findings strongly support that
PROKLAS allows an empirically separable measure on professional knowledge of labo-
ratory tasks in biochemistry and cell biology. To our knowledge, it is the first empirically
validated instrument for laboratory assistants available.
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PROKLAS can be successfully used for summative and formative training evaluations.
Since this test measures the professional knowledge needed to perform the daily work
tasks or activities in the laboratory, it can have several applications, e.g.:

a. VET teachers can use PROKLAS to measure the learning outcomes of VET students.

b. VET students can self-evaluate their learning outcomes.

c. cResearchers and governmental administrators can use PROKLAS to evaluate the
professional knowledge of laboratory assistants. This might become a useful tool
when considering the need to evaluate the working skills and quality of different VET
programs, for example, for the National Quality Framework (NQF) and the Euro-
pean Quality Framework (EQF; Brockmann et al. 2011; Deissinger et al. 2011).

Currently, PROKLAS is being implemented in the longitudinal large-scale assessment
project “Mathematics and Science Competencies in Vocational Education and Train-
ing” (ManKobE). ManKobE is conducted as a statewide effort in Germany to empiri-
cally assess the competencies in mathematics and sciences in several VET programs
(e.g., electrical engineering, car mechatronics, industrial clerks, laboratory assistants in
chemistry, and laboratory assistants). In this context, PROKLAS is being used to assess
and compare the learning outcomes of the professional knowledge of laboratory tasks of
laboratory assistants trained either in both kinds of school-based VET programs or in
the dual system.

Additional files

Additional file 1. Contains the instrument PROKLAS in English.
Additional file 2. Contains the instrument PROKLAS in German.
Additional file 3: Table S1. Contains tables with the characteristics of the test items.
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