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Teaching domain-specific skills before peer assessment skills is
superior to teaching them simultaneously

M.J. van Zundert, K.D. Könings*, D.M.A. Sluijsmans and J.J.G. van Merriënboer

Department of Educational Development & Research and Graduate School of Health
Professions Education, Maastricht University, Maastricht, Netherlands

(Received 27 December 2011; final version received 3 January 2012)

Instruction in peer assessment of complex task performance may cause high cogni-
tive load, impairing learning. A stepwise instructional strategy aimed at reducing
cognitive load was investigated by comparing it with a combined instructional
strategy in an experiment with 128 secondary school students (mean age 14.0
years; 45.2% male) with the between-subjects factor instruction (stepwise, com-
bined). In the stepwise condition, study tasks in Phase 1 were domain-specific and
study tasks in Phase 2 had both domain-specific and peer assessment components.
In the combined condition, these two components were present in all tasks in both
phases. Final performance (i.e. speed and accuracy in domain-specific skills and
peer assessment skills) showed no significant differences, but performance
improved more from Phase 1 to Phase 2 in the stepwise condition than in the com-
bined condition. The results suggest that, with complex study tasks, it might be
beneficial to teach domain-specific skills before peer assessment skills.

Keywords: instruction; peer assessment; domain-specific; task complexity; cog-
nitive load

In modern society, people are expected to perform increasingly complex profes-
sional tasks in complex workplaces (Van Merriënboer and Kirschner 2007). Since
education has to prepare students for tomorrow’s work environments, there have
been shifts in education to accommodate changing societal demands. Where tradi-
tional education emphasises domain-specific knowledge and skills, modern educa-
tion also addresses so-called twenty-first-century skills (Scardamalia 2001): more
flexible, higher order skills, including skills for problem solving, critical thinking
and lifelong learning.

Peer assessment in education, that is, learners evaluating the work of other
equal-status learners (Topping 2009), is in line with developments in society, where
peer assessment is increasingly regarded as an important professional skill for pro-
fessionals and employees. In fact, the Dutch government announced in 2011 that all
Dutch school teachers would be required to assess the teaching skills of their col-
leagues (The Netherlands Ministry of Education, Culture, and Science 2011). Simi-
larly, employees in the US Army engage in after action review: a discussion with
superiors and peers to assess aspects of their performance in combat training exer-
cises (Fletcher 2009). And in academia, peer review of research manuscripts has
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long been a common practice. Because of its match with educational goals, peer
assessment is often applied in schools, with students evaluating the quality of the
school work of their fellow students.

Despite the connection between peer assessment and developments in education,
little is known about instructional methods for peer assessment skills (Van Zundert,
Sluijsmans, and Van Merriënboer 2010). These methods are important, because stu-
dents cannot be expected to properly perform a complex activity like peer assess-
ment unless they have received guidance or training in that area (Sluijsmans 2002;
Sluijsmans and Prins 2006). Indeed, Tsivitanidou, Zacharia, and Hovardas (2010)
found that, without support, students’ peer assessments were invalid. This under-
lines the importance of sound instructional strategies for peer assessment, particu-
larly in educational contexts where increasingly complex tasks such as projects,
problems, and professional tasks drive the learning process. Van Zundert, Sluijs-
mans, Könings, and Van Merriënboer (2012) showed that high complexity of
domain-specific tasks had a stronger detrimental effect on the performance of peer
assessment than on domain-specific task performance. This finding highlights the
importance of taking into consideration the complexity of tasks when developing
instructional strategies for peer assessment.

The current study reports on an experiment with a stepwise instructional method
aimed at counteracting the adverse effect of task complexity on peer assessment
instruction. The proposed method consists of a first phase in which only domain-spe-
cific skills are taught, followed by a second phase in which domain-specific skills
are taught in combination with peer assessment skills. It was hypothesised that this
stepwise method would yield better task performances (i.e. higher accuracy and
speed) than a method in which domain-specific skills and peer assessment skills are
combined in both phases. In the next two sections, two complementary areas,
together providing the rationale for this stepwise method, will be discussed: the
hierarchical structure of cognitive skills and the capacity of human working memory.

Hierarchical structure of cognitive skills

There is a conditional relationship between domain-specific and peer assessment
skills (Van Zundert et al. 2012). For example, it would be very difficult, if not
impossible, for students to assess a classmate’s history essay without them having
any knowledge or skills in the history domain. Thus, peer assessment skills are of a
higher order than domain-specific skills, in other words, they are higher in the learn-
ing hierarchy. The classic description of learning hierarchies by Gagné, published in
1968, has had a profound impact on instructional theory (Smith and Ragan 2000).
According to Gagné’s description, different types of cognitive skills are positioned at
different levels in the learning hierarchy depending on the extent to which their
acquisition is conditional on the prior mastery of other skills. The ability to recognise
stimuli, for example, is conditional on the ability to generate a response, and prob-
lem solving presupposes the ability to apply rules (Gagné 1985). In a similar vein,
Anderson and Krathwohl (2001) revised Bloom’s taxonomy of educational objec-
tives (Bloom and Krathwohl 1956), incorporating the recent notion that knowledge
is one of the dimensions of cognitive processes, ranging from memorising and
understanding to more complex ones such as applying, analysing, evaluating and –
at the highest level – creating knowledge. Evaluating or assessing is high in the
hierarchy, since it is contingent on the presence of many other cognitive skills. These
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ideas support the notion that peer assessment skill (i.e. evaluating) is higher in the
hierarchy than the domain-specific skills that are the subject of peer assessment.

Working memory capacity: cognitive load theory

The instructional method for peer assessment, tested in this study, relies not only on
the structural explanation of learning hierarchies but also on cognitive load theory.
The latter is based on the notion of the limited cognitive capacity of working mem-
ory vs. the virtually unlimited capacity of long-term memory. In other words, stor-
age capacity in memory is huge, but the resources available for the processing and
storing of new information are limited (Sweller 1988, 2010; Sweller, Van Merriënb-
oer, and Paas 1998). This explains why learning complex tasks may require multi-
ple practice sessions. Complex tasks are often ecologically valid, have more than
one possible solution and consist of many interacting elements that have to be pro-
cessed simultaneously (Paas, Renkl, and Sweller 2003; Paas and Van Gog 2006;
Van Merriënboer, Kester, and Paas 2006). Given the limited processing capacity of
working memory, high element interactivity makes complex tasks difficult to under-
stand and learn, in other words, it creates high cognitive load. When task complex-
ity is due to high element interactivity and therefore intrinsic to the nature of the
task, it is referred to as intrinsic cognitive load. Cognitive load due to (suboptimal)
instructional procedures is known as extraneous cognitive load, which does not con-
tribute to learning. Germane cognitive load refers to the working memory capacity
actually allocated to intrinsic task aspects, and hence is the type of cognitive load
that is most relevant to learning (Ibid.; Van Merriënboer and Sweller 2010).

Another important factor in cognitive load theory is the learner’s level of exper-
tise. The actual amount of cognitive load induced by the number and interactivity
of elements depends on the prior knowledge of individual learners (e.g. Van Merri-
ënboer, Kester, and Paas 2006; Van Merriënboer and Sluijsmans 2009). It is notably
high for novice learners who have to process all elements of a complex task as sep-
arate units because they have not yet formed mental models, consisting of chunks
of related elements (i.e. cognitive schemata). With growing expertise, elements are
increasingly combined to form chunks, which function as single elements in work-
ing memory. Consequently, with increasing expertise, the number of elements in
complex tasks decreases and cognitive load is reduced.

A problem of peer assessment instruction

Learning hierarchies and cognitive load theory provides the following notions,
underpinning the peer assessment method that was tested in our study: (1) peer
assessment skills are superposed on domain-specific skills and (2) complex tasks
use up many cognitive resources. When a complex domain-specific task is com-
bined with a peer assessment task, cognitive load increases and cognitive overload
may occur. In other words, the available cognitive resources do not suffice to per-
form the combination of a complex domain-specific task plus a peer assessment
task. Since peer assessment skills are superposed on domain-specific skills, the
domain-specific task will be addressed first, using up most of the available cognitive
resources, leaving few cognitive resources for the peer assessment task. Conse-
quently, when task complexity increases, the peer assessment skill will be the first
to suffer (Van Zundert et al. 2012).
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Figure 1 illustrates this mechanism. Imagine a novice student, performing a sim-
ple task (see left part of Figure 1). Because the student is a novice, he or she has
not constructed cognitive schemata yet. Thus, the task elements are perceived as
separate units, which makes cognitive overload likely. The student firstly calls on
his or her domain-specific skills that are prerequisite for performing the superposed
peer assessment skills. The task being simple, the student’s cognitive load will be
relatively low, leaving sufficient working memory capacity for the peer assessment
task. However, the situation is different with complex tasks (see the right part of
Figure 1). The novice student again firstly uses cognitive resources for the domain-
specific skills, but, the task being a complex one, the cognitive load will be high
and most of the student’s working memory capacity will be used up, leaving little
or no surplus capacity for the peer assessment task. So, if task complexity is high,
cognitive overload might occur and peer assessment suffers.

This appears to create a paradox. Peer assessment skills cannot be taught
detached from the conditional domain-specific skills, but – if tasks are complex –
cognitive overload makes it impossible for novice learners to learn the two skills
simultaneously.

A potential solution to the problem of peer assessment instruction

In order to resolve the paradox, we propose a stepwise, two-phase instructional
method. In Phase 1, only domain-specific task components are presented to enable
students to form cognitive schemata of the domain-specific information. Then, in
Phase 2, peer assessment task components are added to the domain-specific ones. It
is expected that the domain-specific schemata acquired in Phase 1 will reduce the
demand on cognitive resources from the domain-specific component, leaving more
resources available for the peer assessment task, thereby preventing cognitive over-
load with its detrimental effects on peer assessment.

This stepwise method is derived from Pollock, Chandler, and Sweller (2002),
who used a similar method with complex educational material in electrical engineer-
ing. They started by presenting undergraduate students with material containing

Figure 1. Effects of task complexity on cognitive load for the combination of domain-
specific skills and superposed peer assessment skills.
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only a limited amount of information elements, adding the remaining elements
required for full understanding at a later stage. Their results indicated that the step-
wise method yielded better task performances of novices than when all information
elements were presented during all instructional stages. However, the study by Pol-
lock et al. involved only first-order skills. The present study builds on this approach
by investigating whether this instructional method may also be beneficial in situa-
tions that require integration of domain-specific skills with higher order skills, such
as peer assessment (cf. Van Merriënboer and Sluijsmans 2009).

The aim of the present study was to investigate the effects of a stepwise method
for novices learning complex tasks, comprising domain-specific and peer assessment
skills. In Phase 1, students were presented with only domain-specific instruction
and in Phase 2 with a combination of domain-specific and peer assessment instruc-
tion. The effects of this method were compared with those of a method presenting
identical instructional tasks but combining domain-specific and peer assessment
instruction in both phases. It was hypothesised that the stepwise method would
yield superior results in terms of performance improvement from Phase 1 to Phase
2 and higher final performance on domain-specific tasks and peer assessment tasks.

Method

Participants

The participants were 128 secondary school students who were novices in the
domain of the test tasks (i.e. steps in doing research). The mean age of the students
was 14.00 years (SD=2.17) and 45.2% were male. The students received passwords
for the electronic learning environment and were randomly allocated to either the
stepwise (N=61) or the combined instruction condition (N=67). All participating
students received a gift voucher of 10e for their participation.

Materials

Within the electronic learning environment, specifically designed for this study, all
participating students proceeded through two instructional phases, each consisting
of three study tasks followed by two test tasks. The electronic learning environment
consisted of domain-specific study tasks, combined (domain-specific and peer
assessment) study tasks and test tasks, which will be described in more detail
below. Figure 2 shows the sequence of the tasks in each condition.

Domain-specific study tasks

For Phase 1 of the stepwise instruction condition, three complex study tasks were
developed, exclusively aimed at the acquisition of domain-specific skills. The objec-
tive of the tasks was to teach students how to identify the six main steps of
research: (1) observation, (2) problem statement, (3) hypothesis, (4) experimental
stage, (5) results and (6) conclusions (Table 1).

Each of the three study tasks described a scientific experiment in areas including
operant conditioning, appetite and the effects of taking vitamin C. The descriptions
contained, in a random sequence, events representing the six main steps of scientific
research, but it was not indicated which event matched which step.
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The students were taught to identify the six research steps by means of worked
examples (Sweller, Van Merriënboer, and Paas 1998), presenting the identification,
with argumentation, of each research step. The argumentation consisted of an expla-
nation of each research step with a link to the corresponding step in the description
of the experiment. The instructional format of the worked examples is presented in
Appendix A.

Combined study tasks

For Phase 1 of the combined instruction condition, three study tasks were devel-
oped, of which the domain-specific component was identical to that of the tasks in
the stepwise instruction condition. For Phase 2 of both instruction conditions, three
combined study tasks were developed, aimed at the simultaneous acquisition of
domain-specific and peer assessment skills. Thus, the students in both conditions
performed the same six domain-specific tasks and received the same instructions for
these tasks. In addition to the domain-specific component, the combined study tasks
contained descriptions of scientific experiments with fictitious peer solutions, that
is, a peer’s identification of a research step with supporting argumentation. The fic-
titious peer solutions were designed by the researchers and were identical for all

Figure 2. Sequence of the tasks for each condition.

Table 1. Explanations of the research steps.

Research step Explanation

Observation A certain phenomenon that is considered for further research is perceived
Problem
statement

The researcher experiences the observation as a problem and formulates a
problem statement

Hypothesis An attempt is made to provide a logical explanation for the problem
Experimental
stage

It is tested whether the hypothesis is correct or incorrect. In order to do
this, the researcher conducts an experiment and collects data

Results The collected data are displayed synoptically, for example, in graphs,
diagrams or tables

Conclusion The results are compared with the hypothesis
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students. The students were taught how to assess the domain-specific task solutions
of the peers by means of worked examples, showing a fictitious teacher’s judgement
of the accuracy of the peer’s solution along with an argumentation for this
judgement. The argumentation consisted of an explanation of the judgement for
each step, and a link of this judgement to the peer’s task solution. The peer assess-
ment instructional format of the worked examples is presented in Appendix B.

Figure 3 depicts a fragment of an integrated study task as presented in both
phases of the combined instruction condition and in the second phase of the
stepwise instruction condition. In the upper text box, a full description of an
experiment (i.e. all six research steps) is presented. Below this box, one research
step is shown. The left-hand box, labelled “teacher”, contains domain-specific
instruction about the research step. The right-hand box, labelled “classmate”, pre-
sents the task solution of a fictitious peer, that is, the research step as identified
by the peer. The lower box, labelled “assess whether your classmate recognised
the research step correctly”, provides peer assessment instruction, explaining how
to assess the peer’s solution.

Figure 3. Example fragment of an integrated study task.
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Combined test tasks

Four test tasks were developed to measure students’ domain-specific and peer
assessment skills. All test tasks consisted of a domain-specific and a peer assess-
ment component.

Domain-specific test tasks. The domain-specific test tasks were developed to mea-
sure students’ domain-specific skill, that is, their own knowledge and understanding
of the six research steps. Like the study tasks, the test tasks consisted of a descrip-
tion of a scientific experiment in which the six steps of scientific research were pre-
sented, unidentified, in a random sequence. The topics of the test tasks differed
from those of the study tasks. Students were given open questions, asking them to
correctly identify the six research steps.

Peer assessment test tasks. The peer assessment test tasks were developed to mea-
sure students’ ability to assess a peer’s knowledge and understanding of the
research steps. Students were given solutions of a fictitious peer performing the
domain-specific tasks. For each peer solution, the students answered open questions,
asking them to independently assess their classmate’s domain-specific accuracy.

Film

To provide a break between Phase 1 and Phase 2, the students watched a short film
showing a monkey in a funny research setting. The break was inserted to prevent
students from getting tired during Phase 2.

Questionnaire

To control for differences in students’ motivation towards the tasks, Keller’s (1983)
Instructional material motivational survey (IMMS) questionnaire was used. This
questionnaire consists of 36 items, measuring four constructs: (a) attention items
(e.g. There was something interesting at the beginning of each task that got my
attention), (b) confidence items (e.g. As I worked on these tasks, I was confident
that I could learn the content), (c) relevance items (e.g. I could relate the content of
these tasks to things I have seen, done or thought about in my own life) and (d) sat-
isfaction items (e.g. Completing the tasks gave me a satisfying feeling of accom-
plishment). Cronbach’s alpha for attention, confidence, relevance and satisfaction
was .86, .91, .71 and .89, respectively. The five-point Likert-type items ranged from
1 (totally disagree) to 5 (totally agree).

Procedure

We used a mixed factorial design with the between-subjects factor “instruction” (i.e.
stepwise, combined). All students logged on to a computer and entered the elec-
tronic learning environment. Immediately thereafter, they were randomly assigned
to one of the two instructional conditions: (1) stepwise or (2) combined. After
answering demographic questions about age, gender and school class, the students
undertook Phase 1. The students in the stepwise instruction condition studied three
domain-specific study tasks: tasks with only domain-specific instructions. The stu-
dents in the combined instruction condition studied three combined study tasks:
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domain-specific instructions combined with peer assessment instructions. After that,
all the students were given two combined test tasks (a domain-specific test and a
peer assessment test). The test was followed by the break with a short film and a
snack. Phase 2 commenced after the break. The procedure was identical, only now
all students received combined study tasks, followed by two combined test tasks.
Finally, all students filled in the motivation questionnaire IMMS. The entire proce-
dure took approximately 90min.

Scoring

Domain-specific accuracy measure

Each domain-specific test task consisted of six research steps. For each correctly
identified research step, a score of 1 was awarded. If the research step was not iden-
tified correctly, a score of 0 was assigned. Hence, domain-specific task scores varied
between 0 and 6. As there were two test tasks in each phase, the results per phase
will be reported as the mean scores of the two test tasks.

Peer assessment accuracy measure

Each peer assessment test task consisted of six research steps identified by a ficti-
tious peer. The peer’s answers could be: completely correct (i.e. correct step identi-
fication and correct argumentation), completely incorrect (i.e. incorrect step
identification and incorrect argumentation) or partially correct (i.e. either correct
step identification and incorrect argumentation or vice versa). Students assessed
which of the three judgements applied to the peer’s answers. If the student’s judge-
ment corresponded with the norm score (e.g. if a partially correct peer answer was
assessed as partially correct by the student), a score of 1 was awarded. If the
student’s judgement deviated from the norm score (e.g. if a partially correct peer
answer was assessed as completely incorrect by the student), a score of 0 was
assigned. As students had to assess six answers in each test task, accuracy scores
per task varied between 0 and 6. Students received two test tasks in each phase; the
results per phase are reported as the mean score of the two test tasks.

Data analyses

The aim of the data analysis was to determine whether stepwise instruction, com-
pared to combined instruction, led to more improvement of performance and to bet-
ter final test performance. Performance improvement was defined as the difference
between test performances in the two phases (i.e. performance in Phase 2 – perfor-
mance in Phase 1). Final performance was operationalised as test performance in
Phase 2. Performance was defined in terms of accuracy and speed. So, accuracy
and time on test tasks were combined to estimate performance. Firstly, multivariate
analyses of variance (MANCOVAs) on performance improvement were conducted
for domain-specific and peer assessment test accuracy and time on test tasks, with
time on study tasks as a covariate. Subsequently, univariate analyses of variance
(ANCOVAs) on accuracy and time on test tasks were conducted with time on study
tasks as a covariate. These analyses were then repeated for final test performance.
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Results

The results for time on study tasks will be presented first, followed by the multivar-
iate results for domain-specific and peer assessment test performances and the uni-
variate results for time on test tasks, domain-specific accuracy and peer assessment
accuracy. Finally, the results from the motivation questionnaire IMMS are reported.
Partial eta-squared is provided as an estimate of effect size, with .01 corresponding
to a small effect, .06 to a medium effect and .14 to a large effect (Tabachnick and
Fidell 2007).

Study tasks

The upper part of Table 2 presents the means and standard deviations for time
on study tasks. There was a significant effect of instruction on time spent on
study tasks, F(1, 126)=36.36, MSE=11,854.95, ηp

2=.22, p=.00. In the combined
instruction condition, the average time per study task decreased more rapidly
from Phase 1 to Phase 2 than in the stepwise condition. In the combined
instruction condition, the mean difference between Phases 1 and 2 was −128.85
(SD=115.41) seconds and in the stepwise instruction condition, it was −13.96
(SD=101.11) seconds. Time on study tasks in Phase 2 also differed significantly
between the two instructional conditions, F(1, 126)=9.00, MSE=4943.66, ηp

2=
.07, p=.00, with students in the stepwise instruction condition needing more
time (M=287.48; SD=82.99) than the students in the combined instruction con-
dition (M=250.57; SD=56.57). Time on study tasks was included as covariate
in the analyses of the test tasks.

Domain-specific and peer assessment test performance

MANCOVA revealed a significant effect of instruction on domain-specific perfor-
mance, F(2, 124)=4.61, ηp

2=.07, p=.01, indicating that performance improved
more from Phase 1 to Phase 2 in the stepwise than in the combined instruction con-
dition. The effect for final domain-specific performance was in the expected direc-
tion, but the difference between the two instructional conditions was not significant,
F(2, 124)=1.15, ηp

2=.02, p=.32. As the multivariate analyses for final domain-spe-
cific performance revealed no significant effects, univariate results for final domain-
specific performance are not reported.

MANCOVA also revealed a significant effect of instruction on peer
assessment performance, F(2, 124)=4.17, ηp

2=.06, p=.02, indicating that in the
stepwise instruction condition, peer assessment performance improved more from
Phase 1 to Phase 2 than in the combined condition. The effect for the final peer
assessment performance was in the expected direction, but there was again no
significant difference between the two instructional conditions, F(2, 124)=.59,
ηp

2=.01, p=.56, and therefore univariate results for final peer assessment perfor-
mance are not reported.

ANCOVA on time on test tasks showed a significant effect of instruction, F(1,
125)=8.00, MSE=54978.19, ηp

2=.06, p=.01. There was a larger decrease in the
mean time per test task between Phase 1 and Phase 2 in the stepwise instruction
condition (−404.16s, SD=250.04) than in the combined instruction condition
(−360.79s, SD=247.90). This is depicted in Figure 4.

550 M.J. van Zundert et al.



Ta
bl
e
2.

M
ea
ns

an
d
st
an
da
rd

de
vi
at
io
ns

of
tim

e
on

st
ud
y
ta
sk
s,
tim

e
on

te
st
ta
sk
s
an
d
te
st
ac
cu
ra
cy
.

S
te
pw

is
e
in
st
ru
ct
io
n
(N

=
62
)

C
om

bi
ne
d
in
st
ru
ct
io
n
(N

=
69
)

P
ha
se

1
P
ha
se

2
D
if
fe
re
nc
e

(P
ha
se

2–
P
ha
se

1)
P
ha
se

1
P
ha
se

2
D
if
fe
re
nc
e

(P
ha
se

2
–
P
ha
se

1)

M
S
D

M
S
D

M
S
D

M
S
D

M
S
D

M
S
D

St
ud
y
ta
sk
s

T
im

e
on

ta
sk

a
30
1.
44

73
.9
8

28
7.
48

82
.9
9

−
13
.9
6

10
1.
11

37
9.
43

10
6.
97

25
0.
57

56
.5
7

−
12
8.
85

11
5.
41

Te
st
ta
sk
s

D
om

ai
n-
sp
ec
ifi
c
ac
cu
ra
cy

b
3.
48

1.
00

3.
75

.8
9

.2
7

.9
0

3.
56

.9
7

3.
52

1.
00

−
.0
4

.9
9

P
ee
r
as
se
ss
m
en
t
ac
cu
ra
cy

b
3.
75

.8
3

3.
95

.8
0

.2
0

.9
3

3.
85

.7
9

3.
84

.8
4

−
.0
1

.9
0

T
im

e
on

ta
sk

a
96
9.
95

33
8.
79

55
4.
31

19
7.
78

−
40
4.
16

25
0.
03

92
2.
12

29
6.
73

54
8.
33

18
9.
20

−
36
0.
79

24
7.
90

a T
im

e
in

se
co
nd

s;
b
sc
al
e=

0–
6.

Educational Studies 551



Univariate analyses on accuracy improvement showed no significant effects of
instruction. ANCOVA showed no significant effect of instruction on either domain-
specific accuracy, F(1, 125)=1.12, MSE=.90, ηp

2=.01, 0=.29, or peer assessment
accuracy, F(1, 125)=.33, MSE=.83, ηp

2=.00, p=.57. The mean differences in
domain-specific accuracy and peer assessment accuracy between the two phases of
instruction are shown in Figure 5.

Figure 5. Mean differences in domain-specific accuracy and peer assessment accuracy
between Phase 1 and Phase 2 for each instructional condition.

Figure 4. Mean differences in time on test tasks between Phase 1 and Phase 2 for each
instructional condition.
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Student motivation

No significant effects were found for any of the four constructs measured by the
questionnaire (attention, confidence, relevance and satisfaction). This supports our
assumption of equivalence between the experimental groups. As task motivation
was comparable between the two groups, there was no reason to control for any dif-
ferences in motivation. The mean scores of the whole group were 2.68 (SD=.69)
on attention, 3.31 (SD=.71) on confidence, 3.36 (SD=.62) on relevance and 2.68
(SD=.80) on satisfaction.

Conclusions and discussion

This study investigated an instructional method for peer assessment of complex
tasks for novice learners by comparing test performance during two different two-
phase instruction methods: a combined method with domain-specific and peer
assessment tasks in both phases and a stepwise method, which had no peer assess-
ment tasks in the first phase but was otherwise identical. We hypothesised that the
stepwise instruction method would yield more improvement of performance and a
higher final test task performance than the combined instruction method. We did
indeed find more performance improvement in accuracy and time with the stepwise
instruction method. These findings provide support for preferring the stepwise
instruction method over the combined instruction method for teaching novice stu-
dents peer assessment skills for complex tasks.

Our multivariate results show more performance improvement with stepwise
instruction compared to combined instruction, but no significant differences in final
performance. The univariate results show no significant differences between the two
methods in domain-specific or peer assessment test accuracies. Yet, students in the
stepwise condition performed at a slightly higher level of accuracy and needed less
time for their performances. It is an interesting point for future research to discover
how test accuracies can be further improved. In the next paragraph, we propose
some explanations for the absence of significant findings for final test performance
and make some suggestions for future studies.

One possible cause for the absence of significant differences between the
instructional methods in final performance is task complexity. As all students per-
formed reasonably well on the test tasks, the question might be raised of whether
the study tasks were sufficiently complex for the participants in this study to
observe the predicted effects. If the tasks had been more complex, it is well con-
ceivable that significant differences in test performance would have been found.
Another explanation may be the short duration of the instruction. There were only
six study tasks, of which three differed between the two instructional conditions.
Maybe differences in accuracy would have occurred with longer training periods
and more tasks in each condition. Also, the test tasks may not have been suffi-
ciently sensitive to measure accuracy differences resulting from only three distinc-
tive study tasks. Further studies of stepwise instruction for peer assessment should
address the potential effects on test accuracies of using longer training periods,
more complex tasks and more sensitive measurement instruments.

It is important to consider the generalisability of the findings to authentic set-
tings. In the current experiment, peer assessment was performed anonymously in an
electronic learning environment. The assessments were not communicated to the
assessees, and the peer solutions that were judged were artificial solutions provided
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by the researchers and not by real peers. Hence, social and cognitive factors that
may play a role in more authentic peer assessment situations (e.g. Johnson and
Winterbottom 2011) were neglected. As social interaction and communication are
significant aspects of peer assessment skills, future research should investigate the
stepwise instruction strategy in the presence of these factors.

The focus of the current study was on one particular aspect of peer assessment:
judging the performance of a peer. Although the domain-specific tasks were rela-
tively complex, the actual peer assessment tasks were relatively simple. In reality,
peer assessment constitutes more than just judging peer performance. For example,
Sluijsmans (2002) identified three important sub-skills of peer assessment: (1) defin-
ing assessment criteria, (2) judging the performance of a peer and (3) providing
feedback for future learning. It might therefore be worthwhile to examine possible
advantages of the stepwise instruction method with regard to the sub-skills “defin-
ing assessment criteria” and “providing feedback for future learning”. Adding these
sub-skills would also make the peer assessment task more complex, probably
increasing cognitive overload and thus making the advantage of the stepwise
instruction more visible. It remains a challenge to discover potential effects of
instructional methods aimed at reducing cognitive overload – like the stepwise
instruction method – in settings with not only complex domain-specific tasks, but
also more complex peer assessment tasks.

To conclude, the current study provides some insight into a possible solution to
the cognitive overload problem with instruction in peer assessment of complex
domain-specific tasks. A stepwise instruction method was found to enhance perfor-
mance improvement. Apparently, if students are first presented with only domain-
specific information and later with both domain-specific and peer assessment infor-
mation, they need more time to achieve slightly higher accuracies compared to stu-
dents receiving only combined instruction. Educational practitioners should
therefore consider that it may be beneficial to teach students domain-specific skills
before starting on peer assessment skills.
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Appendix A

Domain-specific instructional format of the worked examples

General format

This is step … [step number] … , the … [step name] … In the … [step name] …, it is …
[explanation of step] … This is the case here, because … [link to description of experiment]…

Sample

This is step 6, the conclusion. In the conclusion, the researcher compares the results of the
experiment with the hypothesis that was formed. That is indeed the case here, because John
finds out that taking vitamin C is beneficial: the results are compared with the hypothesis.

Appendix B

Peer assessment instructional format of the worked examples

General format

If you have to assess whether your classmate’s answer is correct, first of all you check whether
or not your classmate entered the correct research step. That is … [the case/not the case] …
here: this is namely step … [step number] …, the … [step name] …, because … [explanation]
… Then, you check whether or not your classmate added an argumentation (i.e. why does s/he
think this is a certain step?). Your classmate … [did/did not] … do this: s/he writes that …
[argumentation peer] … Finally, you decide whether or not your classmate’s argumentation is
correct. The argumentation of your classmate is … [correct/incorrect] … Hence, your class-
mate’s solution is … [completely correct/completely incorrect/partially correct] …

Sample

If you have to assess whether the solution of your classmate is correct, first of all check
whether your classmate has chosen the correct step. That is indeed the case here: this is
namely step 6, the conclusion. Subsequently, you check whether he or she provided an argu-
mentation for the chosen step. Your classmate did this too: he or she writes that this is the
conclusion because John finds out that taking vitamin C is beneficial. The results are com-
pared with the hypothesis. Finally, you decide whether the argumentation is correct. This
argumentation is correct as well. Hence, your classmate’s solution is completely correct.
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