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Abstract
Background: Although the generation of errors has been 
thought, traditionally, to impair learning, recent studies in-
dicate that, under particular feedback conditions, the com-
mission of errors may have a beneficial effect.
Aims: This study investigates the teaching strategies that 
facilitate learning from errors.
Materials and Methods: This 2-year study, involving two 
cohorts of ~88 students each, contrasted a learning-from-
errors (LFE) with an explicit instruction (EI) teaching 
strategy in a multi-session implementation directed at im-
proving student performance on the high-stakes New York 
State Algebra 1 Regents examination. In the LFE condition, 
instead of receiving instruction on 4 sessions, students took 
mini-tests. Their errors were isolated to become the focus 
of 4 teacher-guided feedback sessions. In the EI condition, 
teachers explicitly taught the mathematical material for all 
8 sessions.
Results: Teacher time-on in the LFE condition produced 
a higher rate of learning than did teacher time-on in the 
EI condition. The learning benefit in the LFE condition 
was, however, inconsistent across teachers. Second-by-
second analyses of classroom activities, directed at isolat-
ing learning-relevant differences in teaching style revealed 
that a highly interactive mode of engaging the students in 
understanding their errors was more conducive to learning 
than was teaching directed at getting to the correct solu-
tion, either by lecturing about corrections or by interaction 
focused on corrections.
Conclusion: These results indicate that engaging the stu-
dents interactively to focus on errors, and the reasons for 
them, facilitates productive failure and learning from errors.
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INTRODUCTION

The generation of errors, according to early learning theorists such as Bandura (1986) or Skinner (1953), 
was assumed to have adverse consequences for learning. It was thought that the commission of errors 
would entrench the errors themselves and that the correction of such errors was problematic. Empirical 
studies of the effects of error generation, however, have not substantiated these concerns. Indeed, stud-
ies have largely shown that, as long as corrective feedback is given, memory for the provided correct 
answer is usually helped rather than hurt by the subject's own prior error generation (Butterfield & 
Metcalfe, 2001, 2006; Clark & Bjork, 2014; Hays et al., 2013, Kornell et al., 2009; McDaniel et al., 2011; 
Metcalfe & Eich, 2019; Metcalfe & Finn, 2012; Metcalfe & Xu, 2018; Roediger & Finn, 2010; and see 
Metcalfe 2017 for a review). Here, such positive effects of errors as well as their potential use in fostering 
understanding are investigated.

Many studies have demonstrated beneficial learning effects from test taking. Indeed, research on the 
so-called ‘testing effect’ has led to considerable excitement about this method of enhancing learning 
(Brown et al., 2016; Kang et al., 2007; McDaniel et al., 2007; Pashler et al., 2005, 2007; Roediger & 
Karpicke, 2006; Roediger et al., 2010, 2011). The benefit to memory from retrieval practice of correct 
answers is firmly established (Agarwal et al., 2021; Karpicke, & Blunt, 2011; McDermott, 2021; Pan & 
Rickard, 2018). There is, however, another consequence of taking tests: people make errors.

The learning consequences of errors appear to depend upon how those errors are subsequently 
treated. Rather than necessarily being harmful, errors could, in principle, help learning. They could, for 
instance, set the stage for discovery learning (Bok, 2006; Kuhn et al., 2000; Metcalfe et al., 2023; Zhang 
& Fiorella, 2023 and see, Giebl et al., 2021; St. Hilaire et al., 2019) in which the learner is not provided 
with the target information or answer but must find it themselves. Unfortunately, a meta-analysis by 
Alfieri et  al.  (2011) indicated that discovery learning alone, with no feedback – or what they called 
‘unassisted’ discovery learning – had limited success. Similarly, if a person makes a mistake on a test, 
and is not provided with corrective feedback, they rarely spontaneously provide the correct answer on 
retest (Pashler et al., 2005). Without feedback, and perhaps feedback of a particular sort (see, Zhang & 
Fiorella, 2023), the error is likely to persist.

A second meta-analysis by Alfieri et al. (2011), on ‘guided,’ ‘enhanced’ or ‘enriched’ discovery learn-
ing was more encouraging. When discovery learning was combined with subsequent feedback – by 
scaffolding, by the use of worked examples, or by elicited explanations – performance outshone that 
seen with explicit instruction. Work by Richland et al. (2009), suggests similar effects for errors. They 
showed that the time spent unsuccessfully trying to come up with an answer, while of little use if the 
answer is not subsequently found or provided, is positively related to learning once the correct answer 
is either discovered or given to the participants. Feedback, perhaps directed in a particular manner at 
student errors (see Freeman et al., 2014), appears to be crucial if those mistakes are to be converted 
into what is sometimes called ‘productive failure’ (Kapur, 2008; Loibl et al., 2017; Loibl & Leuders, 2019; 
Zhang & Fiorella, 2023). Such feedback is the focus of the present study.

Knowledge of students’ errors has a second potentially beneficial effect. It could position teach-
ers to better appreciate and thereby counteract the misunderstandings of their students (see, Black & 
Wiliam, 1998; Rittle-Johnson, 2006; Wiliam, 2011). The errors students make on tests could potentially 
provide teachers with a roadmap for the content of the teaching needed to guide their students in over-
coming their conceptual gaps.

Finally, the content (math, language learning, history, general information questions, etc.) of the 
test, and whether the test upon which the students’ learning is measured is a ‘test that counts’ may 
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       |  3LEARNING FROM ERRORS

matter. Clearly, while much can be learned from well-controlled laboratory experiments, it is possible 
that the effects produced under these highly controlled conditions may not play out in the real world 
(cf. McDaniel et al., 2007). It is equally conceivable – and perhaps even likely – that some of the bene-
fits seen under lab conditions may be exacerbated rather than diminished when the stakes are high. In 
the study reported herein, the criterion test was the New York State Regents Common Core Algebra 1 
examination – an examination that all public school students in New York State must pass in order to 
graduate from high school. It can provide the partial basis for students’ later entrance into colleges of 
their choice, for the standing of the students’ teachers, and for the ranking (and sometimes the fate) of 
their schools.

The present study focused on error-directed feedback, or what will be called learning from errors 
(LFE), as preparation for a test that counts (the Regents examination). Students already had a basic 
grounding in the to-be-learned Algebra 1 material from their regular classroom instruction. Here, in 
the LFE condition, a mini-testing session is followed the next day by a teaching/tutorial session directed 
at the errors the students had committed in the mini-test. This LFE method is contrasted with explicit 
instruction (EI). Both types of test-preparation were conducted by the same experienced teachers.

METHOD

Overview

Grade 8 students, who were required to pass the New York State Algebra 1 Regents examination for 
high school accreditation, participated in a 16-session, within-subjects, after-school tutorial program. 
In 8 of the sessions, students received EI. The other 8 sessions included 4 testing sessions in which 
questions from past Regents examinations were administered without instruction, followed by 4 LFE 
sessions. The study included cohorts in 2 years. In the first year, the criterion test was the Regents 
examination that the students sat for in June of 2016. The NYC Board of Education, provided access 
to the children's detailed, item-by-item data on their actual Regents examination performance. In the 
second year we used the same 2016 Regents examination, which was administered to the students in a 
separate session.

Participants

The participants were students in 8th Grade in a New York City public school who volunteered with 
consent from their parents. Students were not asked for individual demographic information, due to 
NYC Board of Education policy. The demographic breakdown of the school was 12% Asian, 23% 
Black, 37% Hispanic and 23% White; students with special needs: 12%; 51% male and 49% female, and 
53% were below the poverty line. All students in Grade 8 who were expected to take the Regents ex-
amination in June of the year of the project, including special needs students, were invited to participate. 
Totally 177 students participated, with 175 completing most sessions and the pre-test and post-test. If a 
student missed a session, they continued to participate in the following sessions as soon as they could, 
and their data were included in the analyses. This study was approved both by the Columbia University 
Internal Review Board (protocol number AAAP7055) and by the NYC Board of Education.

Design

Students were randomly assigned to 4 teachers, except for a constraint imposed by the NYC School 
Board that no child be assigned to their own classroom teacher. This affected one teacher's assign-
ment. The Regents examination is divided into questions that are officially designated as ‘algebra’ or 
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‘function’ questions, a designation we used to balance materials across teacher and condition (and a few 
problems on Statistics, Number and Quantity, that we ignored). The design was a 2 (Condition: EI, or 
LFE) × 2 (Materials: Algebra, or Functions) modified quasi mixed model within-subjects design. In the 
LFE condition, each test set consisted of 14 questions – 10 multiple choice questions and 4 constructed-
response items. An additional question was included in one LFE session in year 1, but, because of time 
constraints, was eliminated in all other sessions. The materials were taught as a block of 8 sessions each. 
Algebra always was included in the first 8 sessions (because it was taught in class earlier in the year than 
Functions). There were 4 teachers, two of whom, in the first year, taught algebra in the EI condition and 
functions in the LFE condition, and 2 of whom taught algebra in the LFE condition and functions in 
the EI condition. In the second year, the teachers switched conditions so that, over the 2 years, all four 
teachers taught both algebra and functions in both EI and LFE condition.

Materials

A pre-test – the January 2016, Algebra 1 Common Core Regents examination – was administered 
2 weeks prior to the test-prep sessions and provided baseline scores. The post-test was the June 2016 
Algebra 1 Common Core Regents examination. Similar pre-test to post-test gains were observed for 
both cohorts. Results reported here are based on only algebra and the function questions.

The LFE test materials were questions – separated into algebra and functions – that had appeared on 
previous Algebra 1 Regents examinations (https://​www.​nysed​regen​ts.​org). After all 16 sessions as well 
as the pre- and post-test sessions were completed, a questionnaire on growth mindset (https://​minds​
etonl​ine.​com/​testy​ourmi​ndset/​​ Dweck, 2008) was administered to participants. No differences were 
significantly correlated with this measure, so it will not be discussed further.

Procedure

In the EI condition, teachers were given a list of topics to cover each day by the head of mathematics at 
the school and created lesson plans and structured their teaching following their usual classroom prac-
tice. They used ‘Let's Review: Algebra 1’ (Rubenstein, 2015), in the Barron's series, as an authoritative 
resource that is specific to the Regents test, and could include problems for the children to work, at their 
own discretion under the guidance of the mathematics head. There were 8 such EI sessions.

In the LFE condition, the students took a mini-test on Day 1. The tests were scantron scored on 
the multiple choice questions, and hand-scored by a research assistant on the constructed answers. The 
errors were then computer tabulated by frequency and response, and a profile of their own students’ 
errors was computer generated and provided to teachers for their Day 2 tutorial session. The students 
were given back their tests on Day 2, and the teachers were instructed by the experimenter to focus on 
the students’ errors and to do whatever they deemed appropriate to ensure that the issues underlying 
the errors would not reoccur and that the students would learn from their errors. There were 4 mini-test 
sessions each of which was followed, the next day, by an LFE session.

All 12 teaching sessions (8 in the EI condition and 4 in the LFE condition) were audio–video re-
corded. In compliance with the Board of Education requirement, the video recordings were stored on 
computers with no connection to the internet, and all identifying markers of the students in the study 
(such as their faces or names) were scrubbed from the tapes before any analyses were conducted. Then 
the tapes were segmented into time units indicating differences in what was happening in the class-
room on a second-to-second basis by one scorer. Then activity in each segment was coded as giving 
instructions, disciplining, distraction, teaching overall test-taking strategy, telling jokes, motivating the 
students, lecturing with a focus on the correct response, lecturing with a focus on examining the rea-
son for a possible error, interactive teaching with a focus on getting to the correct answer, interactive 
teaching with a focus on the error, and miscellaneous, by two scorers. When the teacher was discussing 
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       |  5LEARNING FROM ERRORS

a particular problem in the LFE condition, the problem number was coded along with the appropriate 
segment, allowing us to collate the problems (and the kind of teaching) with the errors that individual 
students had made on the tests. The scorers also coded whether the teaching style was interactive or 
lecture, and whether the teacher was discussing the error itself or was indicating a way to correctly solve 
the problem. These coding designations, made by two independent raters were nearly always the same, 
but in the rare cases of a disagreement the time was split across the conflicting designations.

R ESULTS

The overall performance

The students' scores improved by 12.2% (SD = 9.8%) from pre-test to final Regents examination: pre-
test (57.5%; SD = 17.4%); final examination (69.7%; SD = 17.4%), (t(174) = 16.5, p < .0001). As shown 
in Figure 1, whereas most students showed learning, i.e., post-test > pre-test, children who had scored 
lower on the pre-test exhibited more learning than did the students who had scored higher. A regression 
of students’ learning scores on their pre-test scores indicated that pre-test scores were negatively associ-
ated with amount of learning (b = −.15, SE = .04, t(173) = −3.50, and p = .001).

To address the possibility that this differential improvement was due to a ceiling effect, we per-
formed an analyses using proportion of possible improvement, computed as (post-test score − pre-test 
score)/(100 − pre-test score) for each participant. For example, if a student scored 80% correct on the 
pre-test, and 90% correct on the post-test, their corrected score was 10/20 or .50. If they got 60% on 
the pre-test, and 70% on the post-test their corrected score was 10/40 = .25. The regression indicated 
that students showed an improvement of about .20 of their own possible gain, and the effect of pre-test 
score was no longer significant (b = .17, SE = .15, t(173) = 1.18, and p = .241).

When simple overall scores were considered, there was an effect of type of materials, such that the 
pre-test–post-test score difference was greater for algebra (14.6%, SE = .86%) than that for function 

F I G U R E  1   Learning as a function of students' scores on the pre-test. The regression line indicates the correlation 
between students' performance on the pre-test and their learning as indicated by the difference between pre- and post-test 
scores. Grey shading indicates 95% confidence interval.
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6  |      METCALFE et al.

questions (8.72%, SE = 1.11%). There was no difference between the EI (12.72%, SE = 1.06%) and 
the LFE (10.61%, SE = .97%) condition, F(1, 171) = 2.69, p = .103). Note, though, that the teachers 
taught only 4, 45 min sessions for a total of 180 min in the LFE condition (because there were 4 
testing sessions in that condition during which the teachers did not teach), whereas they taught for 
all 8, 45 min sessions – for a total of 360 min – in the EI condition. Although there was no main 
effect of teacher (F(3, 171) = 1.29, p = .280), there was an interaction between condition and teacher, 
(F(1, 171) = 4.24, p = .006).

To further investigate, we computed ‘teaching efficacy’ – the learning scores per hour of 
teaching for each of the 4 teachers. The teaching efficacy was greater in the LFE condition 
(percentage gain per hour: 3.48%; SE = .32%) than in the EI (percentage gain per hour: 2.09%, 
SE = .18%; F(1, 171) = 17.94, p < .001). Again, there was an interaction between teacher and con-
dition (F(3, 171) = 5.49, p = .001). As shown in Figure 2, all teachers elicited about the same learn-
ing gains from their students in the EI condition (F(3,171) = .89, p = .447). However, they varied 
greatly in the LFE condition (F(3,171) = 4.83, p = .003). In particular, in the LFE condition, 
the learning results of teachers 3 and 4 were very different, (t(82.98) = 3.85, p < .001). Whereas 
the effectiveness of teacher 4's teaching was about the same in the LFE and the EI conditions 
(t(42) = −.95, p = .347), teacher 3 showed much greater learning returns per hour of teaching in 
the LFE condition than in the EI condition (t(41) = 5.03, p < .001). The same was true for teacher 
2 (t(44) = 2.93, p = .005). Teacher 1 numerically showed better returns in the LFE than those in 
the EI condition, but the difference was not significant (t(44) = 1.64, p = .108). It appears that the 
LFE method can be highly effective, but only for some teachers.

Error focus

One possible explanation for the learning differences shown in Figure 2 might have been that there were 
differences in the extent to which particular teachers actually focused on their students' errors.

F I G U R E  2   Mean learning per hour of teaching in the EI and LFE conditions by teacher. Error bars indicate standard 
errors.
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       |  7LEARNING FROM ERRORS

Which problems each teacher chose to teach, and for how long, are shown in Figure 3 in which the 
frequency of each problem being an error made by students is rank ordered such that the most frequent 
errors are on the left and the least frequent errors are on the right. Whether the error was taught by the 
teacher is shown in black (if taught) and in grey (if not taught). Thus, if the teachers were teaching to 
most common errors, a great deal of black to the left hand side of the graph would be evident. Kruskal–
Wallis gamma correlations (G) examining whether teachers addressed the questions on which most 
students erred were computed for each of the four teachers. All teachers taught to their students’ errors 
(Gteacher 1 = .47, Gteacher 2 = .69, Gteacher 3 = .79, Gteacher 4 = .93). Although both teachers 3 and 4 taught to 
their students’ errors quite consistently, Teacher 3 had the highest returns in terms of learning gains, 
whereas teacher 4 had the lowest.

We also quantified each teacher's tendency to teach to the students’ errors by regressing whether the 
teacher taught a problem on the proportion of students who erred on that problem. The logistic regres-
sion included error proportion, teacher, and their interactions as predictors, and teacher 1 was treated 
as baseline. The error proportion predicted all teachers’ probability to teach the question, but teachers 3 
and 4 had stronger effects of error proportion on probability of teaching the question than did teacher 
1 (b = 5.67, SE = 2.32, z = 2.44, p = .015; b = 18.83, SE = 5.59, z = 3.37, p = .001).

Finally, a signal detection framework was used in which d ' scores reflected the correspondence be-
tween the errors that each student made and the questions the teacher taught. For each student, a hit 
was designated when a student made a particular error and the teacher taught that item, and a false 
alarm was deemed to have occurred when the teacher taught an item that had not been an error for the 
particular student. Mean d 's for the students of each teacher were compared to zero. t-Tests indicated 
that all four teachers taught to the errors of their students (M d'teacher 1 = .87, t(42) = 12.66, p < .001; 
M d'teacher 2 = 1.00 t(48) = 16.38, p < .001; M d'teacher 3 = 1.14, t(47) = 15.63, p < .001; M d'teacher 4 = 1.14, 
t(43) = 18.85, and p < .001).

F I G U R E  3   Profile of errors, and errors taught, for each teacher. The frequency of each error is given in order from left 
to right, with black bars indicating that the teacher taught that error in the feedback session, and grey bars indicating that that 
error was not discussed. White dots indicate the amount of time (noted on the right axis) that the teachers spent teaching each 
error. Notably, teachers 3 and 4 (the teachers who got the best and worst results) spent about the same amount of time per 
question.
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8  |      METCALFE et al.

Teaching to errors and learning

The relation between the extent to which the teacher taught to the errors (as given by the d 's) and the 
individual students’ learning is represented in Figure 4. A regression of students’ learning scores on their 
d's, indicated that d ' was not statistically significant (b = −.007, SE = .022, t(169) = −.32, p = .748). The 
interaction when teacher was added as a predictor was also not significant (F(3, 163) = 2.47, p = .064). It 
appears, from these results, that all of the teachers taught to the errors of their students, and that the 
extent to which they did so did not predict student learning.

Style of teaching

The videotapes of each session were analysed on a second-by-second basis to determine how much time 
was spent in various classroom activities. Time periods in a particular activity were only included in this 
analysis if the activity lasted for at least 4 s. The categories of activities that were coded were (a) disciplin-
ing the students, (b) distraction, (c) group work, (d) individual work, (e) organizational instruction, such 
as telling the students to take out their books, go to certain pages, etc., (f ) jokes, (g) motivational pep 
talks, including encouragements, reassurance, etc., (h) test-taking strategy, such as telling the students to 
fill in all questions, to use an educated guess if they didn’t know the answer, or to use their graphing cal-
culators to check answers, etc., (i) teaching in an interactive manner, in which the teacher, for instance, 
asked pointed questions and allowed the students guide the discussion and (j) teaching by lecturing, in 
which the teacher spoke with little to no input from the students.

As shown in Figure 5, all teachers spent nearly all of their time teaching (as shown by columns I and 
J); there was little time spent on other activities. In addition, ‘individual work’ (column d) resulted selec-
tively in the EI condition because all teachers sometimes had students work, on their own, on problems 

F I G U R E  4   The relation, in the LFE condition, between student learning and the directedness of the teaching to the 
student's own errors, as indicated by the d ' relating each individual's errors to the questions taught during the feedback 
sessions, for each of the 4 teachers. The blue line is the overall trend. Grey shades are 95% CIs.
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       |  9LEARNING FROM ERRORS

they had just reviewed. It is also apparent, even from this initial survey, that teachers 2 and 3 spent their 
time predominantly in interactive teaching and spent little time lecturing, whereas teacher 4 and to a 
lesser extent teacher 1, spent more time lecturing.

Teaching mode and focus

To drill down more on how the teachers taught, we isolated those cases during which the teachers were 
teaching to errors in the LFE sessions, and sorted into mode (lecturing or interactive) and focus (correction 
or error). ‘Correction’ meant that the teacher was dwelling upon how to solve the problem correctly. ‘Error’ 
meant that the teacher was delving into the nature of the errors – why the students had made them, what the 
difficulty in the logic was, and/or how to recognize and circumvent such mistakes in the future.

The proportions of teaching time within LFE on these four kinds of teaching (lecturing/correction; 
lecturing/error-focused; interactive/correction; interactive/error-focused), for each of the 4 teachers, 
are illustrated in Figure 6. Teachers 1 and especially teacher 4 spent most of their time focused on how 
to get the correct answer rather than exploring the errors. Teacher 4, in particular, spent much time 
lecturing about how to get the correct answer. Teachers 2 and 3 focused more on discussing the errors, 
spending about an equal amount of time discussing what had gone wrong and how to generate the cor-
rect answer. Both teachers did so in a highly interactive manner and spent little time lecturing.

F I G U R E  5   Time each teacher allocated to various activities in the EI (top panel) and LFE (bottom panel) condition. 
The activities were (a) discipline, (b) distraction, (c) group work, (d) individual work, (e) organizational, (f ) jokes, (g) 
motivational pep talk, (h) test taking strategy, (i) teaching–interactive and (j) teaching–lecture.
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10  |      METCALFE et al.

To compare the teachers to one another statistically, we computed the proportion of teaching time 
per question in either interactive/correction, interactive/error, lecture/correction, lecture/error, and 
conducted a 2 (Mode: Interactive vs. Lecture) × 2 (Focus: Error v. Correction) × 4 (teacher) ANOVA. 
Teachers spent more time in interactive teaching (M = .34, SE = .01) than lecturing (M = .16, SE = .01; 
F(1,580) = 113.38, p < .001). They also spent more time teaching how to get the answer correct (M = .30, 
SE = .01) than in discussing the errors (M = .20, SE = .01; F(1,580) = 35.97, p < .001).

Because we conditionalized total teaching time to be 100% of each teacher's time, there was no main 
effect of Teacher. However, there were interactions between Teacher and Mode (Interactive or Lecture), 
F(3,580) = 55.71, p < .001, and between Teacher and Focus (Error or Correction), F(3,580) = 24.25, 
p < .001. There was no interaction between Mode and Focus, F(1,580) = .41, p = .52. There was, though, 
a 3-way interaction among mode, focus and teacher, F(3,580) = 4.74, p = .003. As shown in Figure 6, 
Teacher 1 spent more time on corrections than discussing the errors and was evenly split between inter-
active and lecture style. Teacher 4 was even more strictly focused on correction, and rarely talked about 
the nature of the errors. He was also about evenly split between lecture and interactive modes. Teachers 
2 and 3 showed a different pattern. They spent most of their time teaching interactively regardless of 
whether it was examining an error or the correct procedure. These teachers also spent a much higher 
proportion of their time exploring the errors, nearly always interactively.

The relation of teaching style to student learning

We investigated how the amount of time spent teaching in interactive–correction, lecture–correction, 
interactive–error and lecture–error related to individual students’ learning. To do so, we isolated the 
problems on which each student had made errors, and tabulated the amount of time spent on their 
particular errors in each of the four modes. (To have enough data for the analysis we collapsed over 

F I G U R E  6   Conditionalized proportion of time in the LFE condition spent in interactive–correction, lecture–
correction, interactive–error and lecture–error teaching. Intervals in which it was not clear whether the teaching was directed 
at the correct answer or the error were not included.
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       |  11LEARNING FROM ERRORS

teacher.) This individualized teaching-time score was used to predict learning in each of the four modes. 
We conducted 4 separate regressions, one for each of the teaching modes – interactive–correction, lec-
ture–correction, interactive–error and lecture–error.

As is shown in Figure 7, time spent on a student's error in the interactive–correction mode did not 
affect learning (b = −.02, p = .688). Time that teachers spent on students’ errors in both the lecture–cor-
rection mode (b = −.16, p < .001) and in the lecture–error mode (b = −.32, p = .0037) negatively impacted 
learning (and see Knight & Wood, 2005). Only in the interactive error mode did more time spent focus-
ing on the error have a positive effect on learning (b = .17, p < .001). The gain of about a 17% increase in 
learning per hour of such teaching was sizable.

DISCUSSION

Despite the fact that all teachers, in the LFE condition, addressed the problems on which the students 
had given erroneous responses, not all teachers stimulated equal learning benefits. Simply providing 
correct feedback about errors did not appear to be enough. Of course, if the teachers had spent their 
teaching time on questions that all of their students had already answered correctly, we would not 

F I G U R E  7   Regressions of teaching mode against learning. Grey shades indicate 95% CIs.
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12  |      METCALFE et al.

expect the children to learn much. We cannot say what would have happened had teachers taught in this 
way, since none of our teachers did it. Teaching to the errors is undoubtedly important. But it seems to 
be only the first step.

How the students are taught appears to be essential. Interacting with the students on understand-
ing what the errors are and why they occurred, and collaborating on ferreting out why mistakes were 
made and how to avert them in future seems to be the most effective approach (see, e.g., Fiorella & 
Mayer, 2016; Frazier et al., 2021; Rittle-Johnson, 2006; Rittle-Johnson et al., 2017; Weiman et al., 2008). 
Of course, an important limitation in our study – and one that deserves future investigation – is that 
mode of teaching was not manipulated. Instead, it was merely observed and correlated with learning. It 
was also, though, the preferred mode of teaching used by the two teachers who got the best results in 
the LFE condition. Perhaps, though, it was simply that these two teachers were better teachers, and the 
correlation (driven by them) was spurious.

There are two indications in our data that argued against this interpretation. First, all four teachers 
achieved the same learning in the EI condition. If two of the teachers were simply better instructors, 
they should have been better under EI conditions as well. Second, the two teachers who returned the 
best learning results also spent considerable time not in the Interactive Error mode but in the interactive 
correction mode. If these two teachers were simply the best teachers, and the benefits were not due to 
teaching selectively in the interactive error mode, then one would expect time spent in this corrective 
mode to foster learning as well. But it did not.

The non-collaborative (lecture) approach was not related to high learning in our study; nor was 
ignoring the reasons for the errors and focusing only on their correction productive. Only collabora-
tively and interactively engaging with the reasons for the errors helped. So, it is plausible that there may 
be a special kind of teaching that is particularly conducive to evoking learning gains: highly support-
ive, interactive, exploration of the errors that students made, including discussion with them – rather 
than at them – about how to overcome those errors.

It is of some interest that the teaching modes in our study corresponded fairly closely to those that 
Stigler et al. (1999; Stevenson & Stigler, 1994; Stigler & Hiebert, 2009) observed when they investigated 
teaching methods in Japanese and American classrooms, in the TIMMS study. That study investigated 
the methods of teaching that contributed to the high math scores of Japanese as compared to American 
students. In that study, American teachers appeared to be error avoidant – ignoring students who made 
errors and pivoting to those whom they knew would answer correctly. In our study, a teaching strategy 
in which a strong emphasis was placed only on the correct answer was also not effective: lecture–cor-
rection was harmful, and interactive–correction had no effect. The (effective) Japanese teachers in the 
TIMMS study, engaged with errors, discussing and exploring them with their students. This mode of 
interactive teaching resonates with the style in our study – interactive–error – that produced the stron-
gest learning gains.

While our results are suggestive, there are limitations to our study. We mention just a few. First, the 
study used only four teachers. A much larger sample is needed. Second, the student population was 
highly motivated. The generality to less motivated students needs to be tested. Most importantly, the 
analyses we conducted on teaching style – which comprise a core contribution of this article – were 
exploratory rather than confirmatory, a kind of qualitative study with numbers. Before any firm conclu-
sions can be drawn, further investigations are needed in which teaching style, in interaction with errors, 
is manipulated.

The findings of this study may help to shed light on an important debate within education. For many au-
thors, the purpose of formative assessment is primarily to inform teachers about their students’ weaknesses 
so that the teacher may make instructional adjustments. However, merely identifying errors, and teaching 
students how to correct them, may not be the most effective strategy. Wiliam and Thompson (2008) empha-
size that formative assessment is something that teachers do with students rather than to them. Much more 
work needs to be done to identify the mechanisms at work here, but it seems that it is the combination of 
interactive discussion and the focus on errors that is important. Without the focus on errors, the discussion 
may be pitched at a level that is outside the student's own region of proximal learning (Xu & Metcalfe, 2016). 
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       |  13LEARNING FROM ERRORS

Without the interaction and self-involvement, the task may be less interesting and motivating because of the 
lack of personalization. Thus, both the focus on errors and interactive exploration of the reasons for those 
errors may be needed to produce the degree of engagement needed to create ‘desirable difficulties’ for the 
students (Bjork, 2017; Bjork & Bjork, 2014; Metcalfe, 2011).
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