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Abstract
Addressing heterogeneity in the classroom by adapting instruction to learners’ needs challenges teachers in their daily work. To provide adaptive instruction in the most flexible
way, teachers face the problem of assessing students’ individual characteristics (learning
prerequisites and learning needs) and situational states (learning experiences and learning progress) along with the characteristics of the learning environment. To support teachers in gathering and processing such multidimensional diagnostic information in class, we
have developed a client–server based software prototype running on mobile devices: the
Teachers’ Diagnostic Support System. Following the generic educational design research
process, we (1) delineate theoretical implications for system requirements drawn from a
literature review, (2) describe the systems’ design and technical development and (3) report
the results of a usability study. We broaden our theoretical understanding of heterogeneity
within school classes and establish a basis for technological interventions to improve diagnostic accuracy in adaptive instructional strategies.
Keywords Student heterogeneity · Diagnostic support · Situational assessment · Learning
analytics · Educational technology

1 Introduction
Given a student body heterogeneous in both the cognitive and emotional-motivational prerequisites of learning, teachers face the challenge of providing adaptive instruction. While
the educational literature reveals a broad consensus on this general statement and discusses various instructional strategies to create adaptation and differentiation (e.g. Hertel
et al. 2011), comparably less attention is devoted to which factors make teachers’ instructional decisions particularly challenging, how teachers usually arrive at their decisions,
which dimensions of “heterogeneity” they should take into account and how they can be
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technically supported in achieving well-founded instructional decisions. We argue that the
quality of teachers’ decisions about adaptive instructional measures greatly depends on the
accessibility and validity of multidimensional and even time-varying diagnostic information. During ongoing instructional processes, however, teachers’ mostly informal diagnostic activities are vulnerable to judgement biases because they have to integrate information
from various sources and evaluate spontaneous impressions of behavioural cues to adjust
instructional strategies flexibly under time pressure. The task of continually collecting,
integrating and displaying valid diagnostic information can be executed by a technologybased Teachers’ Diagnostic Support System (TDSS). The system aims to enhance the
accuracy of teachers’ judgements about individual learning potentials and needs while students deal with the current learning environment. TDSS can thus lay an important foundation to justify teachers’ decisions on “adapting” instructional strategies for a given group of
learners in a dynamic learning environment.
When describing the steps of the development process, we rely on the generic educational design research process that is common in the field of educational technology
development (McKenney and Reeves 2014, 2019). According to this approach, “educational design research is a genre of research in which the iterative development of solutions to practical and complex educational problems provides the setting for scientific
inquiry” (McKenney and Reeves 2014, p. 131). The research process therefore evolves in
“iterated cycles of design, enactment, and analysis” (Sandoval 2013, p. 389). According
to McKenney and Reeves (2014, 2019), three phases can be distinguished within the process of educational design research: first, an analysis/orientation phase; second, a design/
development phase; and third, an evaluation/retrospective phase. The analysis/orientation
phase includes problem definition, as well as exploration and review of existing theoretical
approaches, previous technical developments and empirical findings via literature reviews,
context analysis and needs assessment. The design/development phase includes exploration
and mapping of solutions, as well as building and revising solutions within the processes
of system construction and technical implementation. The evaluation/retrospective phase
includes planning data collection, collecting and analysing data, as well as reflection about
the evaluation results. Because of the cyclic and iterative character of the design process,
these three main phases are often revisited during the lifespan of a project. The evaluation
results can thus be used as starting points for further progress.
In the second section, we provide a detailed theoretical analysis and literature review
(phase 1 in the educational design research process). To substantiate the system’s utility
and functions, we first elaborate the generic dimensions that constitute heterogeneity in the
classroom, namely interindividual variability across students within a given class, intraindividual variability within students and interactions between students and features of the
learning environment. Additionally, we review evidence on teachers’ diagnostic abilities to
gain an understanding of how well teachers usually manage to form accurate judgements
of these dimensions. We then attend to issues of situational complexity that complicate
the formation of accurate diagnostic judgements in ongoing instructional processes. Furthermore, we highlight explanatory models of how teachers process diagnostic information and situational assessment to theoretically underpin the development of our support
system. The third section of the paper outlines the general design features of the prototype
TDSS and the technical aspects of system development (phase 2 in the educational design
research process). In this section, we draw conclusions from the preceding literature review
for system requirements, define system functions and workflows and describe the technical
implementation and user interface design. In the fourth section, we report the findings of
a usability study (phase 3 in the educational design research process). The user-oriented
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evaluation of the TDSS deployed an adapted version of IsoMetricsS (Gediga et al. 1999;
Hamborg and Gediga 2002), and we recruited 14 practising teachers to run representative
tasks to uncover potential problems or errors with software usage and data representation.
The paper concludes with an outlook on the practical implications and implications for
further research.

2 Theoretical Analysis and Literature Review
2.1 Heterogeneity in the Classroom and the Limited Accuracy of Teachers’
Diagnostic Judgements
Implementing adaptive instruction necessitates highly differentiated and valid knowledge
about the specific factors that constitute the heterogeneous learning potentials and needs in
a given class. Teachers have to assess students’ learning processes, as well as the individual
and situational characteristics that may affect these processes (Brühwiler and Blatchford
2011). The diagnostic tasks that teachers must fulfil to accomplish this are not restricted
to formalized and occasional assessments of learning prerequisites or outcomes at a given
point in time. To adapt instructional strategies to learners’ needs, teachers need to monitor students’ learning experiences, classroom communication behaviours and other factors
that contribute to or indicate learning progress continually. Because routine sampling of
student data is a common method in educational research (e.g. Sembill et al. 2008), it has
also been implemented in formative assessment approaches that make frequently measured
student data available to teachers (e.g. Black and Wiliam 1998; Dunn and Mulvenon 2009;
Kingston and Nash 2011; Spector et al. 2016; Van der Kleij et al. 2015). In a broader sense,
the educational use of continually sampled data is located in the field of learning analytics, which “uses dynamic information about learners and learning environments, assessing,
eliciting and analyzing it, for real-time modeling, prediction and optimization of learning
processes, learning environments, as well as educational decision-making” (Ifenthaler and
Widanapathirana 2014, p. 222).
We have identified three main sources of heterogeneity in the literature that should
inform teachers’ judgements and decisions on adaptive instruction: (1) interindividual variability (such as different cognitive abilities) among students within a class (e.g., GeislerBrenstein et al. 1996), (2) intraindividual variability within students (such as time-varying
progression rates in dealing with instructional contents and building conceptual understanding; e.g. Faber et al. 2017), and (3) interactions between student characteristics and
instructional features (such as interactions of different levels of student knowledge with different degrees of task difficulty; e.g. Corno and Snow (1986), see the summary in Kärner
et al. (2019a, b), too).
Research on teachers’ diagnostic competencies also suggests that most teachers lack
the ability to assess sources and degrees of heterogeneity among learners correctly. Most
related studies focus on formalized and selective evaluations of students’ learning preconditions or proficiency levels (at the beginning and end of a unit or school year) or relatively stable personal characteristics. Thus, extant research mostly concerns judgement
accuracy regarding interindividual variability. In sum, the available evidence suggests that
this accuracy ranges from small to moderate effect sizes, depending on the object of diagnosis. Recent meta-analytic findings (e.g. Südkamp et al. 2012) indicate that teachers are
rather skilled in assessing students’ domain-specific proficiency levels. Comparably lower
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accuracy is reached when gauging students’ general cognitive abilities (Machts et al. 2016).
Markedly weaker congruence exists between students’ actual emotional, motivational and
psychosocial characteristics and teachers’ assessments of these characteristics. Assessment
objects include, for instance, school-related anxiety (Spinath 2005; Südkamp et al. 2017),
well-being (Urhahne and Zhu 2015), interest (Hosenfeld et al. 2002), motivation (Praetorius et al. 2017; Spinath 2005; Urhahne et al. 2013), engagement (Kaiser et al. 2013),
academic self-concept (Praetorius et al. 2017; Südkamp et al. 2017; Spinath 2005), understanding (Hosenfeld et al. 2002), work habits and social behaviour (Stang and Urhahne
2016) and sympathy-based peer interactions (Harks and Hannover 2017).
Although precise estimations about intraindividual variability within students have
been deemed an indispensable requisite of teaching quality (cf. van Ophuysen and Lintorf
2013), it has seldom been investigated empirically (e.g. Warwas et al. 2015). Similarly,
only a few research contributions (e.g. Karst 2012; Schmitt and Hofmann 2006) have systematically examined teacher judgements about interactions between students and instructional features in class. The next section therefore elaborates why continuous monitoring
of these time-varying and situation-bound sources of heterogeneity during classwork is a
highly demanding task and even one that is prone to more judgement errors than summative evaluations of comparably stable student characteristics.

2.2 Situational Complexity and the Challenges of Situational Judgement
during Classwork
As Beck (1996) points out, the concept of an “instructional situation” entails multiple
constituents that contribute to potentially divergent interpretations of current professional
demands in the view of different teachers: (1) available time for processing diagnostic
information (e.g. behavioural cues from students) within a selected (2) physical space (e.g.
classroom), including different (3) objects and relationships between objects (e.g. students,
subject matter, interactions between students and subject matter) and different (4) social
roles (e.g. student, teacher). In addition, (5) pre-existing schemata and scripts of appropriate actions (e.g. pedagogical beliefs) will determine a teacher’s perception and comprehension of situational constituents, as well as his/her anticipation of potential courses of development. Furthermore, (6) affective appraisal (e.g. like, dislike) will inhibit or facilitate
subsequent actions. Beck (1996) stresses that successful instructional interactions depend
on how participants (teachers, students) succeed in coordinating their subjective representations of current situations. In a similar vein, the literature on teachers’ diagnostic competencies discusses several difficulties that impede adequate situational judgements during
classwork (cf. Warwas et al. 2015):
Information overload. To assess and support students’ learning experiences and progress continually, teachers must process information from various, possibly ambiguous,
information sources (e.g. students, learning materials and media) simultaneously (Böhmer et al. 2017; Krolak-Schwerdt et al. 2009). Accomplishing this task within a limited
time frame places high demands on a teacher’s cognitive resources, as human working
memory has limited capacity (Cowan 2010). Such information-processing restrictions
are discussed in terms of “information overload” (Eppler and Mengis 2004; Schneider
1987) and “cognitive load” (Sweller et al. 2011). In such instances, information reduction that leads to a parsimonious but possibly invalid mental representation of the situation is an eminent aspect of coping with situational complexity and preserving one’s
capacity for action (cf. Fischer et al. 2012). Particularly under conditions of stress,
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which frequently occur in the dynamics of classroom interactions and events, people
tend to narrow their field of attention to a small number of (subjectively) salient aspects
of the environment, thus adopting a “cognitive tunnel vision” (Endsley 1995). As a consequence, people reach decisions without sufficiently exploiting available information
(Endsley 1995). Both attention narrowing and premature conclusions can negatively
affect the accuracy of situational judgements and the appropriateness of taken measures
(cf. Norman 2009).
Time pressure and schema-driven situational judgements. Although teachers need time
to process situational information, not all instructional arrangements allow their (temporary) retreat from ongoing interactions to reflect deliberately about what is going on in
detail. While the sheer amount of learning-relevant situational information may sometimes
exceed working memory capacity during action execution (see above), time pressures to
reach immediate decisions during ongoing interactions with students further impede elaborate planning, well-founded judgements and reasoned strategic choices. This unavoidable
“pressure to act” (Weinert and Schrader 1986) forces teachers into highly automated and
schematized detections of (1) states, changes and discrepancies of student behaviours, (2)
the progress of teaching and learning processes, and (3) the effects of their own actions. In
turn, such schema-driven processing of information can lead to overly simplistic and very
rigid subjective representations of factually based situational conditions and requirements
(cf. Endsley 1995; Stanton et al. 2009).
Validity of situational information. During instruction, teachers normally do not have
access to valid and reliable behavioural indicators of psychological student characteristics
(e.g. intellectual abilities, academic self-concept) and/or to their learning experiences and
progress (e.g. situational understanding of subject matter). Without valid data from standardized tests and students’ explicit self-reports of learning experiences, teachers’ judgements about students’ prerequisites, experiential states and progression in learning are vulnerable to cognitive biases (cf. Förster and Souvignier 2015; Rausch 2013).
Framing effects in evaluations of situational information. The accuracy of teachers’
judgements of student characteristics demonstrably depends on their frame of reference
(Hosenfeld et al. 2002; Lorenz and Artelt 2009). Südkamp and Möller (2009), for example, studied the effects of students’ academic achievement on teachers’ assessments. The
authors found a negative effect of class average achievement scores on teacher judgements:
“students with identical performance were graded more favourable in a class with low average achievement than in a class with higher average achievement” (Südkamp and Möller
2009, p. 161). The relativity of situation-bound information in terms of framing plays a
major role in judgement processes (cf. Tversky and Kahneman 1981).
Multidimensionality of situational information. Following an interactionist paradigm,
behaviours and experiences are determined by personal as well as context-related characteristics (Kärner et al. 2017; Mischel 1968; Nezlek 2007; Richard et al. 2003). Thus, trying
to understand behaviours and experiences only by the main effects of person and/or context variables is too simplistic (Kärner and Kögler 2016; Kärner et al. 2017). For teachers’
diagnostic tasks to assess students’ learning behaviours and experiences, the interactionist
paradigm implies that information about individual learners, as well as their current learning environment, must be considered simultaneously and in tandem to decide on appropriate learning support (Schmitt and Hofmann 2006).
Based on the addressed generic determinants of heterogeneity and situational complexity in any classroom, teachers must consider and evaluate a multitude of information on
learners and learning environments to reach decisions on adaptive instructional measures.
In the following section, we take a closer look at the usual psychological processes, as well
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as the desirable analytical steps, for the collection and integration of diagnostically relevant
information.

2.3 Acquiring and Processing Information During Class
2.3.1 Situation Assessment and Situation Awareness as a Basis for Continual
Situational Judgements
Following a literature review conducted by Dominguez (1994), situation awareness (SA)
pertains to the “continuous extraction of environmental information, integration of this
information with previous knowledge to form a coherent mental picture, and the use of that
picture in directing further perception and anticipating future events” (Dominguez 1994,
p. 11). Dominguez (1994) further distinguishes the process of SA, which “includes extraction, integration, and the use of the mental picture” from the product of SA as “the picture
itself”. Endsley (1995, p. 36) defines the process of “achieving, acquiring, or maintaining
SA’ as situation assessment, whereas SA is seen as a state of knowledge. Thus, the quality
of SA mainly depends on the quality of situation assessment (Dominguez 1994), which,
in turn, depends on the quality of monitoring activities performed to acquire information
about the situation (Lau et al. 2012).
There are several theoretical perspectives on SA (Salmon et al. 2008). In the following, we will describe in greater detail two perspectives that seem to be most important
for our analyses of SA in teaching and learning contexts. The first perspective stems from
the individual-focused theory of Endsley (1995), who pursues an information-processing
approach. For the second, we draw on the theory of distributed SA of Stanton and colleagues (2006), who pursue a systemic approach. Endsley (1995) separates three hierarchical phases of achieving and maintaining SA: (1) perception of the attributes, status, and
dynamics of relevant environment elements; (2) comprehension based on a synthesis of
perceived cues; and (3) projection of a system’s future development. By adapting Endsley’s
SA model to teaching activities during class, for instance, the teacher must perceive the
behavioural cues of students when they are working on a specific task; if one or more students appear to be clueless, the teacher must change his/her course and give further instructions. In general, the instructor must be capable of perceiving and decoding behavioural
cues, linking them to pre-existing concepts and deciding what to do during further teaching
and learning.
Whereas Endsley’s (1995) information-processing approach assumes SA to be primarily an individual phenomenon, Stanton and colleagues (2006) assume that SA is distributed across agents within complex collaborative systems and emerges from their interactions (cf. Neisser 1976; Smith and Hancock 1995). The concept of distributed SA assumes,
among other things, that different members of a collaborative system have different views
on the same situation, and SA holds loosely coupled systems together via communication
between members (Stanton et al. 2004, 2006). The distributed SA model also postulates
that, within collaborative systems, members have different (but in principle compatible)
SA—notwithstanding whether the information to which they have access is the same or
different. The way in which members use the information also differs, depending on personalized views on the world; thus, their SAs will not be identical, even when they have
access to exactly the same information (Salmon et al. 2008). As Stanton and colleagues
(2009) assume the interindividual variability of SA, the authors represent a constructivist view. By adapting the distributed SA model to teaching activities during class, the
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classroom can be viewed as a complex collaborative system with teacher(s) and students
as agents with different roles, probably different goals and expectations and individual
views of the same situation. Salmon and colleagues (2012) state that it is the compatibility
between different views that determines the efficiency of the whole system. This, in turn,
is in line with Beck’s (1996) argument that educational processes mainly depend on how
participants (teachers, students) succeed in coordinating their individual representations of
current situations. It is also in line with Heid (2001), who states that it is not the “objective
situation” that matters but rather the subjective representation of a situation.

2.3.2 Collection and Integration of Diagnostic Information as the Core of Teachers’
Diagnostic Activities
Teachers’ judgements on individual learning potentials and needs while students deal with
the current learning environment are crucial for adapting instructional strategies. In line
with Jäger’s (2006) diagnostic process model, learning analytics tools can support teachers in adopting a hypothesis-driven approach to gathering and interpreting diagnostically
relevant information (cf. van Ophuysen and Lintorf 2013). Starting with a specific instructional problem or question (for instance, the impression that some students are mastering
exercise units well while others are falling behind), the teacher can deliberately test his/her
own assumptions on possible reasons in different learner groups (e.g. deficits in conceptual
understanding versus task-specific motivation). Diagnostic activities in a hypothesis-driven
approach to identifying situationally suitable micro-adaptions of instruction that merge
available data on students and context start with a concrete didactical problem or question (e.g. Box et al. 2015; Brink and Bartz 2017; Shirley and Irving 2015; Suurtamm et al.
2010). After problem clarification, the teacher must formulate concrete assumptions that
specify the pursued question and diagnostic criteria or indicators to be assessed to test
these assumptions (e.g. student knowledge, subjective understanding; Antoniou and James
2014; Cisterna and Gotwals 2018; Hondrich et al. 2016; Ruiz-Primo and Furtak 2007; van
den Berg et al. 2016). The teacher also has to define the mode of variable operationalization (e.g. standardized tests, rating scales; Förster and Souvignier 2014; Shirley and Irving
2015; van den Berg et al. 2016). Based on his/her decisions about diagnostic indicators
and operationalization, the teacher has to plan the procedure for data collection, including
frequency of assessment, available technical devices and seamless integration of collected
data into running teaching and learning processes (e.g. Box et al. 2015; Brink and Bartz
2017). The data collection phase is followed by a phase of data analysis and interpretation
of the findings. The obtained findings are the basis for hypothesis testing, which offers the
opportunity to check the plausibility of the effects of the chosen microadaptive strategies
in terms of practical evidence for their educational value (e.g. motivational or knowledge
gains from specific kinds of teacher feedback or specific instructional methods; Box et al.
2015; Cisterna and Gotwals 2018; Hondrich et al. 2016; van den Berg et al. 2016).
Several elaborated learning analytics frameworks for collection and integration of diagnostic information exist that incorporate, for instance, different data-flow architectures,
data analysis algorithms and modes of data representation (e.g. Greller and Drachsler
2012; Ifenthaler and Widanapathirana 2014; Siemens 2013). Nevertheless, van Ophuysen
and Behrmann (2015) stress that there is as yet no integrated technology available that is
able to completely support the above-mentioned steps of the individual teacher’s diagnostic
process and related instructional decisions in the classroom. The review by Kärner and colleagues (2019) of technological support systems for teachers points in a similar direction.
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Assessing the functional scope of 66 systems, the study concluded that data- and document-management functions are much more common than functions that promote collaboration and communication or functions that provide support for complex decision-making
processes. More precisely, systems that support teachers in making justified diagnostic and
microadaptive instructional decisions by providing options for targeted analyses and graphical displays of context- and student-related information are, to our knowledge, currently
rare or non-existent.

3 System Design and Technical Development
3.1 Implications from Literature Reviewed for System Requirements
As our outline of the challenges that complicate situational judgements shows, information
load and time pressure, as well as the lack of valid or comprehensive situational information, can seriously hamper teachers’ continual and mostly informal diagnostic activities
during class. Teachers should have the opportunity to gather information about situational
characteristics in class whenever needed—that is, based on repeated data samplings during instructional units—to make adequate situation assessments that aid in achieving and
maintaining SA (cf. Endsley 1995). As Endsley (1995, p. 35) states, a person’s perception
of learning-relevant elements in the environment determines his or her SA. Moreover, this
awareness will also be a function of the design features of the available support system “in
terms of the degree to which the system provides the needed information and the form in
which it provides it” (Endsley 1995, p. 35). We can therefore draw some implications for
the development of a technology-based support system for teachers’ situational diagnostics.
Beck’s (1996) dimensions of educational situations provide a basis for the definition
of the information that must be collected, processed and provided to the teacher to support him/her in achieving and maintaining SA. First, Beck (1996) assumes time for processing situational information. Therefore, relevant diagnostic information—which, in the
case of teachers’ continual and informal monitoring of classroom activities, is usually elusive—should be permanently available to allow deliberate and substantiated decisions for
adaptive instruction. Physical space and social roles determine the data structure and role
management of the support system: a school employs different teachers, who teach in different classes with different students. If we assume that classroom instruction is a complex
collaborative system, teachers and students will have different, but in principle compatible,
SA (cf. Salmon et al. 2008; Stanton et al. 2006, 2009). If we further assume that the compatibility between the views of different classroom participants determines the efficiency
of their collaborative system (in terms of interactive instructional processes), a technology-based support system must provide information about all of the objects involved in
these instructional processes, as well as the relationships between these objects (cf. Beck
1996; Salmon et al. 2012). Therefore, information from different sources must be collected
and integrated: (1) repeated situation-bound self-reports of students’ learning experiences (indicating their subjective perceptions of classroom situations) and repeated tests
of students’ current knowledge about the instructional content; (2) standardized tests for
the assessment of situationally invariant student characteristics and traits; and (3) descriptions of situation-bound instructional characteristics (e.g. media use, teaching and learning goals) rated by the teachers themselves. Multiple data sources allow assessment and
monitoring of the interplay of student and instructional characteristics that together affect
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students’ situational experiential states and steps in their learning progress. Such a triangulation of data from teacher ratings, student self-reports and tests—all referring to specific
instructional situations—combined with standardized tests assessing student’s relatively
stable characteristics, may support teachers in comparing their individual representations
of current situations with students’ individual situational representations—and thus, to
adapt instruction adequately to learners’ needs (cf. Beck 1996; Salmon et al. 2012).

3.2 Definition of System Functions and Workflow
Based on the above-mentioned implications for technology-based support of teachers’
continual diagnostic activities during class, we developed the Teachers’ Diagnostic Support System (TDSS). In reference to Power’s (2002) classification of information systems,
our software can be labelled a task-specific decision support system that provides information relevant for situational assessments and instructional decisions within teachers’ specific working contexts (classrooms). Furthermore, our software supports online functions
for integrating and analysing multidimensional data from a variety of sources and creating
views and data representations via a graphical user interface (e.g. charts and tables; cf.
Power 2002).
To support teachers in adapting instruction under consideration of heterogeneity among
students, the system functions for the collection and analysis of data are of particular interest. The TDSS allows data collection that spans (1) information on students’ personal
characteristics (e.g. domain-specific knowledge and competencies, emotional-motivational
characteristics), (2) descriptions of instructional characteristics (e.g. characteristics of the
learning content), and (3) information on students’ learning experiences and learning progress (e.g. situational interest in the subject matter, actual knowledge about the topic). Analytical functions include analyses of (1) interindividual variability between students within
class (e.g. differing prior knowledge), (2) intraindividual variability within students (e.g.
states of learning progress at different times), (3) variability of instructional characteristics
(e.g. variability of teaching methods across time), and (4) interactions between students
and instructional characteristics (e.g. different states of student knowledge and different
degrees of task difficulty).
After defining system functions, we can outline the workflow (Fig. 1). Before the teacher
uses the system for the first time, the administrator configures the system and inserts initial information about the students’ personal characteristics. The teacher then configures
the system within his/her permissions. During instruction, the teacher triggers data samplings whenever they are needed immediately or were planned in advance. Information on
instructional characteristics (teacher as data source) and on learning experiences and learning progress of students (students as data sources) can be recalled on demand. During and
after class, the teacher can retrieve and analyse data.

3.3 Technical Implementation and User Interface Design
The coding of the TDSS software was realized by a professional software development company. For software technical implementation,.NET Core 2.0 was used as the basis for web
services, the server was hosted on Microsoft Azure and Angular (compiled to HTML, JS
and CSS) was used for front-end implementation. Application programming interfaces were
implemented via C#. For database implementation, MSSQL was used, and the charts for
graphical data analyses are generated via Chart.js. Technical software development followed
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Phase

Workflow

Before class

Administrator configures system (e.g. custom roles and
authorizaons, input of personal data such as, for instance,
student characteriscs from inial tests)

Informaon and informaon sources
Personal characteriscs of students
(source: students)

Teacher configures system within the scope of his/her
authority (e.g. selecng quesonnaires and tests for
student assessment, providing general informaon about
the lesson)

class starts
During class

Teacher triggers data sampling during instrucon

AND

Descripons of instruconal characteriscs
provided by the teachers themselves (e.g.
characteriscs of the learning content)

Instruconal characteriscs
(source: teacher)

Assessment of students' learning experience
and learning progress

Students' learning experience and
learning progress (source: students)

Teacher analyses data via graphical user interface: supports
teachers' instruconal judgement and decision-making
during class

class ends
Aer class

Teacher analyses data via graphical user interface: supports
teachers' instruconal judgement and decision-making
when reflecng on the previous class and preparing for the
next class

Fig. 1  Phases, workflow and information

an iterative process including prototyping, testing, analysing, revising and refining the software (cf. Nielsen 1993). The TDSS is client–server based software that runs on mobile
devices such as smartphones or tablet PCs. The system enables real-time data collection and
analysis. Figure 2 illustrates the implemented client–server architecture.
Figure 3 illustrates the process of data abstraction. Information on students (learning experiences and learning progress) and context (instructional characteristics) are collected during
class. In the resulting cross-classified data structure, students’ states (learning experiences and
learning progress) are nested both within students (characterized by personal characteristics
assessed before class) and within context segments (characterized by instructional characteristics assessed during class).
The graphical user interface allows teachers to perform different analyses as defined above.
Figure 4 illustrates example views of the user interface design.
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Client (e.g. Teacher)

Client (e.g. Student)
Web server

Database

Client (e.g. Admin)

Fig. 2  Client–server architecture

(1) Classroom reality
I feel underchallenged
That's easy

I feel bored

I feel overchallenged

I feel taken
seriously
I am under me
pressure

(3) Cross-classified data structure
STUDENTS of class k
STUDENTS of class 1
…
…
i
…
n
1
…
i
…
n
1 s 1,1,1 … s 1,i,1 … s 1,n,1
…

…

…

…

s 1,n,j

…

…

…

…

s 1,i,j

m s 1,1,m … s 1,i,m

...

…
…

s k,1,j

…

s k,i,j

…

s k,n,j

…

…

…

…

j

…

… s k,n,1

…

s k,i,1

…

…

…

s k,1,1

…

… s 1,n,m

…

1

…

CON
XT seegmeents
NTEX
of classs k

…

…

…

…

j s 1,1,j

…

NTEX
CON
XT seegmeents
of classs 1

1

…

(2) Informaon
- students' personal characteriscs (“traits”)
- descripons of instruconal characteriscs
- students' learning experiences and learning
progress (“states”)

m

s k,1,m … s k,i,m

… s k,n,m

Fig. 3  Data abstraction
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(1) Analysis of interindividual
variability between students
within class (e.g. achievement
measures within class at
different mes)

(2) Analysis of intraindividual
variability within students (e.g.
situaonal interest of student
Alisa at different mes)

Fig. 4  Example views of user interface design
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(3) Analysis of variability of
instruc onal characteris cs
(e.g. different degrees of
student-centred learning
ac vi es at different mes)

(4) Analysis of associa ons between
students and instruc onal characteris cs
(e.g. different states of student
knowledge and different degrees of
student-centred learning ac vi es)

Fig. 4  (continued)
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4 Evaluation of System Usability
4.1 Method
According to the third phase of the educational design research process, the development
results were evaluated (cf. McKenney and Reeves 2014, 2019). In this phase, the authors
and the software coding team first tested the system for logical consistency and functional
validity before we asked in-service teachers to evaluate the system’s usability.
We considered the following topics within the consistency and validity check: (1) creation and management of users, roles and permissions (administrator, teacher, student), (2)
general system configuration (e.g. creating tests), (3) display of graphical user interface
and menu navigation, (4) data entry, (5) system functions for real-time data collection and
analyses via sample data, (6) real-time request-response checks of client–server communication, and (7) online analytical processing of multidimensional data (e.g. functional consistency and validity of database queries). After software testing, we revised and refined
the system functions to minimize errors and to ensure desired system functionality.
For user-oriented software evaluation, we asked representative users to run typical tasks
to uncover potential usage problems, ambiguities and errors when dealing with the prototype version of the TDSS (cf. Lazar et al. 2017). The system was equipped with example
data for 10 fictional students, who were characterized by individual values for prior knowledge and learning motivation, thus providing information of interindividual variability
among students. Information on students’ situational interest about the subject matter and
actual knowledge about the topic was given with four measures for each student, enabling
assessment of intraindividual variability within students. Instructional characteristics were
covered via different degrees of student-centred learning activities. Based on the deposited
example data, the test persons tested the system functions for data analyses.

4.2 Sample
The sample consisted of 14 practising German teachers (4 males, 10 females) with a mean
age of 33.9 years (SD = 6.8, Min. = 28, Max. = 53) and a mean work experience of 6.3 years
(SD = 4, Min. = 3, Max. = 16). Twelve teachers worked at a vocational school, and two
teachers worked at a high school. All participants provided written informed consent. A
one-hour workshop introduced the background of the study and the software to the teachers. Afterwards, teachers worked on the sample data on their own.

4.3 Measures
For user-oriented software evaluation, we adapted the IsoMetricsS questionnaire covering
the design principles of International Organization for Standardization (ISO) 9241 Part
10 (Gediga et al. 1999; Hamborg and Gediga 2002). The following system characteristics
were measured on 5-point Likert scales (1 = “predominantly disagree”, 5 = “predominantly
agree”, or “no opinion”).1 In addition, the participants had the opportunity to give further
comments and impressions verbally:
1
Questions on suitability for individualization were not assessed for the current version of the TDSS
because the system cannot be customized individually at the moment.
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(1) Suitability for the task (10 items, α = 0.873; e.g. “The presentation of information on
the screen supports me in performing my diagnostic tasks”)
(2) Self-descriptiveness (6 items, α = 0.622; e.g. “The terms and concepts used in the
software are clear and unambiguous”)
(3) Controllability (7 items, α = 0.818; e.g. “The software lets me return directly to the
main menu from any screen”)
(4) Conformity with user expectations (7 items, α = 0.767; e.g. “When executing functions,
I have the feeling that the results are predictable”)
(5) Error tolerance (8 items, α = not reportable; e.g. “No system errors (e.g. crashes) occur
when I work with the software”)
(6) Suitability for learning (6 items, α = 0.888; e.g. “So far I have not had any problems in
learning the rules for communicating with the software, i.e. data query”)

4.4 Findings
4.4.1 ISO Design Principle Ratings
The descriptive findings show that the participants rated all of the assessed design principles as being above average (Table 1). The perceived suitability of the system for conducting continual diagnostic tasks in classrooms was rated quite high (M = 3.73), and the
participants considered the TDSS to be useful for supporting their diagnostic tasks. They
also rated positively the self-descriptiveness of the software (M = 4.07), its controllability
(M = 4.23) and conformity with user expectations (M = 4.50). The suitability for learning
was also assessed positively (M = 4.25), which is relevant for prospective user trainings.
We found the highest ratings for error tolerance (M = 4.55). However, this scale contained
many missing values because the corresponding items refer, for instance, to possible errors
with data entry, but the participants only tested the system functions for data analyses.

Table 1  ISO design principle
ratings

Assessed design principles

N

Min

Max

M

SD

Suitability for the task

14

3.20

4.22

3.73

0.36

Self-descriptiveness
Controllability
Conformity with user expectations
Error tolerance
Suitability for learning

14
13
14
4
14

2.80
3.14
3.00
4.00
3.00

5.00
5.00
5.00
5.00
5.00

4.07
4.23
4.50
4.55
4.25

0.59
0.53
0.54
0.53
0.69

1 = “predominantly disagree”, 5 = “predominantly agree”
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4.4.2 Verbal Statements Concerning System Usefulness and System Optimization
Verbally, the participants described aspects of system usefulness and possible modifications and extensions. In the following, we systematize participants’ statements about the
challenges of teachers’ diagnostic activities during classwork, as set out in the theoretical
part of the paper, and the functions for data collection and analysis that were implemented
in the TDSS.
Considering classroom instruction as a complex collaborative system, participants considered the TDSS to be useful in reducing the complexity of decisions on differentiated
instructional measures for distinct learner groups. Two participants mentioned the potential
of system-supported student grouping that they considered important, such as for implementing inclusive education. In that regard, a technologically assisted group formation
necessitates the definition of attributes that guide the process of composing the groups,
specifically member attributes (e.g. dominant learning style or domain-specific knowledge)
as well as group attributes (e.g. degree of homogeneity of group member characteristics).
In the case of automated assignment of students to groups, the grouping techniques still
need to be determined (e.g. fuzzy clustering; Maqtary et al. 2019).
Three participants emphasized the potential of the TDSS to integrate multidimensional
situational information, which supports adaptive instruction by allowing individualized
assignment of tasks with varying difficulty levels, and by facilitating the detection of possibly differential effects of alternative instructional methods (e.g. partner work vs. individual work) on individual learning outcomes. Both application examples refer to the interaction between student characteristics and learning conditions. In that regard, the TDSS
is considered useful in supporting instructional decision-making because it merges multiple data sources (student self-reports, standardized tests and descriptions of instructional
characteristics).
Besides complexity reduction and data triangulation, some participants noted that it
is important that using the TDSS does not produce additional complexity and information load. Three participants thus wished for improvements in the ergonomic design of the
teacher user interface (e.g. more effective menu navigation, colour display, wording, information representation, graphs and tabular forms). Two other participants stressed the relevance of ergonomically designing the student user interface as well. Yet another participant
suggested creating effective and automated solutions for importing existing student data
(e.g. grades, class lists) into the TDSS.
Two teachers stressed that both the induction phase and the routine application of a
diagnostic support system should be effective and should not take much time. Concerning
time restrictions and time pressure in instructional processes, it is important to give feasible recommendations for implementing the TDSS within teachers’ daily classroom work.
We assume that the use of the system would be more effective in student-centred than in
teacher-centred phases of instruction because, under the first condition, the teacher is able
to retreat from ongoing interactions, has no immediate pressure to act and can reflect about
what is going on in detail, based on a thorough inspection of the information provided by
the TDSS.
Moreover, the free-text answers reveal that the teachers are well aware of the fact
that they often lack access to valid and reliable student information that is indispensable
for adequately addressing student heterogeneity in classes. Participants mentioned, for
instance, the need for information on various performance indicators, preparatory training
and educational background, absenteeism rates, social backgrounds, behavioural disorders
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and even addiction issues, in order to create learning tasks and materials that meet the differing prerequisites and needs of individual learners or learner groups. Three participants
wished to have the option for an individualized configuration of the TDSS by generating
questions and tests for their students themselves and by integrating such additional items in
the data collection process. Four teachers highlighted the usefulness of the TDSS for plausibility checks of their subjective student-related or situation-related judgements and subsequent instructional decisions. In this respect, the collected multidimensional data could
even enrich collaborative case discussions in teacher teams, in addition to existing methods of information triangulation such as 360-degree feedback, thus facilitating multiple
perspectives for decision-making. For the same purpose, information exchange between
teachers, school administration and parents is considered useful for coordinating subjective
representations of educational situations (cf. Beck 1996; Salmon et al. 2012). However,
with respect to extensive information exchange between different parties outside the single
classroom’s boundaries, the participants also stressed the importance of compliance with
prevailing data protection regulations.

5 Summary and Outlook
We introduced a client–server based software prototype to support teachers’ daily diagnostic tasks, which can be called a task-specific decision support system within the learning
analytics framework. In line with the generic educational design research process (McKenney and Reeves 2014, 2019), we delineated system requirements drawn from a literature
review, described the implemented system functions for data collection and analyses and
reported the results of a usability study.
To advance the cyclical educational design research process, we aim to take the following steps, the first of which concerns comprehensive field tests of system application. In the
reported usability study, the participants only checked the system functions for data analyses, while data collection, consistency and validity checks for data entry were simulated by
the software development team and the authors of this paper. Subsequent evaluations must
include longer-term usability tests of the TDSS during real-time classroom interactions to
establish its practical suitability in teachers’ daily work. Second, we used an established
self-report instrument (IsoMetricsS) to assess the perceived system usability; however, in
subsequent studies, additional evaluation methods such as observation, log file analysis or
eye tracking could yield a more nuanced picture of how teachers select and analyse available diagnostic information. In particular, insights gained through these methods could
supply the system developers with ideas for improved menu options or graphical displays
of complex interactions between student and context characteristics. Third, complementing
the teachers’ perspective on system usability, the ergonomic design of the TDSS’s student
interface should also be scrutinized and, if necessary, improved. Fourth, in the more distant future, alternative methods and sources for the collection and integration of diagnostic
data could be put to the test. Given sufficiently large numbers of classes, educational data
mining algorithms (e.g. for composing learner groups) could be implemented. To reduce
interruptions to instructional processes—which inevitably occur whenever students are
prompted to give self-reports on their experiential states—biosensitive detectors might
also be a noteworthy supplement for the TDSS’s database. This would, however, require
particularly elaborate feasibility tests that account for both data protection regulations and
convergent validity in the assessment of the relevant constructs.
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Last but not least, systematic educational effectiveness research is needed to examine
the system’s capacity to enhance teachers’ diagnostic judgements and students’ learning
activities. With this aim, empirical field studies should be complemented with experimental studies. Referring to previous research on formative assessment (e.g. Black and Wiliam
1998; Dunn and Mulvenon 2009; Kingston and Nash 2011), it seems worthwhile to investigate (a) favourable conditions for system integration into prevalent instructional designs
and (b) the effects of system usage on students’ learning outcomes. These studies could
clarify the instructional decisions and situations for which diagnostic support from the
TDSS is most beneficial, if system usage enhances the accuracy of teachers’ judgements
of students’ learning needs, as well as which adaptive strategies teachers derive from given
information. Apart from the contextual conditions of system usage, individual teacher
competence in reading and interpreting diagnostic data (e.g. Espin et al. 2018)—that is,
differences in their Educational Data Literacy—must be considered as a potential predictor of the system’s educational effectiveness. In particular, longitudinal studies should provide more empirical evidence on the assumed positive relations between a targeted and
proficient use of multifaceted diagnostic information, improved microadaptive strategies in
instructional processes and student learning progress.
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