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ABSTRACT

With the introduction of Computer Science (CS) into curricula
worldwide, researchers have investigated whether CS could be in-
troduced transversally, as a support other disciplines. Few however
consider both student learning and the teachers’ perspective in
their assessments. In a co-constructive approach to translational
research, we collaborated with teachers, in two case studies involv-
ing two classes each, to investigate how CS content could be used
transversally. More specifically, teacher inputs and student learn-
ing data were combined in a mixed methods analysis to determine
whether two CS Unplugged (CSU) activities from the curriculum
could be leveraged to teach disciplinary content in primary school.
The findings indicated that the CSU activities could be leveraged
for maths and spelling, but require validation at a larger scale. More
important, though, are the takeaways of the co-constructive expe-
rience with teachers. Interestingly the benefits of co-construction
went both ways. While researchers gained a deeper understand-
ing of the effectiveness of the activities, teachers i) appreciated
having detailed student learning analyses, devoid of biases and
impressions, ii) changed their perspective about researchers, and
iii) were open to other collaborative research initiatives which
they found to be drivers of change and innovation in their prac-
tice. The way co-construction was approached also impacted the
teachers’ perception of their experience. Indeed, while one study
was researcher-driven and included teachers, the other was teacher-
driven and included researchers. When teacher-driven, the teachers
felt they had a more active role, thus reflecting more on the study
design, results and implications. Provided the positive impact that
co-construction may have on innovation in teacher practices, dif-
ferent co-construction modalities must be investigated, as well as
their implications on all stakeholders, including researchers.
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1 INTRODUCTION

Whenever a new discipline is introduced in the curriculum, a
point of contention appears: is it possible to introduce the new
content without taking time away from other elements in the
curriculum? This conundrum is particularly relevant in the case
of Computer Science (CS) in primary school, which is the target
of a number of curricular reforms worldwide [19]. With primary
school teaching being inherently transversal, many argue that CS
content introduced at this level should be transversal too [19].
This transversality can be achieved either by using CS content
as a support for other disciplines [34, 48] or by contributing
to the development of transversal competencies. The above
principle has motivated numerous researchers to investigate
how CS, or Educational Robotics (often used as a medium to
teach CS [16]) can be leveraged in various disciplinary contexts
[8, 20, 32] such as maths [4, 7, 8, 25, 48], sciences [38, 48], languages
[42], or in the context of transversal skills such as creativity
[50] and problem solving [10]. To the authors’ knowledge, few
have considered the teachers’ perspective in such endeavours
[9, 20, 31, 48, 50]. Some researchers even explicitly mention
their lack of experience in formal pedagogical and educational
theories [8] as limitations of their studies. Even less studies present
analyses which include the results of student assessments and the
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teachers’ perspective of the content and of student learning [26, 31].

The lack of teacher involvement is potentially problematic, no-
tably in contexts of translational research! [21]. In the context of CS
curricular reform, effective translational research is also complex
to achieve as the discipline is often met with reticence and little
adoption into teacher practices [39, 45]. Numerous numerous barri-
ers, both internal and external [18], are often evoked and appear to
stem from the limited involvement of teachers in the process. Mul-
tiple sources thus stress the importance of collaboration among all
stakeholders, including teachers, in research practice partnerships
[41] and curricular reforms [6, 12, 13, 17], as a necessary condition
for the success of such endeavours. The exclusion of teachers from
curricular reform processes appears even more surprising when
considering that :

o teachers have “localised knowledge of their students [...] and
can provide unique, on-the-ground insight into the enact-
ment of specific curriculum materials” [14],

o teachers are the experts who are best suited to reflect on the
feasibility of such projects in classrooms [17],

e “creators of computing curricula do not always have formal
pedagogical training” [8, p.1], and while helping them
understand and follow best pedagogical practices can
address some of the limits of computing education [8], this
is not always sufficient.

We consider that teachers, as the end users of the devised
curricular content, play a pivotal role in curricular reform, which
no alternative to their inclusion can match. Teachers must not only
be trained in order to successfully integrate computing curricula
in K-12 [17, 45, 47], but they must also be actively engaged in
the process [1]. Teachers not only provide hands-on pedagogical
expertise, but are also the ones who ultimately decide whether or
not to introduce a given content into their practices (i.e. adopt),
and their perspective should be integrated from the start. Indeed,
recent studies have demonstrated the benefits of co-construction
(defined as the joint creation of knowledge and or practice?) for
lesson units [12, 23, 26, 27, 37, 49] which, when following an
appropriate model, promotes the adoption of the devised content
into teacher practices [26]. This is also the case for CS curricular
reforms that engage teachers in a co-constructive process [5, 6, 17]
and appear to contribute to teachers adopting the new content in
the short and long term [17].

In this article, we discuss two cases of co-construction (one
researcher-initiated, and one teacher-initiated) aiming at introduc-
ing CS concepts within other disciplines (namely, mathematics and
french) through two CS Unplugged (CSU) activities [2, 3] (defined
as activities that teach CS concepts without screens) at the primary
school level. Specifically, we investigate the following research
questions:

e RQ1. How do CS Unplugged activities contribute to learning
in other disciplines?

! Translational research is a systematic approach to develop innovation by transforming
research results into practical applications, but rarely applied in education [21]
2Co-construction is also referred to as co-creation and co-design in certain contexts
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e RQ2. To what extent are the teacher’s and researcher’s assess-
ments complementing each other?

e RQ3. Does the established teacher-researcher relationship con-
tribute to a change in the teachers’ perception of i) the content,
ii) the researcher, and iii) translational research?

Concretely, RQ1 investigates the transversal quality of CS con-
tent, while RQ2 and RQ3 expand on the role of co-construction
between researchers and teachers in translational research for CS
curricular reform.

2 METHODOLOGY

The case studies reported in this article are based on two popular
CSU activities [3] for grades 1-4 (ages 5-9) from our regional CS
curricular reform [16, 17]: the robot game [40] and the sorting
machine [2].

Each case study involved one grade 3 and one grade 4 class
(students aged 7-9) and their respective in-service teachers with
a researcher present to observe the sessions. The teachers that
participated in the studies had completed the mandatory regional
CS continuing professional development program headed by the
department of education the previous year [16, 17]. This involved
4 days of CS-related teacher training which targeted concepts of
algorithms & programming, machines & networks, and information
& data. The program presented ready to use activities which com-
bined different instruction modalities (i.e. using a combination of
unplugged and plugged, robotic and non robotics activities) [16, 17].

The two case studies differ in i) the activities which were
selected because they were the ones most adopted by teachers in
the digital education reform for grades 1 to 4, ii) the associated
standard discipline (RQ1), and iii) the instigator of the collaboration
(with one case study being designed by researchers who then
sought the involvement of teachers and the other being designed
by teachers who then sought the involvement of researchers).
These case studies thus provide insight into how research can be
co-constructed between researchers and teachers and the effects of
the established teacher-researcher relationship (RQ2, RQ3).

To evaluate RQ1 and RQ2, we conducted a mixed methods anal-
ysis which includes 1) quantitative data on student learning and 2)
qualitative data pertaining to the teachers’ perception of the activity
and its role in the curriculum, acquired through semi-structured
interviews. RQ3 relies solely on the teacher interviews.

2.1 The researcher-initiated case study: the
robot game to teach mathematics concepts

Many mathematics activities in grades 3 and 4 (students aged 7-9)
seek to develop students’ spatial abilities and grid-related concepts.
This is also the case of certain activities from the new CS curriculum
[17]. One of the most popular activities of said curriculum is the
robot game [40]. The researchers, having reason to believe the
activity could foster mathematics concepts that were part of the
standard curriculum, designed the study and approached teachers
that had followed the recent CS teacher training to run the study
in their classroom.
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Figure 1: Illustration of the robot game (taken from the stan-
dard curriculum?)

3
¥

Figure 2: Exercise used to evaluate the acquisition of grid-
related concepts for the robot game, with the following in-
structions "Help the squirrel take its nut to the tree. Be care-
ful, you shouldn’t write anything on the grid!"

2.1.1 Description of the activity. The robot game® is a two-hour
collaborative grid-based CSU activity where students must help
someone in the role of the “stupid robot” navigate on a floor mat
with a grid illustrated on it (see Fig. 1) to pick up an object while
avoiding obstacles. The activity is designed to kinaesthetically initi-
ate students to the basics of algorithmics and CS concepts [16, 40],
all the while training the students’ spatial abilities. During the ac-
tivity, students must work in teams and alternate between the role
of the robot (i.e. executing orders), the role of the computer (i.e.
giving orders to move the robot to a target location), and the role of
the verifier (i.e. checking whether the robot has correctly executed
the given instructions). Success in the activity thus relies on the
students’ ability to invent and agree on a univocal programming
language, adapting to the constraints placed by the teacher (e.g. the
robot is blind, deaf, or both).

3See DECODAGE - Education numérique — Version transitoire 2021 - 2022 -~ CC BY
NC SA 4.0 - DFJC - DGEO 2021
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2.1.2  Participants. Two voluntary generalist teachers (i.e. that
teach all subjects), one from grade 3 and one grade 4, responded to
an open call in their schools and were provided a detailed descrip-
tion of the activity and asked to introduce it into their respective
classes. The teachers were informed that they could adapt the CS
activity as they would do for any other activity that they would
teach. Overall, 43 students (22 from grade 3 and 21 from grade 4)
participated in the study.

2.1.3  Data Collection. A paper-based grid exercise (see Fig. 2) was
administered as a pre-post test to evaluate learning of grid-related
concepts. In the test, students have to help a squirrel take the hazel-
nut to the tree, without marking anything on the grid. The solutions
were simultaneously annotated by two researchers using the fol-
lowing criteria, each normalised to obtain a score between 0 (min)
and 1 (max), before summing to create a global performance metric:

o Abstraction of the grid, i.e. how did the students indicate
the path without writing on the grid? (7 level ranking - 0
= did nothing, 1 = went around the grid, 2 = incorrect full
grid reproduction, 3 = incorrect partial grid reproduction,
4 = correct full grid reproduction, 5 = correct partial grid
reproduction, 6 = did not need to reproduce the grid).

o Path coding strategy, i.e. how were the instructions encoded?
(8 level ranking - 0 = did nothing, 1 = random drawing or
sentence, 2 = path-related drawing or sentence, 3 = points
connected by a line, 4 = custom code, 5 = explicit keywords,
6 = arrows mimicking the path’s motion, 7 = aligned arrows).

o Notion of sequence, i.e. did the indicated path have a notion
of sequence of steps? (0 = no, 1 = yes).

o Notion of distance, i.e. did the path indicate the distance to
be travelled? (0 = no, 1 = partially, 2 = yes)

2.2 The teacher-initiated case study: the sorting

machine to teach spelling

After participating in the first case study, the grade 4 teacher, who is
invested in the establishments’ CS curricular reform, was interested
in continuing to investigate the benefits of the new CS activities
being introduced in the curriculum. They hypothesised that a CSU
activity, the sorting machine [2], could be leveraged as a comple-
mentary activity to help students practice their spelling. They also
believed it was a fun alternative which would help students prac-
tice spelling without being encumbered by graphomotor difficulties.
They involved colleagues in the experiments and researchers in the
analyses to test their hypothesis. In itself, the teacher-initiated case
study is a first result of co-construction by demonstrating how it
can impact teacher practices and open avenues for collaborative
translational research in the field.

2.2.1 Description of the activity. The sorting machine is a one hour
kinaesthetic CSU activity [2] initially designed to teach participants
how computers sort data in parallel (see Fig. 3). For younger stu-
dents, while the emphasis may not be on understanding parallel
sorting mechanisms per se, this activity is used to teach them to
iteratively apply the if-else rule with objects of different types (e.g.
numbers, objects, parts of a story etc...) according to predefined
values (e.g. value, size or weight, order in the story) and conditional
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Figure 3: Illustration of the sorting machine network that

the students enter on the left, iteratively compare objects to
decide in which direction to move, and exit on the right.

rule (e.g. if superior go left, else right). Using a floor mat with a net-
work illustrated on it (see Fig. 3 for a 6-input network), participants
enter the network on one end (red squares) with a randomly attrib-
uted object in hand. They recursively compare their object with
the ones of other participants when in a blue circle to determine in
which direction to go (left or right as illustrated in Fig. 3), until the
end of the network is reached (green squares), where the objects
are sorted [16]. In the case of spelling, letters of selected words
(of length 6 or more) are split into 6 parts and given to students
to compare with respect to the order in the word. Success in the
activity relies on adequately sorting the letters in the word.

The teachers believed that, unlike traditional approaches, the
sorting machine forces students to split the words into letters and
think about them individually compared to other activities where
the word might be broken up into sounds, which in French can lead
to numerous mistakes.

2.2.2  Participants and data collection. One grade 3 and the grade 4
generalist teacher from the first case study ran the experiments in
their classrooms with 35 students (18 grade 4, and 17 grade 3 stu-
dents). They selected a thematic set of 6 French Christmas themed
words (5 of length 6, 1 of length 8*, see Fig. 4) which they prac-
tised during the activity and evaluated in a pre-post spelling test to
assess progress on said words. Overall, 22 students (4 from grade
3, 18 from grade 4) were present for both the pre- and post-tests.
While the teachers did a quick overview of the pre-post tests to see
whether the students corrected errors related to complex sounds in
the language and word-specific difficulties, the researchers adopted
a more mathematical approach to the analysis. Using the Leven-
shtein distance (i.e. the minimal number of edits required to change
one word into another), the proportion of spelling errors made was
computed and normalised with respect to the word’s length (max
number of errors possible).

2.3 Teacher Interviews

2.3.1 Participants. Teachers from both case studies were inter-
viewed by the researcher who participated in the two case studies
to get their perspective on the CSU activities, on the results from

4The Christmas themed words: "bonnet", "bougie", "étoile", "emballer”, "jouets", "lutins"
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Figure 4: Pre- post- spelling test used to assess progress on
the set of words practised with the sorting machine

the analysis of student learning, and on their co-construction ex-
perience. The interviews for the robot-game were conducted with
both teachers. Please notice that the sorting-machine interviews
only involved the grade 4 teacher, who was present with the grade
3 teacher and students during the session, and debriefed with the
grade 3 teacher prior to the interview.

2.3.2  Semi-structured interview guide. The interviews were
conducted using a semi-structured interview guide organised in
four distinct parts.

The opening questions intended to explore the objectives and
expectations of the interviewees, followed by a description of their
experience during the activities:

(1) What was your objective when you decided to conduct the
activity?

(2) What were your expectations?

(3) What metrics were of interest for you?

(4) Can you describe how the activities went?

The second part asked teachers to reflect on the students and
student learning, as well as on the benefits and bottlenecks of the CS
activities with regards to the interviewees’ teaching practice:

(1) How do you think the activity impacted the students’ maths
/ spelling skills?

(2) What other skills do you think may have been impacted?

(3) Do you see any benefits of doing the activity?

(4) Were there drawbacks?

(5) How do you perceive the activity with respect to others in
the curriculum?

(6) Are / were there challenges to integrating the activity into
your practice?

The third part of the interview included a presentation of the
results of the pre-post test analysis conducted by the researcher
and a discussion with the individual interviewee regarding what
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the results mean, in terms of their expectations, observations and
prior experiences with the students. Following this discussion, a
synthesis of the results was elaborated considering what both
parties saw as the main takeaways from the experiment, and the
teachers were asked whether they saw any benefit to having this
parallel analysis.

At the end, the interviewees were asked about their opinions
on co-construction and translational research, in the sense of what
they perceived as their role in the research, as well as how they felt
about the relationship with the researcher in this particular setting:

(1) How do you perceive the role research can play for teachers?

(2) How do you perceive the relationship between yourself and
the researchers?

(3) How did you find this initiative?

2.3.3 Qualitative data analysis. The interviews were analysed us-
ing an inductive approach based on handwritten notes and tran-
scribed audio recordings. Codes were grouped under two categories,
with their own themes, that supplemented the analysis and dis-
cussion of the results. The first category relates to the teachers’
perception of the activities with respect to i) Technology Acceptance
Models (TAM) [24] which have been used to predict people’s intent
to adopt technological innovations in terms of utility, ease of use
and intent to use, and ii) the Utility, Usability, Acceptability (UUA)
framework [46] which has been used to evaluate teachers’ percep-
tion of the use of educational robots in formal education [9, 11].
The second category concerns co-construction and translational re-
search and focuses on the teachers’ perception of : (1) the utility
of parallel analysis, (2) researchers, (3) teachers’ role in research,
(4) co-construction in translational research.

Key quotes and syntheses from the teachers’ interviews are
presented in coloured boxes throughout the article to complement
the analysis conducted.

3 RESULTS AND DISCUSSION

3.1 The researcher-initiated case study: the
robot game to teach mathematics concepts

3.1.1
the CSU activity provided an easy entry point to CS content (TAM,
ease of use), and that it was possible to appropriate the activity
and adapt it to various teaching styles (UUA, acceptability). Both
teachers attributed an importance to the link with other activities
in the curriculum that address spatial skills, as it 1) helps alleviate
time constraints, a critical factor limiting curricular innovation
and the adoption of new pedagogical content [11, 17, 18] and 2)
offers a kinaesthetic way of addressing spatial skills compared to
more traditional alternatives (UUA, usability).

Teachers’ initial perspective on the activity. The teachers felt

Concerning student learning, the teachers found the activity
useful (utility, UUA and TAM) at multiple levels. In addition to
fostering spatial abilities and working on relative and absolute
positioning, the activity can be leveraged to foster transversal skills.
As the grade 4 teacher mentioned, the activity pushes students to
adopt different roles (thus seeing different perspectives), verbalise,
provide constructive feedback to one another etc..., all key benefits
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of kinaesthetic learning which differ from traditional paper-based
maths activities. The grade 3 teacher did however express that
the activity might not differ much in terms of transversal skills
compared to other kinaesthetic activities already in the curriculum.

Finally, the interviews highlighted that the CSU activity was
considered as age appropriate (usability, UUA). The teachers
mentioned that sessions with half of the class (or another teacher)
facilitated classroom management and ensured that all students
participated equally [43]. One teacher believed the activity should
be conducted in multiple smaller sessions over a longer period of
time, so that all the students have time to assimilate the concepts.
The teachers believed the CSU activity (and other CS activities that
employ different instruction modalities, e.g. robotics unplugged
activities with the Bluebot [17]) is a good means of introducing
grid-related concepts.

For these reasons, the teachers expressed their intent to con-
tinue to introduce the content in the future (TAM, intent) and to
appropriate it (UUA, acceptability).

Synthesis of the teachers’ initial perspective : the robot
game
o Is an easy entry point for teachers to teach CS (ease of use)
e Can be adapted to various teaching styles (acceptability)
e Has strong links with maths and spatial abilities (utility)
o Is kinaesthetic (usability) and fosters transversal skills (util-
ity)
Teachers intend to adopt (intent) and appropriate the activ-
ity (acceptability)

3.1.2  Student learning. Students’ learning was assessed by the re-
searcher using the pre-post test and criteria described in section
2.1.3. Prior to presenting the criteria employed for the analysis, we
asked the teachers which metrics they believed were most rele-
vant. A comparison between the teachers’ and researchers’ metrics
helped establish that they were well aligned, with the teachers
adding that they believed the researchers’ metrics were complete.
Using a relative grading approach on the two main criteria (ab-
straction of the grid, path coding strategy) from the pre-test, three
groups of students of same size were established :

(1) GO with the lowest initial scores,
(2) G1 with intermediate initial scores,
(3) G2 with the highest initial scores.

According to the teachers, aside a couple of cases (3 exceptions
out of 22 in grade 3, 1 out of 21 in grade 4), these groups were in
line with the maths levels of the students at the time of the pre-test
was conducted.

Fig. 5 shows the distribution of students’ pre-post test scores
according to the relative ranking on the pre-test and the grade.
Overall, Wilcoxon’s signed-rank test shows that students in GO
improved (Z = 10, p = 0.023, Cohen’s D = 1.04) by 32%, while
students in G1 maintained their level (p > 0.05), and students
in G2 decreased (Z = 15, p = 0.0035, Cohen’s D = 0.48) by 10%
(see Fig. 5). A qualitative analysis by grade helps gain insight into
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Figure 5: The robot game pre-post test score distribution con-
sidering the sum of the normalised scores for abstraction of
the grid, path coding strategy, notion of sequence, and of dis-
tance. The total is normalised between 0 (min) and 1 (max).

these results. Students in GO exhibited two distinct behaviour.
While some progressed significantly, some appeared to be stuck,
notably in grade 3. The grade 3 teacher believed this was because
it was too soon to introduce these concepts for some students in
GO0, who still had other notions to assimilate before addressing
the grid-related concepts. At the other end, the students in G2,
irrespective of grade, appeared to have had a good initial strategy
which they did not change with the activity, therefore exhibiting
little to no progress. Students in G1, on the other hand, were likely
less confident in their initial solutions and tried to improve on it,
with many varying on their initial approach. While students in
grade 4-G1 did not progress, there was a marked progress for those
in grade 3-G1.

With respect to the individual metrics, we focus here on the
abstraction of the grid and the coding strategies as they are the
concepts which required the highest level of abstraction and are
thus the most complex to address. While students altered their
solutions in terms of abstraction of the grid when they did not
have a good initial strategy, this was not necessarily the case
for the coding strategy. Whenever the students had a relatively
"satisfactory” initial coding strategy, they tended to maintain it,
despite having been introduced to other alternatives during the
sessions. Both teachers reported the need for specific teachers
interventions to push the students to question themselves and look
for new solutions, both during the tests and the activity. Indeed, it
appears common for students to stick to a strategy and not change
it unless prompted [43]. Globally, the results were not only deemed
coherent by the teachers with their knowledge of the students
and their prior abilities, but also with their participation in the
activities themselves, as well as their progress in other contexts.

When considering the progress made by the students on the
pre-post test (using the normalised change [35]), the teachers
offered interesting insight into the results. In grade 3, the teacher
stated that the students that maintained their level were those who
tended to be less confident, more afraid to try things out on their
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own and of making mistakes, and who often looked to the teacher
for support. On the other hand, the same teacher mentioned that
those who progressed the most were the students who struggled in
the beginning of the year and made considerable progress both in
maths and all around.

3.2 The teacher-initiated case study: the sorting
machine to teach spelling

3.2.1 Teachers’ initial perspective on the activity. Similarly to
the robot game, the sorting machine is perceived as an easy
introduction to CS-type activities (TAM, ease of use) as it is not
very time consuming and can easily be adapted to various teaching
styles (UUA, acceptability), in line with the need to “create lesson
frameworks that are easily usable, and modifiable by teachers
to work within their classrooms” [32]. There were however
certain limitations due to the structure of the sorting machine
which required sorting 6 objects. While the teachers innovated by
grouping certain letters together to adapt to longer words, this
was considered to be quite constraining, with the need for easily
modifiable material being of relevance [32].

The teachers perceived the sorting machine as an interesting
approach to spelling that they believed could complement other
traditional approaches (utility, UUA and TAM, see section 2.2.1).
They believed that numerous transversal skills were at play (in the
teachers’ words: collaboration, autonomy, patience, discussion, not
being afraid to try again and start over, being more accepting of
criticism and errors). However, beyond the transversal skills, the
teachers looked over the pre-post tests to determine whether major
spelling difficulties had been addressed. Their initial assessment
did not clearly identify benefits in terms of learning, putting into
question their initial hypothesis about the utility of such an activity
to practice spelling.

In terms of usability (UUA), contrary to the robot game, the
teacher believed that the sorting machine may require starting with
an easy activity with numbers to first grasp the mechanisms of the
sorting machine and underlying CS concepts before being able to
focus on practising spelling. Indeed, once the students understood
the underlying mechanisms they remembered the activity quite
well. Similarly to the robot game however, the teachers expressed
difficulties in terms of classroom management with the need to
have multiple teachers, splitting the class in two, or having multiple
sessions with smaller groups, or split the class in two [43].

Synthesis of the the teachers’ initial perspective : the sorting

machine

e s an easy entry point for teachers to teach CS (ease of use),

o Can be easily adapted to various teaching styles (acceptabil-
ity),

e Needs to be preceded by CS session with numbers so stu-
dents first grasp the underlying mechanisms before sorting
any other entity (usability)
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o Is kinaesthetic (usability) and fosters transversal skills (util-
ity)

e Can complement other traditional means of teaching
spelling (utility)

o Teachers intend to adopt (intent) and appropriate the activ-
ity (acceptability)

3.2.2 Student learning. The results based on the normalised
change [35] for each word and student showed an average
improvement of 22% (4% standard error of the mean) which was
more than what the teachers expected after their initial assessment
of the pre-post tests, thus confirming for them that there is value in
doing the activity as one means to practice spelling. No significant
differences were found between students in grades 3 and 4,
which the teacher mentioned was not surprising as just one year
separated them. As Fig. 6 shows, some words were initially harder
for the students ("emballer”, "jouets" et "bonnet"). Interestingly, the
pre-post test results showed that students improved significantly
for the two words with double consonants (Wilcoxon signed-rank
test for related samples, "bonnet" Z = 7.5, p = 0.040; "emballer"
Z =12, p = 0.0057). When considering the results per student, 6
students (out of the 22 who were present for both the pre- and
post-tests) made more errors in the post-test than in the pre-test,
according to the 75th percentile. Interestingly, these students
were all native French speakers, with the three non-native French
speakers having improved on their spelling.
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Figure 6: The sorting machine french spelling pre- and post-
test score distribution between 0 (min, all wrong) and 1 (max,
all right) based on the normalised Levenshtein distance.

The interview with the teacher who initiated the study high-
lighted the fact that students’ performance on spelling is often
dependent on their concentration, both during the activity and the
test. Therefore, and contrary to the assessment of maths concepts,
the reliability of a pre-post spelling test is relatively low, with many
external factors to take into account, suggesting the need to observe
progress over a longer time frame.
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3.3 Reflections on co-construction

3.3.1 Perceived utility of the parallel analysis. The researchers be-
lieve the teachers’ perspective provided meaningful insight and
depth to the analysis of student learning, an opinion that was mir-
rored by the teachers. The latter found both the second point of view
and the scientific method useful as it was devoid of impressions
and went beyond a priori. Studies have indeed shown that biases
are prominent in school settings, even when tasks and grades are
assigned to students [33]. In particular, teachers believed the quan-
tification of progress and the added visualisations helped identify
what was useful and what wasn’t.

[Grade 4 teacher] “Research shows concrete evidence of
progress and helps identify what is useful. [...] It helps validate
or not the intuitions. You don’t always know if you’re right
or not. It’s good to have an outside perspective. [...] In the
end, the aim is to see how useful and interesting it is for the
students. Research allows us to have an outside view, not just
that of the teachers. It allows us to have another vision of our
profession and the activity we do, to question ourselves and
see how to improve it.”

While the teachers expressed not having time to do similar anal-
yses themselves, they were interested in having them more fre-
quently.

[Grade 3 teacher] “It would be interesting to have these analy-
ses more regularly, but it is a matter of time.”

[Grade 4 teacher] “We don’t have time, we don’t do graphs.
Seeing them allows us to see the improvements and progress.
I'd be interested in having analyses like this more regularly.
It helps understand what’s happening in general, and to see
what really works and what doesn’t”

It would therefore appear that researchers and teachers stand to
benefit from joint analyses, notably when considering that i) teach-
ers don’t have time to dedicate to in depth analyses, often focusing
more on preparation of activities and classroom management than
the validation of student learning [27] and ii) researchers would
gain a deeper and broader understanding of student learning, which
allows to better design and assess learning activities.

3.3.2  Teachers’ perception of researchers. The teachers did not
have prior experience with research and had preconceptions about
researchers that were in line with many stereotypes such as not
knowing the field, not understanding students, lack of flexibility
etc..., sentiments often echoed by K-12 teachers [29].

[Grade 3 teacher] “I had preconceived ideas that didn’t cor-
respond to how things went in our case. For example, that
researchers don’t know the children, or the daily life of a class-
room. Or that researchers are not necessarily interested in
the children and do not consider what is going outside the
experiment itself, in the daily life of the class. There is often
this image of the researcher who has not seen a child.”
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[Grade 4 teacher] “T used to have the impression that the
researchers had their objectives and that was it. They just had
to write their report.”

The teachers’ perspective changed after participating in the re-
search, notably after grasping the importance of conducting trans-
lational research in the field in the most “natural” settings for the
students and as close as possible to the way teachers normally
teach.

[Grade 3 teacher] “It was interesting to have the research in the
field, to have the researcher present to make the observations,
instead of just giving the procedure and leaving us to do it
alone. [...] I understood later that the aim was for the activities
to be carried out as usual.”

While it is true that research has requirements which often in-
volve sticking to a specific methodology, it is important to consider
how translational research is conducted in classrooms, which has
an impact on the quality of co-construction [44]. In particular, it is
important to keep in mind that the paradigm of going into class-
rooms, asking for things unrelated to teachers’ teaching, and going
back out tends to foster such negative sentiments [29] and thus
negatively impacts the prospects of translational research, such
as school-university partnerships [44]. Co-construction appears
to help address such biases which are frequent barriers to transla-
tional research in education, as shown by the teachers’ change in
perspective about researchers in the present study. That is why we
believe co-construction should be favoured by researchers looking
to conduct translational research.

[Grade 4 teacher] “Whether it’s you or the other researchers
[of the centre involved in the digital education reform], you
are motivating and make people want to do things. We see
that you are ready to modify, to change according to what you
see in the field. You left me free to approach the activities as
I wanted, and to be close to the reality of the field. I have a
different view of researchers following these experiences, also
by seeing the human side that you have, the fact that you are
understanding, accommodating. [...] Tappreciated the informal
exchanges. That’s also why I want to continue, and to invest
myself and do what I can.”

However, it is not just teachers that have biases about researchers,
but researchers as well, both about teachers [29] and themselves.
The literature on university-school partnerships has often evoked
the presence of a power struggle [29], where it is important to con-
sider that teachers have expertise in the classroom that researchers
usually lack, and to value all stakeholders for their expertise. Only
then will it be possible to establish effective dialogues, meaningful
interactions and shared understanding which are “enabling factors
that determine successful co-creation” [30].
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3.3.3 Teachers’ perception of their role in research. The teachers
evoked that their role was not very clear at the start of the interac-
tions, and required being willing to accept having somebody come
in and observe.

[Grade 3 Teacher] “I wasn’t quite sure where things were going
at the beginning. The objectives weren’t very clear. It wasn’t
clear who was going to do the activities. I thought it would be
the researchers to avoid biases. I was also trying to stick to the
activity guidelines a bit too much. I understood later that the
aim was for the activities to be carried out as usual. But it’s
still destabilising to have someone coming in and observing”

As co-construction involves collaboration between people from
different backgrounds, one must be able to manage a certain level
of uncertainty, and be willing to invest the time to go beyond
their comfort zone [44] to familiarise with one another, understand
the others’ expertise and create a level of shared understanding.
Interestingly, the way co-construction is approached affects the
teachers’ perception of their role and expertise in the process. In the
researcher-initiated case study, the teachers felt more like an “aid”,
rather than an invested party that can reflect on the protocol and
assessments to be done as the teachers did in the teacher-initiated
case study.

[Grade 4 teacher] “I had less expectations for the [researcher-
led study (the robot game)] than the [teacher-led study (the
sorting machine)] because I was not the one who created
the project. I felt a bit more like an aid and was a bit less
active.”

We must therefore consider the implication of these different
ways of establishing co-construction and the relationship. Indeed,
previous studies in the context of co-design of lessons have shown
the importance of agency [23] and creating a sense of ownership
[22, 23, 27], which ultimately contribute to an increased likeliness
of adoption [28] of innovation. In particular, a comparison of three
case studies [23] shows the benefits of co-design which includes a
good equilibrium between cooperation (i.e. where labour is divided)
and collaboration (i.e. a “[mutual engagement] in a coordinated
effort to solve the problem”) [15] throughout the various phases
of the project. Thus, to effectively co-construct, it would appear
that an optimum between collaboration and cooperation must be
reached. Therefore, beyond understanding each others’ profession,
strengths and competencies, an awareness of the complementarity
and what each stands to gain from co-construction is likely key,
with the co-construction modality playing a role in the outcome.

3.3.4 Teachers’ perspective on translational research and co-
construction. From the interviews, co-construction for translational
research, in addition to being “rewarding” to contribute to, appears
as a trigger of “innovation”, “change” and “progress”, inciting the
teachers to do things differently and encouraging them to collabo-
rate on various endeavours.
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[Grade 3 teacher] “Doing research in the classroom pushes one
to do more. I enjoyed having another perspective, it pushed
me to do other things, to innovate, especially considering that
it’s easy to continue to do the same things over and over.”

[Grade 4 teacher] “You see the value of research when you
are involved in it. It’s rewarding to be part of the evolution of
digital education and to be part of the research. Participating
in research allows me to see new things and to approach my
teaching differently, for example by doing a small test at the
beginning, a small test at the end”

By introducing new approaches, one teacher even expressed
a change in their personal manner of answering a question and
introducing changes to their teaching, for example understanding
the need for small incremental changes, i.e. to "change things little
by little instead of revolutionising everything as I would normally
want to do" [Grade 4 teacher], with validation in order to draw
meaningful conclusions. Concrete examples from the case studies
and interviews include leading the teacher driven case study, and
suggesting a prior analysis of pre-tests in the robot game case study
to adapt their teaching accordingly. However the teacher also men-
tioned it was not always easy to know how to go about doing these
changes. This is coherent with the fact that university is no longer
considered a place for "one off training" with an increasing need for
“lifelong learning [which] urges teachers, educators and academics
to reconceptualise and transform education” [36] through collabora-
tions and school-university partnerships which are “important for
professional development and educational reform” [36]. It would
therefore appear that teachers and researchers can draw from each
other’s expertise to adjust their strategies within the context of
educational reform.

4 CONCLUSION

In this paper we investigated whether two CS unplugged (CSU)
activities (the robot game and the sorting machine) could be
introduced transversally to support other disciplines (respectively
maths and spelling) in primary school (RQ1) through two case
studies. To answer this question, we collaborated with teachers in
a co-constructive approach to translational research (RQ3) where
the teachers had the role of the experts of their classrooms (RQ2).

The findings from the mixed methods analyses, which included
both the teachers” and the students’ perspectives, seem to suggest
that the CSU activities considered can be leveraged to teach
disciplinary content (RQ1), thus abiding to constraints of time,
a frequent preoccupation for teachers. We believe the depth
gained from including the analysis of the students’ and teachers’
perspectives is beneficial and could become a more common
practice in the assessment of classroom-based learning experiences.
While the teachers’ and researchers’ perspectives were not always
initially aligned (RQ2), notably in terms of expectations at the level
of the paper based assessments, the combined analysis, which
includes both the teachers’ and researchers’ perspectives (RQ2),
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helps construct a more comprehensive picture of the advantages
and limitations of introducing the CSU activities transversally.
Although promising, the findings should be validated through
larger scale studies (RQ1).

Nonetheless, another key takeaway from the studies lies in the
role that co-construction can play in translational research (RQ2,
RQ3), and not just co-design or teacher professional development
as it more commonly appears in the literature. Just as the teachers’
perspective adds depth to the research by providing complementary
expertise into the classroom, the research methodology offers a
perspective which the teachers appreciated as it is devoid of biases
and impressions, an identified limitation of classroom assessments.
By building a more complete picture into the potential of the CSU
activities with respect to student learning, both teachers and re-
searchers can adjust their practice accordingly.

The benefits of co-construction would also appear to extend
beyond the research itself (RQ3). Indeed, the interviews highlighted
that biases can be positively addressed through co-construction.
Teachers and researchers should value each others’ expertise [44]
and strive to reach a level of mutual understanding in which co-
construction, from which both can mutually benefit, may occur.
While both cases of co-construction helped pave the way for future
research collaborations, the interviews showed that the modality
in which co-construction occurred had an influence on the teach-
ers’ sense of ownership. Future work should therefore investigate
the effect of different co-construction modalities in translational
research, notably provided the role co-construction may play as
a trigger for innovation and change of practices in K-12, for both
teachers and researchers. Lastly, while the present work only inter-
viewed teachers, future work will explore co-construction and its
effects for all parties involved in CS curricular reform, including
researchers.
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