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Abstract

Accurate teacher judgements can enhance pupils’ learning about science and technology.
This study explored primary school teachers’ judgements about their pupils’ ability to
reconstruct an electrical and a mechanical system. The judgement accuracy of most teach-
ers was poor, gender-biased, and underestimation was more common than overestimation.
The teachers’ gender or self-efficacy beliefs do not seem to affect their judgement accu-
racy, whereas greater technical knowledge and teaching experience might be beneficial.
The teachers’ judgements were primarily based on their estimation of pupils’ cognitive
abilities and learning behaviour, which both had less bearing on pupils’ performance than
the teachers had expected. Diagnostic tasks for technical abilities, like the ones used in
this study, can be used by primary school teachers working with children aged nine and
above to calibrate their judgement accuracy and adapt their teaching to their pupils’ vary-
ing levels of prior knowledge. Pupils’ performance on these non-verbal tasks can reveal
unexpected abilities.
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Introduction

The increasing importance of technology in society led several countries to introduce tech-
nology into primary education in the second half of the twentieth century (Rasinen, 2003).
The most important aim of technology education is to familiarise children with technology,
as technology affects many aspects of everyday life (International Technology Education
Association, 2007). To this end, it is important to develop knowledge of, interest, and self-
confidence in technology among young children. Although there are many opportunities to
familiarise young children with technology and arouse their interest in it outside of educa-
tion, the development of technical knowledge seems to depend strongly on the attention
paid to it at school (Baumert et al., 1998; OECD, 2014a).

For the development of technical knowledge, it is important, as with other school sub-
jects, that teachers link their instruction and feedback to their pupils’ prior knowledge
(Ausubel et al., 1968). This requires a correct assessment of this prior knowledge (Fahrman
et al., 2020; Slangen et al., 2011; Van de Pol et al., 2010). In the case of subjects such as
language and mathematics, teachers can calibrate their estimate based on test results, which
leads to a reasonable judgement accuracy (Stidkamp et al. 2012). However, in primary edu-
cation, technical abilities are not systematically tested (Hartell et al., 2015). As a result,
primary school teachers, including those with a wealth of experience in teaching technol-
ogy, are uncertain about the extent to which their instruction and feedback match the prior
knowledge of their pupils (Scharten & Kat-de Jong, 2012).

This study explores the merits of using diagnostic tasks in relation to teachers’ judge-
ment accuracy regarding their pupils’ technical abilities. First, the challenges around teach-
ers’ judgement accuracy of their pupils’ technical abilities will be discussed. Second, it
is explained how teacher and pupil characteristics might influence teachers’ judgements,
pupils’ performance and the associated judgement accuracy. Finally, teachers’ views on the
use of diagnostic tasks will be discussed.

Teacher judgement accuracy

The correctness of a teacher’s judgement of pupils’ abilities is usually defined as the extent
to which this judgement correlates with pupils’ test results (Stidkamp et al., 2012). There-
fore, teacher judgment accuracy has mainly been conducted for frequently tested subjects
like language and mathematics. The deviations in teachers’ judgements appear to result
from random variation and systematic over-or underestimation (Timmermans et al., 2015).

In primary education, judgement accuracy for pupils’ technical skills is difficult to
establish due to a lack of testing. There are indications that teachers in primary education
find it difficult to estimate pupils’ technical abilities. Jones and Compton (1998) observed
that in technology lessons, teachers reverted to feedback on areas they were more comfort-
able with, like cooperation. This might relate to the limited role of the subject technology
in the curriculum and the nature of technical knowledge. Many technical skills are largely
based on tacit knowledge that is difficult to express in words (Mitcham, 1994). This implies
that teachers cannot rely on their questioning to establish pupils’ abilities. It also compli-
cates the design of valid tests (CITO, 2016; National Assessment Governing Board, 2013;
OECD, 2014b).

Scientific research has proposed tasks that enable pupils to apply their knowledge,
including its tacit aspects, in the domain of science and technology to diagnose technical
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ability (Hast, 2020; Swaak & de Jong, 1996). This study used two tasks about technical
systems that allow pupils to interact with the materials in various ways (Wammes et al.,
(2021). Although these tasks can only capture a limited part of the technical skills spec-
trum, they provide objective data that gives us the first glimpse of teacher judgement accu-
racy in this domain. This is the first research question of the present study: How accurate
are teacher judgements about pupils’ prior knowledge of technical systems compared with
the results of diagnostic tasks?

Teacher and learner characteristics

The availability of diagnostic tasks to obtain objective data about pupils’ technical skills
does not imply that teachers will accurately assess those skills. Even with objective data,
teachers differ in their accuracy (Van den Bergh et al., 2010). It is still unclear what under-
lies these differences. Stidkamp et al. (2012) point to factors such as ’teaching experience,
years of exposure to the students rated, age and gender’, but note that they cannot deter-
mine their significance for teacher judgement accuracy because, in the studies they exam-
ined, such data are reported incompletely or differently.

For engineering, it has been reported that teachers’ ability to gain insight into their stu-
dents’ technical skills is related to their technical knowledge (Compton & Harwood, 2005;
van Niekerk et al., 2010) and self-efficacy beliefs regarding teaching in this domain (Jones
& Moreland, 2004). Teaching experience is likely of secondary importance (Nadelson
et al., 2013; Hsu et al., 2011).

Teachers also include student characteristics in their judgements. This can lead to bias
if these characteristics exert a different effect on student performance than that expected
by the teacher. Pupil characteristics that teachers include in their judgements include moti-
vation (Kaiser et al., 2013), cognitive ability (Dompnier et al., 2006; Hoge & Coladarci,
1989) and the extent to which pupils are encouraged by their parents (De Boer et al., 2010).
The ethnicity and socio-economic status of pupils may also play a role in teacher judge-
ment accuracy (Timmermans et al., 2015). Moreover, it is known that primary school
teachers systematically have higher expectations of girls than boys (De Boer et al., 2010).
This is probably different for technology. In this domain, boys are often assessed more
positively than girls (Plumm, 2008). This might be linked to teachers’ knowledge of pupils’
spatial insight, which they obtain from the mathematic tests. Boys generally show more
spatial awareness than girls (Reilly et al., 2017; Wang, 2017). Spatial awareness is impor-
tant in construction and mechanics. It might be that teachers generalise this difference in
performance to technology in general. Due to the lack of clarity regarding the significance
of teacher and learner characteristics for teacher judgement accuracy, these are examined
in this study using the question: How do teacher and learner characteristics relate to judge-
ment accuracy of technical abilities?

Use of diagnostic tasks

The tasks used in this study were developed for formative use in primary schools (Wammes
et al., 2021). Whether primary school teachers will use these tasks depends partly on the
effort and time required to use them in the classroom and partly on the value that teach-
ers attribute to the data they produce (Kirton et al., 2007). That value will depend on the
insight gained into pupils’ technical skills, the possibilities a teacher sees for using that
insight to adapt technology education, and the teacher’s expectations about the impact of a
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more tailored approach on developing pupils’ technical skills (Praetorius et al., 2017). The
possibilities that teachers see for applying the acquired insight depend not only on personal
didactic qualities but also on the freedom teachers have to design their lessons within the
curriculum (Sach, 2015). The final research question of this study addresses the value of
the diagnostic tasks from the teacher’s perspective: How do teachers value the diagnostic
tasks for their judgement and teaching practice?

In summary, this study explores the value of diagnostic tasks for teachers’ estimates of
their pupils’ prior knowledge of technical systems resulting in three research questions:

(1) How accurate are teacher judgements about pupils’ prior knowledge of technical sys-
tems compared with the results of diagnostic tasks?

(2) How do teacher and learner characteristics relate to judgement accuracy of technical
abilities?

(3) How do teachers value the diagnostic tasks for their judgement and teaching practice?

Method
Participants

Two male and six female teachers and their classes at six primary schools in the Nether-
lands participated. Four teachers were in their first or second year of teaching, one had
worked for five years in primary education, and three teachers had 20 or more years of
teaching experience. Six teachers had a single, and two teachers had a mixed-age class.
The participating teachers had no specific interest in teaching technology. They were asked
to participate by students who did an internship at their school and were supervised by the
first author. The eight classes had 87 male and 90 female pupils. Their age ranged from
7 years and six months to 13 years and four months, with an average of 10 and six months.
Informed consent was obtained from all participating teachers and the parents of the pupils.

Measurements
Pupil performance

The question, ‘How accurate are teachers’ judgements about pupils’ prior knowledge of
technical systems as compared with the results of diagnostic tasks?’ was explored by com-
paring teacher judgements with their pupils’ performance on two diagnostic tasks: the
Buzz-Wire (Fig. 1) and the Stairs Marble Track (Fig. 2). These tasks are non-verbal, allow
pupils to change system variables independently, take only a few minutes to accomplish
and allow pupils’ knowledge to be assessed on a generic scale (i.e., Fischer, 1980).

The Buzz-Wire (BW) is an electric circuit (see Fig. 1). It has a switch made of a copper
spiral and a ring with a handle. Touching the spiral with the ring closes the circuit and acti-
vates a lamp and buzzer. The Stairs Marble Track (SMT) is a mechanical device that trans-
ports marbles upwards to a descending track that brings the marbles back to the start (see
Fig. 2). The mechanism is a camshaft with six eccentric wheels and six bars of increasing
length with a slanted top.

Both tasks are introduced with a one-minute video that shows how the devices should
function without revealing their mechanism or construction. When pupils start the
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Fig. 1 Buzz-Wire. a Battery,

b Wire with crocodile clips,

¢ Buzzer, d Loop, e Copper
spiral, f Lamp with isolation on
outerside connectors (Wammes
etal., 2021)

Fig.2 Stairs Marble Track. a
Marble (not available in task),

b Camshaft with six eccentric
wheels, ¢ Bar with slanted top, d
Handle, blocked (Wammes et al.,
2021)

Buzz-Wire task, all parts are spread out on the table. The SMT task begins with the six
bars scattered randomly on the table. In both cases, the pupils’ task is to restore the devices.

The scale used to evaluate the pupils’ ability levels was developed by Fischer (1980).
The task-specific elaborations (see Appendix 1) were validated by Wammes et al. (2021).
The Fischer scale describes how skills build up to more complex skills. A pupil’s work
product has performance level 1 when it results from a single action based on sensorimotor
information. A work product that results from a combination (mapping) of two sensorimo-
tor-based actions indicates a level 2 skill. When the work product results from the com-
bined use of multiple sensorimotor actions, it points to a level 3 (system) skill.

The repeated use of sensorimotor actions results in the ability to remember causal or
other relationships between task components. In terms of Fischer: it results in a (causal)
relationship representation. The tasks restrict the possibility to find causal or other rela-
tionships between task components otherwise, for instance, by trial and error. When a work
product reflects the use of a single representation, the pupil demonstrates a level 4 skill.
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Level 5 skills are evident in work products that require the combination of two representa-
tions. At level 6, pupils’ work products show that their actions are based on the combined
use of multiple representations. At the next level (7), the work-products indicate that pupils
can apply a generic feature of a phenomenon to solve an unfamiliar problem. The correct
completion of the SMT task requires a level 6 skill, while the BW task allows pupils to
demonstrate their understanding of electrical circuits up to level 7.

Teacher judgements

Two types of teacher judgement about their pupils’ technical abilities were used: a rela-
tive and an absolute judgement. For the relative judgement, each teacher ranked the pupils
by their presumed technical ability. This was done without further specification of tech-
nical ability, which makes this relative judgement, according to Siidkamp et al. (2012),
an uninformed type of judgement. This ranking procedure was also used to get informa-
tion about the teachers’ parameters for their uninformed judgements; they were all asked
to think aloud, and their utterances were recorded while ranking (Loibl et al., 2020). The
thinking aloud recordings were obtained for six of the eight teachers. One teacher provided
a general description of her considerations while ranking, and the recording of one teacher
failed.

For the absolute judgements, the teachers predicted the level of their pupils’ BW and
SMT work products. These absolute judgements were an ‘informed’ judgment: the teach-
ers made their judgments after seeing the tasks and being informed about the Fischer levels
for classifying the pupils’ work products (Siidkamp et al., 2012).

Teacher and learner characteristics

Our second research question was: How do teacher and learner characteristics relate
to judgement accuracy of technical abilities? First, the measurement and scoring of the
teacher characteristics, and then the measurement of the pupil characteristics will be
described.

For all teachers, their gender, teaching experience and the time they had worked with
the pupils were recorded. The teachers’ technical knowledge was assessed using a multi-
ple-choice test. This Technical Knowledge Test (TKT) comprised 43 items about technol-
ogy from 2015, 2016 and 2017 editions of a Dutch national assessment on Science and
Technology. This is an admission test for students who want to become primary school
teachers. Cronbach’s alpha of the TKT was 0.78.

Teachers’ self-efficacy beliefs were administered using an adapted version of the Sci-
ence Teaching Efficacy Belief Instrument (STEBI-b) (Bleicher, 2004; Riggs & Enochs,
1990). The references to science in the statements were changed to references to technol-
ogy. For example, “I will continually find better ways to teach science” was changed to
“T will continually find better ways to teach technology”. The instrument combines the
Personal Teaching Efficacy scale (PTE, 13 items) and the Teaching Outcome Expectancy
scale (TOE, ten items). The PTE is about personal efficacy beliefs, which relate to teacher
judgment accuracy (Nadelson et al., 2013). The TOE refers to ideas about the effectiveness
of science, technology, and education in general. The STEBI-b was fully administered in
this study, but only the PTE score was used as that scale indicates the teachers’ self-effi-
cacy. Cronbach’s alpha of the PTE was 0.72.
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The learner characteristics measured were pupils’ age, gender, and scores for reading
comprehension and mathematics as an indication of their cognitive abilities. The partici-
pating schools administered the same reading comprehension and mathematics tests (CITO
Assessment Institute, 2021).

Teachers’ evaluation of the diagnostic tasks

To answer the third research question, ‘How do teachers value the data from the diagnostic
tasks for their judgment and teaching practice?’, each teacher was interviewed about their
experience with the diagnostic tasks. Results were reported beforehand. The interview con-
sisted of three open and three multiple answer questions. The open questions were: What
did you notice when you compared the results of the children on the tests with the ranking
you have made? Are there any other outcomes that stand out when you compare your pre-
dictions for the specific tasks with the students’ results? How do the outcomes of the tasks
contribute to the image you have of your students? The three multiple answer questions
were about the balance between the time and effort required to use the diagnostic tasks and
their benefit, the intended use of such tasks when available, and how the teacher would use
the information from such tasks.

Procedure

The teachers started with the TKT and the adapted STEBI-b questionnaire. Then, they
ranked their pupils’ technical abilities while their explanations were recorded. This
resulted in a motivated, relative judgement for each pupil. After being informed about
the diagnostic tasks and the associated Fischer levels, they predicted pupils’ performance
level for each task, which resulted in the teachers’ absolute judgement for the Buzz-
Wire task (judgementgy,) and their absolute judgement for the Stairs Marble Track task
(judgementgy;r). Next, the teachers introduced the diagnostic tasks to their pupils in a
classroom setting using PowerPoint. The pupils performed the diagnostic tasks individu-
ally without being disturbed. They were urged not to discuss the tasks with their classmates
during the test-taking period. After finishing a task, a picture was made of the pupils’ work
product. In lower grades, this was done by a teaching assistant and in higher grades by the
pupils themselves. The teachers emailed these photos to the first author. Within a month,
each teacher received a report about the performance of their pupils related to the relative
and absolute judgements and pupils’ reading comprehension and mathematical abilities.
Finally, each teacher was interviewed, which took about 30 min.

Scoring and analyses
Teacher judgement accuracy

The performancegy, and performancegyp of pupils’ work products were determined using
the scoring rules of Appendix 1 (Wammes et al., 2021). A second rater independently
assessed the work products of the pupils of one school. Inter-rater agreement was calcu-
lated in SPSS using the two-way mixed model of the Intraclass Correlation Coefficient
(ICC) with the absolute agreement option. For 33 BW work products, the ICC was 0.85,
and for 38 SMT work products, the ICC was 0.96, which is good.
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SPSS two-way mixed ICC with the absolute agreement option was used to ascer-
tain teacher accuracy, as this coefficient, unlike Pearson 7, indicates differences in
systematic deviations. For relative judgment accuracy, the ICC indicates the corre-
lation between the pupils’ rank resulting from their teachers’ relative judgment and
their rank resulting from their average performance level. All ranks are normalised to
account for differences in class size. For the absolute judgement accuracies, the abso-
lute judgementgyy of the teacher was correlated with pupils’ performancegy, and the
absolute judgementgy,r was correlated with the performancegy,r.

The extent to which the teachers’ judgment accuracy was biased by a systematic
under or overestimation of their pupils’ technical ability was explored by counting and
tabularising all differences between the absolute judgements and pupils’ performance
on both tasks. The Paired-Samples T-test, with a Bonferroni correction accounting for
two judgements for the same pupil, was used to identify significant systematic devia-
tions between judgement and performance.

Teacher and learner characteristics

For the teacher characteristics, the gender, teaching experience, and the teachers’ judg-
ment accuracy were tabularized together with the percentage correct answers on the
TKT and their score on the PTE scale. The PTE score was calculated as in Bleicher
(2004). Normalised TKT and PTE scores were used for the analyses. Teachers were
coded as experienced when their teaching experience was more than three years, which
is considered the time needed to develop basic teaching skills after graduation (van
Eijk et al., 2015). The teachers’ gender was not included in the analyses as there were
only two male teachers who were also inexperienced.

For the learner characteristics, we coded age, gender and pupils’ latent scores from
the reading comprehension and mathematics tests. The latent scores indicate pupils’
abilities regardless of age and associated test-version. As the scale used for mathemat-
ics differed from the scale used for reading comprehension, normalised Z-scores were
used.

There was a strong correlation between teachers’ absolute judgements of their
pupils’ performance on the SMT and the BW. (r=0.811). Therefore, we decided to use
the average teachers’ judgements over the two tasks as the dependent variable for anal-
ysis in SPSS with a set of two-level hierarchical models that nested learners (level 1)
within teachers (level 2). Model 0 was unconditional and used to establish the amount
of variance in judgements between teachers and within the teachers’ classes. Model
1 added pupils’ performance on both tasks as predictors. Model 2 included the other
learner characteristics, and Model 3 introduced the teacher characteristics. SPSS hier-
archical regression analysis was used for the relative judgements.

To explore whether the various explanations given by the teachers for pupils’ rank
(relative judgement) were indicative of pupils’ performance, a distinction was made
between high-ranked, average-ranked, and low-ranked pupils for judgement and per-
formance. High-ranked equals the top 25™ percentile and low-ranked below the 75"
percentile range. The remaining pupils were coded as average-ranked. Subsequently, it
was calculated which percentage of high-, average- or low-ranked pupils had a predic-
tion of a certain category for judgement and performance.
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Teachers’ evaluation of the diagnostic tasks

How teachers valued the data from the diagnostic tasks for their judgements and teaching
practice was established by summing up their answers to the multiple-answer questions.
Answers to the open questions were categorised by open coding. One or two answers per
category were selected as an illustrative example.

Results
Teacher judgement accuracy

The ICC values in Table 1 show considerable differences in judgement accuracy. The rela-
tive judgements were generally the most accurate, followed by the absolute judgementsgyr-
The absolute judgementsgy, were the least accurate.

The frequencies of the deviations between judgement and performance in Table 2 reveal
that underestimation of pupils’ technical abilities occurred more frequently than overesti-
mation. For three teachers, their underestimation was significant.

Teacher and learner characteristics

The second research question explored which teacher and learner characteristics might
relate to the differences in judgement accuracy. Table 3 provides an overview of the char-
acteristics of the teachers and their judgement accuracy.

The unconditional model of the multilevel analyses in Table 4 shows, with an ICC of
0.25, that 25% of the variance in judgements can be attributed to differences between the
teachers and 75% to within-class judgement variance. Pupils’ performance introduced in
model 1 explained 20.7% of the variance, but only the SMT task explained a significant
proportion, implicating that the teachers’ judgements are especially biased for the BW

Table 1 Primary school teachers’ judgement accuracy for technical ability

Teacher Pupils Relative judge- Absolute judgement accuracy
ment accuracy®
N (male) Age Buzz-Wire Stairs Marble Track

1° 9(4) x=8.1,sd=.4 .049, p=.447 134, p=.353 —.274,p= 815
2 23 (13) x=8.8,sd=.4 445% p=.017 426%, p=.013 344, p=.054

3 29 (15) x=9.9,sd=.3 263, p=.085 251, p=.053 357%*, p=.001
4 25 (11) x=10.7,sd=1.0  .649*%* p<.001 300, p=.074 .359%, p=.038
5 21 (13) x=10.8,sd=.6 446%, p=.022 —.052, p=.676 .087, p=.229
6 17 (6) x=11.5,sd=4 460%, p=.032 058, p=.413 A81%, p=.020
7 25 (11) x=11.5,sd=.6 231, p=.134 —.070, p=.646 442%, p=.0.13
8 29 (14) x=11.6,sd=4 .522%, p=.002 126, p=.232 305%, p=.022
All 178 (90) x=10.5,sd=1.2 A401%*, p<.001 .267%*, p<.001 .368%*, p<.001

*Accuracy =ICC two-way mixed, absolute agreement

"Teacher 1 had the youngest pupils and selected only those with high general performance

“Correlation significant at the 0.05 level (2-tailed), ** correlation significant at the 0.001 level (2-tailed)
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Table 3 Teacher characteristics ordered by relative judgement accuracy

T G Exp Pm TKT (%) PTE N rel-j acc abs-jBW acc abs-jSMT acc
1 f 30 13 53 32 9 .049 134 -.274b

7 f 20 4 56 4.1 25 231 -.070b A42%

3 m 2 6 74 4.1 29 263 251 357

5 f 2 3 58 2.8 21 446* -.052b .087

2 f 1 3 72 39 23 445% 426% 344

6 f 5 11 72 3.6 17 A460%* .058 481

8 m 1 7 93 4.1 29 .522%% 126 .305%

4 f 30 6-26 63 3.6 25 L6497k .300 .359%

a ICC two-way mixed, absolute agreement, T=teacher, G=teacher’s gender, N=number of pupils,
Exp.=Years of experience as a teacher, Pm.=months of exposure to pupils, rel-j acc. =relative judgement
accuracy, abs-j acc. =absolute judgement accuracy,

b negative average covariance, violating reliability model assumptions,
* Correlation significant at the 0.05 level (2-tailed), ** Correlation significant at the 0.001 level (2-tailed)

task. The introduction of the learner characteristics in model 2 reduced the unexplained
between-learner variance, increasing the proportion of unexplained between-teacher vari-
ance to 34%. Being controlled for performance, model 2 reveals that pupils’ gender biases
teacher-judgements. Teacher judgements for boys were higher than for girls. Boys did
indeed outperform girls, but only on the SMT task where the teachers’ mean difference was
less than expected (0.61 level for performance, 0.84 for judgements).

Contrary to the teachers’ expectations, there was no difference in performance on the
BW task. Teacher judgements were also biased by pupils’ test scores for reading compre-
hension and mathematics. Pupils’ performance on the tasks were less related to these test
scores as expected by the teachers. The introduction of the teacher characteristics in model
3 reduced the unexplained between-teacher variance to 6% of the remaining 59.4% of
unexplained variance. Teaching experience had a significant effect on teacher judgement. It
thus might be that the less experienced teachers are, the more likely they are to underesti-
mate the achievements of their students.

The hierarchical regression analyses on the relative judgements showed that introducing
pupils’ performance rank in model 1 explained 15.9% of the variance. The introduction of
the learner characteristics explained a further 16.5%. The R square change resulting from
the introduction of teacher characteristics was 0.8% and non-significant. The final model
showed that there was a similar gender bias (b=-0.17, p<0.001) and reading compre-
hension (»=0.09, p=0.002) as for the absolute judgements. In contrast with the absolute
judgements, there was no significant bias for mathematics scores (b=0.04, p=0.194) but
a significant bias for age (b=-,06, p=0.007), indicating that older pupils were less present
in the higher ranks as judged by their teacher, whereas performance showed a small age-
related increase.

For one class, the recording failed. Open coding of the thinking aloud recordings of
the ranking of the remaining 145 pupils resulted in four categories: Learning behaviour
(e.g., concentration, perseverance, posing questions), Cognitive ability (e.g., math scores;
remarks like a ‘clever’ or ‘average’ pupil), Science and Technology (specific references
to interest in science and technology), and Support at home (e.g., ‘ It’s likely that there is
no interest for technology at home’). Another feature of the explanations was their value;
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they were positive, e.g., ‘a real go-getter’, neutral, e.g., ‘average cognitive ability’ or nega-
tive, e.g., ‘not interested in technology’. For 75% of the pupils, explanations were given
that addressed more than one category, e.g., ‘Not a smart boy per se, but he is really good
at analysing structures (categorised as Cognitive ability—neutral), but from him, I expect
high performance in technical subjects’ (categorised as Science and Technology—posi-
tive)’. Inter-rater agreement for the explanation categories was k=0.726, and for the value
ratings (positive, neutral or negative), it was 0.857.

Table 5 shows that, in line with the bias found on reading comprehension and math
scores, teachers tend to overestimate the importance of cognitive ability as an indicator
of technical ability. In 60% of the explanations about high-ranked pupils by judgment, the
teacher mentioned their high cognitive ability. Among those high-ranked by their perfor-
mance, there were fewer (39%) pupils for whom a high cognitive ability had been men-
tioned. For the low-ranked judgements, the teachers mentioned a low cognitive ability for
39% and a high cognitive ability for 8% of the pupils. Contrary to these expectations, a low
performance lacked any relationship to cognitive ability, as mentioned by the teachers (see
Table 5: Low-rank; av-perf).

Teachers also frequently (37%) referred to positive learning behaviour when explain-
ing high-rank judgements, while negative learning behaviour was seldom (6%) mentioned.
However, based on performance, the number of high-ranked pupils with positive or nega-
tive learning behaviour explanations was comparable. Furthermore, positive explanations
of interest in science and technology were less related to pupils’ task performance than the
teachers expected.

Teachers’ evaluation of the diagnostic tasks

In the interviews, the teachers were especially surprised by pupils with non-expected high
task performance. Illustrative is the reaction of teacher 5: “For K30, I thought it would be
nothing. This was pure because of the image I have of her. She scored significantly higher
than I expected”. Another example comes from Teacher 7, “I immediately noticed K24. I
had given her the lowest score for the BW task, and then she scores six”. Teachers 3 and
8 found it striking that only a few students had lower scores than expected, which corre-
sponds with their significant systematic underestimation shown in Table 2. Some teachers
expressed that they were glad that the results confirmed their suspicions. “I knew that K36
was very interested in technology, but I found it difficult to estimate whether he could do it.
From the results, I see that he is technically skilled.” (teacher 7). “I am delighted to receive
confirmation that my view of the students is broadly correct.” (teacher 4). Teachers also
related pupils’ task performance level with their reading comprehension and mathematics
abilities. Teacher 6 commented: “If you look at K17. Her test scores do not indicate that
she is a brilliant student, but she is knowledgeable. She scored highly on both tasks. That
certainly says something about her.” Teacher 7 wondered why three pupils did the task so
well while they had such low mathematics scores.

The teachers with pupils from nine years old were positive about the limited time
needed for test-taking. Their pupils did the tests individually in a spare moment. They
made the pictures with a tablet and got everything ready for the next one. Teachers with
younger pupils were less positive about the effort needed. Their pupils needed the sup-
port of a teaching assistant to start the task and make the picture. All teachers reported
that their pupils enjoyed test-taking. Seven teachers would use the results to differentiate
tasks, instruction and feedback. One teacher found that she had insufficient knowledge and
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experience to use the results of the diagnostic tasks. Four teachers would communicate the
results to pupils and their parents.

Discussion
Teacher judgement accuracy

The participating teachers differed in their judgement accuracy. With one exception, these
were below the mean of r=0.64 reported by Stidkamp et al. (2012) for language and math-
ematics. For three of the eight teachers, there was a significant systematic underestimation
of the task performance level of their students.

The fact that teachers are less able to assess technical skills than language and mathe-
matical skills may be related, on the one hand, to the nature of technical knowledge, which
includes procedural and visual components that are difficult to identify, and, on the other
hand, to the lack of objective data that teachers can use to calibrate their judgements.

The teachers were generally better in their relative than their absolute judgements. This
is consistent with Schrader and Helmke’s (2001) view that a ranking better reflects the
individual teacher’s perspective on student performance.

It is striking that pupils’ task performance level was mainly underestimated. Studies on
teacher judgement accuracy show that teachers usually overestimate the performance of
their pupils (Loibl et al., 2020; Praetorius et al., 2013; Urhahne & Wijnia, 2020). Perhaps
the limited attention paid to engineering in the curriculum leads to these low expectations.

Teacher and learner characteristics

Of the teacher characteristics, only the relationship between teaching experience and
judgement accuracy proved significant. The average estimates of the experienced teach-
ers correlated better with the average performance of their students than the estimates
of their less-experienced colleagues. Such difference was not found in teacher judgment
accuracy studies in mathematics (Stang, 2016) and foreign language teaching (Zhu &
Urhahne, 2015). However, these are domains where teachers know their students’ previous
test results. The positive effect of teaching experience may be due to increased knowledge
about the value of students’ cues in relation to their performance in technical activities
(Graney, 2008; Thiede et al., 2015). How long the teachers knew their students had no
effect; however, this was at least three months for all teachers. The lack of a positive cor-
relation between judgement accuracy and reported PTE scores (i.e., self-efficacy beliefs)
seems to contradict the findings of Nadelson et al. (2013) but was also reported by Klug
et al. (2016). The positive correlation of judgement accuracy with the TKT scores was
not significant but in line with what is known about the importance of teachers’ domain-
specific knowledge (Compton & Harwood, 2005; Jones & Moreland, 2004; Kramer et al.,
2021; Nitko, 1996).

The higher expectations of boys’ performance compared to girls were partly confirmed
by the better performance of boys on the SMT task. However, they did not correspond to
the equal performance of boys and girls on the BW task. The higher estimation of boys’
technical ability has been described before (Buccheri et al., 2011; Seiter, 2009). This might
be domain-specific since primary school teachers usually estimate girls’ skill level to be
higher (Timmermans et al., 2015). The better performance of boys on the SMT task may
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be related to the Spatio-temporal skill that this task requires. Tasks that require Spatio-
temporal skills are known to be performed better by boys than by girls (Reilly et al., 2017;
Wang, 2017).

The correlation of teacher judgements with pupils’ proficiency scores in reading com-
prehension and mathematics, and the absence of such a correlation of these proficiency
scores with pupils’ task performance, resulted in a bias in judgement accuracy. The lack
of such a correlation is in line with the estimates made by Wammes et al. (2021), who
reported that scores on reading comprehension and mathematics explained no more than
10% of the variance in pupils’ scores on the BW and SMT task.

Remarkably, only reading comprehension explained a significant part of the variance
in relative judgements and teachers’ judgement accuracy. In contrast, mathematics profi-
ciency scores were a better predictor of the variance of absolute judgements. That teacher
judgements correlate with reading comprehension, and mathematics skills is not surpris-
ing, as these are seen as good predictors of students’ academic ability (Timmermans et al.,
2015).

The reasons given by teachers for ranking pupils highly were mainly their strong cogni-
tive performance or their positive learning behaviour, such as showing interest and per-
severance. Low rankings were explained by weak cognitive performance and negative
learning behaviours, such as poor concentration or giving up quickly. Only a quarter of
the arguments mentioned pupils’ relationship with technology, and 7% of the arguments
related to the pupils’ home situation.

The emphasis on cognitive ability and learning behaviour is not surprising since teach-
ers rely heavily on these factors when assessing the academic abilities of their pupils. In
the absence of specific knowledge about students’ technical abilities, these considerations
come to the fore for teachers (Dompnier et al., 2006).

High expectations of pupils were frequently supported by remarks about the positive
learning behaviour of the pupils and rarely by remarks about negative learning behaviour.
In contrast, strong performance did not show such a relationship. Further, pupils’ cogni-
tive ability seems to be less decisive for high performance than expected by teachers. Our
results do not seem consistent with Bates and Nettelbeck (2001) and Feinberg and Shapiro
(2003), who found that teachers estimates of high-achieving students are the most accurate.
This might relate to the important role of tacit knowledge in technical skills. This knowl-
edge is not easily recognisable for teachers and does not play a role in their judgement,
whereas it is reflected in pupils’ performance on the tasks. The fact that the gender of the
pupil was mentioned only once may indicate an explanation bias (Oort et al., 2009). Teach-
ers may not be aware of the role that gender plays in their estimation of the technical ability
of their pupils.

Teachers’ evaluation of the diagnostic tasks

All teachers found the results of the diagnostic tasks to be an important addition to their
perception of their pupils’ technical abilities. In particular, it influenced their perception
of pupils for whom they had low expectations but who performed well. In addition, some
results confirmed their suspicions about pupils’ abilities, but which were not reflected
in the pupils’ performance in other tests at school. The teachers with a high judgement
accuracy gained confidence in their judgements because they saw this confirmed by the
results. This implies that diagnostic tasks like those used in this study can change teachers’
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expectations of their pupils. This might positively affect the self-esteem of these pupils and
even their learning (Timmermans et al., 2018; Zhu et al., 2018).

The teachers of pupils from nine years were positive about the limited time and effort
needed for test-taking. The teachers who had younger pupils were less positive as super-
vision during test-taking was necessary. When asked about the value of their teaching,
seven out of eight teachers mentioned the better possibilities for differentiation. The eighth
teacher mentioned a lack of own knowledge and experience as a limitation for using the
results.

Whether diagnostic tasks will be used will depend on the effort and time taken to com-
plete them and how teachers value the results (Praetorius et al., 2013; Sach, 2015). Espe-
cially in the upper grades, task collection seems easy to organise. From the factors that
determined the attributed value, gaining a better understanding of students’ technical abil-
ity stood out. The responses confirm that teachers calibrate their estimates based on the
outcomes of the tasks. Most teachers saw opportunities to use the insight gained from the
diagnostic tasks in their technology lessons. For those who did not, this was attributed to
a lack of knowledge and experience, which confirms the findings of Jones and Compton
(1998) and Nadelson et al. (2013). Which effects on pupils’ learning may be expected from
differentiation based on the results of the diagnostic tasks is still unknown.

Implications

This study is the first to confirm the suspicions that teachers are not accurate in their judge-
ments about the technical proficiency of their pupils. The results also reveal the often
assumed gender bias. For technical education in primary schools, this implies that many
teachers will be poorly tuned to different levels of prior knowledge when choosing assign-
ments, instruction and feedback. The teachers who used the tasks in this study valued
them as an opportunity to discover qualities in pupils that would otherwise not be evident.
The tasks allow teachers to calibrate their judgements and differentiate their engineering
lessons.

Limitations and future research

A major limitation of this study is the small number of teachers who participated. There-
fore, the results can only be regarded as a first indication of how accurate teachers assess
pupils’ proficiency in this domain and the factors that may or may not influence said
accuracy.

A second, equally important limitation is that only two tasks were used as references for
pupils’ technical ability. Therefore, the results cannot be generalised to the full spectrum
of technical skills. Studies with a broader range of diagnostic approaches might contribute
to a more comprehensive understanding of the teachers’ PCK and the amplifiers and fil-
ters that determine classroom practice (Doyle et al., 2019; Kérkkédinen & Vincent-Lancrin,
2013).

Another limitation is that the analysis of pupil results using the Fischer scale has yet to
be carried out by teachers themselves. This makes it uncertain whether teachers will diag-
nose correctly with clear instruction or targeted training. A follow-up study will be needed
to ascertain this. The significance of using such a diagnostic instrument for educational
practice is also not yet clear. Therefore, it is recommended that research be carried out into
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the effect of differentiation in technology lessons based on the insight into pupils’ prior
knowledge that the new instrument offers.

Finally, it would be interesting to explore the value of tasks like those used in this study
for a more unified assessment of student knowledge about technological systems (Hartell
et al., 2015).

Conclusion

The current study confirms suspicions (Moreland & Jones, 2000; Scharten & Kat-de Jong,
2012; Stidkamp et al., 2012) that teachers underestimate the technical skills of their pupils,
particularly among girls. Teacher experience did relate to judgement accuracy, as did the
teachers’ technical knowledge, albeit to a lesser extent. The gender of the teacher or their
self-efficacy beliefs does not seem to affect judgement accuracy. The teachers were able
to apply the diagnostic tasks in their class. They appreciated the results that emerged. The
teachers were especially surprised by the unexpected high performances of some pupils.
Contrary to the teachers’ expectations, pupils’ results on standardised reading comprehen-
sion and mathematic tests had a low predictive value for their performance on the Buzz-
Wire and Stairs Marble Track task.

Appendix|

Scoring rules for the Buzz-Wire and Stairs Marble Track tasks.
Start at the highest level and work downwards.

Level Buzz-Wire Stairs Marble Track

Single abstractions (Rp4/Sal)
An abstraction is used to arrive at the solution

7 Correct solution Not used. The SMT task does not
Loop and spiral connected as a require abstract knowledge
switch and correct connection
of the battery and all connec-
tions on metal and all compo-
nents will function when the
circuit closes (no short circuit).

If not: go to Rp3

Representational system (Rp3)
Relationships have been established between all components of the system
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Level Buzz-Wire Stairs Marble Track
6 The work product demands the The correct configuration. It
combination of multiple repre- demands the combination of all
sentations representations
1. An electric circuit in which i. All bars ordered according to
both lamp and buzzer function their length

by default and all connections
on metal OR

2. Loop and spiral connected as
a switch that turns a lamp or
buzzer on/off, disregarding
whether all connections are on
metal

If not: go to Rp2
Representational mappings (Rp2)

ii. The orientation of the slanted
bar tops potentially allows a mar-
ble to roll onto the slanted top of
an adjacent bar

iii. The slope of all slanted tops
will cause the marble to roll
down in the direction of the high
roll-off point

iv. A correct estimate of the effect
of a turning camshaft on the
movement and height of adjacent
bars

Causal relationships with an intermediate step, linking single causal relations

5 The outcome contains a mapping

1. A connected lamp or buzzer
will function in an electric
circuit, disregarding whether all
connections are on metal

OR

2. All connections on metal,
including both connection
points of the lamp and the spi-
ral and loop, are linked through
a connection by one or more
other components

If not: go to Rpl
Single representations (Sm4/Rp1)

The outcome contains a mapping:

All bars are in the correct order,
and the direction of all the
bar-top slides allows a marble to
roll onto the slide of an adjacent
bar (any correct combination
of correct or 180°- rotated slide
positions)

OR

The slope of all slanted tops will
cause the marble to roll down in
the direction of the high roll-off
point (but bars not in the correct
order or one bar incorrect)

A single representation (mental coordination of two or more sensory-motor systems) is part of the

action—single causal relationships

4 Use of a single representation

i. There is a connection from one
pole of the battery to the other
pole through at least one other
component (lamp, buzzer, loop,
spiral)

ii. Both poles of the lamp or
buzzer are connected to the
battery

iii. All connections should be on
metal, conducting electricity.
Both poles of the lamp should
be connected in this way

iv. The ring and spiral are linked.
Not directly, but via at least one
other component

—

If not: go to Sm3

Use of a single representation

i. All bars in the frame are ordered
by their length at their correct
position in the frame

OR

ii. The direction of all slides poten-
tially allows a marble to roll onto
the slide of an adjacent bar. (any
combination of correct or 180°
rotated slide positions)
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Level Buzz-Wire Stairs Marble Track

Sensory-motor system (Sm3)
Observable causal relationships. A manipulation is linked to an observable consequence

3 All components are connected, Bars are positioned to fill the gap
treating the loop and spiral asa  in the frame between the roll-on
single component and roll-off point

. There are bars vertically
positioned in the frame with the
slanted tops upwards (but bars
missing or at least one slanted
top rotated by 90° or 270°)

OR
ii. There are at least five bars in
the frame (filling up the space
between low roll-on and high
roll-off point) but not with the
slanted top upward (vertically
top-down or horizontally)

If not: go to Sm2

Sensory-motor mapping (Sm2)
Combining features of two objects

2 Any connection between two Combinations of single proper-
components with a wire ties of bars and frame (single or
repeated)

i. At least one combination [map-
ping] of a single property (e.g.
length or top-shape) of two or
more bars

OR

ii. At least one combination of a
single property of a bar and a
property of the frame (wheel-
support, length of the gap
between roll-on and roll-off

point)
If not: go to Sml
Single sensory-motor actions (Sml)
Use of single feature of an object or task. Observable
1 The work product does not The work product does not include
include a connection between a combination of bar or bar and
two components by a wire frame features

Generic rule (Van der Steen, 2014)

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
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material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
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