BEYOND IMMEDIATE ERROR REPAIR: HOW TO SUPPORT
TEACHERS’ DECISION MAKING FOR ENHANCING
UNDERSTANDING: AN EXPERIMENTAL STUDY

Sebastian Gross and Susanne Prediger

IPN Leibniz-Institute for Science and Mathematics Education, Berlin, Germany

How can diagnostic reports from formative assessment tools support teachers to derive
decisions for enhancing students’ understanding? In an experiment with 178 teachers,
we compared two support conditions: The Error-Analysis report analyses student er-
rors in detail, the Next-Goal report additionally explicates the next learning goal for
this student. A quantitative analysis of teachers’ task selections revealed that teachers
using Next-Goal reports tended to select tasks focusing on more foundational learning
goals than teachers using Error-Analysis reports and that they justified their selections
significantly more often by referring to the essential learning goals. We conclude that
Next-Goal reports can indeed better support teachers’ targeted decision making.

INTRODUCTION: SUPPORT FOR DECISIONS AFTER ASSESSMENTS

After noticing (identifying and interpreting) student errors, many mathematics teachers
need support for their decision making, i.e. to decide how to engage with these errors
in ways that really can enhance students’ understanding (Brodie, 2014). Formative as-
sessment tools have the potential to support teachers in noticing their students’ under-
standing and to derive adaptive and targeted decisions about enhancing it (Black &
Wiliam, 2009), in particular when curriculum materials for enhancing understanding
are provided that follow thoroughly designed learning trajectories (Siemon, 2019). But
while different feedback modes for students in formative assessments have extensively
been studied, little is known about how to best support teachers in their decision mak-
ing based on formative assessments through diagnostic reports (Olsher et al., 2023).
As diagnostic reports for teachers can have different designs, we ask:

To what extent does the design of diagnostic reports in formative assessments
have an impact on teachers’ decision making for enhancing students’ understanding?

This research question was pursued in an experimental study with 178 practicing teach-
ers for one selected concept in Grade 5: understanding of multiplication. We selected
this basic concept, which students should have learned in Grade 2, because many stu-
dents even in Grade 5 still hold only shallow knowledge of its meaning. Many German
Grade 5-10 mathematics teachers, however, have not been sufficiently prepared for
deepening this shallow knowledge (Prediger & Wischgoll, 2023), so that formative
assessment bears some promise to support more targeted decisions.
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THEORETICAL BACKGROUND
Learning trajectory for multiplication

The long-term learning trajectory for multiplicative thinking spans several years (Sie-
mon, 2019), in which one critical step is the learning goal of understanding multipli-
cation by the underlying unit structures (Clarke & Kamii, 1996). This learning goal is
focused on in the Mastering Math formative assessment and enhancement materials
(Prediger, 2022). It is unpacked into three sub-learning goals and sequenced as follows:
(1) counting in units (e.g., in pre-structured graphical representations of dice pictures
as in the example Task 1 in Figure 1), (2) translating counting in units to symbolic
multiplication, and (3) imposing unit structures onto the unstructured situations (start-
ing with dot arrays), then connecting them to multiplication. This local learning trajec-
tory for one or two sessions starts with eliciting students’ experiences with prestruc-
tured figures like the dice, where talking about units (“five threes™) is familiar to stu-
dents (Task 1), who then only need to connect this to the symbolic multiplication.
Based on this experience, teachers can focus mainly on imposing the unit structure in
unstructured figures as in Task 5. This is needed in Task 7 to overcome a typical mis-
conception for counting only edges in the “L-figure.”

Teachers’ noticing and decision making for multiplication

Teachers’ noticing and decision making often focuses on procedural skills or superfi-
cial aspect, less on understanding (Prediger & Wischgoll, 2023; Siemon, 2019). As a
background, studies have identified many teachers’ short-term practices striving for
immediate error repair instead of longer-term plans for enhancing the underlying un-
derstanding (Brodie, 2014; Prediger, 2022). For planning longer-term enhancement
practices, expert teachers were found to unpack conceptual learning goals into finer-
grained subgoals to sequence the subgoals into local learning trajectories and use them
as diagnostic categories for noticing and decision making to successively enhance stu-
dents’ understanding along the learning trajectory (Gross et al., submitted).
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Figure 1: Local learning trajectory: Unpacking the learning goal for understanding
multiplication into three subgoals with successive tasks for enhancing understanding
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Diagnostic reports in formative assessment: Back to immediate error repair?

Formative assessment tools have been advertised for their potential to support teachers
in noticing and adaptive decision making (Siemon, 2019; Black & Wiliam, 2009). So
far, however, available diagnostic reports have tended to only include students’ errors
and their diagnoses (Olsher et al., 2023), here called “Error-Analysis reports.” Since
teachers were often reported to struggle with deriving appropriate goals for their stu-
dents after error analysis (Brodie, 2014), we hypothesized that it might be more sup-
portive for teachers when diagnostic reports contain the backgrounds of errors and also
point to subsequent learning goals. In this paper, we test this hypothesis.

METHODS
Methods of data gathering for the quantitative support experiment

Dependent and independent variable. As the dependent variable of our support ex-
periment, we assessed teachers’ decision making for selecting enhancement tasks (Item
la in Figure 2) and for justifying these selections (Item 1b). As the independent varia-
ble, two different support conditions were compared: Error-analysis reports analyze a
student error in detail, and Next-Goal reports add an explicit articulation of the next
learning goal for the student in view (diagnostic reports in Figure 2). As a control var-
iable, we assessed how teachers analyzed a student error and reacted to it without di-
agnostic reports (Item 0, Prediger & Wischgoll, 2023). Items 0 and 1 treated the same
error for two students (superficially translating a multiplication to a figure focusing
only on edges standing for factors, without representing the unit structure). Teachers
received support only in Item 1 by means of a detailed Error-Analysis report (and with
a Next-Goal report, the additional information that unitizing was the next important
learning goal for Lisa, who was not yet acquainted with multiplicative structures).

Control variable: (Y111
Analyze and react Item 0 Torben has drawn this figure for explaining the meaning of 3 x 5. [ ]
to student error How would you talk with him about his figure? L ]
Indepent variable: Two kinds of diagnostic reports
Two support Lisa chose the following pictures to match the task 3 x 4 = 12:
conditions: oe
e X E, X Xgee
oe o0 (L XX ] L ]
L) [
Error-Analysis report | Correct response: Correct response: Correct response: Incorrect Response: Superficial
& Next-Goal report | additive picture Student sees 3 x 4 dot array translation of representations,
doesn’t match 3 groups of 4 matches the task focusing only on dots on the edges,
but not multiplicative structures
Additionally only in Next Goal: Student should draw
Next-Goal report: units in dot arrays and connect the

counting in units with multiplication

Dependent variables:

Select task (with ltem1a  Look at the diagnostic report for the student Lisa and at the three enhancement

diagnostic report) tasks [...as printed in Figure 1, without learning trajectory, named goals, numbers)]
Which tasks do you select for enhancing Lisa’s understanding?

Justify selection Item 1b Why have you selected these tasks?

Figure 2: Research design: Variables and items in the support experiment
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In Item 1a, teachers were asked to select one or more from 3 (unnumbered) tasks for
enhancing Lisa’s understanding (shortened in Figure 1). Teachers who favorize im-
mediate error repair were expected to choose Task 7, whereas teachers searching for a
safe foundation building on students’ assets might use the dice in Task 1 (counting first
in pre-structured units) before actively unitizing, i.e., imposing unit structures onto dot
arrays for translating them into multiplications in Task 5 (in which dots first have to be
gathered in groups before counting the new units). In Item 1b, we expect a justification
of the selected tasks by referring to these learning goals involving unit structures.

Data gathering procedures. The diagnostic reports and items were integrated as a
professional development (PD) activity starting with the third session of a synchronous
online PD program on enhancing student understanding for basic arithmetic concepts.
The first two Zoom PD sessions had treated general approaches for enhancing under-
standing and substantiated them for the place value system, but not yet for multiplica-
tion. Items 0-1 (from Figure 2) were administered in a Moodle course as the Think
phase of a Think-Pair-Share routine.

Sample and cluster-randomized assignment. In total, 214 practicing teachers (of
Grades 4-6 mathematics classes) participated in the PD session. Teachers from the
same school were treated as clusters (of 1-4 teachers each), which were randomly as-
signed to the support conditions of Error-Analysis or Next-Goal reports. Our study
sample consisted of 178 teachers who completed the activity and gave informed con-
sent to use their Moodle data for research purposes. Their teaching experience ranged
from 0-43 years, with median 9 years. Teachers in both conditions did not differ sig-
nificantly in both teaching experience and the control variable: For the codes on Item
0, the #-test revealed #(176) = 0.82 and p = .2066. This means without the support of
diagnostic reports, teachers in both conditions reacted similarly to student errors.

Methods of data analysis

Coding. In Step 1, teachers’ task selections were coded (as they mostly chose either
only 7, 5-7, 1-7, or 1/ 7, we coded the first selected task).

Code for addressed learning goal Anchoring example

No conceptual learning goal “Lisa gets dot arrays and can search
addressed for the task.”

Other conceptual learning goals “Lisa can see that in the dot array,
addressed (not listed in Figure 1) the factors can be switched.”

Unit structures addressed “The task addresses the principle

as general learning goal of unit structure.”

Unit structures addressed and unpacked “She has to understand that each group
into at least one learning subgoal must have the same amount of dots.”

Table 1: Anchoring examples for coding teachers’ justification
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In Step 2, teachers’ written decisions (reactions to student error in Item 0 and justifica-
tions for task selection in Item 1b) were deductively coded, based upon the coding
scheme adapted from Prediger and Wischgoll (2023; see Table 1).

Statistical analysis. In Step 3, we tested our hypotheses (explicitly articulated below)
by means of y>-tests and #-tests on significance levels of 5%.

RESULTS
Support potential for selecting tasks for enhancing understanding
With respect to teachers’ decisions on selecting appropriate tasks, we hypothesized that

HI. Teachers supported by the Next-Goal report will select more targeted tasks than
those with only the Error-Analysis report.

The upper part of Figure 3 shows which tasks the teachers selected in Item la for en-
hancing the understanding of the fictitious student Lisa. Under both conditions, 11% /
12%, resp., of the teachers went immediately to Task 7, which targets Lisa’s misun-
derstanding directly (matching representations). These teachers strove for immediate
error repair without realizing the better learning opportunities in Tasks 1 and 5 for the
unit structures needed to represent the multiplication in the dot array and understand
why the L-shaped figure does not match. Under both support conditions, the majority
chose Task 5, focusing on the next learning goal (55 vs. 50 teachers, i.e., 56% vs. 62%),
and 33% of those with Next-Goal reports (referred to as “NGR-supported”) and 26%
with Error-Analysis reports ( “EAR-supported”) selected Task 1, which targets the
foundations of the unit structures by explicitly relating them to a student’s asset. The
overall numbers showed that both reports seemed to have supported the teacher in
striving less for immediate error repairs than in other studies, but the difference be-
tween both groups was not significant in the y>-test (p = .61). So, H1 cannot be con-
firmed at all for the immediate error repair. For starting with foundations, we see a
small but non-significant tendency.

Item 1a: Selecting tasks for enhancing understanding

Error-Analysis report | NEREEEN 55 ek |
Difference not sigificant: p = .61 in x>-test.~"
Next-Goal report | I NEEEN 50 o S R
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Task 7 (Immediate error repair) Task 5 (Target goal of unit structures) M Task 1 (Start by foundations of learning goal)

Item 1b: Justifying task selection

Error-Analysis report 22 \ 41 / 2 11
Difference significant: p =.0271 in y2-test *
Next-Goal report 24 \ 39 7% 16 7

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

[ Missing E No conceptual learning goal # Other conceptual learning goals ™ Unit structures adressed as general goal B Unit structures adressed in unpacked subgoals

Figure 3: Differences in support conditions (Next-Goal and Error-Analysis reports)
for selecting tasks and justifying task selections
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Support potential for justifying task selections

With respect to teachers’ goal-setting decisions expressed in their justifications of the
task selections, we hypothesized that

H?2. Teachers supported by a Next-Goal report will explicitly address the learning goal
of multiplicative unit structures more often than those with an Error-Analysis report.

The lower part of Figure 3 reveals that none of the reports automatically led to address-
ing conceptual learning goals: 25 % / 27% did not write any justification (missing),
and 44-46% justified their task selection without any conceptual learning goal. But
large differences occurred among the other 30%: Whereas only 3 NGR-supported
teachers referred to other conceptual learning goals that were not directly relevant for
Lisa’s learning progression (e.g., commutativity), 13 EAR-supported teachers did (3%
vs. 15%). In contrast, 16 NGR-supported teachers addressed unit structures as a general
goal that had not yet been unpacked into subgoals while only 2 EAR-supported teach-
ers (18% vs. 2%) did. Interestingly, only 7 NGR-supported teachers unpacked the goal
into at least one of the subgoals, but 11 in the less supported condition (8% vs. 12%)
did. The y>-test for both codes addressing unit structures against the rest (striped in
Figure 3) was significant (p =.0271).

We conclude that we have to refine the H2: While teachers supported by a Next-Goal
report referred to the next learning goal in their justification significantly more often
(unpacked or not unpacked), they less often adopted the unpacked subgoals offered in
the report. Teachers with the Error-Analysis report, in turn, addressed the learning goal
less often. Those few who did, however, more often unpacked it into refined subgoals.
We assume this group comprised mainly those teachers not in need of support.

This finding led us to an analysis combining Items la and b: In the bar diagram of
Figure 4, each bar represents a group of teachers who selected a particular task as start-
ing task. Within each bar, we represent the relative frequency of addressing the unit
structures goal, a significant distinction between conditions in Figure 3. Among those
teachers who selected Task 1 or Task 7, no difference occurred between both support
conditions: 0% of the teachers who went immediately to Task 7 explicitly addressed
the learning goal of unit structures, while 21%/22% of those who selected Task 1 did.

Selected Task 7 with Next-Goal report 2777777777777/ 0877777/ /7777777777777 7777
Selected Task 7 with Error-Analysis report 2222222222227 7777777777777/ 777777777

Selected Task 5 with Next-Goal report 33 \*17 Difference significant:
Selected Task 5 with Error-Analysis report 47 8 p <.01lin t-test
Selected Task 1 with Next-Goal report 23 6
Selected Task 1 with Error-Analysis report 18 5
0% 20% 40% 60% 80% 100%
No unit structure addressed as goal M Unit structure addressed as goal

Figure 4: Relative distribution of addressed learning goals in justifications for each
selected task under two support conditions (Next-Goal and Error-Analysis reports)
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But within the group of teachers who selected the targeted Task 5, the relative distri-
bution differed substantially: While 15% (8 of 55) of EAR-supported teachers named
unit structures as goals, 34% (17 of 50) of NGR-supported teachers did. This difference
1s highly significant (#(103) = -2.38, p < 0.01) with a small effect size of d = .46.

SUMMARY AND DISCUSSION

In spite of a large body of research on mathematics teacher noticing and decision mak-
ing with respect to student errors (Brodie, 2014), few studies have investigated how to
support this decision making through appropriate and time-efficient formative assess-
ment approaches (Siemon, 2019; Olsher et al., 2023). Our study analyzed whether
teachers could be supported by providing advice for learning goals (Next-Goal reports)
and not just the backgrounds of students’ results (Error-Analysis reports).

The study faced methodological limitations in that only two items were analyzed, and
some teachers problematized time constraints during data gathering, so in future re-
search, more time must be planned. But still, the findings from 178 teachers provide
valuable insights into support potentials of different diagnostic reports.

Analyzing the background of the error in the Error-Analysis report and suggesting
three enhancement tasks (to select from) was already very substantial support: In
Item O (without diagnostic report), only 17% of the teachers suggested any reaction
explicitly alluding to making the fictitious student Torben aware of the underlying unit
structures, and these frequencies resonate with a previous study (Prediger & Wischgoll,
2023). But with the reports, 88% / 89% of the teachers, resp., selected tasks that helped
them work on learning goals that were suitable for Lisa’s error.

Hypothesis H1 (assuming differences between two support conditions for teachers’
task selection) could not be confirmed, as only a slight but non-significant tendency
occurred to choose Task 1 more often than Task 5. For selecting the tasks, the Next-
Goal did seem to hardly help more than the Error-Analysis report.

Hypothesis H2 (assuming differences between two support conditions for teachers’
justifications of task selection), on the other hand, could be substantiated in a refined
manner. As expected, effects of diagnostic reports were not explicitly visible for all
teachers (as they might have good goals in mind without articulating them in written
justifications). But we observed that significantly more teachers with Next-Goal re-
ports explicitly alluded to learning goals of unit structures (26% vs. 13%) than those
with Error-Analysis reports (Figure 3). The refined analysis in Figure 4 revealed une-
qual distributions for groups of teachers according to their selections of tasks. It was
remarkable to us that the support effect of the Next-Goal report was entirely concen-
trated on teachers choosing Task 5 as their starting task: In this group, more than twice
as many teachers explicitly referred to unit structures (34% vs. 15%, a highly signifi-
cant difference). Given the state of research, we might explain this concentration as
follows: More teachers who were completely guided by short-term intentions to repair
errors (by immediately going to Task 7) seemed to be less attentive to the error analysis
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and suggested next learning goals than those who sought to enhance the underlying
understanding, which resonates with observations by Brodie (2014). In contrast, teach-
ers who believed in working through the complete learning trajectory as suggested by
the materials, might not have needed to read the advice, but rather started with Task 1
anyway (as also found in an interview study, Gross et al., submitted). The support ef-
fect, therefore, was concentrated on a third group. In the future, we intend to investigate
in how far the advice about next learning goals has an impact on teachers’ moderation
strategies when working on the task with the student in a well-aligned way.

Overall, the support experiment provided evidence that at least some teachers can in-
deed be supported without time- and money-intensive professional development pro-
grams (Prediger, 2022), as subtle differences in the design of a diagnostic report can
already have significant effects. However, the design needs to be further developed to
reach more of the teachers (Olsher et al., 2023).
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