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Abstract 
It is often difficult to apply knowledge learned in one setting in another setting, 

for example statistical knowledge learned at school to be used for method 

comparison at work. By using a boundary-crossing approach we have tried to 

enhance school-work knowledge perspectives for students in secondary vocational 

laboratory education. An intervention study consisting of five meetings in which 

three students were taught the statistical knowledge relevant to work took place. 

During these meetings care was taken to link the school knowledge to work 

knowledge, and vice versa. Data collection included video recordings of the 

meetings, as well as interviews with teachers, students themselves and 

supervisors from work. A pre- and posttest were created to measure the learning 

gain of the intervention. A qualitative analysis of the meetings and the reasoning 

of the students during these meetings showed that the level of integrating school-

work knowledge increased during the intervention. The pre- and posttest results 

showed that the students’ statistical knowledge improved significantly and with 

large effect size. 
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Introduction 
The transfer of knowledge (Bransford & Schwartz, 1999; Lobato, 2006) between 

school and practical implementation is much more complicated than a simple 

“learn and apply”. Students typically have problems connecting school theory to 

practice (Lave, 1988; Lave & Wenger, 1991; Nunes, Schliemann, & Carraher, 

1993). An ideal place to study these problems and test possible solutions is a 

setting where a student enters a work placement. 

 

Senior secondary vocational education (MBO) takes the role of bridging the gap 

between secondary school and work for a large part (47%) of the students in the 

Netherlands (Kerncijfers rijksoverheid 2007-2011.). It is here that the craftsman 

and woman who are the foundation of a country are educated and prepared for 

an occupation. A large part of the program is the internship period in which 

students work in companies and organizations, and practice the same skills 

needed for a “real” job under supervision from both school and work. In this 

environment students should be able to apply the knowledge gained in previous 

years to the practice of the work floor.  

 

This application of knowledge is difficult to achieve. A lot of studies have been 

conducted in schools, while others have looked at workplace settings to examine 

the problems with knowledge transfer. However, studies need to address both 

school and work when considering knowledge transfer. This is necessary as 

knowledge learned in school is not only used in work placement, but also vice 

versa (Lave, 1988; Onstenk & Blokhuis, 2007). This is better described using the 

term boundary crossing. Concepts of boundary crossing are used to refer to 

ongoing, two-sided actions and interactions between contexts (Akkerman & 

Bakker, 2011; Akkerman & Bakker, 2012; Konkola, Tuomi-Gröhn, Lambert, & 

Ludvigsen, 2007; Wenger, 1998). As most boundary crossing studies are 

descriptive in nature, an interventionist approach would fill a gap in boundary 

crossing research. 

 

In 2011 Bakker et al. conducted an exploratory intervention study at a vocational 

school to try to understand the difficulties involved in integrating statistical 

knowledge into work-related reasoning (Bakker, van Mierlo, & Akkerman, 2012). 

Because of the exploratory nature of the study there was room for improvement. 

Therefore a new research project was conducted using the previous one as a 

stepping stone to improve the methodology, instruments and method of analysis. 

This research will contribute to the body of knowledge on the subject of boundary 

crossing. The main research goal of this research is to try to integrate knowledge 

perspectives of study and work. This paper will evaluate to what extent this was 

successful. 
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1. Theoretical framework 
In Dutch secondary vocational education (MBO) the on-the-job training at a 

company is a very important aspect of the educational process (Lutgens & 

Mulder, 2002; Onstenk & Blokhuis, 2007). Students go to school to learn 

theoretical knowledge in the first and second year and then expand on this 

knowledge in an internship position at a company in later years. This learning by 

use of internships can be viewed as situated learning (Lave & Wenger, 1991). A 

problem that occurs with the internship setting for both teachers and students is 

that it can be difficult to integrate knowledge from school into the work setting, 

and vice versa (Akkerman & Bakker, 2012; Bakker et al., 2012; Konkola et al., 

2007; Lutgens & Mulder, 2002; Nunes et al., 1993). 

 

To understand why this is difficult we will address the concepts of transferring and 

application of knowledge. Transfer (Bransford & Schwartz, 1999; Lobato, 2006) is 

described as the process in which knowledge from one domain is applied in 

another. Lave (1988) shows that this transfer is not a given and often does not 

happen. It is difficult, but not impossible for transfer to take place (Konkola et al., 

2007; Nunes et al., 1993).  

 

School and work can both be seen as communities of practice (Lave & Wenger, 

1991; Wenger, 1998), both with their own specific boundaries (Wenger, 2000). 

When compared to transfer, the concept of boundary crossing is bidirectional, 

dynamic, and oriented on both the individual and the collective (Bakker et al., 

2012). 

 

Persons can cross boundaries (Akkerman & Bakker, 2011). So-called “brokers” 

move between different communities of practice and interact with these 

communities, building bridges between them. They have an ambiguous role, 

belonging to both worlds, but to no world fully. Boundary objects share this same 

ambiguous feat. Boundary objects are objects that are functional in different 

communities and fulfill a need, but typically not the same for each community 

(Carlile, 2002; Star, 2010). Boundary objects are used to “translate” between 

different communities and help the boundary crossing process. An example of a 

boundary object in a school setting would be a work report. The work report can 

be used in school setting to provide grading, while in a work setting it could serve 

as an aid to set new goals and discuss progress with the work supervisor. 

 

Akkerman and Bakker (2011) found that boundary crossing studies that involve 

an intervention often involve reflection: that is, taking or making a different 

perspective. To better describe the problems students face during boundary 

crossing we will be using the term knowledge perspectives (Carlile, 2004) to focus 

on the different boundaries. For example, a possible knowledge perspective of 

correlation is that it is a statistical term that can be used at school, to answer a 

question from a teacher. From a different perspective it can also be used to 

discuss the quality of data in a workplace setting. Knowledge across a boundary 

can have different perspectives.  

 

The boundaries will be examined from a pragmatic approach. A pragmatic 

approach to boundaries assumes the conditions of difference, dependence and 

novelty are all present, and so recognizes the requirement of an overall process 

for transforming existing knowledge to deal with the negative consequences that 

arise. (Carlile, 2002). Carlile argues that knowledge at a boundary possesses 

three important perspectives: 

 

- The difference of knowledge, e.g. novice-expert relationships. An example 

would be a student in a workplace setting who does not comprehend the 

explanations of his workplace supervisor. 



6 | Enhancing school-work knowledge perspectives through a boundary crossing approach 

 

Ing. T.L.H. Kurvers    2013-06-09 

 

- The difference of dependence, a need for another actor, person or object 

to assist in achieving a common goal, e.g. a method comparison that a 

student works on to pass his internship period while his supervisor helps 

him because he needs a person to do the tests. 

 

- The novelty of the circumstances, something that is not previously known 

to actors, e.g. a new machine for blood analyses. 

 

Students in vocational education need to integrate knowledge from school and 

work (Schaap, Baartman, & De Bruijn, 2012). To integrate knowledge is to 

transform and combine that knowledge for use in a different context. Integration 

of knowledge perspectives is key to solving problems and creating new knowledge 

(Carlile & Rebentisch, 2003).  

 

Descriptive studies have been carried out on boundary crossing between school 

and work. Harreveld and Singh (2009), Konkola et al. (2007), Tanggaard (2007) 
and Vähäsantanen et al. (2009) advocate boundary crossing as means to describe 

learning in vocational/work educational forms. Mekes (2012) addressed boundary 

crossing in a clinical chemistry setting and found the used boundary objects and 

specific boundary crossing approaches to be beneficial to students’ learning. 

 

Studying and analyzing is important and useful, but would it be possible to 

improve or influence learning in a boundary crossing approach? In an exploratory 

intervention study, Bakker et al. (2012) showed that a boundary-crossing 

approach can be successful at integrating knowledge. The aim of their research 

was to improve students’ integration of statistical-mathematical and work-related 

reasoning about work tasks. Three students in the fourth and final year of the 

MBO Laboratory School were chosen as participants in this research. The students 

were doing an internship position at the hospital as part of their education. They 

were given extra classes to improve on their statistical knowledge and integrative 

reasoning. A report from a previous year was used as a boundary object to 

familiarize students with the internship task. Bakker et al.’s quantitative analyses 

suggested that the students’ integrative reasoning levels improved significantly. 

This indicates that there is potential in a boundary crossing approach.  

 

We investigated whether the boundary crossing approach helped the integration 

of knowledge perspectives, which is the main goal of the intervention study. To 

evaluate the success of the intervention our research was guided by the following 

main question: 

 

To what extent do students integrate knowledge perspectives in a boundary-

crossing approach? 

 

To help answer the main question the following questions are addressed: 

 

1. What challenges do students encounter when integrating knowledge 

perspectives according to teachers, workplace supervisors and students 

themselves? 

2. What knowledge integration processes do students go through during the 

intervention study? 

3. What is the learning gain of the statistical knowledge required at school 

and at work and has the integration of this knowledge improved? 
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2. Methods 
To answer the research question an intervention study was conducted. This 

intervention study focused on enhancing the statistical knowledge needed “in the 

workplace”. The study involved three students of the MBO Laboratory School ROC 

Midden Nederland. All three are in their final and fourth year of study at school 

and doing an internship at a hospital laboratory. A fourth student attended the 

initial meetings but was not included as a research subject as he had completed 

his study before the end of the intervention. Students and their teachers have 

been given a pseudonym in this research paper. 

 

The learning goals of the intervention study were to: 

- Improve the statistical knowledge of students related to the workplace. 

- Improve the integration of students’ school-work knowledge. 

 

Compared to the previous study by Bakker et al. (2012) we have worked on a 

more reliable model for analyses as the inter-rater reliability of the previous study 

was very low (Cohen’s Kappa of .34). Students’ learning gain due to the 

intervention will be more accurately measured using pre- and posttests. 

 

The students have a full time unpaid internship at the hospital except for every 

tenth working day at which they will go to school for courses. On every tenth 

working day the intervention took place, consisting of meetings on work-related 

statistics. Five of these sessions were held in total. 

 

Usage of boundary objects such as a logbook, special assignments and 

measurement data gathered from work by students should assist in this boundary 

crossing approach. Students were taught by a teacher from Utrecht University 

and worked in peer groups to discuss problems they faced in school and work 

situations. Working in peer groups at trade vocational school can function as a 

site for constructive dealing with crossing the boundary between trade vocational 

school and trade practice (Tanggaard, 2007). 

 

The students are coached and mentored in school by two teachers as well as 

supervisors at their workplace environment. 

 

To answer question one (What challenges do students have integrating 

knowledge perspectives according to teachers, workplace supervisors and 

students themselves?), we will collect data by: 

- Interviewing the students pre- and post the intervention using a semi-

structured interview to examine students’ knowledge perspectives.   

- Interviewing two teachers and supervisors from work using a semi-

structured interview to provide qualitative data on students’ knowledge 

perspectives.  

The data from these interviews were analyzed and used to answer question one. 

The interview schemes (Appendix I) are based on Carlile’s knowledge 

perspectives. The questions in the interviews were used to establish the 

knowledge perspectives that students have. They also explore other possible 

problems that students encounter when moving between school and work 

contexts. The two teachers interviewed are mentors of the students involved in 

the intervention. 
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To answer question two (What knowledge integration processes do students go 

through during the intervention study?), we have collected data by videotaping 

and analyzing the five school-based meeting days. The analysis was done by 

using an improved version of the method by Bakker et al. (2012) to describe the 

level of integrative reasoning. These four levels are based on the integration of 

the students and defined as: 

 

I. Statement about something statistical-mathematical or work-

related without explanation or reasoning. 

II. Reasoning with only statistical-mathematical or only work-related 

knowledge. 

III. Statement in which a statistical-mathematical and work-related fact 

are combined. 

IV. Reasoning with both statistical-mathematical and work-related 

knowledge. 

 

To corroborate the findings of the integrative reasoning a summary was made of 

the actions and comments per student per meeting. The summaries were then 

used to sketch a better picture of the knowledge integration process the students 

went through. 

 

To answer question three (what is the learning gain of the statistical knowledge 

required at school and at work and is the integration of this knowledge 

improved?), we collected data from pre- and posttests (Appendix II) on the 

knowledge of the students. 

 

The test consists of two parts: 

- A test of statistical knowledge required in the work setting 

o Correlation 

o Regression 

o Variation coefficient 

o Precise (small variation, wrong mean) and accurate (large 

variation, correct mean) 

- A test integration of work-related tasks and statistics 

o Statistical process control 

o Z-score chart 

o A dilemma involving both statistical and clinical arguments 

 

The pretest was given before the start of the intervention on the same day as the 

first meeting. During this test all students were present. The posttest was given 

on the day of the last meeting after the intervention had finished. Unfortunately 

Michelle was not there and we had to give her the test one week later when she 

was back at school. 

 

This test determines whether students have improved during the intervention. A 

control group of pathology students was used to compare the improvement of the 

target group with help of the same pre- and posttest. The pathology control 

group had the same educational basics in their first and second year. This is the 

year in which statistics is taught at school. The integration test-question with the 

dilemma will be left out for the control group, as they have a different workplace 

environment. 

 

A maximum of 100 points can be scored on the tests, and 80 points for the 

control group test because of the first question being left out. The pre- and 

posttest differ slightly in the order of the questions asked, as well as slight 

changes in number values. As the questions vary little the difficulty of the pre- 

and posttest is comparable. 
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The interviews of the students before and after the intervention contributes to 

answering this question as well. 

 

Data analysis 
Data is gathered from the pre- and posttest, the interviews and the note taking 

and videotaping of the intervention. 

A paired t test is used to analyze the scoring of the pre-and posttest. This should 

indicate whether or not the students have improved their statistical and 

integration skills. The checking of the answers was done with the help of a 

scorecard. 

The audio recordings of the interviews of students, supervisors and teachers were 

transcribed verbatim, after which a coding system was created for analysis. 

The videotapes were transcribed verbatim, with important actions, stills of the 

video footage, facial expressions, or other important nonverbal communication 

from the participants included. The previously mentioned rating scheme for 

integrative reasoning (Bakker et al., 2012) was used to analyze students’ 

progress in knowledge integration. The scheme was used to check if students use 

statistical or work-related knowledge or a combination of both when 

communicating. The number and level of statements and “reasonings” was 

counted to see if the students enhanced their integration during the intervention. 

The method by Bakker et al. was improved on by creating bounded off rules for 

ranking student discourse (Appendix III). These rules were checked by a Science 

education student not related to the intervention. The student and the researcher 

coded intervention four individually using this method.  Integrator reliability was 

calculated using Cohen’s Kappa. 

 

The summaries made of the students actions provided quotes and were used to 

fill in the blanks left by the scheme for integrative reasoning and support the 

findings of the integrative reasoning scheme with qualitative impressions.  
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3. Results 
 

The results will be discussed in the order of the questions.  

 

Question 1: What challenges do students have integrating knowledge 
perspectives according to teachers , workplace supervisors and students 

themselves? 
 

When students move from a school to a work setting they are supervised by lab 

technicians with years of experience. Asking the experts a question is one of 

Carlile’s (2004) properties of knowledge at a boundary and a possible challenge 

faced by students. All three students agree that it is a challenge but not really a 

problem, and can be easily overcome. John says:  

 

En je komt er meestal zelf wel uit. Als 

je er niet helemaal uit komt kun je 

vragen of de specialist het in simpeler 

woorden zeggen. Dan zegt die 

specialist meestal: “bedoel je dit, of 

bedoel je dit”. Dan zeg je: “dat bedoel 

ik eigenlijk wel”. Hij past zich wel aan 

zeg maar. 

Most times I can work out problems 

myself. If I can’t I will just ask a 

specialist to help, or explain it in 

simpler terms. He would say: “Do you 

mean this or that?” You could say he 

adapts to my level. 

Michelle and Joyce have similar experiences in which they find that the lab 

technician or specialist tries to adapt to their level. They actively try to transform 

knowledge to cross a boundary. In the interview with the teachers Marc says: 

“Kijk, het is heel individueel 

verschillend, maar gemiddeld heb ik 

niet het idee dat dat problemen 

oplevert, het kan in een incidenteel 

geval natuurlijk wel een probleem 

opleveren, dat hangt van de student en 

de begeleider af.[…]. Daar gaan we als 

school wel mee aan de slag, daar moet 

je aan werken, daar moet wat aan 

gebeuren.” 

“Look, it differs per individual, but on 

the whole I don’t think communication 

with supervisors needs to be a 

problem. It depends on both student 

and supervisor and can cause problems 

in isolated cases. […]. We work on this 

as a school, we have to do something 

about it.” 

 

This shows that it could be a challenge to communicate with others based on the 

knowledge difference but is very dependent on the persons involved. In those 

cases the school tries to help with one on one training for these specific 

situations. 

A different challenge faced by the students is the difference between knowledge 

learned in school and that required at work. Students complain that the 

knowledge in school is outdated compared to what is required at work. Michelle 

says: 

“Op school leer je alles zelf doen, met 

de hand. Dus je maakt je eigen 

eiklijnen, en dat doe je op stage 

normaal niet. Dus je leert alles hier 

“In school you learn to do everything 

by hand. So you make your own 

calibration curves. You don’t do that at 

your internship normally. Everything 
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ouderwets, je leert helemaal niet met 

een systeem werken, dat leer je 

allemaal op stage.” 

you learn is old-fashioned, you don’t 

learn to work with a machine or 

system. You have to learn that at your 

internship.” 

Teacher Rita says: 

“Het is lastig om de theorie op school 

te geven op het moment dat ze er in 

de praktijk mee in aanraking komen 

omdat dat toch vaak heel verschillend 

is.” 

“It is difficult to teach the theory at 

school at the same time the students 

come in contact with it in the 

workplace as it often differs a lot.” 

 

This means that when the intern needs to do his job at a certain blood analyzer 

he should also be getting theoretical background lessons about blood and perhaps 

even the analyzer. It is difficult to match this theory to practice because machines 

used at work are incredibly expensive, and because the schools and work both 

make independent plans for when a student needs to do what task/class. Because 

all laboratories are more or less different the knowledge needed differs as well, 

making a good overlap more difficult. 

The next challenge student’s face is a clear lack of statistical knowledge required 

at their internship. All students mention this as a problem. As one of the 

supervisors says: 

“Daar heb je wel wat statistiek voor 

nodig. Want je moet inzicht hebben, 

zie ik mijn uitslagen driften, iedere dag 

een stukje omhoog? Ligt die wel goed 

in het meetgebied? […]. Dat zit hem 

dus vooral in het meten van controles.” 

“You need statistics. Because you need 

to have insight, are my results drifting, 

going up every day? Is this properly in 

the measurement range? So especially 

when doing control checks.” 

Teacher Marc says: 

“… daar [het gebrek aan statistische 

kennis] worden ze mee geconfronteerd 

wanneer ze hun onderzoek moeten 

doen, en dan lopen ze daar tegenaan. 

Als ze dan bij het lab terecht kunnen 

dan lossen ze het daar op, maar soms 

zegt het lab ook wel eens dat is een 

stuk basisstatistiek, dat zou je eigenlijk 

op school gehad moeten vragen, en 

dan komen ze weer met die vragen op 

school. 

“They are confronted with it [the lack 

of statistical knowledge] when they 

have to do their final project. If the 

laboratory can help them with their 

questions it is ok, but sometimes they 

say, “this is just basic statistical 

knowledge, you should get this in 

school” and they will ask it in school.” 

 

Two students mention that they have or had difficulty learning to use certain 

machinery (Akkerman & Bakker, 2012). Joyce: 

“Het enige waar ik moeite mee heb is 

de bloedbank. Maar dat is sowieso al 

een onderdeel zeg maar, dat moeilijk 

is.” 

“The only thing I am still struggling 

with is the blood analyzer. But that is a 

difficult part for everybody.” 
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Both teachers and supervisors notice that students have problems with writing 

and narrative skills especially in their final research assignment. It is interesting 

that no student mentions that they are struggling with this. Teacher Marc: 

“… de verslaggeving, dat is een 

terugkerend probleem. Dat is ook een 

onderwerp dat veel studenten 

vervelend vinden om te doen. […]. Pas 

als ze het nodig hebben op de stage 

lopen ze er tegen aan. Oe, dat is toch 

wel ingewikkeld.” 

“Writing skills. That is a recurring 

problem. This is a part that a lot of 

students hate. […]. Only when they 

need it at work they see, this is hard”. 

 

Other challenges students encounter are more student specific and include 

reading problems because of dyslexia and keeping track of the bigger picture. The 

teachers also mention that students have a lower level of education than in 

earlier years. They attribute this to their previous education being of lower 

quality, for example the Dutch Mavo turning into the VMBO (preparatory 

vocational education). 

When asking the students about how they solve their problems two of them reply 

that they will first ask a colleague and then try to find out on their own. This is 

corroborated by a supervisor: 

“… hij vindt alles leuk en gezellig en 

leert alles uit de praktijk. Hij is geen 

echte lezer en zal eerder vragen kun jij 

mij dit uitleggen dan het zelf te lezen 

in een SOP.” 

“… he likes everything and learns from 

doing. He is not a reader and will ask 

for an explanation or help before trying 

to read it in a SOP (Standard operating 

procedure).” 

 

Question 2: What knowledge integration processes do students go 
through during the intervention study?  

 

Question 2 was answered by taping and analyzing the meetings. The levels of 

integrative reasoning as used by Bakker et al. (2012) were used to analyze 

classroom discourse. These levels were improved by better bounding off the 

levels and giving examples. A second researcher was used to improve the validity 

of the results. The interrater reliability for the raters was found to be Kappa = 

.74. 

Looking at the first student Michelle (figure 1) we can see some improvement. In 

the second and third meeting she starts to reason more and in the second 

meeting she even has some level four interactions. She was not present in the 

fourth and fifth meeting. Because the teacher from the university was available 

an extra meeting was used as a stand in for the fifth meeting. 



13 | Enhancing school-work knowledge perspectives through a boundary crossing approach 

 

Ing. T.L.H. Kurvers    2013-06-09 

 

Figure 1: Percentage chart showing the ratio of integrative reasoning interactions 

per meeting for Michelle 

Michelle has 15, 18, 22 and 52 counted interactions in meeting 1, 2, 3 and 5 

respectively for a total of 107 interactions. 

The figure indicates improvement. Michelle reasons more and more every 

meeting, especially during the extra meeting. From the summary of the meetings 

it becomes clear that Michelle is a person who likes to engage in discussions and 

classroom discourse. She is not afraid to ask for an answer or to give one herself. 

During the course of the intervention she changes her way of speaking, adding 

reasoning and explanation to her statements. She sometimes integrates work and 

school knowledge in the second and fifth meetings yielding some level four 

interactions: 

“Nou ja stel dat, omdat we die sigma 

score berekend hebben weet je de SD, 

dan kun je in de QCTD, maak je een 

nieuwe kanaal aan. Dat moet met de IT 

van het lab, moet een kanaal van de 

COBAS(een analyse apparaat), van 

dezelfde server. Omdat we de controle 

al weten, hebben we al gemiddelde van, 

die kun je invoeren, van de levels, en 

de variatiecoëfficiënt en je SD’s, dan 

maakt hij zo’n Z-score aan en dan komt 

het daar in. Komt hij buiten die SD’s, 

dan kun je ook een alarm aangeven.” 

“Say that, because we have calculated 

the sigma score, you know the SD. You 

can make a new channel in the QCTD. 

You have to ask the lab’s IT to make a 

channel from the COBAS (a chemical 

analyzer), from the same server. 

Because we already know the test of 

the levels, we have a mean which you 

can use, a variation coefficient and 

your SD values, it will make a Z-score 

and put it in there. When it goes 

outside of the SD values you can set 

an alarm.”  

 

The second student Joyce (figure 2) was not inclined to speak freely in a group. 

During the first and second meeting she had not engaged in classroom discourse 

with the other students and teacher at all, and had only 6 fragments counting as 

interaction in the fourth meeting. In comparison, Michelle had an average of 25 in 

the first three meetings. 
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Figure 2: Percentage chart showing the ratio of integrative reasoning interactions 

per meeting for Joyce 

Joyce has 6, 17 and 37 counted interactions in meeting 3, 4 and 5 respectively 

for a total of 60 interactions. 

There is some progress in integrative reasoning to be observed during Joyce’s 

interactions. When looking at the summaries it becomes apparent that Joyce is 

not a person who will engage in classroom discussion when she is not absolutely 

right about her answer. When she does not understand the subject discussed she 

will rather wait until the class moves on to the next subject instead of asking for 

an explanation. This could explain why she has no meaningful interactions in the 

first and second meetings, and only a handful in the third. When approached 

more one on one she opens up which is what happens in the fourth and fifth 

meetings. She got enthused by talking about her final project integrating school 

and work: 

“Dat kwam allemaal goed uit,  en de 

controles kwamen ook allemaal recht 

eruit, allemaal in 1 rechte lijn. Ze 

kwamen echt gewoon op de middellijn 

terecht en niet op de 1s, of 2s of 3s.” 

“It all came out well, and the control 

checks also came out straight, in a 

straight line. They hit the center line 

and not 1s, 2s or 3s.”  

 

John (figure 3) is the only student present at all meetings as well as engaging in 

classroom discourse. 
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Figure 3: Percentage chart showing the ratio of integrative reasoning interactions 

per meeting for John 

John has 6, 26, 21, 27 and 41 counted interactions in meeting 1, 2, 3, 4 and 5 

respectively for a total of 121 interactions. 

John’s graph indicates that he is reasoning more and more every lesson, as well 

as integrating school and work knowledge. This is corroborated by the summary 

of the meetings. John engages in the classroom discourse and tries to give 

answers. He is also very quick in understanding new material, and very good at 

abstract problems: 

Leraar: “Stel nou dat de procentuele 

afwijking 25% is.” 

John: “Dan is y = x-25%.” 

Leraar: “En hoe noteren we dat 

netjes?” 

John: “ Dan is y = x*0,75” 

Leraar: “Dat is heel goed! Snappen 

jullie hoe hij daar aan komt?” 

Teacher: “Say the deviation in 

percentages is 25%.” 

 

John: “Then y = x-25%.”  

 

Leraar: “And how do we write that 

down properly?” 

John: “Than y = x*0,75” 

Leraar: “That is very good! Do you 

understand how he came to this?” 

 

This gives him an edge over his classmates. He is also a person who does not 

reason as often as he could, simply stating the correct answer. When enthused 

about a subject he starts to reason and integrate more, especially in the later 

meetings. 

 

From the charts and summaries it becomes clear that all students show an 

indication of progress, starting to reason more, while integrating school and work 

knowledge. 
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Question 3: What is the learning gain of the statistical knowledge 
required at school and at work and is the integration of this knowledge 

improved? 
A pre- and posttest was given to the students participating in the intervention as 

well as to a control group of pathology students.  

Students in the intervention group all improved their score in the posttest (table 

1). The minimum score is 0 and the maximum score is 100. 

Table 1 

Pre- and posttest scores for the students in the intervention. 

Intervention group Pretest Posttest 

Michelle 19 71 

Joyce 37 56 

John 32 70 

 

This is a large improvement compared to the control group. A paired-samples t-

test was conducted to compare the scores of the pretest and posttest. There was 

a significant difference in the scores for the pretest (M = 35.33, SD = 2.89) and 

posttest (M = 67.33, SD = 10.02) conditions; t(2) = -4.57, p = 0.4; d = 3.19. 

The effect size for this analysis (d = 1.56) was found to exceed Cohen’s (1988) 

convention for a large effect (d = .80). These results suggest that the statistical 

knowledge of the students has improved considerably.  To test if the intervention 

was the main cause of the improvement we compared the results to the control 

group (table 2).  

The control group was given the same pre- and posttest except for missing the 

first question. This means that the maximum score for the control group is 80. 

The results indicate that the intervention group scores much higher in the 

posttest compared to the control group. A comparison between the two groups 

however is not fully fair as the intervention group has a slightly different 

theoretical background. 

Table 2 

Mean pre- and posttest scores for the pathology control group. 

Control group Pretest Posttest 

Mean 17 28 

Note: N = 10. 

As can be seen from table 3 the students score better on concept, context and 

integrative questions. Because of the small sample size the results cannot be 

validated properly by using statistics. Both the statistical knowledge of students 

related to the workplace and the integration of students school-work knowledge 

has improved. Joyce seems to show more improvement in concept, while the 

others also show improvement in integration and context. When looking at the 
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results of the tests it leads us to believe that the learning goals of the 

intervention have been met. 

 

Table 3 

Difference in scoring between pretest and posttest for the intervention group. 

Intervention group Concept Context Integration 

Michelle +33 +18 +30 

Joyce +41 +3 +8 

John +32 +17 +15 

Notes: The questions of the tests are divided over the categories. Some questions 

can belong to more than one category. Scores = posttest – pretest. 

4. Conclusion 
The goal of this research project was help students to integrate knowledge 

perspectives of school and work. This was done using a boundary crossing 

approach during a series of five classroom meetings. This study was driven by the 

following question: 

 

To what extent do students integrate knowledge perspectives in a boundary 

crossing approach? 

 

This question was answered by answering three questions. First we answer 

question one: 

 

What challenges do students have integrating knowledge perspectives according 

to teachers, workplace supervisors and students themselves? 

 

Interviews with students, teachers and supervisors show that students have to 

overcome a lack of statistical knowledge, a difference in knowledge learned in 

school and knowledge required at work and learning to use new machinery or 

software.  

 

Teachers are working to add statistics lessons to the curriculum to remedy 

students’ knowledge gap. They are also trying to synchronize the lessons with the 

internship positions to better link theory and practice for students. 

 

Students have a lack of writing skills, and possibly a weaker educational 

background compared to previous years because of a change in admission 

requirements.  

 

A last challenge students face is asking questions to experienced supervisors and 

colleagues and overcoming this knowledge difference. Students comment that 

this is not a problem because their colleagues and supervisors can level very well. 

Teachers also note that incidentally students have problems asking questions but 

will work proactively to remedy this problem and remove the boundary by 

practicing with the student. 

 

With question one answered we continue with question two: 
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What knowledge integration processes do students go through during the 

intervention study? 

 

The results from the analysis of the meetings suggest that all students increased 

their reasoning compared to making statements during classroom discourse. 

Integration of school-work knowledge also seems to increase during the course of 

the intervention. 

 

The summaries of the students per meeting helped to paint a clearer picture of 

the classroom discourse that was taking place and the increase of integration and 

reasoning in this process. Combined with the integrative reasoning model this 

gives sufficient reason to assume that the students increased their reasoning and 

integration of knowledge during the course of the intervention study. 

 

We will continue with question three: 

 

What is the learning gain of the statistical knowledge required at school and at 

work and is the integration of this knowledge improved? 

 

The pre- and posttest results showed an improvement in work and school related 

conceptual, contextual and integrative knowledge. The students scored better on 

questions about concepts and contexts of statistical knowledge as well as 

integration of this knowledge in work situations compared to the control group. 

 

This leads to us answering the main question: By using a boundary crossing 

approach students can learn and improve on integrating knowledge perspectives. 

5. Discussion 
 

This study concluded that using a boundary crossing approach can help students 

with integrating knowledge perspectives. A follow-up research however is still 

required to resolve some issues with the current study. 

 

As the population consists of only three students of which one did not engage in 

classroom discourse and another was absent for one meeting the validity of the 

study could be improved. A follow up study should include more individuals to 

improve on the reliability of the results found. 

 

The current control group included students from a different (albeit comparable) 

field of study. In a follow up research it would advisable to use a control group 

from the same field of study. 

 

A point of concern in this intervention is that it is hard to pinpoint if the 

integration of knowledge perspectives witnessed during the intervention is based 

on the boundary crossing approach, or the set-up of the meetings. It could be 

said that the earlier meetings are focused on either work or school knowledge, 

with the later meetings set-up to involve both. There is no easy solution for this 

problem but future research should try to involve school and work knowledge in 

equal parts in both the beginning and final meetings in interventions (Bakker et 

al., 2012). 
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Appendix I: Interview schemes 

 

Interview begeleiders MBO onderzoek 

 

 

1. Vindt u het erg als ik dit gesprek opneem? 

 

2. Wat is uw naam? 

 

3. Welke stagiair loopt er op dit moment stage bij u? 

 

 

 

4. Door wie wordt deze stagiair begeleid op uw stage? 

 

 

 

5. Stelt de stagiair veel vragen? Waar gaan de vragen over die de stagiair 

stelt? 

 

6. Zijn er problemen waar u merkt dat de stagiair tegen aan loopt? difference 

of knowledge 

 

7. In hoeverre is kennis van statistiek nodig voor de stagiair? En voor het 

werken in het lab algemeen? 

 

8. Zijn er technieken, machines, apparaten of bepaalde regels waar de 

stagiair mee moet leren werken waar deze moeite mee heeft? Hoe kunnen 

we dit oplossen? novelty of the circumstances 

 

 

9. Is de stagiar afhankelijk van andere personen om zijn/haar werk te 

kunnen doen? difference of dependence 

 

10. Heeft de stagiair door een verschil in kennis moeite met het 

communiceren met medewerkers? 

 

11. Zijn er nog andere zaken of problemen waar u denkt dat de stagiair 

tegenaan kan lopen? 

 

Interview docenten 

 

1. Vindt u het erg als ik dit gesprek opneem? 

 

2. Wat is uw naam? 

 

3. Stellen de studenten veel vragen? Waar gaan de vragen over die de 

studenten stelt? 

 

4. Zijn er problemen waar u merkt dat de studenten tegen aan lopen? 

difference of knowledge 

 

5. Hebben de leerlingen problemen met integreren van school en werk? 

 

6. In hoeverre is kennis van statistiek nodig voor de studenten? En voor het 

werken in het lab algemeen? 
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7. Zijn er technieken, machines, apparaten of bepaalde regels waar de 

studenten mee moet leren werken waar deze moeite mee hebben? Hoe 

kunnen we dit oplossen? novelty of the circumstances 

 

8. Zijn de studenten afhankelijk van andere personen om hun werk te 

kunnen doen? difference of dependence 

 

9. Hebben de studenten door een verschil in kennis moeite met 

communiceren? 

 

10. Wat zijn de uitdagingen waar leerlingen tegenaan lopen? 

 

11. Wat hebben de leerlingen geleerd van de lessen? 

 

12. Geven de lessen een betere achtergrond voor de stage? 

 

13. Wat is u opgevallen in het leerproces van de leerlingen? 

 

14. Wat is het niveau van de studenten? 

 

15. Zijn er nog andere zaken of problemen waar u denkt dat de studenten 

tegenaan kunnen lopen? 

 
Interview studenten MBO onderzoek 

 

1. Vind je het erg als ik dit gesprek opneem? 

 

 

2. Wat is je naam? 

 

3. Waar loop je op dit moment stage? 

 

 

 

4. Door wie word je begeleid op je stage? 

 

 

 

5. Als je aan het werken bent. komt het dan wel eens voor dat je niet snapt 

wat iemand wil dat je doet, of aan je uit probeert te leggen? Wat doe je 

dan in zo’n geval? 

 

6. Kun je van dit soort situaties veel leren, en kun je misschien uitleggen 

waarom? difference of knowledge 

 

 

7. Zijn er technieken, machines, apparaten of bepaalde regels waar je mee 

moet leren werken waar je nog niet zo goed mee kan omgaan? novelty of 

the circumstances 

 

8. Wat vind je het opvallendste verschil tussen school en stage? Voorbeeld: 

op school leer je Excel, op het werk Limps.  

 

9. Heb je statistiek nodig op je stage? 

 

10. Heeft school jou een goede theoretische basiskennis gegeven? Kun je 

voorbeelden geven waar niet? 
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11. Zijn er personen die je nodig hebt om je werk te kunnen doen? difference 

of dependence 

 

 

12. Heb je nog andere zaken of problemen waar je tegenaan loopt? 

 

 

13. Waarvan leer je het meest op je stage? 
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Appendix II: Pre- and posttest and scoring sheet 

 

Pretest 

 

1. Praktijkopdracht 20 pt 
Correcte stappen = 5 punten 

Correcte statistiek = 5 punten 

Koppeling = 10 punten 

In een ziekenhuis wordt de bepaling galzure zouten tot nu toe altijd uitbesteed 

aan een medisch laboratorium in het buitenland. Een hoge concentratie galzure 

zouten is ongezond. Zo moet een bevalling worden ingeleid als de concentratie 

boven de 40 micromol/L komt. Het ziekenhuis wil de bepaling liever in het eigen 

lab uitvoeren: dat is misschien sneller en goedkoper. Is de eigen apparatuur ook 

betrouwbaar genoeg?  

Jouw taak is om een methodevergelijking uit te voeren. 

Werkwijze  

Welke stappen zou jij nemen? 

 

Welke statistische technieken heb je 

daarbij nodig? 

... … 

 
2. Lineaire regressie 10 punten 
Leg uit wat lineaire regressie is.  

Een samenhang tussen variabelen die kan worden uitgedrukt mbv een rechte lijn. 

Samenhang = 5 punten 

Rechte lijn = 5 punten 

3. Variatiecoëfficiënt  15 punten 
Bij een reeks metingen is de gemiddelde meetwaarde 8 met een 

standaarddeviatie van 3,8. 

a. Bepaal nu de variatiecoëfficiënt. 

Afwijking/gemiddelde *100% 

5pt, omdraaien is 2 punten 

b. Wanneer zou je een variatiecoëfficiënt gebruiken? 

relatieve spreidingsmaat, eerlijker vergelijken tussen groepen metingen 

Goede omschrijving en/of  voorbeeld 10 punten 

 

4. Correlatie 10 pt 
Schat de correlatiecoëfficiënt in onderstaande figuur: 

Positieve correlatie = 5pt 

Correlatie > 0  < 1 = 5 pt 
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5. Juist en precies 20 punten 

 



26 | Enhancing school-work knowledge perspectives through a boundary crossing approach 

 

Ing. T.L.H. Kurvers    2013-06-09 

 
In de bovenstaande figuren zijn de meetwaarden van 2 machines 

vertegenwoordigd in de vorm van SPC kaarten. De doelwaarde van de metingen 

over 10 dagen is 2,00. 

a. Welke van de twee heeft een betere precisie? 

A = 5 pt 

b. Welke van de twee heeft een gemiddeld betere juistheid? 

B = 5pt 

c. Welke fout is makkelijker op te lossen, en hoe doe je dit dan? 

A = 5 pt 

Doelwaarde bijstellen of machine aanpassen = 5pt 
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6. Statistisch procescontrole 10 punten 
Op onderstaande Shewhart-kaart is een reeks van metingen weergegeven om de 

nauwkeurigheid van een meetapparaat te meten over de jaren heen. De 

gemiddelde doelwaarde is vastgesteld op -19.48 microgram afgaande op 

metingen tussen 1996 en 2005. 

 
Is het apparaat zoals het nu is afgesteld nog bruikbaar? Zo nee, wat zou er 

moeten veranderen? 

B, nee = 5pt  
de doelwaarde moet worden aangepast naar een waarde rond de 19.45 
microgram = 5 punten
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7. Z score 15 punten 
Hieronder staat een afbeelding van een Z-score grafiek. Er is gegeven dat μ = 

7,45 en  SD = 0,12. 

a. Zijn er laboratoria die in de waarschuwingsfase presteren? 

C & E 

1 goed = 2 pt 

2 goed = 5pt 

b. Wat zijn hiervoor de criteria? 

[|z score| => 2] = 5pt 

c. Laboratorium m heeft een z-score van -0,81. Welke uitslag 

(waarnemingswaarde) heeft laboratorium m blijkbaar ingeleverd?  

 [z-score = (waarde -µ )/SD] = 5 punten  

-0,81*0,12+7,45 = zscore = 7,352 
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Posttest: 

1. Praktijkopdracht 
In een ziekenhuis wordt de bepaling van d-dimeren op de AxSYM gedaan. Een 

hoge concentratie d-dimeren kan wijzen op hart- en vaatziekten. Het ziekenhuis 

wil die graag gaan doen op een CA-1500. Dat is misschien sneller en goedkoper. 

Is de CA-1500 ook betrouwbaar genoeg?  

Jouw taak is om een methodevergelijking uit te voeren. 

Werkwijze  

Welke stappen zou jij nemen? 

 

Welke statistische technieken heb je 

daarbij nodig? 

... … 

Correcte stappen = 5 punten 
Correcte statistiek = 5 punten 
Koppeling = 10 punten 
 

2. Lineaire regressie  
Leg uit wat lineaire regressie is.  

Een samenhang tussen variabelen die kan worden uitgedrukt mbv een rechte lijn. 

Samenhang = 5 punten 

Rechte lijn = 5 punten 

 

3. Variatiecoëfficiënt  
Bij een reeks metingen is de standaarddeviatie 3,2 met een gemiddelde 

meetwaarde van 7. 

c. Bepaal nu de variatiecoëfficiënt. 

Afwijking/gemiddelde *100% 

5pt, omdraaien is 2 punten 

d. Wanneer zou je een variatiecoëfficiënt gebruiken? 

relatieve spreidingsmaat, eerlijker vergelijken tussen groepen metingen 

Goede omschrijving en/of  voorbeeld 10 punten 

4. Correlatie 
Schat de correlatiecoëfficiënt in onderstaande figuur: 

Positieve correlatie = 5pt 

Correlatie > 0  < 1 = 5 pt 
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5. Juist en precies 

 



31 | Enhancing school-work knowledge perspectives through a boundary crossing approach 

 

Ing. T.L.H. Kurvers    2013-06-09 

 
In de bovenstaande figuren zijn de meetwaarden van 2 machines 

vertegenwoordigd in de vorm van SPC kaarten. De doelwaarde van de metingen 

over 10 dagen is 2,00. 

d. Welke van de twee heeft een betere precisie? 

B = 5pt 

e. Welke van de twee heeft een gemiddeld betere juistheid? 

A = 5 pt 

f. Welke fout is makkelijker op te lossen, en hoe doe je dit dan? 

B = 5 pt 

Doelwaarde bijstellen of machine aanpassen = 5pt 
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6. Statistisch procescontrole 
Op onderstaande Shewhart-kaart is een reeks van metingen weergegeven om de 

nauwkeurigheid van een meetapparaat te meten over de jaren heen. De 

gemiddelde doelwaarde is vastgesteld op -19.48 microgram afgaande op 

metingen tussen 1996 en 2005. 

 
Is het apparaat zoals het nu is afgesteld nog bruikbaar? Zo nee, wat zou er 

moeten veranderen? 

B, nee = 5pt  

de doelwaarde moet worden aangepast naar een waarde rond de 19.52 

microgram = 5 punten 
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7. Z-score 
Hieronder staat een afbeelding van een Z-score grafiek. Er is gegeven dat μ = 

6,45 en  SD = 0,15. 

d. Zijn er laboratoria die in de waarschuwingsfase presteren? 

C & E 

1 goed = 2 pt 

2 goed = 5pt 

e. Wat zijn hiervoor de criteria? 

[|z score| => 2] = 5pt 

f. Laboratorium m heeft een z-score van -0,51. Welke uitslag 

(waarnemingswaarde) heeft laboratorium m blijkbaar ingeleverd?  

 [z-score = (waarde -µ )/SD] = 5 punten  

-0,51=(x-6,45)/0,15 = zscore 

-0,51*0,15+6,45 = 6,3735 
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Appendix III: Coding scheme for integrative reasoning 

 

 

  Statement Reasoning 

School OR Work Level 1 Level 2 

  
Containing only work OR 
school related statements 

Containing only work OR school related 
reasoning 

Examples: Collect patient material. 
 

  
You talk to your supplier if it 
is possible. 

Make sure you have your reagent and you 
are doing your checks, then you can 
compare with your own lab. 
 
 

  

That is a Shewhart chart. 
Bigger volumes make bigger 
deviations! 

If, then 
Explanation 
 
Als … dan…. 
…., daarom… 

  

Het is… 
Dit is… 
Dat is… 

 …., bijvoorbeeld …. 
… omdat… 
… want… 
… dus… 
… je zult/zou/zal/moet (dan) … 
... dat wil zeggen … 
… dit werkt alleen hierbij, en dat bij… 
… niet [dit], maar [dat]… 
…. . Maar … 
… anders dan… 
… Het zou/gaat … 

School AND Work Level 3 Level 4 

  
  Containing work AND school 
related statements 

Containing work AND school related 
reasoning 

Eamples 
Correlation, I’ve analyzed that 
as well. 

 

   

  Say that, because we have 

calculated the sigma score, you 

know the SD. You can make a 

new channel in the QCTD. You 

have to ask the lab’s IT to make a 

channel from the COBAS, from the 

same server. Because we already 

know the test of the levels, we 

have a mean which you can use, a 

variation coefficient and your SD 

values, it will make a Z-score and 

put it in there. When it goes 

outside of the SD values you can 

set an alarm. 
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The highest found level in a segment defines the level of the segment, the other 

levels are not counted when within a segment with a higher level. 

If the teacher’s questions are leading the segment is not counted or counted at a 

lower level. A leading questions is a question that contains part of an answer 

which would make it seem as if the segment was of a higher level. Example: 

Teacher: “Would you use correlation to describe the difference between two 

analyzers?” Student: “I would use correlation to describe the difference between 

two anaylzers.” 

Repeated sentences are not counted. 

All highlighted text of the same color that is touching counts as a segment, if the 

segment has 2 colors it counts as 2 separate segments. 

The occurrence of levels are counted per intervention per student. 

 


