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ABSTRACT

In this paper, we investigate and map out how learning is assessed in Child-computer interaction
(CCI) research. We have conducted a semi-systematic literature review in the CCI community’s
leading venues: the Interaction Design and Children (IDC) conference and the International Journal
of Child—Computer Interaction (IJCCI). This eventually led to 30 publications that use the word stem
‘learn® in title, abstract and keywords being included in the corpus. Based on our analysis of these

Keywords: publications, the results demonstrate that there are three main strands of research approaches,
Child-computer interaction namely quantitative, qualitative and mixed-methods, some of which are design-based. The case studies
HC taking a qualitative approach dominate the field whereas the mixed-methods approach remains
Learning low in number. Furthermore, the findings showed that basic characteristics of research design and
cd approaches to the assessment of learning are rarely defined, and that assessment of learning is scarcely
operationalized. This affects the methodological rigor and possibility of understanding causality of
technology interaction in children’s learning. It was also found that only a limited number of works
include assessment of learning regarding transfer of learning and controlled groups. The main findings
from this review describe the current state-of-the art and address the gaps in CCI research in presenting
evidence for learning in children as a desired impact. We conclude with suggestions for future avenues
for the assessment of learning in CCI.
© 2023 Elsevier B.V. All rights reserved.
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1. Introduction

Child-computer interaction (CCI) is a multidisciplinary field
that concerns the phenomena surrounding the interaction be-
tween children and computational and communication technolo-
gies (Read et al,, 2013) and has always had a strong connection
to learning and education (Giannakos, Horn, Read and Markopou-
los, 2020; Giannakos, Papamitsiou, Markopoulos, Read and Hour-
cade, 2020). Starting in the 1960’s (e.g. Ackermann, 1991; Papert,
1980), CCI research work stem largely from the field of Human-
Computer Interaction (HCI). However, as a multidisciplinary re-
search community, CCI is directly connected with several research
areas such as psychology, learning sciences, interaction design,
engineering, computer science, and media studies. This means
that CCI draws on a wide range of research methods and practices
from various fields, and within each discipline, there are different
research traditions, which requires that we approach research
based on different criteria (Eriksson, Baykal, & Torgersson, 2022;
Hourcade, 2007). As a community, we need to appropriate and
adapt those research methods, by contextualizing them to CCI
and making them relevant to CCI challenges (Giannakos, Horn
et al.,, 2020). Today, learning in education and beyond are still
driving forces in CCI (Giannakos, Papamitsiou et al., 2020), and the
community is still reinforcing natural ties with both high-quality
HCI and learning conferences (Giannakos, Horn et al., 2020).

As CCI as a field concerns the phenomena surrounding the in-
teraction between children and computational technologies (Read
et al,, 2013), we typically evaluate some technology, based on
some criteria (e.g. usability, effectiveness, satisfaction, usefulness,
efficiency, learnability, fun, accessibility, safety), and with a spec-
ified goal (Markopoulos, Read, MacFarlane, & Hoysniemi, 2008).
Particularly tricky is the need to make a distinction between goals
of product use and goals for evaluation. For example, even though
the main purpose of a product X might be “learning new skill
A” the evaluation of the product might focus on the usability
of the user interface rather than on measuring the learning of
skill A (Markopoulos et al., 2008). It is also possible to include
aspects of learning as criteria for the evaluation of some tech-
nology, where the goal of the evaluation is the assessment of
learning (Cukurova & Luckin, 2018). There is a distinction here,
where the technology is being evaluated, while the assessment
rather concerns determination of students’ status in terms of
learning (Popham, 2008). However, in a recent literature review
on the role of learning theory in CCI, Eriksson et al. found that
criteria for learning are rarely addressed in CCI research (Eriksson
et al,, 2022).

In this paper we will build on and extend the mentioned find-
ings by mapping out and investigating how learning is assessed

in CCI research. We apply the same method as in Eriksson et al.,
namely a semi-systematic literature review of research papers
from the Interaction Design and Children Conference Proceedings
(IDC) and International Journal of Child-Computer Interaction
(IJCClI). Based on this corpus, we outline what aspects of learn-
ing are assessed in CCI, and what research approaches, designs,
methods and variables are used for the assessment of learning
in CCI. To our knowledge, such a review has not previously been
conducted, but is timely as the increased innovation and use of
emerging technologies in education are leading to the develop-
ment of many new learning opportunities (Council, 2000), and
thereby also for CCI as a field to develop further (Eriksson et al.,
2022).

2. Background

Learning is a complex phenomenon, it ranges from learning
motor skills to learning to become a professional, and there is
no one definition of learning that is universally accepted by
theorists, researchers, and practitioners (Schunk, 2012; Shuell,
1986). Although there is a disagreement about the precise nature
of learning, and regardless of the theoretical stance one takes
on learning, be it behavioral, cognitive, constructivist, situated,
sociomaterial, or some other theoretical orientation, they all share
a fundamental understanding that learning involves “a change”
in behavior or cognitive process (Gajda, Karwowski, & Beghetto,
2017). According to Schunk, there are three criteria for learn-
ing: (i) learning involves change, (ii) learning endures over time,
and (iii) learning occurs through experience (Schunk, 2012). This
means that we may define learning as a change in probability of
response, but we must also specify the conditions under which it
comes about.

Learning is complex and may have an impact on our inter-
ventions and for how we plan, execute, and evaluate research
in educational situations and contexts. Therefore, we need to
have a basic understanding for the assessment of learning, which
involves “a formal attempt to determine students’ status with
respect to educational variables of interest” (Popham, 2008, p. 6).
Typically, learning is assessed based on what people say, write,
or do, using different types of assessment methods. However, as
learning involves “a change” in behavior, or a changed capacity to
behave in a given fashion, we must also take into consideration
that it is not uncommon for people to learn skills, knowledge,
beliefs, or behaviors without demonstrating them at the time
learning occurs (Schunk, 2012).

Researchers and practitioners who want to know whether
learning has occurred, may use procedures other than testing
that provide evidence of student learning, see Table 1 adapted
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Table 1
Methods of assessing learning, from Schunk (2012) p.15.
Category Definition

Instances of behavior that demonstrate
learning

Direct observations

Written responses Written performances on tests, quizzes,

homework, papers, and projects

Oral responses Verbalized questions, comments, and

responses during learning

Ratings by others Observers’ judgments of learners on attributes

indicative of learning

Self-reports People’s judgments of themselves through:
Questionnaires, Interviews, Stimulated recalls,

Think-alouds, Dialogues

from Schunk (2012). Second, students’ skills in content areas of-
ten are the learning outcome assessed, but researchers and prac-
titioners may also be interested in other forms of learning. For
example, they may want to know whether students have learned
new attitudes or self-regulation strategies or whether students’
interests, values, self-efficacy, and motivation have changed as a
result of content learning (Schunk, 2012).

It is common for educational innovations, such as new learn-
ing resources, to be evaluated by an experiment where learn-
ing gains or other desired outcomes are compared between an
experimental condition involving the innovative experimental
‘treatment’ and some comparison condition where the treat-
ment being evaluated is absent (Taber, 2019). However, a wide
variety of legitimate scientific designs are available for educa-
tional research (National Academies Press, 2002), which means
that experimental designs are very suitable for some educational
studies, but are not indicated for others, and that experimental
research can be productively complemented by other forms of
enquiry (Taber, 2019). For instance, Collins, Joseph, and Bielaczyc
compared how design studies differ from laboratory experiments
in the field of education (Collins et al., 2004). Design-based re-
search deals with real world situations that contain limitations,
complexities, and dynamics, while laboratory experiments are
conducted in the laboratory without significant interruption from
other variables.

According to Schunk, there are three research paradigms in
learning: Correlational, which examines relations between vari-
ables, Experimental, where one or more variables are altered and
effects on other variables are assessed, and Qualitative, which
is concerned with description of events and interpretation of
meanings. However, correlational findings often suggest direc-
tions for further research, and are often not what is found in
publications, which is why we have chosen not to code for that
in this review. Instead, we have coded for qualitative, quantita-
tive, mixed-methods, and also design-based research approaches
in which learning has been assessed (American Psychological
Association, 2022a; Collins et al.,, 2004; Creswell & Creswell,
2017; Schunk, 2012). The four research approaches should not
be viewed as rigid, distinct categories, opposites, or dichotomies.
Instead, they represent different ends on a continuum (Creswell
& Creswell, 2017), and a study tends to be more qualitative
than quantitative or vice versa, etc. We further code for what
specific research design has been applied (American Psychological
Association, 2022a; Creswell & Creswell, 2017).

There are many different discourses when it comes to evalu-
ating technologies in educational contexts. For instance, learning
technology research focuses on the design, development, and/or
use of technologies that support learning, whereas CCI research
focuses on the design, development, and/or use of technolo-
gies that support children’s lives (with a heavy emphasis on
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learning) (Giannakos, 2022). The main difference is the focus,
namely that CCI adopts a child-centered perspective, and learn-
ing technologies a learner-centered perspective. Although the
two fields have many similarities in method, this difference in
focus leads to methodological differences. In CCI, methodologi-
cal approaches have been designed that embrace the fact that
children are central participants and not just users of the tech-
nology (Frauenberger, Good, Fitzpatrick, & Iversen, 2015; Iversen,
Smith, & Dindler, 2017). Also, due to the focus on the child in CCI
research, in many cases it is not possible to collect data directly
from the child, but one must rather rely on proxy data from
the children’s support sphere (e.g., surveys or interactions with
teachers or parents) (Giannakos, 2022).

However, there are many related and interesting methodolog-
ical discussions in fields such as learning technologies that CCI
can be inspired by in terms of evaluating technology in edu-
cational contexts. For instance, in psychological research, based
on a review on how to do research where the aim is to use
some intervention to improve cognitive skills, Shawn Green et al.
call for improving methodological standards in behavioral inter-
ventions for cognitive enhancement (Shawn Green et al., 2019).
Also, in educational research there is the Clark/Kozma debate
concerning that the medium used for teaching does not matter,
that it is all about the instructional design, and that using some
technology does not, in principle, add anything that cannot be
achieved without the technology. Becker argues against this in
the area of educational games and claims that the game design
and the instructional design taken together matter (Becker, 2010).
In the EdTech field, there is the tension between experimental
research and iterative design-based research, where authors ad-
vocate for a broader view on assessment as technology evolves
so fast (Cukurova & Luckin, 2018; Cukurova, Luckin, & Clark-
Wilson, 2019). Although we acknowledge the potential value
and inspiration for the CCI research community to find in these
related fields, in this review we will keep the focus to CCI.

3. Method

Inspired by Eriksson et al. (2022) and Lyle, Korsgaard, and
Bodker (2020), we are doing a semi-systematic literature re-
view (Snyder, 2019; Wong, Greenhalgh, Westhorp, Buckingham,
& Pawson, 2013). A semi-systematic review is suitable for topics
that have been differently conceptualized and studied by different
groups of researchers and where it is not possible to review the
whole field, but rather make an overview of the topic (Snyder,
2019; Wong et al.,, 2013). The semi-systematic review was cho-
sen for this paper as CCI is a multidisciplinary field (Giannakos,
Horn et al.,, 2020), and because in order to find a representative
sample we limited the search to two venues and to publications
that make use of the search term learn* in title, abstract, and
keywords. Accordingly, the review makes no claim to cover all ex-
isting research in CCI from every angle possible, but the reviewed
papers have been systematically coded to identify and provide
an overview of potentially relevant research approaches to assess
learning in CCL

For the IDC conference we used the following search query in
the ACM digital library:

o Title:(learn*) AND Abstract:(learn*) AND Keyword:(learn*)
“filter”: Article Type: Research Article, Conference Collec-
tions: IDC: Interaction Design and Children, ACM Content:
DL.

For IJCCI, we used the following search query in Scopus:

e (TITLE (learn*) AND ABS (learn*) AND KEY (learn*) AND ISSN
(22128689)).
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Identification:
Title:(learn*) AND
Abstract:(learn*) AND
Keyword: (learn®)

ACM IDC n=71

~\
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Identification:
(TITLE (learn*) AND
ABS (learn*) AND
KEY (learn*))
Scopus [JCCI n=21

/

Screening 1:
Full research paper

screened n—92

Exclusion:

not full papers
n=29

Screening 2:
Directly involve learners

screened n—63 n=9

Exclusion:

review papers

Eligibility:
Assessment of learning

analyzed n=54

Exclusion:

no assessment

n=24

Included:
n=30

Fig. 1. Flow diagram of semi-structured literature review (based on Moher, 2009).

We had no further limitation in terms of years or age of partici-
pants.

The search, performed in October 2021, resulted in 92 publi-
cations, 71 from IDC, and 21 from IJCCI. The criteria for inclusion
were that (1) the publication was a full research paper (which ex-
cluded 29 IDC publications such as late breaking work, doctorial
consortium, demos, etc.), (2) learners are directly involved in the
assessment (which excluded nine interview studies and review
papers), and finally (3) the publication assesses learning (which
resulted in 24 excluded papers). The decision for including full
papers only is due to concerns that there would otherwise not
be enough space to elaborate the methodological underpinning
of the assessment. The reasoning for the second criteria was that
when there is no direct involvement of learners, there cannot
be any assessment of learning. This was the case in the ex-
cluded literature review papers (Baykal, Alaca, Yantag, & Goksun,
2018; Flynn, Kleinknecht, Ricker, & Blumberg, 2021; Manches &
Price, 2011; Oran¢ & Kiintay, 2019; Roskos, Brueck, & Lenhart,
2017; Troseth & Strouse, 2017), and interview papers (Bunting,
af Segerstad, & Barendregt, 2021; Einarsson & Hertzum, 2020;
Tisza et al., 2020).

For the third inclusion criteria, we performed a round of more
detailed coding regarding the assessment of learning. Two of the
authors coded all 54 papers individually. In cases where there was
no consensus, the third author took the decision. In this second
more detailed round of coding, we found that many papers do
not mention any type of assessment of learning and they were
therefore excluded. Other criteria for exclusion were that the

authors explicitly state that they have not studied learning (Fan
& Antle, 2020; Li, van der Spek, Yu, Hu, & Feijs, 2020; Tisza &
Markopoulos, 2021; Yip et al,, 2014), and also when studying
behavior in a learning situation using a technology, but without
presenting the results e.g. Wyeth and MacColl (2010). This led
to 24 excluded papers. The process is summarized in Fig. 1. In
the end, a total of 30 papers were included in the final corpus,
24 from IDC and 6 from IJCCI, covering the years 2009-2021, see
Table 2.

We recognize that our search strategy may have failed to gen-
erate a set of articles without a biased representation. The review
is limited by the search query itself, as the term learn* is not
covering all relevant CCI research. We further acknowledge that
the review is limited by only including two publication venues,
although CCI have many other publication venues. As such, we
make no claims to cover the whole CCI field, but rather a sample.
However, the included corpus has been systematically analyzed.

3.1. Analysis of data

All three authors manually coded all the publications sepa-
rately and thoroughly. In case of discrepancy, the authors re-
solved it through discussion. This process of open and iterative
coding was repeated by all authors more than twice for all 30
papers to increase consistency and to ensure that all categories
were saturated, meaning that continuing analysis would have
diminished returns in the new categories.
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Table 2
Overview of the final corpus with 30 included publications — 24 from IDC and
6 from I[JCCL.

Year IDC [JcCl
2009 Moher (2009)

2010 Garzotto and Bordogna

(2010)

2011 Antle, Wise, and Nielsen
(2011)
Rick, Marshall, and Yuill
(2011)

Lamberty, Adams, Biatek,
Froiland, and Lapham (2011)

2012 Malinverni, Silva, and Parés
(2012)

2013 Shimoda, White, Borge, and
Frederiksen (2013)
Bartoli, Corradi, Garzotto, and
Valoriani (2013)

2015 Apostolellis and Bowman
(2015)
Chase and Abrahamson
(2015)

2016 Pantic, Fields, and Quirke
(2016)
Guo et al. (2016)
Bell and Davis (2016)
Johnson, Shum, Rogers, and
Marquardt (2016a)
Apostolellis and Bowman

Tan, Goh, Ang, and Huan
(2016)

(2016a)
2017 Keifert et al. (2017) Westlund et al. (2017)
2019 Michaelis and Mutlu (2019)

Beheshti, Borgos-Rodriguez,
and Piper (2019)

2020 Wan, Zhou, Ye, Mortensen,
and Bai (2020)
Zimmermann-Niefield, Polson,
Moreno, and Shapiro (2020)
Ruan et al. (2020)

2021 Ho, Cagiltay, White, Hubbard,
and Mutlu (2021)
Tseng et al. (2021)

Vartiainen, Tedre, and
Valtonen (2020)

Tisza and Markopoulos
(2021)

Lee-Cultura, Sharma, and
Giannakos (2021)
Flores-Gallegos,
Rodriguez-Leis, and
Fernandez (2021)
Vartiainen et al. (2021)

3.1.1. Descriptive information

Regarding descriptive information, we have coded for the
country and context where the research was conducted, age and
type of learners, and type of technology involved in the reported
research. For type of learning, we make a distinction between
Formal Learning, Non-formal Learning and Informal Learning (COE,
0000; Eshach, 2007; OECD & Development, 0000; Tisza et al.,
2019).

We coded for four learning domains as defined in the Devel-
opmentally Situated Design (DSD) cards (Bekker & Antle, 2011):
Cognitive - reasoning, problem solving and logic skills (e.g., math-
ematics and language learning), Emotional - emotion expression,
emotion regulation, emotion understanding, Social - self-esteem,
perspective taking, friendships, and Physical - locomotion, manip-
ulation, and stability.

3.1.2. Learning criteria
As presented previously, we have adopted the three crite-
ria for learning as defined by Schunk (2012). To estimate the
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first criteria, (i) learning involves change, one should examine
the difference between the current and the desired state of a
learner. Administrating pre- and post-tests is the most common
method to investigate any possible change occurring before and
after an intervention or learning experience. The second crite-
ria, (ii) endures over time, could be investigated as to whether
learning endures over time by looking at a delayed post-test,
or if the knowledge is carried to another context by looking
at transfer of learning. Finally, (iii) occurs through experience,
whether a particular experience has an impact on learning could
be assessed through a controlled experiment by comparing a
different but equivalent sample where the experience does not
exist.

3.1.3. Learning outcome and dependent variable

To understand the assessment of learning, we also analyzed
the learning outcome, and dependent variable(s) (American Psy-
chological Association, 2022b) or the predicted outcome variable
being investigated in each publication. The rationale behind this
is to grasp the effects for which CCI researchers sought to find
the cause of learning or expected to find a change in outcome
of a learning experience. The dependent variable is a response
variable or output that is measured in a study and is expected
to change as a result of the researcher’s manipulation of the in-
dependent variable in experimental research (American Psycho-
logical Association, 2022b; Boudon, 1969; Feldman & Garrison,
1993; Tuckman, 2012). The dependent variable is dependent on
the actions of the participants or subjects — the people taking
part (or recruited) in the experiment. However, studies in the CCI
field are not necessarily conducted in an experimental research
design fashion. Thus, we coded any predicted outcome variables
mentioned in the studies as well as dependent variables being
measured - if any - as the criteria or predictor of a learning gain
in the reviewed studies. We also coded the methods, tools and
techniques used for measuring learning along with whether pre-
and post-tests were administered, and if a control group and/or
transfer of learning (Barnett & Ceci, 2002; Kolodner, Gray, & Fasse,
2003; Schwartz, 2005) were examined or not.

3.1.4. Research approach and research design

We have coded for qualitative research, quantitative research in-
cluding experimental research, mixed-methods research, and also
design-based research as approaches in which learning has been
assessed  (American  Psychological  Association, 2022a;
Brown, 1992b; Collins et al., 2004; Creswell & Creswell, 2017;
Plomp, 2013; Schunk, 2012). For all papers, especially for quanti-
tative studies, we have also coded for if a hypothesis was used and
as to whether experiments include true experiments, with the
random assignment of subjects to treatment conditions or quasi-
experiments that use nonrandomized assignments (Creswell &
Creswell, 2017; Keppel & Wickens, 2004). We also checked
whether a statistical power analysis was conducted to estimate
the target sample size which is important when a study aims
to detect the relation between specific variables and measure
the probability of correctly rejecting the null hypothesis (Cohen,
2013; Mayers, 2013). We further coded for what specific research
design has been applied. To analyze the characteristics of research
design, we made an a priori classification based on the 11 defini-
tions, e.g. One-Shot Case Study, One-Group Pretest-Posttest Design,
Pretest—Posttest Control-Group Design, Solomon Four-Group Design,
etc. found in Creswell and Creswell pp. 231-41. These categories
served us as a template for analyzing the methodological proce-
dures carried out for assessment of learning. We have also coded
the corpus according to if the research is conducted in a laboratory
or field context (Schunk, 2012).
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4. Results
4.1. Descriptive information

When coding the corpus, we see that 29 of the 30 papers
are in the cognitive learning domain. One paper is in the social
domain (Tan et al, 2016), one paper is a combination of the
cognitive and physical learning domains (Lee-Cultura et al., 2021),
two papers are a combination of cognitive and emotional (Bartoli
et al,, 2013; Vartiainen et al., 2020), and six papers are a combina-
tion of the cognitive and social domain (Apostolellis & Bowman,
2016a; Bell & Davis, 2016; Johnson et al., 2016a; Keifert et al.,
2017; Lamberty et al., 2011; Westlund et al., 2017).

The learning domain is strongly connected to the subject of
study, what the children are learning about. The largest category
is science with eight papers (Beheshti et al,, 2019; Bell & Davis,
2016; Guo et al., 2016; Keifert et al., 2017; Malinverni et al.,
2012; Michaelis & Mutlu, 2019; Moher, 2009; Shimoda et al.,
2013), math six papers (Chase & Abrahamson, 2015; Ho et al,,
2021; Lamberty et al., 2011; Lee-Cultura et al., 2021; Rick et al.,
2011; Ruan et al.,, 2020), technology eight papers, five of which
focus on machine learning (ML) (Tseng et al., 2021; Vartiainen
et al,, 2020, 2021; Wan et al., 2020; Zimmermann-Niefield et al.,
2020) and three papers on programming (Johnson et al., 2016a;
Pantic et al., 2016; Tisza & Markopoulos, 2021), language three
papers (Flores-Gallegos et al., 2021; Garzotto & Bordogna, 2010;
Westlund et al., 2017), social skills (Tan et al., 2016), other more
narrow subjects such as sustainability (Antle et al., 2011), olive oil
production (Apostolellis & Bowman, 2015, 2016a), and attention
skills (Bartoli et al., 2013).

The most common form of learning is informal learning, as
found in 15 papers, followed by formal learning found in 14
papers, and non-formal learning in only one paper.

Most of the studies have been conducted in North America
(USA 17, Canada 1) and Europe (10), which is not surprising as
the IDC conference mainly takes place in USA or Europe. There is
further one paper from Mexico, and one from Singapore.

The participants involved in the studies, the learners, are most
often children age 10-15 years (17 papers), age 5-10 years (8
papers), age 0-5 years (2 papers), 15-18 (2 papers), or not spec-
ified (one paper). In terms of type of learner, studies most com-
monly identified learners in terms of age or school grade ex-
cept for five papers; one paper included children with reading
disabilities (Flores-Gallegos et al., 2021), one with autistic chil-
dren (Bartoli et al.,, 2013), one partly with low socio-economic
background (Apostolellis & Bowman, 2016b), one with disabled
children (Garzotto & Bordogna, 2010), and one paper on gifted
children (Lamberty et al., 2011).

The technologies reported on in the studies varies and are of-
ten combined, but we can see some clusters, such as games (Apos-
tolellis & Bowman, 2015, 2016a; Bartoli et al., 2013; Ho et al,,
2021; Lee-Cultura et al., 2021; Malinverni et al., 2012; Tan et al.,
2016), block programming languages (Guo et al.,, 2016; Pantic
et al., 2016; Tisza & Markopoulos, 2021; Zimmermann-Niefield
et al,, 2020), machine learning (Vartiainen et al., 2020, 2021;
Wan et al., 2020; Zimmermann-Niefield et al., 2020), robots (Ho
et al., 2021; Michaelis & Mutlu, 2019; Westlund et al., 2017),
extended reality (VR or MR) (Flores-Gallegos et al., 2021; Keifert
et al., 2017), and maker technologies including micro:bit (John-
son, Shum, Rogers, & Marquardt, 2016b; Tisza & Markopoulos,
2021; Tseng et al., 2021).

In the analysis, we see that in 7 out of 30 papers the research
was conducted in a lab (Flores-Gallegos et al., 2021; Lee-Cultura
et al, 2021; Malinverni et al.,, 2012; Michaelis & Mutlu, 2019;
Ruan et al,, 2020; Wan et al., 2020; Zimmermann-Niefield et al.,
2020). This means that most of the studies take place in the field,
such as museums, schools, therapy center, summer camp, etc.
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4.2. Research approaches in assessing learning

4.2.1. Quantitative research approach

We found 10 experimental studies (Apostolellis & Bowman,
2015, 2016a; Chase & Abrahamson, 2015; Flores-Gallegos et al.,
2021; Johnson et al., 2016a; Malinverni et al., 2012; Michaelis &
Mutlu, 2019; Ruan et al., 2020; Tan et al., 2016; Westlund et al.,
2017), in which some qualitative methods were also partly used,
and one non-experimental study based solely on a quantitative
approach (Tisza & Markopoulos, 2021) to assess the learning out-
come in their study. All of these 11 studies presented a hypothesis
related to learning in children and tested the hypothesized effect
on learning in the study. In nine of these 11 papers, a hypothesis
about learning was clearly introduced earlier than the Meth-
ods section in the paper and tested in the study, and in two
papers (Flores-Gallegos et al., 2021; Westlund et al., 2017) the
hypothesis was vaguely presented in the Discussion section.

In addition to the 11 papers, there were also four papers (one
case study Guo et al, 2016, one field study Bartoli et al., 2013
and two design-oriented research Antle et al., 2011; Beheshti
et al,, 2019) that partly utilized quantitative research approaches
in reporting the learning outcomes. However, none of these four
studies presented a hypothesis on learning.

When it comes to estimating the sample size to assess the
hypothesized effect on learning, only three papers (Apostolellis
& Bowman, 2015, 2016a; Tan et al.,, 2016) reported calculating
the statistical power analysis in their research planning. In fact,
two of these papers belong to the same broader project and are
thus based on the same sampling procedure. Moreover, Michaelis
and Mutlu (2019) mentioned the lack of doing a power analysis
as a limitation in the study and pointed out that small sampling
size left their study underpowered for testing the learning effect.
Unsurprisingly, all of these four papers were among the exper-
imental studies. However, none of the other six papers out of
ten experimental studies in the corpus reported either calculating
or considering a statistical power analysis while planning their
research.

Transfer of learning was assessed only in four papers in the
corpus, all of which are experimental studies (Chase & Abra-
hamson, 2015; Malinverni et al., 2012; Moher, 2009; Ruan et al,,
2020). In Malinverni et al. (2012), bodily experience became the
tool for construction of meaning, by allowing the transfer from
concrete experience (gravity experienced in a slide) to explicit
knowledge (Archimedes principle), with reference to Broaders,
Cook, Mitchell, and Goldin-Meadow (2007). Ruan et al. (2020)
measured delayed retention (the extent to which essential infor-
mation is remembered) with a follow-up activity after a month
and transfer of ability to apply gained knowledge and skills to
solve new problems, with reference to an evidence-based ap-
proach to games for learning (Mayer, 2014). Similarly, in Mo-
her (2009), the learners’ retention and ability to transfer their
understandings of a concept to a new domain was assessed
with reference to Chen and Klahr (1999), while Chase and Abra-
hamson (2015) measured for the application of learned skills
(transfer), but with no reference. In addition to these, four papers
briefly mentioned transfer of learning; two experimental stud-
ies (Johnson et al., 2016a; Tan et al., 2016), two design-oriented
research which uses both qualitative and quantitative research
approaches (Antle et al., 2011; Beheshti et al., 2019). Transfer of
learning in these four papers has not been applied or assessed, but
only referred to as a limitation or future direction of the study.

Given that there are different types of experimental studies
(i.e. true experiment and quasi-experimental) in quantitative re-
search (Creswell & Creswell, 2017), we also coded as to whether
this distinction was explicit in the papers. Only two experimental
papers (Chase & Abrahamson, 2015; Tan et al., 2016) in the corpus
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explicitly identified their study as being quasi-experimental by
clearly explaining that true-experimental design was not possible
in their study as randomization of participants to groups was
impractical in a classroom setting. For the rest of the experi-
mental papers we further coded as to whether the sampling or
the recruitment of participants procedure was random or non-
random. We found four experimental studies (Flores-Gallegos
et al., 2021; Malinverni et al., 2012; Michaelis & Mutlu, 2019;
Ruan et al,, 2020) in which the participants were randomly as-
signed to conditions in between-subject study. However, none
of these four papers explicitly used the term true experiment to
identify their study in the paper. We also found some papers in
which the randomization procedure was not clear enough. For in-
stance, in one experimental study (Apostolellis & Bowman, 2015)
the authors explained that participants in their study were more
democratic about who would get the control and did not always
follow the intended random assignment. We reckon that this
study was also non-randomized and thus quasi-experimental, as
being implicitly described. Furthermore, in another experimental
study (Westlund et al., 2017), there was no control group but
two different robot conditions were compared within-subject in
a counterbalanced order, yet the randomization strategy was not
explained clearly in the paper. The remaining two experimental
studies (Apostolellis & Bowman, 2016a; Johnson et al., 2016b)
have not mentioned randomization at all, and thus again it was
not possible to code these papers as to whether they were true
or quasi-experimental studies.

4.2.2. Qualitative research approach

We found 12 studies in our corpus which adopted a solely
qualitative research approach to assess learning (Beheshti et al.,
2019; Bell & Davis, 2016; Garzotto & Bordogna, 2010; Ho et al,,
2021; Keifert et al., 2017; Lamberty et al., 2011; Rick et al., 2011;
Tseng et al., 2021; Vartiainen et al., 2020, 2021; Wan et al., 2020;
Zimmermann-Niefield et al., 2020). Given the experimental stud-
ies also partly used qualitative methods, this number indicates
that qualitative methods are the most commonly used approach
to assess learning in CCL

According to Creswell and Creswell (2017), types of qualitative
research are e.g. narrative, phenomenology, ethnography, case
study, grounded theory, participatory research. In our corpus,
eight of the studies clearly characterized themselves as being a
case study (Beheshti et al.,, 2019; Garzotto & Bordogna, 2010;
Keifert et al., 2017; Rick et al., 2011; Tseng et al., 2021; Vartiainen
et al,, 2020, 2021; Wan et al., 2020) earlier than the Methods sec-
tion except for one (Garzotto & Bordogna, 2010) which identified
the study as a case study in the Discussion section. One of these
case studies (Vartiainen et al., 2020) was also described as taking
a participatory research approach to participatory learning. One
of the qualitative studies was categorized as narrative summary
using a grounded theory approach (Bell & Davis, 2016) to assess
learning. Three qualitative studies did not mention their approach
to assessing learning, thus it was not possible to categorize the
characteristics of their research design (Ho et al., 2021; Lamberty
et al,, 2011; Zimmermann-Niefield et al., 2020). As mentioned
above, there are also four studies that used a qualitative approach
along with quantitative methods in their research to measure
learning (Antle et al., 2011; Bartoli et al., 2013; Guo et al., 2016;
Moher, 2009).

Even though reporting the recruitment strategy is as impor-
tant in qualitative research, only one qualitative research paper in
our corpus (Ho et al., 2021) mentioned about the randomization
strategy in their recruitment procedure. Surprisingly, two of the
qualitative studies introduced a hypothesis in the paper (Lam-
berty et al.,, 2011; Wan et al., 2020), but later in the Discussion
section clarified that the hypothesis was not tested in the study.
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4.2.3. Mixed-methods research approach

We found three papers in our corpus (Lee-Cultura et al., 2021;
Pantic et al., 2016; Shimoda et al., 2013) which adopted a mixed-
methods approach for assessing learning. According to Creswell
and Creswell (2017) there are three types of mixed-methods
research design, namely the convergent design, the explanatory
sequential design, and the exploratory sequential design. We an-
alyzed the three papers in terms of these three types. Lee-Cultura
et al. described their analytical approach as being exploratory
factor and convergent validity. The researchers analyzed chil-
dren’s play and problem solving behaviors based on multi-modal
data (i.e., physiological, skeletal) combined with task performance
(i.e. number of correct/incorrect matches) to understand the de-
velopment in their geometry skills.

In Pantic et al. (2016), the researchers adopted an exploratory
mixed methods approach to capture one girl’s progress in pro-
gramming skills in a Scratch summer camp. They carried out
analysis across multiple forms of data, from traditional obser-
vational and artifact documentation to frequent, computation-
ally generated saved data in several categories of programming
concepts. They also analyzed changes, such as the number of
programming blocks or art changes over time and her project
outcomes by looking at four aspects: (i) project functionality,
(ii) requirement satisfaction, (iii) changes introduced from one
save to the other, and (iv) identification of what she spent her
time doing. They noted which concepts the girl struggled with
and when she made breakthroughs in learning. They combined
transcripts and observational data in several iterative cycles to
present the contexts in which key learning moments occurred,
what led up to and followed those moments, and a fuller picture
of her learning experiences.

The third, and final, paper that adopted a mixed methods
approach in our corpus was (Shimoda et al., 2013), in which
the researchers combine quantitative and qualitative methods to
assess learning along with design-based research to evaluate the
system that they are developing as a learning tool by looking at
children’s learning. A mixed-methods approach was used to as-
sess three critical aspects of children’s scientific inquiry learning:
the inquiry cycle, cognitive and social factors, and metacognitive
factors, science understanding, reasoning carefully, and inven-
tiveness. By doing so, the researchers measured and assessed the
development of students’ understanding of and ability to apply
the inquiry science concepts in collaborative learning opportuni-
ties. However, the researchers identified the overall methodology
in their research as design-based research with particular refer-
ence to Brown (1992a) and Collins et al. (2004). In this paper,
the researchers also noted that their evaluation of this system
as a learning tool was not intended to be a controlled, empirical
study, but rather a feasibility study of the usefulness of the Web
of Inquiry in natural classroom environments that include a mix
of teachers, students, curricula, and implementations.

None of the mixed methods studies above introduced and
tested a hypothesis in their paper, nor mentioned a randomiza-
tion strategy in the recruitment procedure.

4.2.4. Design-based research approach

The overall impression from the analyzed papers is that
design-based research (Collins et al., 2004) where an inventive
technological solution targeting learning is developed and tested
is very common in CCI. However, when looking closer, only four
of the papers in the corpus (Bell & Davis, 2016; Chase & Abraham-
son, 2015; Shimoda et al., 2013; Vartiainen et al., 2021), make an
explicit reference to commonly cited literature about educational
design research. Further, several papers, e.g., Bonsignore et al.
(2013), Gourlet and Decortis (2018), Katterfeldt, Cukurova, Spikol,
and Cuartielles (2018), Yip et al. (2014) and Wyeth and MacColl
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(2010) that were excluded due to not presenting any assessment
of learning mention design-based research.

The remaining 26 papers were analyzed looking at if they
present work that can be viewed as being design-based research
even if it is not mentioned in the papers. Papers that were about
the design, development and testing of a technological learning
invention, where the context was a real-life learning environment
were classified as cases of design-based research. Papers that
were excluded were, for instance, papers that evaluated an exist-
ing technology without doing any design (e.g., Bartoli et al., 2013),
and papers that did design a learning intervention but where the
evaluation was only carried out in a lab context (e,g., Lee-Cultura
etal., 2021; Ruan et al., 2020). The analysis showed that 11 papers
did something that can be described as design research without
making any reference to the concept. The papers were (Antle
et al, 2011; Apostolellis & Bowman, 2015, 2016a; Garzotto &
Bordogna, 2010; Guo et al., 2016; Johnson et al., 2016a; Keifert
et al,, 2017; Lamberty et al., 2011; Moher, 2009; Rick et al., 2011;
Tan et al.,, 2016). Thus, in total half of the papers either explicitly
or implicitly do (educational) design-based research employing
learning artifact-centered evaluations that use artifacts in the
experimental process. However, we found only three studies in
which the DBR approach was utilized partly to assess a learning
gain through observational techniques to investigate; how stu-
dents externalize their prior knowledge and experiences through
writing or artwork in Vartiainen et al. (2021), the ease in learning
while using different types of interfaces in Antle et al. (2011),
teens’ conceptions of their roles and progress in the science
program through PD activities (Bell & Davis, 2016).

4.3. Research design in assessing learning

Pre- and post-test for assessing learning were rather common:
22 studies conducted both pre- and post measures; 15 in the
form of a skill test (Antle et al., 2011; Apostolellis & Bowman,
2015, 2016a; Bartoli et al.,, 2013; Flores-Gallegos et al., 2021;
Lamberty et al., 2011; Malinverni et al.,, 2012; Moher, 2009;
Rick et al.,, 2011; Ruan et al., 2020; Shimoda et al.,, 2013; Tan
et al, 2016; Tseng et al., 2021; Vartiainen et al., 2021; Wan
et al,, 2020; Westlund et al., 2017), two in the form of inter-
views (Guo et al.,, 2016; Ho et al., 2021), and one in a self-report
measure (Tisza & Markopoulos, 2021). Several studies conducted
only a post-measure, one of which administered only a post-
interview (Johnson et al., 2016a), one only a post-test to see a
transfer (Chase & Abrahamson, 2015), and one conducted only
post-observation (Beheshti et al., 2019).

The use of a control group was less common, 9 studies con-
ducted a controlled study in which children received one of the
conditions (Apostolellis & Bowman, 2015, 2016a; Beheshti et al.,
2019; Chase & Abrahamson, 2015; Flores-Gallegos et al., 2021;
Johnson et al.,, 2016a; Malinverni et al., 2012; Michaelis & Mutlu,
2019; Tan et al., 2016), and in two studies children received
both conditions in a counterbalanced order (Ruan et al., 2020;
Westlund et al., 2017) in a comparative approach.

In regards to criteria for learning (Schunk, 2012), a combina-
tion of all three criteria (administering pre-post tests, controlled
group, and examining transfer of learning) were only found in
three papers though; (Apostolellis & Bowman, 2016a; Malinverni
et al, 2012; Ruan et al,, 2020). These studies both have con-
trolled vs. experimental conditions which meet the third criteria
of learning. While the dependent variable of learning in Apos-
tolellis and Bowman (2016a) is retention of content based on
pre-test and delayed post-test which meets the first and second
criteria of learning, Malinverni et al. (2012) compares the learning
in two different contexts, thereby considering transfer of learning
as the third criteria of learning. Similarly Ruan et al. conducted
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pre-post task and a pre-study survey that included a math anxiety
scale survey and performed a between-subjects lab study to eval-
uate the three variants of the learning platform compared to the
control and assessed the transfer of learning (Ruan et al., 2020).

Derived from the 11 definitions (ranging from One-Shot Case
Study to A-B-A Single Subject Design) found in Creswell and
Creswell pp. 231-41. the results for the characteristics of research
design in the papers were as follows: The studies that adopted
a qualitative approach to assess learning utilized either One-
Shot Case Study (found in 5 papers; Bell & Davis, 2016; Garzotto
& Bordogna, 2010; Keifert et al.,, 2017; Vartiainen et al., 2020;
Zimmermann-Niefield et al., 2020) or One-Group Pretest-Posttest
Design (found in 7 papers; Ho et al., 2021; Lamberty et al., 2011;
Moher, 2009; Rick et al.,, 2011; Tseng et al., 2021; Vartiainen
et al, 2021; Wan et al., 2020). There were more variations in
terms of research design in quantitative studies in which Pretest-
Posttest Control-Group Design was most commonly used (found
in six out of 10 experimental studies Apostolellis & Bowman,
2015, 2016a; Flores-Gallegos et al.,, 2021; Michaelis & Mutluy,
2019; Ruan et al.,, 2020; Tan et al, 2016), two studies used
One-Group Pretest-Posttest Design (Tisza & Markopoulos, 2021;
Westlund et al.,, 2017), one experimental study used Alterna-
tive Treatment Posttest-Only With Nonequivalent Groups Design
(in Johnson et al., 2016a), and one study used Solomon Four-
Group Design (see Malinverni et al., 2012). The studies that used
both qualitative and quantitative methods in their study used
One-Group Pretest-Posttest Design (in Antle et al, 2011; Guo
et al, 2016), Posttest-Only Control-Group Design (in Beheshti
et al,, 2019), and Single-Group Interrupted Time-Series Design
(see Bartoli et al., 2013 in which children’s attention variable was
measured before, during and after the treatment). When we look
at the research procedure design in the mixed methods papers,
one of them used One-Group Pretest-Posttest Design (in Shimoda
et al, 2013) and two papers used A-B-A Single-Subject Design
(see Lee-Cultura et al., 2021; Pantic et al., 2016 in which neither
pre-post data nor a controlled condition was administered, but
complementary dependent variables were collected as source of
data from individual participants to inform a specific aspect of
learning). It is important to note that, the research design was
only explicitly described in Malinverni et al. (2012) which used
Solomon Four-Group Design.

4.4. Types of methods used to assess learning

For an overview of types of methods used to assess learning,
see Table 3. In this table, only the methods pertaining to the
assessment of learning used in the papers were included, while
the methods for/of evaluation of the system experience or design
were excluded.

4.4.1. Types of assessment methods in qualitative approach

Direct observations through video analysis. This type of method
were employed to assess learning such as by capturing chil-
dren’s facial expressions and guided participation in machine
learning activities (Vartiainen et al., 2020); investigating disabled
children’s understanding of temporal concepts in Garzotto and
Bordogna (2010); conducting field trials to investigate the chil-
dren’s interaction with each other and creations while solving
fraction-based problems (Lamberty et al., 2011); or observing a
change in behavior (Keifert et al., 2017).

Direct observations — design oriented research. These studies com-
bine multiple data sources with video recordings to understand
children’s learning such as emerging data-driven reasoning and
how their evolving conceptual knowledge was contextualized
through the co-design process and children’s own app designs
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in Vartiainen et al. (2021); identifying learning outcomes asso-
ciated with a series of participatory design activities in Bell and
Davis (2016); children’s brainstorming sessions in design work-
shops (Tseng et al., 2021); video recordings of dyad interactions
with each other and the interface, along with researcher field
notes and device log files that capture all interactions with the
gadget to capture the parent and child body language, facial
expressions, and gestures to compare content learning occurred
in haptic and non-haptic versions in Beheshti et al. (2019).

Written responses — worksheets during workshops. Collecting chil-
dren’s brainstorming worksheets (Tseng et al., 2021).

Oral responses — follow-up questions. Supporting students to ex-
ternalize their prior knowledge and evolving ideas on technology
along with some follow-up questions about machine-learning
concepts based on the intervention in Vartiainen et al. (2021).

Ratings by others — interviews with adults. The interviews con-
ducted with educators, children’s parents, and therapists, to eval-
uate the actual benefits gained by children and identify the issues
that need to be addressed in Garzotto and Bordogna (2010),
parents’ views on a specific skill (e.g. counting and strategies such
as pointing and finger counting in Ho et al., 2021).

Self-reports — questionnaires with open-ended questions for chil-
dren. The methods take forms of e.g. pre- and post-workshop
surveys were used to understand how participants’ knowledge of
machine learning changed as a result of the workshop in Tseng
et al. (2021); pre-post questionnaires with written answers to
capture children’s understanding of machine learning concepts
(e.g. clustering, similarity comparison, center point, k means clus-
tering process and choosing an appropriate k number, and sense-
making of patterns) in Wan et al. (2020).

Self-reports — questionnaires with adults. The questionnaires car-
ried out to capture parents’ views on children’s specific skills
(e.g. counting and strategies such as pointing and finger counting
occurred in pre- and post activity in Ho et al., 2021).

Self-reports — interviews with children. Children were interviewed
about their e.g, understandings of a mechanism and
(task-specific) strategy arising from the preceding session in Mo-
her, Liberati, Tetzlaff, and Altman (2009), or a concept such as
evolution in Guo et al. (2016); semi-structured interviews were
also conducted to investigate how children formed theories of
machine learning in Zimmermann-Niefield et al. (2020).

Self-reports — interviews with parents or experts. Semi-structured
interviews and three focus groups involving regular teachers,
educators specialized in children with special needs, the school
principal, and a language pathologist that assist teachers and
children at school (Garzotto & Bordogna, 2010); interviews with
families on their perceptions of their children’s math learning
through a game (Ho et al., 2021).

4.4.2. Types of assessment methods in quantitative approach
Direct observations — quantified behaviors. In quantitative studies
observational notes were used to e.g., compare conditions to as-
sess children’s understanding of science principles through bodily
experience in Malinverni et al. (2012), fun factor linked to playful
learning in Tisza and Markopoulos (2021), or to analyze non-
verbal cues such as children’s gestural input (Beheshti et al., 2019;
Malinverni et al., 2012; Zimmermann-Niefield et al., 2020).

Written responses — level of knowledge using an existing instrument
or scale. Existing inventories are one of the most common tools
used to measure learning in quantitative approach e.g. Social
Skills Knowledge Test in Tan et al. (2016); in Matute, Rosselli,
Ardila, and Ostrosky-Solis (2007) the Wechsler Intelligence Scale
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Table 3

Methods from the corpus used for assessing learning, divided into re-
search approaches: qualitative (QL), quantitative (QT), design-based (DBR) and
mixed-method (MM) approach.

Method
Direct observations

Research approach

QL: video recordings (Garzotto & Bordogna,
2010; Ho et al., 2021; Keifert et al., 2017;
Lamberty et al., 2011; Moher, 2009; Vartiainen
et al,, 2020; Zimmermann-Niefield et al.,
2020);

DBR: Antle et al. (2011), Bell and Davis (2016)
and Vartiainen et al. (2021)

QT: behaviors or (non)verbal cues (Apostolellis
& Bowman, 2015; Bartoli et al., 2013;
Malinverni & Burgues, 2015; Westlund et al.,
2017)

MM: with Written Responses (Shimoda et al.,
2013)

QL: brainstorming worksheets (Tseng et al.,
2021)

QT: existing instruments or quizes

(Bartoli et al., 2013; Flores-Gallegos et al.,
2021; Malinverni et al., 2012; Michaelis &
Mutlu, 2019; Ruan et al,, 2020; Tan et al.,
2016)

QL: follow-up questions about a concept
(Antle et al., 2011; Guo et al,, 2016; Vartiainen
et al,, 2021)

QT: articulated understanding (Chase &
Abrahamson, 2015)

QL: parents’ or therapists’ views (Bartoli et al.,
2013; Garzotto & Bordogna, 2010; Ho et al,,
2021)

QT: learning gains (Antle et al., 2011;
Apostolellis & Bowman, 2015, 2016a; Chase &
Abrahamson, 2015; Johnson et al., 2016a;
Malinverni et al., 2012; Michaelis & Mutlu,
2019; Wan et al., 2020);

task performance (Beheshti et al., 2019;
Mobher, 2009; Rick et al., 2011; Tisza &
Markopoulos, 2021; Westlund et al., 2017);
skills (Bartoli et al., 2013; Flores-Gallegos

et al., 2021; Johnson et al., 2016b; Tan et al,,
2016; Tisza & Markopoulos, 2021)

MM: with Direct observations (Lee-Cultura

et al., 2021)

Self- QL: open-ended questions children (Lamberty
reports:Questionnaires et al,, 2011; Michaelis & Mutlu, 2019; Tseng
et al, 2021; Wan et al., 2020);
open-ended questions parents (Ho et al,, 2021)
QT: perceived knowledge (Apostolellis &
Bowman, 2015; Guo et al., 2016; Michaelis &
Mutlu, 2019; Tisza & Markopoulos, 2021)

QL: with children (Guo et al,, 2016; Lamberty
et al,, 2011; Moher, 2009; Vartiainen et al.,
2020; Zimmermann-Niefield et al., 2020);
with parents or educators (Garzotto &
Bordogna, 2010; Ho et al., 2021; Shimoda

Written responses

Oral responses

Ratings by others

Self-reports:Interviews

et al,, 2013)
Self-reports:Stimulated QT: perceived learning (Tisza & Markopoulos,
recalls 2021);

retention of knowledge (Apostolellis &
Bowman, 2016a; Moher, 2009; Ruan et al.,
2020)

QL: personal comments (Michaelis & Mutlu,
2019; Vartiainen et al., 2020)

MM: with Direct Observations and

artifact documentation (Pantic et al.,, 2016)

Self-reports:
Think-alouds, Dialogues

for Children (WISC-IV) standardized to Mexico and the Children
Neuropsychological Scale (ENI-2) were used to specifically assess
the areas of reading, writing, arithmetic, and visual attention;
in Flores-Gallegos et al. (2021) they use TOVA (Test Of Variables
of Attention) (Greenberg, 1991) a continuous performance test in
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the visual,modality that evaluates selective visual attention and
inhibition, Piers Harris self-concept scale (PH) (Fierro, Godoy, &
Cardenal, 1987; Piers, Herzberg, & Harris, 1969) a scale centered
on quantifying the self-perception of the participant based on
areas of intellectual performance, sociability, anxiety, happiness,
physical perception, and perception of one’s own behavior, Bio-
mechanical tasks (BM) consisted of four motor activities: standing
on one foot with eyes open, standing on one foot with eyes closed,
walking in a straight line with one foot in front of the other and
lateral jumps with the feet together; standardized Bell test to
measure attention skills in children with autism was used in Bar-
toli et al. (2013); math knowledge based on questions drawn
from Khan Academy, and Singapore Math Books, with selection
guided by the Common Core State Standards in Ruan et al. (2020);
or the content knowledge tests consisted of multiple-choice and
open ended questions being balanced in complexity from basic
comprehension to synthesis and align with the science content
in the treatment in Michaelis and Mutlu (2019).

Oral responses — participants’ articulated understanding. Quanti-
tive studies also utilized oral responses to translate into quan-
tified data e.g., expressions and behaviors that indicated partic-
ipants’ development of subjective transparency of the algebra
conceptual system (moments when the participants articulated
understanding of the intervention) in Chase and Abrahamson
(2015); students’ metacognitive awareness of their learning such
as appreciation of their community of practice in Bell and Davis
(2016); tracing students’ work to move from observations to
expressed ideas and finally to consensus rules relating states of
matter in Keifert et al. (2017).

Ratings by others — Scoring learning outcomes. The most common
way to rate learning outcome is to measure the score difference
between a pre-test and a post-test. There are also other quantita-
tive rating methods used such as using rubrics to translate qual-
itative data into quantitative data related to learning outcomes
along with calculating learning gain, which is the difference be-
tween pre-test and post-test scores (Antle et al., 2011); compare
learning under two conditions (Apostolellis & Bowman, 2016b;
Chase & Abrahamson, 2015); knowledge acquisition about princi-
ples of computing measured by a multiple choice test in Johnson
et al. (2016b) or pre- and post survey on Al knowledge in Wan
et al. (2020); comparing robot conditions for content knowledge
and situational interest in Michaelis and Mutlu (2019).

Ratings by others — Task performance. There are various methods
for quantifying the task performance found in CCI e.g. measuring
the use of non-verbal cues such as eye-gaze and word recall
in Westlund et al. (2017); engagement in a learning behavior or
process by looking at task completion and group dynamics in Rick
et al. (2011); use of verbal and non-verbal cues while interact-
ing with haptic and non-haptic application of an exhibit (Be-
heshti et al,, 2019); children’s attitude about coding by using a
Smiley-face scale (Tisza & Markopoulos, 2021).

Self-reports — Questionnaires. Asking children to rate their knowl-
edge about a concept by using Likert scale before and after the
intervention in Moher et al. (2009);

Self-reports — Stimulated recalls. This takes a form of measuring
perceived learning (e.g. adopted from Papavlasopoulou, Sharma,
& Giannakos, 2018) and delight using age appropriate Likert-
type scale (de Leeuw, 2011; Mellor & Moore, 2013) in Tisza and
Markopoulos (2021), or retention of knowledge and children’s
ability to transfer their understandings to a new domain (Apos-
tolellis & Bowman, 2016a; Moher, 2009; Ruan et al., 2020).

10

International Journal of Child-Computer Interaction 36 (2023) 100578

4.4.3. Types of assessment methods in mixed methods studies
Combining direct observations with written responses. Testing the
development of students’ understanding of and ability to apply
the inquiry science concepts through pre- and post-tests within
and between subjects factor in Shimoda et al. (2013).

Combining direct observations with ratings by others. Collective
analysis of multi-modal data to evaluate play and problem solving
behaviors while doing a motion-based sorting task targeting ge-
ometry skill development in Lee-Cultura et al. (2021) and scoring
children’s sorting task performance by looking at correct matches
counting the number of times the child placed a card in the
correct box in Lee-Cultura et al. (2021).

Combining direct observations with self-reports - Think-alouds and
artifact documentation. Applying a microgenetic approach to
analysis across multiple forms of data, from traditional obser-
vational and artifact documentation to frequent, computation-
ally generated save data for analyzing trajectory of one child’s
learning in Scratch Camp in Pantic et al. (2016).

4.5. Learning outcomes targeted in assessment

In this section we present what behaviors or skills were ad-
dressed for change and how change was assessed with regards
to learning. We found three main categories for assessment: (1)
assessing the change in children’s understanding of a concept, (2)
development in a skill, or (3) task completion or performance.

Fifteen papers assessed the change in children’s understanding
of a concept or phenomena such as knowledge of sustainability
(Antle et al., 2011), conceptual knowledge of the domain (i.e. olive
oil production and collaborative tasks being administered) (Apos-
tolellis & Bowman, 2016b), scientific concepts (i.e., Archimedes
principle Malinverni et al., 2012, electricity through haptic con-
troller Beheshti et al., 2019, states of a matter Keifert et al., 2017,
evolution Guo et al.,, 2016 learning science content from different
types of robots Michaelis & Mutlu, 2019, algebra concepts Chase &
Abrahamson, 2015, scientific inquiry Shimoda et al., 2013, learn-
ing about the scientific principle of “control of variables” Moher,
2009), machine learning concepts or Al knowledge (Tseng et al.,
2021; Vartiainen et al., 2020, 2021; Wan et al., 2020), or ability
to explain mechanisms (i.e. how a maker kit as an input/output
device work Johnson et al., 2016b).

Ten papers assessed the development of a desired skill such as
social skills, knowledge acquisition of social skills in general (Tan
et al., 2016), social presence (Apostolellis & Bowman, 2015), ne-
gotiation in collaborative tasks (Apostolellis & Bowman, 2016a),
math skills (Ho et al., 2021; Lamberty et al., 2011), attention
skills (Bartoli et al., 2013), communication skills (i.e., use of non-
verbal cues and word recall Westlund et al., 2017, vocabulary
comprehension in children with special skills Garzotto & Bor-
dogna, 2010), perceived coding skills (Tisza & Markopoulos, 2021)
through self evaluation, or identifying learning outcomes linked
to PD activities (Bell & Davis, 2016).

Nine papers examined a task completion or performance as an
indicator of learning such as reading performance by looking at
accuracy, speed, and comprehension (Flores-Gallegos et al., 2021),
problem-solving behavior in a motion-based sorting task (Lee-
Cultura et al.,, 2021), on and off-task conversation during en-
gagement (Moher, 2009), a math anxiety scale survey and math
performance before and after the treatment (Ruan et al., 2020),
parent-child dyads’ performance on the prediction of a math
component as a gauge for their learning (Beheshti et al., 2019),
group dynamics as a complementary to task completion (Rick
etal,, 2011), trajectory of learning to code through a microgenetic
analysis (Pantic et al., 2016), on-task behavior and duration for
creating machine learning models (Zimmermann-Niefield et al.,
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2020), or knowledge acquisition measured by performance on a
test is the standard way to provide a quantitative measure of
what has been learned (Johnson et al., 2016b).

Hereby, it is important to note that in some papers there are
multiple learning goals being addressed and measured. That is
why some of the papers occur more than once in the categories
above.

5. Discussion and future work

Learning gains from technology use can lead to investments
in technologies, which is why an increased research focus on
assessment of learning as part of evaluating technology in ed-
ucational settings can help educators and politicians to make
research based informed choices. However, in coding the papers
for assessment of learning as the final criteria for inclusion, we
found that many papers (24 out of 54) do not assess learning and
were therefore excluded from the final corpus. Moreover, two-
thirds of the included papers have been published in the last five
years. Thus, the very limited number of papers that ended up
in our corpus indicate that assessment of learning outcomes is
just starting to scratch the surface in CCIL. Below we address and
discuss some aspects for improvement in CCI research to generate
evidence on learning outcomes.

5.1. Clarification of research aim

Some authors of excluded papers explicitly state that they
have not studied learning (Fan & Antle, 2020; Li et al., 2020;
Tisza & Markopoulos, 2021; Yip et al,, 2014), while other ex-
cluded papers mostly evaluate situations for learning, although
this is not clear from the introduction of the study. Many of
these studies manifest that the goal is to facilitate, support, scaf-
fold learning, but the methodology rather shows mediation of a
learning situation, which leads to unclear assessment criteria for
learning (Eriksson et al., 2022). Our hope for the future is that,
when including assessment of learning as part of the evaluation
of some technology, we should be explicit about the assessment
criteria for learning.

Generally, in the papers included in the corpus, the research
aim is sometimes obscure, or intermingled with various study
goals etc. A common pattern that made us struggle while ana-
lyzing the papers was that the learning was assessed as part of
the system evaluation or interaction experience, and factors such
as engagement were measured as an indicator of interaction or
experience rather than learning, albeit not clearly described in the
paper. Inspired by Barendregt, Bekker, Borjesson, Eriksson, and
Torgersson (2016) and Eriksson, Nilsson, Barendregt, and Negrgdrd
(2021), we suggest to explicitly communicate the research goal
and the learning goal for the children separately.

5.2. Clarification of research design

A common issue in the analyzed corpus was the lack of a clear
characterization of the research design being adopted to assess
learning. For instance, nine of the 12 qualitative studies in our
corpus were characterized as case studies, whereas in the other
three papers the research design has not been explicitly described
at all. We believe that the rich variation in qualitative research
approaches (e.g., grounded theory, phenomenology, ethnography,
etc.) could have been utilized or reflected more in regards to
learning in CCI.

When it comes to the next most common research approach
for assessing learning, most of the quantitative studies (9/10)
used experimental research to assess learning with a clear hy-
pothesis. However, only two of these studies clearly explained
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that the study was quasi-experimental. Given that the distinction
between true experiment and quasi-experiment is an impor-
tant indicator for showing causality in learning in experimental
studies (American Psychological Association, 2022a; Creswell &
Creswell, 2017; Keppel & Wickens, 2004), this distinction needs to
be clarified in the studies. For instance, we found that four papers
mentioned carrying out a randomization process for participant
assignment, albeit without explicitly identifying the study as a
true experiment. Thus, the provided information does not nec-
essarily clarify a randomized sampling procedure in recruiting
the participants in the study. The participants may have been
randomly assigned to groups within a non-random sampling pro-
cedure. Thus, it was not possible for us to classify any of these as
a true experiment due to this unclear methodological description
in the papers.

Furthermore, as the results show, there are very few studies
that conducted a mixed methods approach to assess learning in
CCIL. A mixed methods approach, however, offers a strong view
in understanding how learning occurs in a particular domain by
investigating multiple dimensions of a specific data source. Thus,
we believe CCI researchers could consider adopting more mixed-
methods approaches to assess learning combining the strengths
of qualitative and quantitative data with respect to a specific
purpose.

In terms of the methodological rigor and clarity in assessment
of learning, it is important to note that in some studies the formu-
lation of the learning objectives and research design was obscure.
For instance, in one paper the claim was to investigate children’s
understanding of a specific concept, however what has actually
been assessed was children’s programming approach to explain
the phenomena which may also be regarded as task completion
if the authors have not identified this as “understanding of a
concept”. Similarly, in another study, the performance on the
prediction of a math component during the intervention may also
be coded as understanding of a concept rather than performance
if the authors had not claimed so. Furthermore, most of the
time the basic characteristic of the research procedure was not
described in the papers; especially the most commonly used ones
such as One-Group Pretest-Posttest Design and Pretest-Posttest
Control-Group Design. Even though we are aware of the difficulty
in maintaining a standard language for all studies, we hope with
this literature review, the terminology used in the analysis would
shed a light for further research and help to leverage the method-
ological rigor, especially in terms of planning the research design
to assess learning in our field.

In terms of planning the research design, if an analysis plan
consists of detecting a significant association between variables
of learning, a statistical power analysis can help to estimate a
target sample size. However, we found only 3 papers out of
10 experimental studies that conducted power analysis in the
research planning in the corpus. Moreover, even though many
studies introduce their goal as being to facilitate, support, scaffold
learning, their methodology rather demonstrate mediation of a
learning situation, which leads to unclear assessment criteria for
learning. However, a wide variety of legitimate scientific designs
are available for educational research (National Academies Press,
2002), which means that experimental designs are very suitable
for some studies, but are not indicated for others, and that ex-
perimental research can be productively complemented by other
forms of enquiry (Taber, 2019).

The multidisciplinary nature of CCI research offers a fruitful
field to further improve current theory and methods for evaluat-
ing technology mediating learning or adding learning as a param-
eter when evaluating technology in a learning context (Eriksson
et al, 2022). Artificial Intelligence technologies for use in ed-
ucation are a good example of an emerging technology that
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will inevitably bring change, and we need reliable methodolo-
gies for evaluating their effectiveness in education (Cukurova &
Luckin, 2018). Emerging technologies open up new horizons for
the development of many new opportunities to understand, guide
and enhance learning that were unimagined even a few years
ago (Council, 2000), and as designers of such technologies we
could certainly contribute. Also, we see that educational research
is starting to adopt a design-based research approach both in
designing and assessing educational interventions. However, in
CCI we have used this design-based research approach for as long
as the field has existed, and we therefore believe that CCI can con-
tribute to theory and methods on design-based research methods
when assessing learning as part of evaluating a technology.

5.3. Design-based research approach to understand learning as a
phenomenon

In addition to the three main research approaches found in
the literature, we also believe that the design-based research ap-
proach, which was found in half of the corpus, has a huge poten-
tial in understanding the complex and ungeneralizable nature of
learning in CCI, especially in educational contexts (Brown, 1992a;
Collins et al., 2004). However, we need more clear instances and
reflections to realize how design-based research could be utilized
for assessment of learning. Educational design-based research
has many similarities with common approaches within CCIL. It is
typical both to do (technological) interventions, work together
with schools in real life contexts, use an iterative approach to
design and to try to develop guidelines that can be used by
others. It is interesting, though, to see that despite the strong
similarities, most papers in our corpus do not mention or refer-
ence educational design-based research. The impression is that
the CCI field could gain from a raised awareness of the ideas
behind DBR. In particular, DBR has a strong focus on knowledge
development, and stresses that all interventions need to be thor-
oughly evaluated and their impact on all participants be assessed.
Cobb, Confrey, diSessa, Lehrer, and Schauble describe how the
knowledge development within DBR does not usually lead to
grand theories of learning, but rather to knowledge constructs
of an intermediate scope that are located somewhere between
a specific system and a general theory (Cobb et al.,, 2003). This
idea has a very direct connection to the concept of Intermediate
knowledge used in HCI (see e.g Hook & Lowgren, 2012), which
has also been suggested as a topic worth investigating further in
CCI (Barendregt, Torgersson, Eriksson, & Borjesson, 2017).

5.4. Learning in/from extreme cases

When it comes to the learners being targeted, we found that
five papers include some form of particular or extreme cases. One
paper included children with reading disabilities (Flores-Gallegos
et al., 2021), one with disabled children (Garzotto & Bordogna,
2010), one with autistic children (Bartoli et al., 2013), one partly
included low socio-economic background (Apostolellis & Bow-
man, 2016b), and one paper on gifted children (Lamberty et al.,
2011). This indicates that most of the papers in the corpus focus
primarily on typically developing children. Inspired from study-
ing extreme cases and designing for the very particular (Albert
J. Mills, 2010; Bertelsen, Badker, Eriksson, Hoggan, & Vermeulen,
2018; Stott & Hobden, 2015), such research approaches can help
in informing how different types of learning using technology
occur and can be supported. The extreme cases approach is em-
ployed when the purpose is to try to highlight the most unusual
phenomena under investigation, rather than trying to tell some-
thing typical or average about the population in question (Albert
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J. Mills, 2010). This aligns with the view that learning is an
individual activity: each of us learns at a different pace and has
different cognitive abilities (Wing & Stanzione, 2016). Addressing
the particular challenges of particular people in particular situa-
tions or activities has obvious societal relevance and impact on
the group of particular people we work with. We see examples
from extreme cases in learning science where e.g., a gifted high
achiever was selected on the assumption that drawing attention
to the characteristics of a successful learner may improve learning
effectiveness of less successful learners (Stott & Hobden, 2015). In
our corpus, we see something similar in a case study of one single
girl’s learning pathway (Pantic et al., 2016). However, in doing so,
we need to balance between the value of the particular finding
and the level of generalization, and accept that it may not always
lead to results that can be applied outside the particular case nor
have a large economic impact (Bertelsen et al., 2018).

5.5. Understanding multiple domains

The findings also show that the cognitive learning domain is
dominant for assessing learning in the corpus. Further, we see
that assessment of children’s understanding of concepts related
to STEM is most common, while complex phenomena such as
arts, collaboration, equity, social justice, creativity, environmental
matters, etc are less common or not present in the corpus. We
see possibilities for future research to extend to other learning
domains than the cognitive, as well to assess learning of complex
concepts in extension to STEM.

Interactive technologies are increasingly playing a role in chil-
dren’s learning (Hourcade, 2022), both in traditional learning
domains, but also in newer and more specific domains. In the
review, we see that science and language learning as traditional
learning domains hold a strong position, but that machine learn-
ing and programming as new learning domains are on the rise.
In line with this, we also see an adoption of newer technologies
in the corpus, such as robots, machine learning, and extended
reality as complement to computers, large screens and mobile
devices. We also see digital games as a popular means to support
learning, building on early work by e.g. Fisch who outlined rec-
ommendations for the design of educational games (Fisch, 2005).
Interactive technologies will most likely continue to play an in-
creasing role in children’s learning, and continue to be one of the
major foci of research in CCI (Hourcade, 2022), both in traditional,
newer and more specific learning domains and technologies. As
designers of such technologies, there is an opportunity for CCI
research to contribute with methods and theory on learning
aspects of such technologies, if we chose to include assessment
of learning in the evaluation of the technology.

5.6. Widening the scope and expanding the tendencies

The papers included in the corpus span the years 2009-2021,
however 20/30 papers are published 2016 or later, which is why
we might see a growing trend of assessing learning as part of
the research within the field. Studies that assess understanding
of a concept or phenomena are more in number (15/30) and they
are more recent (half of them were conducted within the past
5 years and 5 of them within the past 3 years). Also these studies
are more likely be formulated around formal learning (8/15)
when compared to studies that assess development of a skill or
on-task performance/behavior which were more carried out in
informal learning. Furthermore, it seems as the year 2016 was
also another turning point in terms of domains of learning; stud-
ies dealt with more with measuring social and communication
skills (e.g. group dynamics, negotiation, collaboration, attention)
whereas the focus was shifted to STEM and machine learning
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after 2016. Also, we have not encountered any examples that
assess understanding of social skills, but social skills are more tar-
geted to be developed or performed. Thus, changing perspectives
may offer new opportunities to understand different domains
of learning. Speaking of different domains of learning, we also
have not encountered any studies that assess understanding of
emotions, arts or music, or development of physical activity skills
or performances. Thus, it would be interesting to widen the scope
of learning domains in further studies.

5.7. Call for action: Text book

Screening the CCI text book literature on assessment, we
typically find examples of evaluating technology with children,
e.g. Druin (2009), Hourcade (2022) and Markopoulos et al. (2008),
but as Cukurova and Luckin pointed out assessing learning as part
of evaluating the technology is required and yet challenging to
provide evidence for an impact. A few examples are mentioned
but not elaborated in Hourcade, such as e.g the use of control
group to show a statistically significant increase in standard-
ized mathematics scores when using a web- and mobile-based
mathematics game (McCarthy, Li, Tiu, & Atienza, 2013). Also, a
book on experimental studies in learning technology and CCI
was recently published (Giannakos, 2022). However, the promise
of learning gains from computer use often entices educators
and politicians to make investments in technologies (Hourcade,
2022), which is why it might be time for CCI research to increase
such assessment in order to support investors in technology for
learning in making research-based, informed choices. For this, we
suggest a text book for CCI researchers on evaluating technology
in learning situations and contexts, which would include methods
and case studies for assessing learning as one way to evaluate
technology.

5.8. Future avenues for including assessment of learning in CCI

e Clearer description of the terminology and basic charac-
teristic of research design to increase the methodological
rigor.

e Be explicit about the assessment criteria and dependent
variable.

e Separate and communicate the research goal and the learn-
ing goal for the children explicitly to clarify the assessment
criteria.

o Clarify causality between the effect of technology interac-
tion on children’s learning through true experiments.

e Conducting more mixed-methods to assess learning.

e Contribute to educational research theory and methods by
including emerging technologies in research studies, and by
applying a design-based research approach.

e Doing research on extreme cases and the very particular
to help informing us on how different types of learning
involving technology occurs and how it can be supported
and mediated by technology.

e Assessment of children’s understanding of concepts other
than STEM, including complex phenomena such as arts, col-
laboration, equity, social justice, creativity, environmental
matters, etc.

e A textbook on assessment of learning as part of evaluating
technologies in educational settings for CCI research.

5.9. Limitations

This review has a number of limitations, particularly stemming
from the title-abstract-keyword search strategy, the use of the
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stem learn*, and the two venues, which may have resulted in
missing studies relevant to our aims. IDC and IJCCI are considered
flagship venues within CCI (Eriksson et al., 2022; Giannakos,
Papamitsiou et al., 2020; Van Mechelen, Baykal, Dindler, Eriksson,
& Iversen, 2020), but are only representative of a selection of all
published CCI research. Secondly, the corpus only contains publi-
cations that explicitly use the term learn*, well aware that many
other terms are used such as e.g. “facilitate”, “develop”, “scaffold”,
“education”, or “knowledge construction”. Various other relevant
terms may apply to assessment of learning, where some may
more relate to, or be associated with, certain learning domains
or research paradigms than others, and may therefore be dis-
proportionately (under)represented in data. We are, however,
specifically interested in the research approaches, methods and
techniques to assess learning in CCI literature, and hence confined
the search to capture studies that frame the focus specifically on
learning phenomena. While, acknowledging that the inclusion of
venues and search query introduces a selection bias, and that we
might even skew the image of how learning has been assessed,
we still think that this review presents clear insights on the
assessment of learning in CCI research. Hopefully, these insights
can inspire and guide CCI researchers publishing in a variety of
venues.

6. Conclusion

This paper presents a semi-structured literature review fo-
cused on assessment of learning in the field of child-computer
interaction (CCI) research. The review is based on a selection
of 30 publications deriving from the CCI flagship venues the
Interaction Design and Children (IDC) conference and the Inter-
national Journal of Child—-Computer Interaction (IJCCI). The results
indicate that assessment of learning regarding transfer of learn-
ing and, controlled groups is rare, that the case studies using
a qualitative research approach dominate the field whereas the
mixed-methods approach is more rare. Furthermore, the findings
showed that the basic characteristic of research design is rarely
clearly defined which affects the methodological rigor and under-
standing causality of technology interaction in children’s learning.
Although the corpus is limited and can only be considered a
sample, the paper maps out state of art of how to assess learn-
ing when evaluating some technology in CCI research, identifies
gaps, and finally, we outline a number of future paths for the
field.
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