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Although formative assessment is regarded as a promising way to improve teaching and learning, there is
considerable need for research on precisely how it influences student learning. In this study we developed and
implemented a formative assessment intervention for mathematics instruction and investigated whether it had
effects on students' interest and achievement directly and via students' perception of the usefulness of the
feedback and their self-efficacy. We conducted a cluster randomized field trial with pretest and posttest. The 26
participating classes were randomly assigned to a control group or the intervention group. Results of path

analyses indicate that feedback was perceived as more useful in the formative assessment condition, self-efficacy
was greater, and interest tended to increase; learning progress did not differ between the groups. The assumed
indirect effects were partly confirmed: formative assessment showed an indirect effect on interest via its per-

ceived usefulness.

1. Introduction

In the Anglo-American literature formative assessment is considered
a very promising way to improve teaching and learning (e.g., Black &
Wiliam, 2009; Stiggins, 2006; Wiliam & Thompson, 2008). The detailed
synthesis of 250 studies of formative assessment published by Paul
Black and Dylan Wiliam (Black & Wiliam, 1998a, 1998b, 1998c)
probably is the most frequently cited source to support this assumption.
With their synthesis they made an indispensable contribution to re-
search on formative assessment by structuring the heterogeneous area
of research, initiating several attempts to develop more sophisticated
and applicable definitions of formative assessment (e.g., Bennett, 2011;
Dunn & Mulvenon, 2009; Wiliam & Thompson, 2008), and providing a
conceptual basis for interventions to implement formative assessment
in the classroom (e.g., Educational Testing Service, ETS, 2009; Wiliam,
Lee, Harrison, & Black, 2004). Despite their enormous contribution to
this area of research, the trustworthiness of the review as a source of
empirical evidence of a strong effect of formative assessment on
learning is debatable (Bennett, 2011; Dunn & Mulvenon, 2009;
Kingston & Nash, 2011). Although Black and Wiliam (1998¢) clearly

* Corresponding author.

stated that they did not apply any quantitative meta-analytic techni-
ques to the data they gathered (see p.53), they reported in another
paper (Black & Wiliam, 1998a) an effect size of classroom assessment
on student achievement of between .4 and .7 standard deviations,
which was cited over 2700 times between 1998 and 2011 (Kingston &
Nash, 2011). The broad definition of formative assessment used in their
synthesis covered a very heterogeneous body of research which did not
reliably answer the question of whether formative assessment affects
learning (Bennett, 2011; Black & Wiliam, 1998a; Kingston & Nash,
2011). According to critics, a more appropriate conclusion for Black
and Wiliam to have drawn would have been that more empirical re-
search in the area of formative assessment was needed (Dunn &
Mulvenon, 2009). More precisely, such research should (1) put greater
care into the evaluation of the sources of evidence and the attributions
made about them, and (2) develop a clearer definition of what is meant
by formative assessment (Bennett, 2011).

The first issue was addressed by Kingston and Nash (2011), who
conducted a meta-analysis with five strict criteria for the inclusion of
studies, which resulted in a study base of only 13 studies with 42 effect
sizes. They found a much smaller but still meaningful mean effect size
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of .20 for formative assessment. Although their meta-analysis helped
debunk the myth that formative assessment has an average effect size of
.4-.7, several authors challenge the accuracy of the new baseline of .20
for the average efficacy of formative assessment interventions (e.g.,
Briggs, Ruiz-Primo, Furtak, Shepard, & Yin, 2012; McMillan, Venable, &
Varier, 2013). They identified methodological problems that call the
accuracy of this estimate into question and mitigate their conclusions.
Briggs and colleagues focus on study retrieval, application of inclusion
criteria, computation of effect sizes, and choice of outcome measures as
potential methodological problems. McMillan and colleagues believed
the most significant shortcomings of Kingston and Nash's meta-analysis
were the lack of attention to the methodological quality of the studies
(i.e., unit of analysis, selection, and instrumentation) and the lack of
consideration of the specific nature of formative assessment under in-
vestigation in each study. The authors of both studies conclude that
higher quality studies are needed but admit that this is not an easy task
given the applied nature of the research.

The second issue involves specifying exactly what effective for-
mative assessment constitutes and how the reported gains in student
learning can be achieved (Wiliam & Thompson, 2008). To understand
better how learning gains can be achieved through formative assess-
ment, underlying mechanisms that are supposed to cause and explain
the intended effects on students' interest and achievement need to be
evaluated (Bennett, 2011).

In our study we addressed the second issue and contribute to a
deeper understanding of formative assessment and its impact on
learning gains by identifying central components of formative assess-
ment and analyzing underlying mechanisms of their impact. Hence, we
identified elicitation of diagnostic information and feedback as central
components of formative assessment (see section 2). Referring to cri-
teria to design effective elicitation and feedback (see section 3) we
developed a formative assessment intervention in which teachers im-
plemented both components in their instruction. We determined whe-
ther and how the formative assessment intervention affected students'
interest and achievement by investigating students' perception of its
usefulness and their self-efficacy as intervening variables (see section
4). We conducted the study in mathematics instruction because more
than 80% of class time in mathematics is spent working on tasks and
solving problems (Hiebert et al., 2003); therefore, feedback on perfor-
mance in this subject becomes particularly important for the students.

2. Elicitation of diagnostic information and feedback as central
components of formative assessment

According to Andrade (2010) formative assessment has the two
main purposes of “(1) providing information about students' learning to
teachers and administrators in order to guide them in designing in-
struction; and (2) providing feedback to students about their progress in
order to help them determine how to close any gaps between their
performance and the targeted learning goals” (p. 344f; a similar defi-
nition can be found in Stiggins, 2006). To make assumptions about how
teachers and students should respond to information they receive, a
theory of action would be helpful (Bennett, 2011). The framework of
Wiliam and Thompson (2008) can be seen as a rudimentary theory of
action for providing feedback (Bennett, 2011). It suggests that for-
mative assessment can be conceptualized as consisting of five key
strategies: 1. to clarify and share learning intentions and criteria for
success in order to determine the direction in which learners are
heading; 2. to elicit evidence of students' understanding (assessment) in
order to determine the areas in which they are reaching their learning
goals; 3. to provide feedback that pushes learners forward; 4. to en-
courage students to be instructional resources for one another; and 5. to
motivate students to take responsibility for their learning (Wiliam &
Thompson, 2008). The first three key strategies of formative assessment
basically reflect the feedback questions of Hattie and Timperley (2007):
“Where am I going?”, “How am I going?”, and “Where to next?”, asking
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for the learning goal, learning progress, and learning strategies. Key
strategies 4 and 5 illustrate that the questions of learning goal, learning
progress, and learning strategies can be addressed not only by teachers
but also by peers or the learners themselves (e.g., Clark, 2012; Nicol &
Macfarlane-Dick, 2006). Peer-assessment and self-assessment have been
found to have considerable positive effects on outcome variables (for
peer-assessment, see e.g., Van Zundert, Sluijsmans, & van Merriénboer
(2010); for self-assessment, see e.g., Panadero and Jonsson (2013),
Panadero, Jonsson, & Botella (2017)). In the present study, however,
we focus on teachers as actors to implement the first three formative
assessment strategies.

Coming back to the question of what formative assessment con-
stitutes, the particular importance of eliciting evidence and providing
feedback has been emphasized by many authors (e.g., Black & Wiliam,
1998a, 2009; Hattie, 2003; Kingston & Nash, 2011; Sadler, 1998;
Stiggins, 2006). According to McMillan et al. (2013) it is apparent that
in most studies in the field emphasis has been on gathering data and
providing feedback, and little emphasis has been on instructional cor-
rectives. Eliciting evidence and providing feedback are closely con-
nected and not clearly separable. Basically, educational assessment
involves not only creating opportunities to gather evidence, collecting
it, and interpreting it but also acting on interpretations, which may
include feedback (Bennett, 2011). However, feedback addressing the
three aforementioned feedback questions of Hattie and Timperley
(2007) should include diagnostic information on how the learner is
progressing.

3. Design of effective formative assessment

The relevance of feedback on elicited information within formative
assessment raises the questions as to how information should be elicited
and, particularly, how feedback should be delivered so as to support
student learning (Pellegrino, Chudowsky, & Glaser, 2001). In the fol-
lowing, we restrict our description to elicitation and feedback by the
teacher.

3.1. Eliciting evidence of student learning by the teacher

The following criteria are considered important to obtain reliable
and valid information on student learning: (a) Diagnostic instruments
should be aligned with the instruction (Wilson & Sloane, 2008) and
specific domain (Bennett, 2011) in which they are applied and with a
sound cognitive domain model (Pellegrino et al., 2001); (b) These in-
struments should be embedded in an ongoing, interconnected series of
assessments so that patterns in student learning can be identified
(Heritage, 2007; Stiggins, 2006); (c) The reasonably deep under-
standing of students' cognition needs to be combined with general
principles, strategies, and techniques to be able to deliver supportive
feedback (see section 3.2) and to be effective (Bennett, 2011); and (d)
teachers need help to implement formative assessment in their in-
structional practices (Bennett, 2011).

3.2. Teacher feedback on elicited information

Hattie and Timperley (2007) emphasize that the main purpose of
feedback is to highlight the discrepancy between current understanding
and performance on one hand and the learning goal on the other, and to
encourage and enable students to reduce the discrepancy. Similarly,
Shute (2008, p. 154) defines formative feedback as “information com-
municated to the learner that is intended to modify his or her thinking
or behavior for the purpose of improving learning.”

To enable students to reduce the discrepancy between the learning
goal and their current performance on a mathematics test they should
be informed about whether or not they applied the mathematical op-
erations needed to solve the tasks on the test (strengths and weak-
nesses), and they should be provided with information that may be
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useful for determining which strategies would be most appropriate for
solving the tasks (see Harks, Rakoczy, Hattie, Besser, & Klieme, 2014;
Rakoczy, Harks, Klieme, Blum, & Hochweber, 2013). By informing the
learner about his or her strengths, weaknesses, and strategies, such
feedback — referred to as process-oriented feedback in the following —
helps the learner answer the three feedback questions of Hattie and
Timperley (2007; Where am I going? How am I going? Where to next?;
see section 2).

Feedback can be provided at the task level (information on task
performance), process level (information on processes required to
master the task), self-regulatory level (information on the regulation of
action), and self level (information on the learner as a person, not re-
lated to task performance; Hattie & Timperley, 2007). While feedback
at the first three levels is associated with positive learning outcomes,
feedback at the self level usually contains too little task-related in-
formation to show positive effects on learning processes (Hattie &
Timperley, 2007). The design of process-oriented feedback draws on
Hattie and Timperley's (2007) ideas and tries to combine feedback at
the task level, process level, and self-regulatory level by referring to
specific tasks and by focusing on cognitive and self-regulatory processes
(Harks et al., 2014; Rakoczy et al., 2013).

Process-oriented feedback has been shown to support student
learning in mathematics better than social-comparative feedback in an
experimental setting (Harks et al., 2014; Rakoczy et al., 2013) and
realizes two of Narciss' (2008) elaborated feedback components:
‘knowledge about mistakes’ by informing about weaknesses and
‘knowledge about how to continue’ by giving strategies. Thereby, it
serves a corrective function according to Shute (2008). At the same
time it fulfills the following basic motivational functions listed by
Narciss (2008): provide an incentive (by rendering the result visible),
facilitate task completion (by offering suggestions to overcome diffi-
culties), enhance self-efficacy (by making it possible to master tasks),
and contribute to mastery experience that can be attributed to personal
causation. For a detailed description of the facets of process-oriented
feedback and their theoretical foundation, see Harks et al. (2014) or
Rakoczy et al. (2013).

4. How formative assessment influences student learning

According to Andrade (2010) the essence of formative assessment is
informed action. That is, teachers must know how to respond to the
information obtained through assessment and adjust their instruction
according to students' needs; students must be equipped with strategies
and have the motivation needed to improve their work and deepen
their understanding after receiving feedback. In other words, formative
assessment does not simply result in better learning, but rather,
drawing upon the theory of action, formative assessment is assumed to
initiate particular actions which, in turn, lead to better learning out-
comes (Bennett, 2011). Concerning informed action of students — the
focus of the present study — it cannot simply be assumed that students
who are provided with feedback within a formative assessment inter-
vention will know what to do with it or will automatically respond to it
as intended (Sadler, 1998). Rather, feedback has a certain functional
significance for the learner depending on his or her perception and
interpretation of it (Black & Wiliam, 2012; Brookhart, 1997). Therefore,
a theoretical model is needed of the mediations through which feedback
influences cognition in general and the learning process in particular
(Perrenoud, 1998; Rakoczy et al., 2013). According to Stiggins (2006),
a productive way to respond to formative assessment involves students
perceiving the feedback provided as useful (“I understand these results.
I know what to do next to learn more.”), and feeling a high level of self-
efficacy regarding the forthcoming task (“I can handle this. I choose to
keep trying.”). In the following sections we describe in more detail why
and how the perceived usefulness of feedback and students' self-efficacy
are assumed to explain effects of formative assessment interventions on
students' interest and achievement.
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4.1. Perceived usefulness

Feedback helps students identify the particular aspects of their work
that need attention (Sadler, 2011). It fulfills cognitive and motivational
functions (Narciss, 2008; see section 3.2) by initiating cognitive and
behavioral adaptive reactions for error correction, which are related to
interest as well as future achievement (Tulis, Steuer, & Dresel, 2016).
For this purpose, feedback needs to be accepted as useful for cognitive
and behavioral adaptive reactions (Mouratidis, Vansteenkiste, & Lens,
2010). Conveniently, Panadero and Jonsson (2013) included students'
reflection on the usefulness of feedback as a mediating factor in their
model for the effectiveness of using rubrics as a self-assessment in-
strument. Empirical evidence for the mediating role of perceived use-
fulness was provided by Harks et al. (2014) and Rakoczy et al. (2013).
Process-oriented feedback perceived as useful seemed to help students
understand their mistakes and identify strategies to proceed (Narciss,
2008; Shute, 2008). It is also connected with students' perceived com-
petence support (Rakoczy et al., 2013) and in the terminology of Carver
and Scheier (1998) it can be referred to as a discrepancy-reducing
feedback loop.

Facilitation of task completion by feedback perceived as useful is
believed to be connected with the self-efficacy enhancing function of
feedback (Narciss, 2008). In other words, the perceived usefulness of
feedback probably is not only an important step for its actual use in
error correction, but its anticipation should result in higher self-effi-
cacy. That is, students who perceive feedback as useful for error cor-
rection should report greater self-efficacy regarding a forthcoming task
or test because they see the possibility to improve after a mistake by
actively analyzing and correcting it.

4.2. Self-efficacy

Self-efficacy is one's goal-referenced, relatively context-specific, and
future-oriented beliefs about one's competence. These beliefs are mal-
leable due to their dependence on tasks (Schunk & Pajares, 2009). Self-
efficacy frequently has been shown to affect students' interest and
achievement (Jiang, Song, Lee, & Bong, 2014; Pajares, 1996; Schunk,
1995). It can enhance interest and academic achievement by influen-
cing students' effort, persistence, perseverance, and use of strategies
(Pajares, 1996).

Helping students develop self-efficacy for mastering mathematics is
one way teachers can enhance learning outcomes (Brookhart, 1997;
Wigfield, Eccles, & Rodriguez, 1998). Even though the most important
source of self-efficacy is one's prior performance (Bandura, 1997), so-
cial persuasion in the form of positive feedback also has an important
impact on self-efficacy (Schunk, 1995). That is, feedback - the core
component of formative assessment — has the potential to foster stu-
dents' self-efficacy. Feedback is interpreted by individuals, and these
interpretations provide the information upon which one judges one's
competence (Pajares, 1996). As interpretation of feedback should cul-
tivate people's beliefs in their capabilities and ensure that the envi-
sioned success is attainable (Schunk & Pajares, 2009), self-efficacy en-
hancing feedback should focus not only on the errors students make,
but also on their strengths and provide them with strategies to adapt
their previous approach to reduce the discrepancy between their
learning goal and their current performance (Hattie & Timperley, 2007;
Schunk & Swartz, 1993; Shute, 2008).

Yin et al. (2008) investigated the impact of formative assessment on
self-efficacy but could not find a positive effect. They explained the lack
of empirical evidence with poor implementation of formative assess-
ment (Furtak et al., 2008). Meta-analyses of the impact of self-assess-
ment, however, revealed an effect size of 0.73 for self-assessment in-
terventions on self-efficacy (Panadero et al., 2017). Concerning rubrics
as a self-assessment instrument, however, students need to be con-
fronted with teachers' feedback regarding their performance (Panadero
& Jonsson, 2013).
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Fig. 1. Overview of hypotheses.

5. Research questions and hypotheses

In the present study we investigated whether and how a formative
assessment intervention in mathematics classes affected students' in-
terest and achievement and compared results to those of a control
group in which no formative assessment practices were conducted.
Drawing on the theoretical insights and empirical evidence outlined in
the previous sections, this study was guided by the following research
questions and hypotheses (for an overview, see Fig. 1).

1. Does formative assessment have an impact on students' perception
of the usefulness of the feedback, their self-efficacy, interest, and
achievement?

Hypotheses. We expect formative assessment to have an effect on

students' perception of the usefulness of the feedback, their self-

efficacy, interest, and achievement (Hypotheses 1a-d).

2. Does formative assessment have an indirect impact on students' self-

efficacy via their perception of the usefulness of the feedback?
Hypothesis. We expect formative assessment to have an indirect effect
on students' self-efficacy via its perceived usefulness. That is, students
in the formative assessment condition should perceive their feedback as
more useful than students in the control condition, and as a result they
should become more confident with regard to their future achievement
in mathematics.

3. Does formative assessment have an impact on students' interest via
their perception of the usefulness of the feedback and their self-ef-
ficacy?

Hypotheses. We expect formative assessment to have an indirect effect
on students' interest via the students' perception of the usefulness of the
feedback and their self-efficacy. That is, in addition to the path
described in Hypothesis 2, a higher level of self-efficacy is assumed to
be related to growth in individual interest, leading to a positive indirect
effect on interest (3a). The impact of perceived usefulness of the
feedback on interest is explained not only by its self-efficacy
enhancing function but also by other motivational processes such as
supporting the need for competence. Therefore, we expect formative
assessment alone to have an additional indirect effect on interest via its
perceived usefulness (3b). Finally, we expect formative assessment to
have an indirect effect on interest via self-efficacy (and not via its
perceived usefulness) as the information provided in the feedback is
expected to influence students' beliefs about their competence, which
are connected to interest (3c).

4. Does formative assessment have an impact on students' achievement
via students' perception of the usefulness of the feedback and their
self-efficacy?

Hypotheses. We expect formative assessment to have an indirect effect

on students' achievement via their perception of the usefulness of the

feedback and their self-efficacy. That is, in addition to the path
described in Hypothesis 2, greater self-efficacy is assumed to be
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related to greater individual achievement, leading to a positive
indirect effect on achievement (4a). Analogously to Hypothesis 3b,
we expect an additional indirect effect only via students' perception of
the usefulness of the formative assessment (4b). Finally, analogously to
Hypothesis 4c we assume an additional indirect effect via self-efficacy
(and not via perceived usefulness of feedback) on achievement (4c).

6. Methods

This study is based on data from the project “Conditions and
Consequences of Classroom Assessment (Co>CA)” which was conducted
by the German Institute for International Educational Research, the
University of Kassel, and the Leuphana University of Liineburg." Our
study is part of a larger study in which the impact of formative as-
sessment on student learning is investigated. The design of the complete
project is reported in Rakoczy, Klieme, Lei3, and Blum (2017). The
methods described here are limited to the part of the design of the
complete study used in our analyses.

6.1. Participants

In the study, 26 teachers (69% female) from 18 middle track schools
(Realschulen) in Hesse, Germany took part with their 9th grade
mathematics classes.” We took into account that we cannot prevent
teachers from the same school from discussing their training; therefore,
we assigned classes from the same school to the same experimental
group so as to avoid diffusion within schools. Of the 620 students 45%
were female and the mean age at the beginning of the study was 15.1
years (SD = 7.46 months). Participation in the study was voluntary.

6.2. Design

We conducted a cluster randomized field trial with pretests and
posttests during the 2010/2011 school year. Classes were randomly
assigned to the intervention group (n = 11 classes, i.e. 259 students) or
the control group (n = 15 classes, i.e. 361 students). In the intervention
group, teachers administered a formative assessment intervention
based on written process-oriented feedback in mathematics; in the
control group, no specific performance assessment was conducted or
feedback given. In both groups the mathematical content and tasks the
students worked on were standardized. Conditions were realized by
teachers according to the training they received (the content of the
teacher training is described in section 6.4).

! The project was supported by grants from the German Research Foundation (DFG, KL
1057/10, BL 275/16 and LE2619/1).

2 The sample originally consisted of 29 teachers with their classes, but three classes had
to be excluded due to a lack of implementation veracity (see Pinger et al., 2016).
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[ 1G: Individual diagnosis & written feedback ]

[ 1G: Diagnosis of classes’ previous knowledge ]

Fig. 2. Procedure.

6.3. Procedure

The cluster randomized field trial covered the first 13 lessons of the
teaching unit “Theorem of Pythagoras”. The 13 lessons took place over
approximately three weeks and consisted of four phases (see Fig. 2). In
phase 1, teachers participated in the teacher training session of the
condition to which they were assigned (see section 6.4). In phase 2,
students were assessed in four steps in the lesson before the teaching
unit started: first, students were informed about the content of a
forthcoming mathematics test. Second, their self-efficacy regarding the
forthcoming test and their interest were assessed using a questionnaire.
Third, their achievement in mathematics was measured in a pretest.
Fourth, students' perception of the usefulness of their teacher's feedback
as usually given to their class was recorded on a questionnaire and
examined. In phase 3, the implementation phase, all the teachers ad-
ministered the mathematical tasks and problems they were given
during their training. The implementation phase was divided into four
segments representing learning progression according to the cognitive
domain model used (see section 6.4.1): a) introduction, proof, technical
tasks, b) dressed-up word problems, ¢) modeling problems, and d)
consolidation. In the intervention group, before starting the teaching
unit the teachers received an overview of their students' prior knowl-
edge of Pythagoras as assessed in the pretest. The teachers assessed
students' performance at the end of each phase at three predefined
points in time (in the 5th, 8th, and 11th lessons) and provided students
with written process-oriented feedback in the following lesson using the
diagnostic and feedback tool developed according to the design prin-
ciples described in section 3 (see section 6.4.2). In phase 4, students
were assessed again in four steps: first, they were given information on
the content of a forthcoming posttest. Second, their self-efficacy and
interest in the posttest were assessed using a questionnaire. Third, a
posttest measuring students' achievement in mathematics was ad-
ministered. Fourth, the students' perception of the usefulness of the
teacher's feedback was recorded on a questionnaire and examined.

6.4. Teacher training and experimental conditions

To ensure that the subject-specific content and mathematical tasks
and problems during the 13 lessons of the study were comparable
among participating classes, all the teachers took part in one half-day
training session on content and mathematical tasks and problems (see
section 6.4.1). Teachers of the intervention group participated in an-
other half-day teacher training session on formative assessment (see
section 6.4.2).

6.4.1. Teacher training on content and mathematical tasks and problems
All the teachers were introduced to the subject-specific content and
were provided with the mathematical tasks for the first 13 lessons of the
teaching unit on Pythagoras' theorem. Teachers also were trained to use
a didactic approach focusing on students' ability to apply mathematical
tools to real-world problems (“mathematical modeling”; see Blum &
Leiss, 2007; Leiss, Schukajlow, Blum, Messner, & Pekrun, 2010). Based

on this approach as a cognitive domain model and its description of
learning progression, the 13 lessons of the study were divided into four
phases (see 3a-3d in section 6.3). Tasks in the pretest and posttest as
well as on the diagnostic tool for the intervention groups were devel-
oped to assess students' achievement at the various stages of the
learning progression.

6.4.2. Teacher training on formative assessment

In the formative assessment condition, teachers received training on
the content of the intervention as well as on assessment of students'
performance at the end of phases (a), (b), and (c), and they were in-
structed to give written process-oriented feedback. To this end, teachers
were provided with a diagnostic and feedback tool which they were
instructed to employ according to a partly standardized procedure. The
application of the diagnostic and feedback tool at the end of each phase
provided teachers with information on their students' performance level
and students with individual profiles of strengths and weaknesses and
ways to improve their performance.

The diagnostic and feedback tool consisted of an assessment part on
the left and a feedback part on the right (see Fig. 3). The assessment
part contained one or two mathematical tasks assessing knowledge of
the content taught in the previous phase (two technical tasks at the end
of phase (a), one dressed up word problem at the end of phase (b), one
modeling problem at the end of phase (c)). At the end of the 5th, 8th,
and 11th lessons teachers asked the students to complete within 15 min
the tasks on the diagnostic and feedback tool. After the lessons the
teachers assessed students' solutions and wrote in the feedback part of
the tool individualized process-oriented feedback for students on their
strengths (“In the following area(s) you are doing well”), weaknesses
(“In the following area(s) you could improve”), and recommended
strategies to continue (“This is how you can improve”). To support
teachers and to ensure quality we partly standardized the procedure.
We developed a list of cognitive processes and operations based on
cognitive task analyses which were needed to solve the respective di-
agnostic task (e.g., identify catheti and hypotenuse in a right-angled
triangle). Each process and operation could be fed back as a strength or
weakness depending on whether or not the student had mastered it. For
each process and operation a strategy or hint as to how to continue was
provided if the respective process had not been mastered. To keep the
feedback concise and understandable teachers were asked to summarize
strengths across sub-competences and to choose the weaknesses they
believed to be most significant. At the end of the feedback part students
were asked to complete an additional similar task and apply the stra-
tegies provided in the feedback.

To summarize, our diagnostic and feedback instrument met the
requirements formulated in section 3.1. It contained diagnostic tasks
aligned with the modeling circle as a cognitive domain model in
mathematics instruction (a) and could be applied at multiple points in
time to describe learning progression (b). The design of the process-
oriented feedback was based on recommendations found in the litera-
ture on feedback (c), and the teachers were trained to implement the
diagnostic and feedback tool (d).
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Task 1

Volker has been given a kite. The kite has a length of 1 m
and a width of 50 cm. He flies the kite together with his friend
Susanne. Both are placed 80 m from one another. The rope

YOUR PERSONAL
FEEDBACK

of the kite has a length of 100 m. Susanne is placed directly
below the kite.

You are already quite good at dealing with the

following topics:

What's the height of the kite at this moment?

Skeldh

- you Qe Jble 1o tonsfer
g"l\/m oa wto g 3@
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Il Please start working on your exercise now !l

Fig. 3. Example of the diagnostic and feedback tool (used at the end of phase (b)).

6.5. Measures

6.5.1. Perceived usefulness

Students' perception of the usefulness of the formative assessment
was self-reported on a five-item scale adapted from Dresel and Ziegler
(2002). Students indicated on a four-point scale ranging from 0 (com-
pletely disagree) to 3 (completely agree) the extent to which feedback
in the classroom helped them learn where and how they could improve.
The key item was “The feedback helps me recognize where I can im-
prove” (for all items see Appendix A). Internal consistency of the scale
was Cronbach's a .86 in the pre-questionnaire and .85 in the post-
questionnaire.

6.5.2. Self-efficacy

Students' self-efficacy regarding the forthcoming test was self-re-
ported on a four-item scale ranging from O (completely disagree) to 3
(completely agree). Students indicated the extent to which they be-
lieved they would succeed on the forthcoming test. The key item was “I
believe that I will do well on this test” (for all items see Appendix A).
Internal consistency of the scale was Cronbach's a .84 in the pre-
questionnaire and .88 in the post-questionnaire.

6.5.3. Interest

To assess students' interest students rated on a four-point scale
ranging from O (completely disagree) to 3 (completely agree) on a pre-
intervention questionnaire and again on a post-intervention ques-
tionnaire how interesting they found the topic of the forthcoming test.
The key item was “I like the topic of the test” (for all items see Appendix

A). Internal consistency of the scale was Cronbach's a .83 in the pre-
intervention questionnaire and .89 in the post-intervention ques-
tionnaire.

6.5.4. Achievement

Achievement in mathematics was assessed with 19 pretest and 17
posttest items. Test items consisted of technical and modeling items on
the topic of Pythagoras' theorem (for examples, see Besser, Blum, &
Klimczak, 2012). Items had been analyzed previously on the basis of a
scaling sample (N = 1570) in the context of a preceding calibration
study. The aim of this study was to develop and calibrate the tasks
needed for our intervention study. The psychometric quality of the tasks
was supported by applying item response theory to the data and con-
tent-specific competence models were developed. The tasks used in the
intervention study were fixed on the competence dimension of the
scaling study (for further information on the scaling study, see e.g.,
Biirgermeister, Klieme, Rakoczy, Harks, & Blum, 2014; Harks, Klieme,
Hartig, & Leil3, 2014). A one-dimensional Rasch model was applied to
the experimental data and parameters (i.e., achievement scores) of
weighted likelihood estimators (WLE) were estimated. Analyses were
conducted in ConQuest (Wu, Adams, & Wilson, 1998). Estimated re-
liability (EAP/PV) was .66 for the pretest and .74 for the posttest.

6.6. Data analyses

We chose a half-longitudinal design for our study (Cole & Maxwell,
2003; Preacher, 2015) to determine whether the formative assessment
intervention influenced the change in students' self-efficacy via their
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Model 1:
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Fig. 4. Path models.
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* Dummy-coded (intervention group= 1, control group= 0).
*p<.05, two-tailed, ** p <.01, two-tailed.

tl = pre-questionnaire/test, t2 = post-questionnaire/test.

perception of the usefulness of the feedback and whether it influenced
students' interest and achievement via their perception of the usefulness
of the feedback and their self-efficacy. We computed direct, indirect,
and total effects at the student level. With a half-longitudinal design an
indirect effect can be estimated with data collected at two measurement
points only: the effect of X,_; on M, is multiplied by the effect of M ;_;
on Y, to yield the indirect effect (Preacher, 2015). All analyses were
conducted with MPlus 7.4 (Muthén & Muthén, 1998-2012).

To address our research questions we fitted two path models to the
data - one for achievement and one for interest as outcomes (see
Fig. 4).° In both models, the experimental group was entered as a
dummy-coded predictor variable (0 = control group, 1 = intervention
group). Perceived usefulness, self-efficacy, interest, and achievement at
both measurement points were z-standardized based on their individual
level mean and standard deviation in the pre-questionnaire/test. They
were entered as manifest intervening variables or criteria. We estimated
indirect effects according to the half-longitudinal design by multiplying

3 As the resulting path model would become rather complicated because of the large
number of variables, we estimated two separate models for interest and achievement as
outcome variables. However, a common model with both outcome variables confirmed
the results of the separate models depicted here. The correlation between interest and
achievement at t2 was significant but relatively weak (r = .133, SE = 0.061, p = .028).
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(a) the effect of formative assessment on the intervening variable 1 in
the post-questionnaire by (b) the effect of the intervening variable 1 in
the pre-questionnaire on the intervening variable 2/outcome variable
in the post-questionnaire/test, controlling for the intervening variable
2/outcome variable in the pre-questionnaire/test. For instance, the in-
direct effect of the formative assessment on self-efficacy at t2 was es-
timated by multiplying (a) the effect of formative assessment on per-
ceived usefulness in the post-questionnaire, controlling for perceived
usefulness of the feedback in the pre-questionnaire, by (b) the effect of
perceived usefulness of the feedback in the pre-questionnaire on self-
efficacy in the post-questionnaire, controlling for self-efficacy in the
pre-questionnaire.” In the results section we describe which paths were
multiplied to estimate each indirect effect.

As the variables under investigation had missing data in

4 Unlike in the generic models discussed by Cole and Maxwell (2003) and Preacher
(2015), we additionally controlled for the effects of formative assessment and any pre-
vious measurements of intervening variables up to the intervening variable/outcome of
interest. For example, when estimating the indirect effect of formative assessment on
interest at t2, we additionally controlled for (a) formative assessment when estimating the
effect of its perceived usefulness at t1 on self-efficacy at t2 and (b) formative assessment
as well as its perceived usefulness at t1 when estimating the effect of self-efficacy at t1 on
interest at t2 (cf. Fig. 4).
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9.8%-11.8% of the cases, we applied multiple imputation (MI) to re-
place each missing value with a set of predicted values (Schafer &
Graham, 2002). We used the MI facility in Mplus, applying the standard
unrestricted (H1) model of the relationships among all the variables
(Asparouhov & Muthén, 2010). In addition to the variables under in-
vestigation, we included six individual-related background variables
(e.g., gender) as auxiliary variables to obtain more precise estimates of
the imputed variables and increase power (Collins, Schafer, & Kam,
2001). Because recent research has shown that relatively few imputa-
tions (e.g., five) may lead to serious power falloff (Graham, Olchowski,
& Gilreath, 2007), we generated and analyzed 100 imputations for each
variable.

Although teacher training on the provision of feedback was con-
ducted at the teacher level, written feedback was given to students
individually. Additionally, the intraclass correlations (ICCs) of both
intervening and outcome variables indicated that the large majority of
variation in the outcome variables occurred at the individual level
(interest t2: ICC = .047; achievement t2: ICC =.117). Thus, we
decided to focus on the theoretically well founded indirect effects at the
individual level and not to analyze relationships separately at the tea-
cher level (i.e., to conduct multilevel analyses). However, the clustering
of the data was taken into account when computing standard errors and
tests of model fit (by using the “type is complex” option in MPlus).”

7. Results

Before reporting on results of the path models to answer our re-
search questions, we provide an overview in Table 1 of correlations,
means, and standard deviations of the scales of the study.

The two path models used to address our four research questions
(see Fig. 4) each show a satisfying fit to the data (Model 1: x2/
df = 1.546 (4.638/3); CFI = .996; RMSEA = 0.026; SRMR = 0.019;
Model 2: y2/df = 1.215 (2.429/2); CFI = .998; RMSEA = 0.017;
SRMR = 0.008).

Concerning our first research question, the direct effects presented
in Fig. 4 indicate that students indeed perceived feedback in the for-
mative assessment condition as more useful, (f = 0.348, SE = 0.120,
p =.004, Model 1, B =0.335, SE =0.083, p < .001, Model 2,
Hypothesis 1a), ® reported greater self-efficacy (p = 0.261, SE = 0.109,
p =.016, Model 1, = .254, SE =0.116, p =.029, Model 2,
Hypothesis 1b), and showed a marginally larger change in interest
(B = 0.193, SE = 0.103, p = .062, Model 1, Hypothesis 1c). However,
students did not differ with regard to their learning progress between
both conditions (B = —0.046, SE =0.170, p =.788, Model 2,
Hypothesis 1d).”

Concerning our second research question, results presented in Fig. 4
indicate that students perceived feedback in the formative assessment
condition as more useful (see Hypothesis 1a); however, unexpectedly,
experiencing usefulness was not associated with greater self-efficacy
(B = 0.035, SE 0.042, p = .405, path b in Model 1, f = .042,
SE = 041, p = .306, path b in Model 2). So, self-efficacy was not
significantly indirectly fostered through formative assessment via its
perceived usefulness (p = .012, SE = 0.014, p = .407, path a * path b

S When analyzing indirect effects, it would seem preferable to base the significance
tests on a bootstrapping procedure rather than to rely on distributional assumptions that
might be met only in large samples (e.g., MacKinnon, Lockwood, & Williams, 2004).
Unfortunately, MPlus currently does not provide bootstrapping for hierarchical datasets
(e.g., type = complex), and thus, we resort to standard errors and significance tests for
the indirect effects based on the multivariate Delta method (e.g., Olkin & Finn, 1995).

© As prior achievement is the main source for the development of self-efficacy, in model
2 we included a path of achievement before the intervention on self-efficacy after the
intervention. Therefore, the coefficients for the same paths differ slightly between the two
models.

7 We also tested the direct effects in separate regression models for each variable
(controlling for previous measurements in correspondence with Fig. 4), and received
almost exactly the same coefficients and standard errors.
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in Model 1, B = .014, SE = .014, p = .311, path a * path b in Model 2,
Hypothesis 2).

Concerning our third research question, the results of Model 1
(shown in Fig. 4) indicate that students' self-efficacy unexpectedly was
not related to the change in their interest (3 = 0.007, SE = 0.042,
p = .862, path d). Accordingly, formative assessment had no indirect
effect on students' interest via their perception of the usefulness of the
feedback and self-efficacy (3 < 0.001, SE = 0.001, p = .829, path a *
path b * path d, Hypothesis 3a). Perceived usefulness of the feedback,
however, was related to the change in students' interest as expected
(B = 0.146, SE = 0.036, p < .001, path c). Hence, the path of for-
mative assessment for interest change via its perceived usefulness (and
not via self-efficacy) was statistically significant (3 0.051,
SE = 0.021, p = .017, path a * path ¢, Hypothesis 3b). As self-efficacy
was not related to change in interest, the indirect effect of formative
assessment via self-efficacy (and not via perceived usefulness of the
feedback) was not statistically significant ( = 0.002, SE = 0.011,
p = .868, path e * path d, Hypothesis 3c). Finally, the results of Model 1
indicate that the formative assessment intervention had a statistically
significant total effect on change in interest (f = 0.517, SE = 0.203,
p =.011).

Regarding the fourth research question, the results of Model 2
(shown in Fig. 4) indicate that, as expected, self-efficacy was related to
students' achievement (f = 0.280, SE = 0.055, p < .001, path d).
However, no indirect effect on students' achievement via their percep-
tion of the usefulness of the feedback and self-efficacy was found
(B = 0.004, SE = 0.004, p = .325, path a * path b * path d, Hypothesis
4a). Perceived usefulness of the feedback was unexpectedly not related
to students' achievement (f = —0.042, SE = 0.044, p = .349, path ¢).
Therefore, the path of formative assessment on achievement via in-
dividuals' perception of the usefulness of the feedback (and not via their
self-efficacy) also was not statistically significant (} = -—0.014,
SE = 0.016, p = .370, path a * path ¢, Hypothesis 4b). The indirect
effect of formative assessment via self-efficacy (and not via perceived
usefulness), however, almost reached statistical significance
(B = 0.071, SE = 0.038, p = .063, path e * path d, Hypothesis 4c).
Finally, the results of Model 2 indicate that formative assessment had
no statistically significant total effect on achievement (B = 0.212,
SE = 0.252, p = .401).

8. Discussion

We investigated the impact of a formative assessment intervention
on interest and achievement directly as well as via students' perception
of the usefulness of the feedback and their self-efficacy in half-long-
itudinal path analyses. We examined common and separate indirect
effects via both intervening variables to determine which individual
processes were activated by the formative assessment and to explain its
impact on the outcome variables. Concerning direct effects our results
indicate that students perceived teachers' feedback as more useful when
teachers had employed the diagnostic and feedback tool according to
how they had been instructed to use it during our teacher training in the
formative assessment condition. Moreover, students reported being
more confident regarding their achievement on a forthcoming test and
tended to show greater interest in the topic of the test. Achievement,
however, did not differ between the two conditions (Hypotheses 1a-d).

Students' perceptions of the usefulness of their teachers' feedback,
unexpectedly, were not related to their self-efficacy, when the initial
level of self-efficacy was controlled for. That is, the feedback provided
was considered valuable and led to students' greater confidence in their
performance on upcoming tasks; however, students' perception of the
usefulness of the feedback and how they judged their competence were
not connected. Consequently, no indirect impact on self-efficacy could
be found (Hypothesis 2).

Contrary to Hypothesis 3a, no indirect effect via students' percep-
tion of the usefulness of the feedback and their self-efficacy was found
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Table 1
Correlations, means, and standard deviations of all variables in the study.
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Variable total sample intervention group control group
2 3 4 5 6 7 8 9 M SD M SD M SD
1. Intervention group -.00 -.01 .00 .01 .05%* .03* .03* -.01 - - - - - -
2. Usefulness (pre) .02 .06** -.01 J12%* .02 .08** -.02 3.09 .59 3.09 .57 3.09 .61
3. Self-efficacy (pre) o 167 .01 .20%* .05* 227 2.36 .57 2.35 .60 2.37 .55
4. Interest (pre) .07* .05% .07%* .02%* 1% 2.37 .63 2.37 .65 2.37 .62
5. Achievement (pre) -.02 18%* .04 43%* —-1.04 .92 —1.02 .84 —1.05 .96
6. Usefulness (post) L07%% 14%% .02 2.86 .66 2.98 .63 2.77 .67
7. Self-efficacy (post) .19%* .31%* 2.74 .64 2.82 .66 2.68 .62
8. Interest (post) 13%* 2.63 .72 2.70 74 2.58 .70
9. Achievement (post) -11 1.16 —-0.13 1.17 —-0.10 1.14

Note. Means and standard deviations are given for the total sample and separately for both experimental groups.

*p < .05, two-tailed, **p < .01, two-tailed.

on students' change in interest as self-efficacy in the pre-questionnaire
was unexpectedly not related to interest. For the same reason, an in-
direct effect via self-efficacy alone is not statistically significant
(Hypothesis 3c). Formative assessment impacted interest solely via its
perceived usefulness (Hypothesis 3b) and the direct and indirect effects
together resulted in a statistically significant total effect of formative
assessment on interest.

We did not find an indirect effect of formative assessment on
achievement via the two intervening variables (Hypothesis 4a), or via
its perceived usefulness alone (Hypothesis 4b), as perceived usefulness
of feedback unexpectedly was not related to achievement. Also, the
indirect effect via self-efficacy barely failed significance (Hypothesis
4c). Here, the direct and indirect effects together did not result in a
statistically significant total effect of formative assessment on
achievement.

Interestingly, students' perception of the usefulness of the feedback
was not related to their self-efficacy or achievement in the present study
although the relationship between perceived usefulness of feedback and
achievement had been found previously in an experimental setting
(Rakoczy et al., 2013). It could be that the students found the strategies
provided in the feedback to be useful but did not apply them. Perhaps
they knew they would not improve in time for the forthcoming test and,
therefore, their reported self-efficacy and achievement did not change.
However, students who found the feedback helpful became more in-
terested in the topic of the test. The feedback might have helped them
appreciate new aspects of the topic and understand that their compe-
tence was malleable and thereby lead to greater interest.

In summary, our results indicate that the formative assessment in-
tervention has the potential to change students' individual processes
surrounding their perception of the usefulness of the assessment by
eliciting diagnostic information and providing process-oriented feed-
back at several points in time during the teaching unit. This finding is in
line with experience with process-oriented feedback in a laboratory
setting (Harks et al., 2014; Rakoczy et al., 2013). Moreover, the for-
mative assessment intervention helped students evaluate their own
competence more positively. Therefore, process-oriented feedback as
realized in the present study can be interpreted as a kind of social
persuasion that fosters self-efficacy according to Schunk (1995).

The direct effects on interest and particularly on achievement were
weaker and teachers need to consider the mediating effects of students'
perceptions of the usefulness of their feedback and students' self-effi-
cacy. They should create a climate of usability by emphasizing the
importance of the feedback in general, contributing to an under-
standing of mistakes as opportunities to learn (Tulis, 2013), and helping
students recognize the opportunities feedback bears for them to im-
prove. Self-efficacy is known to be an important link between the
learning context and learning outcome variables (Jiang et al., 2014)
and the relationship frequently is explained by increased effort, per-
sistence, and use of strategies. For educational practice it is important
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that teachers provide students with the opportunity to transform their
individual self-efficacy into increased effort in the form of additional
learning time or use of strategies. Taking the reported indirect effects
together it becomes obvious that both outcome variables (interest and
achievement) are fostered by different indirect paths: while for change
in interest it seems particularly important to emphasize the use of
strategies provided, for learning progress, it is particularly important to
strengthen students' feeling of being competent and to provide them
with additional learning opportunities or strategies in order for them to
transform self-efficacy into increased effort.

Facing the range of effect sizes of formative assessment on learning
reported in the introduction section the lack of a significant total effect
on achievement in our study has to be considered further. Two points
must be reflected: First, we compared the effects of process-oriented
feedback given to students in an ecologically valid setting within the
formative assessment intervention to the effects of feedback given
naturally during instruction whereas in many previous studies (e.g.,
Gielen, Peeters, Dochy, Onghena, & Struyven, 2010; Strijbos, Narciss, &
Diinnebier, 2010), the effects of feedback given to an experimental
group was compared to the effects of not receiving any feedback at all.
Second, methodology-wise, the absence of a total effect might emerge
when two intervening variables show indirect effects that cancel each
other out (Preacher & Hayes, 2008). This might be true for other in-
tervening variables which were not observed in our study. Referring to
the framework provided by Baron and Kenny (1986) and recent pub-
lications that have expanded on it, Fast et al. (2010) also reported in-
direct effects of a caring climate during instruction on performance in
mathematics although they did not observe a total effect of caring on
performance.

Concerning the interpretation of our results it is important to keep
in mind that it was not possible in the present analyses to differentiate
how teachers implemented the formative assessment intervention and
how the quality of their implementation impacted students' achieve-
ment and interest in mathematics. In another publication on the same
intervention study (Pinger, Rakoczy, Besser, & Klieme, 2016) we ad-
dressed this research question and found that students reached a higher
level of achievement in mathematics and showed more interest when
feedback was embedded in instruction and teachers encouraged stu-
dents to use feedback.

8.1. Methodological limitations

When interpreting the results, some methodological limitations of
the study need to be considered. First and most important, the sample
size of 26 classes is rather small. Due to the small sample size, it would
not have been possible to realize the half-longitudinal analyses in a
multilevel path model (in addition to considerations described in sec-
tion 6.6), let alone to apply doubly latent multilevel models (e.g.,
Morin, Marsh, Nagengast, & Scalas, 2014) to control for sampling and
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measurement errors (see also Televantou et al., 2015). Instead, we fo-
cused on the individual level and took the nested data structure into
account by correcting standard errors and tests of model fit. Certainly,
however, the limited number of teachers involved in the study may
have restricted the statistical power available. Calculations made in the
CRTSize R package (Rotondi, 2015) indicated that the sample size was
sufficient to obtain a power of 0.8 and to detect a moderate direct ef-
fect® of a binary predictor on an outcome in a cluster-randomized trial
(given a group size of 20 and ICC = 0.10). Of course, calculating power
accurately for indirect effects in such a setting would be much more
complex.

Concerning the procedure, one limitation is that the teacher training
was rather short. It would be interesting to investigate whether the
intervention would have greater impact on student learning if teachers
had more extensive training in assessing performance by administering
diagnostic tasks and giving process-oriented feedback (a respective
study was conducted by Besser & Leiss, 2014). In future research it
would be desirable to include a greater number of classes with their
teachers being provided with more extensive training.

A third limitation is that the measures we took could be improved.
The intervening variables were identified in students' responses on a
questionnaire before and after implementation of the teaching unit.
Change was modeled by introducing the variables assessed before im-
plementation as covariates. For future research it would be desirable for
the variables of the mediational chain to be assessed not only in
chronological order but with some period of time between assessments.
Alternatively, future studies should examine students' underlying pro-
cesses more thoroughly by assessing their needs, perceptions, and
learning processes during the teaching-learning process. Experience
sampling methods might be appropriate (see e.g., Goetz, Frenzel,

Appendix A. Scales
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Stoeger, & Hall, 2010). Finally, cluster-randomized field trials do not
allow treatment of direct or indirect effects as causal. For experimental
studies to produce accurate estimates of indirect effects it is important
that the intervention affect only the mediator(s) in question and that
different subgroups of the experimental conditions be analyzed
(Bullock, Green, & Ha, 2015). Therefore, it would seem advisable to
think about experimentally manipulating mediator variables and ana-
lyzing differential effects of an intervention depending on several the-
oretically derived student characteristics (e.g., for learning goal or-
ientation, see Rakoczy et al., 2013). Therefore, further research in this
area should place greater emphasis on the investigation of cognitive
and motivational processes explaining how formative assessment im-
pacts learning. It should ensure the theoretical and methodological
preconditions for interpreting mediating effects as causal and identify
characteristics that help students detect usefulness in their teachers'
feedback (moderating effects).

8.2. Final remark

At the beginning of this paper we emphasized the need to specify
exactly what effective formative assessment constitutes and to in-
vestigate empirically underlying mechanisms explaining its impact on
learning. We focused in our study on elicitation and feedback of diag-
nostic information by teachers in mathematics instruction. Accordingly,
we explored students' perception of the usefulness of teachers' feedback
and their self-efficacy as intervening variables for the impact of a for-
mative assessment intervention on interest and achievement. We were
able to show that both intervening variables played an important role in
how formative assessment by teachers affected learning even though
our results only partly met our expectations.

Self-efficacy
Item Coefficient
What do you think about the forthcoming test? M(SD) M(SD) 1j; time 1/
time 1 time 1 r;; time 2
I will probably score well on the test. 2.21 (0.61) 2.61 (0.75) .69/.75
I believe that I can meet the requirements of this test. 2.61 (0.72) 2.96 (.70) .69/.74
I believe that I will do well on this test. 2.36 (0.69) 2.74 (\74) .74/.81
This test is really no problem for me. 2.32 (0.76) 2.68 (.82) .59/.64
Interest
Item Coefficient
What do you think about the forthcoming test? M(SD) M(SD) rj; time 1/
time 1 time 1 1j; time 2
The topic of the test is exciting to me. 2.31 (0.81) 2.54 (.82) .62/.75
I like the topic of the test. 2.20 (0.78) 2.70 (.89) .63/.75
I feel like dealing with the topic of the test. 2.44 (0.80) 2.54 (0.82) .65/.70
The topic of the test is interesting to me. 2.32 (0.78) 2.61 (0.81) .72/.81

8 The effect was defined in terms of Tymms' delta measure (Tymms, 2004; Tymms, Merrell, & Henderson, 1997), which can be interpreted in line with Cohen's d, a delta of 0.5

representing a moderate effect.
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Perceived usefulness
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Item Coefficient

M(SD) M(SD) 1j time 1/

time 1 time 2 T;; time 2
After receiving the feedback I make more effort. 3.09 (0.81) 2.84 (0.87) .61/.56
The feedback helps me reach my learning goal. 2.93 (.67) 2.78 (0.85) .67/.67
The feedback helps me recognize where I can improve. 3.14 (0.73) 2.88 (0.84) .74/.73
The feedback lets me know which types of task I should practice. 3.12 (0.76) 2.89 (0.88) .69/.68
The feedback lets me know whether I should/have to prepare myself better. 3.16 (0.78) 2.88 (0.87) .66/.66
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