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Abstract
Background: Spatial skills are crucial for carpentry and are a major learning objective
in the initial vocational training of carpenter apprentices. Carpenters specifically need
to develop the capability to switch between two-dimensional (2D) and
three-dimensional (3D) representations. Previous studies have explored spatial skills,
but never in the context of vocational education and training (VET). This study sheds
light on the level and evolution of spatial skills in the initial vocational training of
carpenter apprentices in Switzerland.

Methods: In this study, 726 subjects (98 females) who were either carpenter
apprentices, apprentices of another profession, or high school students, took a test on
spatial skills with three parts: mental rotation, paper folding, and orthographic
projections. The first two parts are widely used tests for spatial skills, while the last one
was specifically designed to address the 2D-3D transition that is a core skill of carpenters.

Results: Carpenter apprentices do have higher spatial skills than would be expected
given their general school level. In particular, their spatial skills were found to be similar
to those of high school students and superior to those of apprentices of another
profession. Carpenters’ spatial skills improve over the course of their apprenticeship.
These findings confirm that spatial skills are trainable and suggest that the high spatial
skills level of carpenter apprentices is due to a selection bias as well as to the training
that they receive during their apprenticeship.

Conclusions: Carpenter apprentices improve their spatial skills over the time of their
initial vocational training. As spatial skills are crucial in this profession, there is a need to
develop further solutions that encourage further improvement of teaching and
learning activities for spatial skills.
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Background
The study reported in this paper was conducted as part of a Swiss research initiative that
aims at supporting initial vocational education and training (VET) by means of technolo-
gies. The initiative explores and evaluates the benefits of tangible user interfaces (TUIs)
to help carpenter apprentices learn their trade. TUIs are special kinds of computer inter-
faces that allow the user to control the computer through the manipulation of physical
objects (Ishii and Ullmer 1997). The rationale behind using TUIs in the context of VET
is that they are allow apprentices to continue to learn in a similar way as they currently
do, that is with concrete learning material and hands-on activities (e.g. Manches and
O’ Malley 2012; Do-Lenh et al. 2010).
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The aim of the first study within the project was to get familiar with the competences
apprentices need and to inform the design of a tangible learning environment for car-
penters. The results of a contextual inquiry in the apprentices schools and workplaces
indicated that spatial skills should be the main focus of the project. The literature on
spatial skills and vocational training in general is scarce, even though some studies have
shown that the practitioners’ approach to solving practical spatial tasks differs from that
of students (Jurdak and Shahin 2001). This gap needs to be filled, as spatial skills are key in
many vocationally trained professions (brick layers, metalworker, furniture maker, drafts-
man, etc.). This study is a first step in contributing data on spatial skills in VET. It does
so by comparing carpenter apprentices’ spatial skills to other similar populations, and by
following their spatial skills development in a longitudinal approach.

The results of this study are of interest for three audiences: (1) it provides carpen-
try teachers and VET-focused instructional designers information about the current skill
level and skill development of carpenter apprentices; (2) it provides new and original data
on an often neglected segment of the population (apprentices) to researchers interested in
spatial skills; and (3) it helps identify the specific needs for acquiring spatial skills, which
in turn informs the design of the tangible learning environment.

The remainder of this introduction will illustrate how carpenters in general are trained,
elucidate the contextual inquiry among carpentry professionals, and present an overview
of existing literature on spatial skills research, before outlining the hypotheses addressed
in this study.

Carpenters in Switzerland

In the Swiss vocational system, there are two different training paths: one for construction
carpentry (“charpentier” in French, “Zimmermann” in German), and one for furniture
making (“menuisier”, “Schreiner”). This article focuses on construction carpenters, who
construct large items, such as roof structures or even entire buildings (see Figure 1).

In 2010, with 1060 apprentices starting an apprenticeship, carpentry was the 19th

most popular profession by the number of apprentices starting an apprenticeship
(Gaillard 2012). In 2011, 890 federal degrees for carpenters were delivered (869 men and
21 women) and there were 2887 people (29 women) enrolled in a carpenter apprentice-
ship, representing about 10% of all apprentices in the building trades.

The job of a carpenter is to prepare, cut, and assemble wood pieces to create the frames
and roofs of buildings. Carpenters work on new buildings as well as on older ones that
they renovate. Their job mainly consists of the following five steps:

1. Read and make sense of the plans produced by the architect (or the engineer).
2. Generate a working drawing based on the plans, at a 1:1 scale.

Figure 1 Structures built by carpenters. Examples of such structures.
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3. Determine how much wood will be needed, select and prepare it.
4. Cut the various pieces of wood as indicated on the plan.
5. Go to the construction site and assemble all the pieces together.

For all the steps but the third one, spatial skills play a key role. At the end of the
apprenticeship, a carpenter must be able to perform all these steps correctly.

The carpenter apprenticeship currently lasts for three years (it will be extended by
one year, starting in 2014). Following the general VET scheme, the training happens in
3 places: the professional school (1 day a week), the company (4 days a week), and the
inter-company courses, a few weeks per year for a total of 32 days over the 3 years.

Contextual inquiry in professional schools and companies

In preparation to this study, visits to the schools and to the companies revealed the differ-
ent perspective that stakeholders from professional schools and companies have on how
to train professionals.

Overall, company directors and teachers from professional schools agreed on one point:
being a carpenter requires excellent spatial skills. Indeed the information regarding the
physical, 3D items that carpenters have to build is conveyed by means of 2D paper plans.
Tasks such as transitioning from the paper plans to the final object and imagining how
several beams are going to fit together are carpenters’ bread-and-butter and require
excellent spatial skills.

From the visits at the schools as well as the studies of the learning material provided
to carpenter apprentices, we established that about 60% of the profession-specific teach-
ing time is dedicated to drawing. This includes activities such as learning the basics of
descriptive geometry and how to draw carpentry plans. The remaining 40% are split
between learning the required mathematics subjects applied to carpentry as well as
studying physics building, building materials, and structural mechanics.

However, in light of this learning curriculum, the bottom line from the company
stakeholders’ was that schools had not adapted to the changes that the profession had
undergone With the recent advent of new technology such as computer-aided design
(CAD) software and computerized numerical control (CNC), and with the new con-
struction standards, the needs for training of new carpenters had drastically changed.
According to them, the need to learn drawing for new generations of carpenters is much
weaker than it was before.

When interviewed at work and at school, apprentices confirmed that, in the work-
place, they almost never draw anything, since most of the plans are made by their
supervisor, be it with a CAD software or by hand. While not all of them disliked draw-
ing, most of them said they did not understand why they have to spend so much
time learning how to draw when drawing will most likely never be part of their work
tasks.

The teachers, on the other hand, had a different take on the subject: they insisted
on the fact that drawing was the basis of the profession and that it should definitely
not be abandoned. They acknowledged that drawing was not per se used in the profes-
sional environment anymore, but emphasized that it was key to learn the concepts of
the profession, helped apprentices learn to read plans, and helped develop their spatial
skills.
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Overview of spatial skills

Definition of spatial skills

Spatial cognition addresses how humans acquire and encode spatial information, and how
it is represented in memory and manipulated internally (Quarles et al. 2008; Hegarty et al.
2006). It is a specific and important kind of cognition, to the point that Gardner (2006),
in his original theory on multiple intelligences, identified spatial intelligence as one of the
seven types of intelligence that humans possess.

Although various classifications of spatial skills have been proposed, a separation
into two main dimensions is usually accepted: visualization (e.g. mental rotation, paper
folding) and navigation (e.g. map orientation). These two dimensions have also been
defined as “scales” of spatial ability (Hegarty et al. 2006), with visualization being consid-
ered small-scale and navigation large-scale. Capability in each of these two dimensions
may be independent. Uttal et al. (2012) have defined four other classifications that are
based on the type of information that a task requires (extrinsic versus intrinsic) and
whether it is dynamic or static. For example, a mental rotation task would be classi-
fied as dynamic (one has to mentally turn the object) and intrinsic, since it requires a
comparison of the parts of an object, as opposed to a comparison of the object with its
environment.

For carpenters, while multiple types of spatial skills are certainly useful, the most needed
one is visualization (or intrinsic, both static and dynamic). This is the skill that allows
them to go back and forth between the 2D representation of an object, given by the plan,
and the 3D object itself. With good spatial skills, they can imagine, based on a plan, how
a building will look like, how beams will be assembled, or check on a plan whether what
they built is correct.

In the rest of article, “spatial skills” refers to the spatial visualization skills that carpen-
ters use to imagine a 3D object from a 2D paper representation, and the other way around.
For carpenters, the 2D representation is given by orthographic projections, which are
a kind of parallel projection where all projection lines are orthogonal to the projection
plane. Figure 2 shows the orthographic projections and a perspective 3D representation
of it. The 3D object can be mentally elaborated by cross-checking information on the 3
orthographic projections if there are no coinciding projections of vertices (Lafue 1976).

Figure 2 Orthographic projections.
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Importance of spatial skills

As pointed out by Sorby (2009), “spatial skills have been a significant area of research in
educational psychology since the 1920s or 30s”. Educational systems, though, have often
neglected and looked down on visual thinking, favoring instead other cognitive skills
(Sommer 1978, Arnheim 1980; Smith 1964; Gardner 2006). In the last decades, the inter-
est for spatial skills has increased, leading to a growing body of research on understanding,
assessing, and developing means of training spatial skills.

In a study involving 400,000 participants of grades 9 to 12 over 11 years, Wai et al.
(2009) measured the link between spatial capability and STEM domains (science, tech-
nology, engineering, and mathematics). Their results showed that spatial capability has
a strong influence on the development of expertise in STEM fields. For example, indi-
viduals holding at least a Bachelor’s degree in engineering have spatial skills that are
more than one-and-a-half standard deviation higher than the rest of the population.
Other researchers also suggested that spatial capability assessment could be used to
improve the detection of teenager talents for the STEM domains (Shea et al. 2001), or
that improving mathematics and science skills could be achieved by enhancing spatial
thinking (Newcombe 2010; Sorby et al. 2013). Another possibility might be that improv-
ing spatial skills could reduce the number of university dropouts in engineering studies
(e.g. (Sorby 2009)).

Spatial skills are not only important for school subjects. In the professional world,
spatial visualization skills and mental rotation capabilities are important for technical pro-
fessions (Maier 1994). The professions that come first to mind are those that require a
high level in STEM domains, such as mechanical engineer and architect. However, there
are also some more unexpected professions for which spatial skills play an important role.
For instance, Hegarty et al. (2009) showed that dentistry students develop mental models
of teeth. Hambrick et al. (2011) found that novice geologists’ spatial capability was corre-
lated with their score at geology mapping tasks and concluded that specifically training
spatial capability could benefit especially young professionals. Several studies showed the
importance of spatial thinking for chemical sciences (e.g. Carter et al. (1987)). Hamlin
et al. (2006) showed that a person’s spatial capability influences his or her capability to
learn and use 3D modeling software.

For a long time, there was a wide spread belief that one is born with a given potential
for spatial thinking and that this potential is fixed. In fact, skepticism about the malleabil-
ity of spatial skills was persistent for many years even among researchers, with many of
them arguing that training spatial skills only leads to short improvements, and only in
cases where the training and measurement tasks are very similar (e.g. (Sims and Mayer
2002)). However, in the most recent and comprehensive meta-analysis to date on spa-
tial skills training, (Uttal et al. (2012), p. 27) found that spatial skills were “moderately
malleable and that training, on average, improved performance by almost half a standard
deviation”.

Goal of this study

The importance of spatial skills reported by both the carpentry teachers and the directors
of carpentry companies is coherent with the finding that technical professions require
some well-developed spatial skills. The literature, however, provides mainly insights on
spatial skills of high school and university students. We lack knowledge about spatial
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skills of apprentices in initial vocational training and even more so of specifically carpen-
ter apprentices. This study pursues the goal of finding (1) whether carpenter apprentices
indeed have well-developed spatial skills compared to other populations, and (2) whether
their spatial skills improve throughout their initial vocational training. Formally, this
means that we have two hypotheses:

HA The spatial skills of carpenter apprentices are higher than those of same age
individuals that do not attend a carpentry training.

HB The spatial skills of carpenter apprentices improve over the course of their
apprenticeship.

Methods
To verify these two hypotheses, the first step was to create testing material (see next para-
graph). Answering HA required comparison populations. Two target populations, besides
carpenters, were chosen so as to represent various samples of the population: appren-
tices of another profession (logistics apprentices with whom we had worked in a previous
research project), and more academically oriented subjects (high school students). The
results concerning HA are discussed in the first part of the results section.

As for HB, there are two ways to test it: compare the performance of apprentices
enrolled in different years of the apprenticeship, or compare the performance of the same
apprentices several times over time. The results of both approaches are reported in the
second part of the results section.

Testing material

There exist several tests to measure spatial skills. The one used in this study consists of
three parts: mental rotation (MR), paper folding (PF), and orthographic projection (OP).
The MR and PF parts are taken from two widely used tests to measure mental rotation
and spatial visualization capabilities, respectively (Peters et al. 1995; Ekstrom et al. 1976),
these being the main tests used in the literature. The mental rotation test comprises of
two series of 12 questions, and the paper folding test is made of two series of 10 questions.
The MR and PF tests were chosen for this study because they are the main tests used in
the literature. The orthographic projection part was designed specifically for this test and
is composed of 6 questions that require the participant to match a 3D perspective view of
an object with a 2D one. These additional items were added so that the test be closer to
the practice of carpenters.

Example questions of each of the three parts are shown in Figure 3. For the mental
rotation test, two of the four figures on the right are a vertical rotation of the left image
(Figure 3A). The participant must identify these two figures. For the paper folding test,
a square piece of paper is folded and then punched as shown on the left (Figure 3B).
The participant must find which one of the five figures on the right matches the piece
of paper, once it is unfolded. For the orthographic projections, there are two types of
questions. In the first type (Figure 3C), the participant must tell which one of the four
3D models matches the three orthographic projections. In the second type (Figure 3D),
a perspective representation of the model is shown and the subjects must determine
which one of the four 2D drawing matches the 3D model when seen as shown by the
arrow.
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Figure 3 Samples test questions. Example questions for the three parts of the test used to assess spatial
skills: mental rotation (A), paper folding (B), and orthographic projections (C and D).

Participants

A total of 726 subjects (98 females) were tested. The subjects were either carpenter
apprentices, logistics apprentices, or high school students. Their age ranged between 14
and 40 years, with an average age of 18. Tables 1 and 2 summarize the data by year and
by gender for the three separate types of curriculum. The duration of each curriculum is
three years, but practical constraints allowed us to gather third year data for carpenters
only. For the years 1, 2, and 3, the tests were taken at the very end of the academic year,
meaning that year 1 students already had an entire year of training behind them. Subjects
referred to as in year 0 were tested two weeks after the start of their first year of train-
ing. This was the most practical way to get a given population of subjects together while
minimizing the effect of prior training.

Testing procedure

The test was done on paper, lasted for 35 minutes and was taken in the classroom by all
students of the class at the same time. The teacher was present during the test. Partici-
pants were not allowed to communicate for the duration of the test. A timed PowerPoint
presentation displayed the instructions and served as time keeper for the test to ensure
equality of treatment among the subjects in the various classes. The instructions included
sample questions with answers to ensure that participants understood the task. For the
parts of the tests that had two series of questions (MR and PF), a 90 second break was
given to the participants between the two series.

Table 1 Number of subjects by year and by curriculum

Year

Curriculum 0 1 2 3 All

Carpenter 77 150 148 65 440

Highschool 67 38 48 0 153

Logistician 35 68 30 0 133
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Table 2 Number of subjects by gender and by activity

Gender

Curriculum Female Male

Carpenter 1 439

Highschool 79 74

Logistician 18 115

All 98 628

Scoring

Each correct answer was rewarded with one point. Each question in the PF and OP parts
of the test had one correct answer and therefore yielded 0 or 1 point, while the MR ques-
tions each had a maximum of two correct answers, and therefore yielded 0, 1, or 2 points.
The final score of the test was computed as an average of the percentage score of each
part of the test, with an equal weight of one third for each of them:

score = 1
3

· SMR + 1
3

· SPF + 1
3

· SOP

where S denotes the percentage score of the given part of the test.

Data pre-processing

The data needed to be processed in two ways to allow comparison across the three pop-
ulations. First, given the correlation between spatial skills and gender reported in the
literature

girls were excluded from the data (in accordance with the literature, our results showed
a significant gender difference in favor of males (F[1,724] = 24.1, p = .000)).

Second, only carpenters had data for the third year. To avoid a potential year effect, the
third year carpenters were removed from the data for the population comparison. They
will be reintroduced when comparing the progression over time within the carpenter
sample in the second part of the results section presented now.

Results and discussion
Results on HA : Population differences

Comparing populations on the overall score

A comparison of the overall score of the three populations with all males enrolled in year
0 to 2 showed no significant difference between the carpenters and the high school stu-
dents, but revealed a significant difference between the logisticians and the rest of the
subjects (F[2,560] = 56.23, p = .000), as shown in Figure 4.

Spatial skills are often partially correlated with the general school level, and the general
school level of carpenter apprentices is admittedly lower than that of high school students
and comparable to that of logisticians (Stalder 2011). This means that carpenters’ spatial
skills should be close to those of logisticians, but lower than that of high school students.

However, as can be seen in Figure 4, the carpenter’s performance is significantly higher
than the logisticians’ and identical to the high school students’, suggesting that carpenters
apprentices’ spatial skills are higher than expected.

Noteworthy is the fact that the spatial skills of carpenters were already strong at the
beginning of their training. In particular, as can be seen in Figure 4, their performance
in year 0 was similar to that of high school students and significantly higher than that of
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Figure 4 Population comparison. Overall score comparison between carpenter apprentices, logistics
apprentices, and high school students.

logisticians (F[1,110] = 9.6, p = .002). This indicates that there is a selection effect prior
to the start of the apprenticeship, be it a self-selection or an employer-motivated selection
effect.

Comparing populations for each part of the test separately

We now look at the results for each sub-part of the test (Figure 5), as it can indicate where
the difference of performance between the populations came from. The carpenters sig-
nificantly outperformed the logisticians in all parts of the test. The high school students’
and the carpenters’ scores are close for the paper folding and the orthographic projec-
tion parts, but the carpenters’ score is significantly higher for the mental rotation part
(F[1,446] = 6.42, p = .01).

Figure 5 Score by population. Score by population for each part of the tests.
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Comparison with previous research

Comparing the carpenters’ scores with previous results reported in the literature can give
an indication of the carpenters’ performance. There are many studies in which scores
on the mental rotation test have been reported, almost all of them with undergraduate
students as participants. For paper folding, there is a greater variety of tests, and therefore
fewer studies with which the results of the current study can be compared. Moreover,
some studies do not report the raw results required for a statistical comparison (mean and
standard deviation, separated by gender). In the end, we selected three studies for mental
rotation and two for paper folding. The tests used in the selected studies were the same
as those used in the current study.

For mental rotation, Peters et al. (1995) tested 237 male Bachelor students, 102 in Arts,
and 135 in Science, with an average age of 21.3. Art students scored 50.4% (standard devi-
ation (SD): 20.0%) on average, and science students got a mean score of 61.7% (SD: 20.0%).
In comparison, the 439 male carpenter apprentices tested in the current study got a mean
score of 58.1% (SD: 19.8%). According to a t-test, the carpenters’ performance is signif-
icantly higher than the Arts students’ (t[539] = −3.53, p = .000), but not significantly
different from the Science students’ (t[572] = 1.84, p = .66). Another study involved 139
male introductory psychology students (Voyer and Saunders 2004). The mean age of the
participants was 19.8, and their average score, 60.7% (SD: 18.9%), which is not signifi-
cantly different from the carpenters’ performance (t[576] = 1.36, p = .17). A third study
(Gouchie and Kimura 1991) tested 42 volunteer males (mean age 21.0), mostly under-
graduate students. They scored 45.8% (SD: 39.0%), which is significantly lower than the
carpenters’ score (t[479] = −3.44, p = .001).

In the same study (Gouchie and Kimura 1991), the participants also took the paper
folding test (although they used only one of the two parts of the test used in the current
study, i.e. 10 questions instead of 20). Their performance (mean = 62.9%, SD = 20.8%)
was lower than the carpenters’ (mean = 66.4%, SD = 14.6%), although not significantly
(t[479] = −1.42, p = .16). Kimura (1994) measured the performance of 24 undergraduate
male students (no mention of age) to 66% (SD: 24.0%), again using only 10 questions of the
paper folding test. The performance was not significantly different from the carpenters’
performance (t[545] = −.22, p = .83).

These comparisons with previous research show that the carpenter apprentices’ per-
formance on either the mental rotation or the paper folding test was as high, and even
higher in some cases, than first year university students’ performance. This result goes
along the same line the one above that showed that carpenter apprentices’ performance
was similar to that of high school students and significantly higher than that of logis-
tics apprentices. Together, these two results confirm the first hypothesis (HA): The spatial
skills of carpenter apprentices are higher than those of same age individuals that do not
attend a carpentry training.

We now turn to the second hypothesis (HB), which can be reformulated as a question:
are these skills high by nature, or do they develop over the course of the apprenticeship?

Results on HB : Improvement over time

One way to look at the progression over time is to compare the performance of the
apprentices in year 0 with the performance of the apprentices in year 3. However, this
makes the assumption that, on average, each yearly batch of apprentices started their
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apprenticeship with the same spatial skills level. Another way to measure the progression
over time that gets rid of this assumption is to measure the actual skill improvement over
time by testing the same apprentices twice: once at the beginning of their apprenticeship,
once towards the end of it. The results of both approaches are presented below.

Different students on different years

The 439 male carpenters were spread over the 4 years (see Table 1). Figure 6 shows that
carpenters tend to improve slightly over the course of their apprenticeship. According
to a linear model fitted by regression (shown in the Figure as a line), the average score
improvement for each year of training was 2.2%, which is a significant improvement
(F[3,437] = 4.65, p = .003). Although the 2.2% average improvement per year is statisti-
cally significant, comparing the results of the years two by two with a pairwise t-test tells
a slightly different story. Indeed, while the score for year 0 is significantly different from
that of the three other years, the year-to-year comparison of the performance in year 1, 2,
and 3 shows no statistical differences.

This is a contrasted result: on the one hand there is a significant improvement over the
four years tested, but on the other hand the improvement seems to come mostly from the
lower result of participants tested in year 0. This could indicate that spatial skills improve
strongly during the first year of the apprenticeship, and then only marginally. It could also
be due to the drastic selection that occurs in the first year of the carpenters’ training,
where about one third of the apprentices fail. The significant improvement over time
found for carpenters does not appear for the two other populations (F[1,72] = 2.62, p =
0.11 for high school students, F[1,113] = 0.44, p = 0.50 for logisticians), although the non
significance of the statistical result might also be due to the smaller sample size of those
two groups.

Same students two years apart

A second way to measure whether the spatial skills level of carpenter apprentices
improves during their apprenticeship is to test them twice during their apprenticeship:
once at the beginning, and once towards the end of it. In the spring of 2012, two years

Figure 6 Score by year. The overall score for carpenter participants split by year.
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after the first round of tests, a subset of the same carpenter apprentices – those who were
still doing their apprenticeship – were administered the same test a second time.

Data In total, 120 male apprentices took the test twice. In order to be able to make cleaner
comparisons, 9 apprentices who had repeated a year were removed from the data set. The
final sample size was 111, with 41 apprentices in year 0 in 2010 and in year 2 in 2012, and
70 apprentices in year 1 in 2010 and year 3 in the 2012. In the rest of this section, those
two groups are refered to by the year in which they were enrolled in in 2010, i.e. year 0
and year 1.

Results Table 3 shows the 2010 and 2012 performance for three different groups: all
students together, only year 0 students, and only year 1 students. For each of these groups,
the details for each part of the test are also shown. On top of the percentage scores of
2010 and 2012, the table shows the relative learning gain (RLG) between 2010 and 2012,
and the statistical significance of the difference between the two scores, computed with a
two-sample paired t-test. The RLG was computed as shown in Equation 1, where pre and
post are the percentage scores for the test in 2010 and 2012, respectively.

RLG =

⎧⎪⎪⎨
⎪⎪⎩

100 ×
(

post−pre
100−pre

)
, if (post − pre) > 0

100 ×
(

post−pre
pre

)
, if (post − pre) ≤ 0

(1)

There are other ways to report learning gain (score difference, percentage increase, etc.),
but the RLG has the advantage of not penalizing students who scored well on the pre-
test, because it measures the improvement achieved on the possible improvement from
the pre-test score.

Improvement over the two years There was a significant and positive global RLG
between the 2010 and the 2012 scores (26.4%). The mean percentage score went from
62.8% to 72.6% (F[1,110] = 95.78, p = .000). Even when looking at the parts of the test
separately, each of them displays a strong and statistically significant improvement when
measured on all students. The improvement was stronger than for the results reported

Table 3 Percentage scores for 2010 and 2012, RLG and statistical significance of the
difference between the two years, separated by groups of students and by the parts of the
test

Group Part 2010 2012 RLG Significance

Year 0

MR 60.0 70.1 29.3% t[40] = −3.32, p = .002

PF 61.3 73.9 30.7% t[40] = −3.26, p = .000

OP 63.0 67.9 20.6% t[40] = −1.27, p = .21

all 60.9 71.4 27.4% t[40] = −6.11, p = .000

Year 1

MR 60.6 71.8 27.5% t[69] =−5.53, p = .000

PF 68.8 76.4 27.4% t[69] = −5.31, p = .000

OP 61.0 69.8 25.6% t[69] = −3.54, p = .001

all 63.9 73.4 25.8% t[69] = −7.60, p = .000

Year 0 and 1

MR 60.4 71.2 28.2% t[110] = −6.37, p = .000

PF 66.0 75.5 28.7% t[110] = −8.19, p = .000

OP 61.7 69.1 23.8% t[110] = −3.49, p = .001

all 62.8 72.6 26.4% t[110] = −9.79, p = .000
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in Figure 6: it went from a 2.2% average yearly improvement to a 4.9% average yearly
improvement. This could be the result of the selection effect incurred by the removal of
students redoing a year from the second set of data. Indeed, when taking into account
only the years 0, 1, and 2 from the results in Figure 6, the yearly improvement goes up
from 2.2% to 3.6% (57.5% in year 0 to 64.6% in year 2).

Improvement for each part of the test When further splitting the students per year,
the only non-significant result is the orthographic projection part for the year 0 group.
In parallel, on the same part of the test, year 1 apprentices did improve significantly. This
suggests that the improvement on the carpentry specific part is linked to the second and
third year of the apprenticeship, rather than the first year of it. It is surprising, because
what was tested in the carpentry part (orthographic projections) is already taught in the
first year.

There are several explanations for this. One is that apprentices need some time to mas-
ter orthographic projections, and longer exposure to them, both at work and at school,
increases their performance. The fact that the performance on the other parts of the
test improved could reflect the higher degree of specialized knowledge required for the
orthographic projections. By comparison, the MR and PF tasks are purely spatial reason-
ing tasks and do not require extra knowledge. Another reason could be that the test did
not capture improvement as well as the MR and PF parts, which had more questions and
which benefited from more effort and meticulousness from psychologists in the design
of the questions. Last but not least, the similarity between the OP part and the school
exercises might have reduced the apprentices’ motivation.

Limitations of the current study

As already mentioned, measuring the progression by comparing different students
enrolled in different years of the apprenticeship makes the assumption that the four
batches of students started their apprenticeship with similar spatial skills. This assump-
tion, although reasonable, cannot be verified. When measuring the progression in terms
of score improvements of the same students within two years, there is a non measurable
retest effect. Arguably, the retest effect two years apart is weak, but ideally, there should
have been a control group to measure this retest effect.

Everything was done to ensure that the test conditions were the same for all subjects,
especially time-wise, but practical constraints made it impossible to have the exact same
conditions for all subjects. Subjects were tested on different days of the week, at different
times, and with different surrounding school environments.

In the design of the test, a set of questions specific to the carpenters’ curriculum (OP)
was added to two widely used tests (MR and PF). In order to keep the total duration
of the test under the duration of a lesson, the number of questions in the OP part was
limited to six. Ideally, to be able to pinpoint exactly what difficulties participants had
with orthographic projections, the OP part should have comprised about 20 questions.
However, this would have pushed the test over the duration of a lesson, which would in
turn have made the administration of the test difficult. The information brought by the
OP part is therefore limited.

Finally, the way in which the score was computed could be discussed. For instance, no
difference was made between a wrong answer and a missing answer, as it is sometimes
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the case in the literature. Also, the final score was computed as a weighted average of each
of the three parts, with each of the three weights being equal. Other ways to compute the
final score would have been to use weights proportional to the number of questions or to
the time allotted to complete a specific part of the test.

Despite its limitations, this study fulfilled its goals by providing useful information on
carpenters’ spatial skills. In particular, it makes it possible to answer the two questions
that were raised at the beginning of this section: whether carpenters have better spatial
skills than other similar populations, and whether their spatial skills improve over the
course of their apprenticeship.

Conclusions
Carpenters’ spatial skills are higher than would be expected...

The first hypothesis (HA) was that carpenters had higher spatial skills than similar popu-
lations. This hypothesis was verified in two ways: through a first-hand comparison with
high school students and logistics apprentices, and through a comparison with previously
reported results of university students from the literature. The difference was found for
different types of spatial tasks, i.e. mental rotation, paper folding, and orthographic pro-
jections. The results further showed that carpenter apprentices’ spatial skills were already
high at the beginning of their apprenticeship, indicating that there is a selection bias in
the way carpenters are chosen or choose themselves their profession.

... and they improve

The second hypothesis (HB) was that carpenters’ spatial skills improved over the course
of their apprenticeship. The measurements were done in two ways, but showed simi-
lar results: carpenter apprentices’ spatial skills performance increases over the years of
the apprenticeship, and especially during the first year of their apprenticeship. We can
therefore accept HB, with the reservation that part of this improvement may be due to
a selection bias (weaker students leave). Interestingly, while the performance on ortho-
graphic projections globally improved, it did not improve during the first two years,
although orthographic projections are mostly taught during the first year at school. This
suggests that the way orthographic projections are taught to carpenter apprentices can be
improved.

Implications for future work

The verification of the two hypotheses complements the results of the contextual
inquiry, which established that spatial skills are key for carpenters. The importance
of spatial skills is evident in the selection process – whether it is a self-selection or
a company-based selection – as well as in the training received by the apprentices.
As spatial skills are crucial in this profession, there is a need to develop further solu-
tions that encourage further improvement of teaching and learning activities for spatial
skills.

One of these solutions are TUIs, a special kind of computer interfaces that allow the user
to control the computer through the manipulation of physical objects. TUIs allow appren-
tices to learn with concrete learning material and hands-on activities, in a similar way
as they currently do, and our first results using such technology are promising (Cuendet
et al. 2012a; Cuendet et al. 2012b; Cuendet and Dillenbourg 2013).
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