
Open Universiteit 
www.ou.nl 

Student, Direct Thyself!

Citation for published version (APA):

Beckers, J., Dolmans, D., & Van Merriënboer, J. (2022). Student, Direct Thyself! Facilitating self-directed
learning skills and motivation with an electronic development portfolio. Journal of Research on Technology in
Education, 54(4), 617-634. https://doi.org/10.1080/15391523.2021.1906363

DOI:
10.1080/15391523.2021.1906363

Document status and date:
Published: 08/08/2022

Document Version:
Publisher's PDF, also known as Version of record

Document license:
CC BY-NC-ND

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be important differences between
the submitted version and the official published version of record. People interested in the research are advised to contact the author for the
final version of the publication, or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
https://www.ou.nl/taverne-agreement

Take down policy
If you believe that this document breaches copyright please contact us at:

pure-support@ou.nl

providing details and we will investigate your claim.

Downloaded from https://research.ou.nl/ on date: 23 May. 2023

https://doi.org/10.1080/15391523.2021.1906363
https://doi.org/10.1080/15391523.2021.1906363
https://research.ou.nl/en/publications/b97e952c-0923-4c53-aef1-f75847277aaf


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ujrt20

Journal of Research on Technology in Education

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ujrt20

Student, direct thyself! Facilitating self-directed
learning skills and motivation with an electronic
development portfolio

Jorrick Beckers, Diana Dolmans & Jeroen van Merriënboer

To cite this article: Jorrick Beckers, Diana Dolmans & Jeroen van Merriënboer (2021): Student,
direct thyself! Facilitating self-directed learning skills and motivation with an electronic development
portfolio, Journal of Research on Technology in Education, DOI: 10.1080/15391523.2021.1906363

To link to this article:  https://doi.org/10.1080/15391523.2021.1906363

© 2021 The Author(s). Published with
license by Taylor and Francis Group, LLC

Published online: 01 May 2021.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ujrt20
https://www.tandfonline.com/loi/ujrt20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/15391523.2021.1906363
https://doi.org/10.1080/15391523.2021.1906363
https://www.tandfonline.com/action/authorSubmission?journalCode=ujrt20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ujrt20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/15391523.2021.1906363
https://www.tandfonline.com/doi/mlt/10.1080/15391523.2021.1906363
http://crossmark.crossref.org/dialog/?doi=10.1080/15391523.2021.1906363&domain=pdf&date_stamp=2021-05-01
http://crossmark.crossref.org/dialog/?doi=10.1080/15391523.2021.1906363&domain=pdf&date_stamp=2021-05-01


Student, direct thyself! Facilitating self-directed learning skills
and motivation with an electronic development portfolio
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ABSTRACT
This quasi-experimental study investigates the effects of using an elec-
tronic development portfolio (PERFLECT) with teacher-guided student self-
coaching on the development of students’ self-directed learning skills and
motivation. In a 12-week program in senior vocational education, students
in the PERFLECT group used the portfolio to help self-direct their learning,
while the REGULAR group followed the regular educational program.
Students in the PERFLECT group reported higher levels of self-direction,
intrinsic goal orientation, and self-efficacy than students in the REGULAR
group. Using an electronic development portfolio with a student self-
coaching protocol constitutes a promising approach to support students’
self-directed learning skills and motivation.
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Introduction

Competency-based education is widely implemented within vocational education and training
(VET). Research on the subject dates back to the 1960s and 1970s (e.g., Grant, 1979).
Competency-based education is aimed at instructing students to acquire competences (integra-
tions of knowledge, skills, and attitudes) that are derived from actual roles in the workplace or
society. Often learning in competency-based curricula occurs by solving real-world problems.
This form of education has gained popularity because it is expected to reduce the gap between
educational practice and the labor market (Biemans et al., 2004) and lead to the development of
competencies that can be applied across various contexts (Wesselink et al., 2007). In competency-
based education students are often given more responsibility for their own learning, for example,
by giving them more control over their individual learning trajectories. Such increased control
over learning likely motivates students through increased autonomy (e.g., Schnackenberg &
Sullivan, 2000; Vansteenkiste et al., 2008) and gives them the opportunity to develop skills for
self-directed learning (SDL; e.g., Knowles, 1975).

Support and guidance within SDL

Over the past few decades, the importance of well-developed SDL skills has been emphasized
because these skills are deemed to be essential for lifelong learning (e.g., Bolhuis, 2003). While
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SDL is not a clear-cut concept (i.e., many different definitions and closely related concepts exist),
most conceptualizations share some form of self-assessment, learning-needs diagnosis and formu-
lation of learning goals, and selection of learning tasks (e.g., Boekaerts & Corno, 2005; Paris &
Paris, 2001; Ziegler et al., 2011). These SDL skills do not come naturally; without training, people
are notoriously bad at self-assessing their own performance (e.g., Carter & Dunning, 2008;
Langendyk, 2006; Kruger & Dunning, 1999) and selecting learning tasks that fit their learning
needs (e.g., Azevedo et al., 2008; Stone, 1994). Fortunately, research shows that the development
of SDL skills can be fostered by proper training (e.g., Kostons et al., 2012; Roll et al., 2011).

While competency-based education can contribute to students’ development of SDL skills, it is
essential that training programs also include guidance and support to help the student acquire
these skills. This is consistent with sociocognitive learning theories that describe a gradual transi-
tion of responsibility for learning from teacher to student (Schunk and Zimmerman, 1997;
Winne & Hadwin, 1998; Zimmerman, 1989). However, transfer from teacher-directed to student-
directed learning does not occur automatically (Agricola et al., 2020).The transition of responsi-
bility for learning is usually supported by instructional scaffolding techniques such as modeling,
coaching, and the use of learning tasks that are sequenced from simple to complex. While these
techniques are aimed at supporting the development of domain-specific skills, they can also be
aimed at supporting the development of SDL skills. This is a process known as “second-order
scaffolding” (Van Merri€enboer & Kirschner, 2018). Second-order scaffolding supports students
with self-assessment of performance on learning tasks, formulation of points for improvement
(PfIs), and selection of future learning tasks. This support is provided by an intelligent agent
(e.g., a teacher or a computer algorithm) that helps to determine the complexity of learning tasks
and amount of self-direction that is needed. For example, students can be provided with concrete
performance standards to help them with self-assessment, or the number of learning tasks stu-
dents can choose from can be limited to help them select appropriate future learning tasks.
Indeed, recent research shows promising results regarding successfully promoting SDL with intel-
ligent tools (e.g., Bannert et al., 2015; J€arvel€a et al., 2015; Lai & Hwang, 2016).

Portfolio usage and SDL

Often, competency-based education includes a portfolio aimed at supporting the learning process.
These kinds of portfolios are tools that help students document and reflect on their learning pro-
cess. Research shows that portfolios used to support the learning process can be used successfully
to support the acquisition of SDL skills (Alexiou & Paraskeva, 2020; Barbera, 2009; Cheng &
Chau, 2013; Kicken et al., 2009a). One type of portfolio that is used to support learning is the
development portfolio. This kind of portfolio has embedded features that are explicitly designed
for second-order scaffolding. Among others, these include overviews of past performance on
learning tasks, a preselection of suitable learning tasks, and advice on how to formulate attainable
learning goals.

The use of development portfolios has been linked to various positive results regarding SDL
outcomes. Among others, it has been associated with improved learning-task selection and
improved learning-plan formulation skills (Kicken et al., 2009b). The use of development port-
folios has also been associated with increased levels of student motivation (Abrami et al., 2013).
However, effective portfolio use can only be ensured under certain conditions. For example, it is
very important that portfolio use is integrated into existing educational activities; it should not be
placed in the periphery (e.g., Meyer et al., 2010). Furthermore, a portfolio should be used not
only as a formative assessment instrument, but also in a summative sense to ensure that students
take it seriously (Driessen et al., 2005), although it has to be noted that combining purposes may
be complex (Heeneman & Driessen, 2017). Perhaps reported on the most consistently in the
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literature is the importance of complementing portfolio use with regular coaching sessions (e.g.,
Driessen et al., 2007; Dornan et al., 2003; Dannefer & Henson, 2007; Morales et al., 2016).

The role of coaching with portfolio usage

Regular coaching sessions are an essential part of the aforementioned second-order scaffolding.
In these sessions, students seek to discuss the direction of their learning paths with their coach
by attempting to answer the following important feedback questions: “Where am I going?,” “How
am I going?,” and “Where to next?” (Hattie & Timperley, 2007). The coach helps students to
answer these questions by offering them advice on how to effectively self-direct their learning on
specific learning tasks. This advice may pertain to self-assessment of performance on learning
tasks, formulation of PfIs, or selection of future learning tasks. Coaches can, for example, help
students self-assess their performance on learning tasks more accurately by asking them critical
questions about their assessment (e.g., “Why do you think you have mastered this skill?”). They
can advise students on the quality of formulated PfIs (e.g., “Please make sure to specify how you
aim to improve your performance on this learning task”), and they can offer students advice on
the appropriateness of selected learning tasks (e.g., “Why do you think this task is right for you
at this point in time?”).

While coaching is an essential part of second-order scaffolding, it is a very time- and energy-
consuming process. Electronic variants of development portfolios may play a promising role in
reducing time and energy expenditure on the side of the coach. These electronic development
portfolios can automate certain administrative aspects of paper-based development portfolios
(e.g., automatically adding up performance scores), but perhaps more interestingly, they can take
on the role of a virtual coach by emulating the role a real-life coach fulfills in coaching sessions.
In fact, the available research in this area demonstrates that parts of the regular coaching role can
be emulated by intelligent software, such as Metatutor (Azevedo et al., 2010) or Atgentschool
(Molenaar et al., 2011). One way to emulate the teacher’s coaching role is by integrating routine
coaching questions (e.g., “What aspects of this learning task have you completed well?”) into a
student self-coaching protocol. It is important to investigate whether such a student self-coaching
protocol can also effectively emulate the teacher coaching role. In other words: Can an electronic
development portfolio with teacher-guided student self-coaching protocol facilitate the develop-
ment of SDL skills and positively influence students’ motivation?

It is both theoretically and practically urgent to explore how teachers’ workload, due to coach-
ing students, can be alleviated somewhat. As mentioned previously, coaching often places a
big burden on teachers, a burden that may be too heavy to bear in light of research on their
workload (e.g., Ballet & Kelchtermans, 2009; Kim, 2019). Using smart technology to lighten that
workload may make a big practical difference. On the theoretical side, the field of technology-
supported SDL has seen a surge of research focusing on how technology can adaptively support
learners’ individual needs (e.g., Chou et al., 2018; Molenaar et al., 2021; Taub & Azevedo, 2019;
Su, 2020). The current research aims to add to that field by exploring how to optimize students’
preparation for coaching sessions by using a self-coaching protocol.

The following sections describe a quasi-experimental study that is aimed at investigating the
effects of using an electronic development portfolio with teacher-guided student self-coaching on
the development of students’ SDL skills and motivation. The main theme guiding this study is
the reduction of teacher coaching by substituting part of it with self-coaching. Both forms of
coaching are aimed at offering some form of second-order scaffolding, as they both support the
development of SDL with the use of an e-portfolio. Although we do know that “full” teacher
coaching can effectively support aforementioned development, it is not yet clear whether a com-
bination of diminished teacher coaching and self-coaching are able to achieve similar effects. As
such, this study is aimed at probing that effect. To do so, the study includes a comparison of
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students who follow the regular educational program while using the portfolio including teacher-
guided student self-coaching (the PERFLECT group) and students who only follow the regular
educational program without additional support (the REGULAR group). In the context of senior
vocational education, we aim to answer four research questions:

1. Do students in the PERFLECT group demonstrate gaining more SDL skills compared to stu-
dents in the REGULAR group?

2. Do students in the PERFLECT group demonstrate a significant increase of motivation com-
pared to students in the REGULAR group?

3. How do students’ SDL skills develop in the PERFLECT group during the intervention?
4. Are students in the PERFLECT group more satisfied about portfolio-supported self-coaching

than teacher coaching regarding facilitation of development of SDL skills?

In relation to the first research question, we hypothesize that the PERFLECT group will dem-
onstrate increased SDL skills compared to the REGULAR group. In relation to the second
research question, we hypothesize that the PERFLECT group will demonstrate increased motiv-
ation compared to the REGULAR group. Pertaining to our third research question, we expect
students in the PERFLECT group to demonstrate development of their SDL skills over the inter-
vention period (i.e., we expect an increase in SDL skill scores). Regarding the final research ques-
tion, we expect students in the PERFLECT group to be more satisfied about teacher coaching
than about self-coaching, because teachers can help students with nonroutine questions, while
student self-coaching cannot.

Method

Participants

Fifty-four students from two technical programs of a school for senior vocational education in
the southern part of the Netherlands participated in our study. The sample included 52 males
and 2 females with an average age of 20.0 years (SD¼ 1.7). They were students of either “middle
management engineering” or “middle management functionary building.” All students were in
their third or fourth year of these four-year programs. Existing class structures (i.e., no random-
ization was applied) were used to assign students to the PERFLECT group (n¼ 25) and the
REGULAR group (n¼ 29). Students in the PERFLECT group used the portfolio and engaged in
teacher-guided self-coaching, while the REGULAR group followed the regular educational pro-
gram without the portfolio and associated teacher-guided self-coaching. The composition of the
PERFLECT group was comparable to that of the REGULAR group. Both groups largely consisted
of males in similar types of education (both technical). Furthermore, students in both groups had
progressed to roughly the same point in their education and shared the same teachers. Four
teachers participated in this study.

Context

To facilitate students’ development of SDL skills, an electronic development portfolio was
designed and implemented (PERFLECT; Beckers et al., 2019 ). PERFLECT facilitates students’
development of SDL skills with three main functionalities: (a) supporting self-assessment of per-
formance on learning tasks, (b) formulation of points for improvement (PfIs), and (c) selection of
future learning tasks.

To self-assess performance on a learning task in PERFLECT, students start by filling out
details about the learning task. Following this, students are asked to select assessment criteria
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they think are suitable for self-assessment of their performance on the learning task. These criteria
are derived from “qualification dossiers” that describe all relevant assessment criteria for a certain
educational program (e.g., store manager) on three different levels of specificity. At the most
abstract level, “core tasks” describe units of assessment very broadly. These core tasks are somewhat
similar to competencies. For example, one core task in an educational program for store managers
is “You carry out company policy.” At the intermediate level, “working processes” describe all con-
stituents of the core tasks (e.g., “You analyze and interpret sales numbers”). At the most concrete
level, “performance criteria” describe all constituents of the working processes (e.g., “You explain
the difference between predicted and actual sales numbers”). In Figure 1 the selection of assessment
criteria is depicted. This figure shows two core tasks and their associated working processes. The
associated working processes are depicted directly under the core tasks. Students can select as many
core tasks and working processes for assessment as they deem relevant. This is done by placing a
check in the adjacent checkbox. In Figure 1 the working process “You manage article presentations”
is selected. Note that students need not select performance criteria for assessment. Performance cri-
teria are automatically generated when students select core tasks and working processes.

Figure 2 shows the third step of the assessment process. The student is expected to score each
individual criterion with either U (unsatisfactory), Q (questionable), S (satisfactory), W (well), or
N/A (not applicable). In the final step of this process students are asked to reflect on their per-
formance, by answering eight leading questions (e.g., “What parts of the learning task have you
completed well?”). Figure 3 depicts part of the student self-coaching protocol that contains lead-
ing questions to help students reflect on their learning-task performance in a structured manner
(the first four questions are depicted).

Formulation of PfIs is supported in PERFLECT as a part of the self-assessment. One leading
question is specifically concerned with formulating PfIs (“Can you formulate a learning goal to
improve your performance on the learning task?”). The answer to this leading question is auto-
matically saved by PERFLECT as a PfI. Saved PfIs are later analyzed and discussed with a teacher,
in coaching sessions designed to complement the use of PERFLECT.

Support of selection of future learning tasks is also implemented in the self-assessment in the
form of two coaching questions. With these questions, students determine the appropriate diffi-
culty and the level of support needed for the subsequent learning task. These choices are also dis-
cussed in the previously mentioned coaching sessions with the teacher.

Finally, all three functionalities are further supported in automatically generated performance
overviews. Students and teachers can access overviews based on single learning tasks but also
overviews with aggregated assessment information demonstrating progress over time. Figure 4
shows a performance overview with aggregated assessment information over time.

Figure 1. A screenshot of the assessment criteria selection page. Here, students select the relevant assessment criteria for their
self-assessment. Students can select core tasks and working processes. Performance criteria are automatically retrieved from
these choices and shown on the subsequent page (see Figure 2).
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PERFLECT was integrated into the educational routines in several ways. First, students used
PERFLECT to assess meaningful learning tasks (i.e., learning tasks were authentic and an integral
part of the students’ training). Second, protected time was scheduled within regular lessons to
self-assess learning tasks, but also to take part in coaching sessions. Third, PERFLECT was used
to store all learning-task-related materials in one place. Finally, PERFLECT was used within the
existing technological infrastructure.

Materials and measurement instruments

Coaching protocol
For students in the PERFLECT group a coaching protocol was used to ensure that all coaching
sessions with the teacher proceeded in a structured fashion. Students in the REGULAR group did
not participate in these sessions. The coaching protocol was designed to support self-assessment

Figure 2. A screenshot of the third step in the self-assessment process. In this step, students score performance criteria based
on their previous selection of assessment criteria.

Figure 3. The student self-coaching protocol. This protocol contains leading questions that support students’ reflection on learn-
ing-task performance, such as “What parts of the learning task have you completed well?”
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of performance on learning tasks, formulation of PfIs, and selection of future learning tasks. Each
of the previous three SDL elements is supported by several questions. Self-assessment is supported
by three questions (e.g., “Has the student selected the relevant core tasks and working proc-
esses?”). Formulation of PfIs is supported by four questions (e.g., “Do the formulated PfIs
describe concrete behavior?”). Lastly, selection of future learning tasks is supported by two ques-
tions (e.g., “Is the student ready to execute a more difficult learning task?”).

Motivated strategies for learning questionnaire (RQ1 and RQ2)
To measure students’ level of self-directedness and motivation we used four sub-scales of the
Motivated Strategies for Learning Questionnaire (MSLQ; Pintrich & de Groot, 1990). Specifically,
we employed a version that was translated into Dutch and subsequently validated (Van den
Boom et al., 2007). We used the subscale of Meta-Cognitive Self-Regulation (11 items, a ¼ .71)
to measure level of self-directedness. We used the subscales of Intrinsic Goal Orientation (three
items, a ¼ .47), Extrinsic Goal Orientation (four items, a ¼ .65) and Self-Efficacy for Learning
and Performance (eight items, a ¼ .88) to measure level of motivation. Two items in the Meta-
Cognitive Self-Regulation subscale and one item in the Intrinsic Goal Orientation scale were
removed from the analysis because they displayed a very low (i.e., <.200) or a negative item-total
correlation. Students were asked to indicate their level of agreement with the presented items in
the subscales. All answers were recorded on a 7-point Likert scale, ranging from not at all true of
me to very true of me.

Self-assessments and teacher assessments (RQ3)
All students’ self-assessments and teachers’ student assessments were logged. We measured the
quality of the self-assessments by comparing them with teacher assessments. This comparison
entailed determining to what extent students and teachers selected the same performance criteria
to score the learning tasks and to what extent students and teachers scored these criteria similarly.
To see whether there was improvement over time (i.e., a greater level of agreement between stu-
dents and teachers) we compared the level of student–teacher agreement for the first half of the
assessments with that of the second half of the assessments.

Figure 4. Progress over time for one student of middle management engineering on two core tasks (holistic units of assessment
that are comparable to competences). Each line represents one core task. The graph displays various assessment data points
that represent an aggregation of self-assessment and teacher assessment scores on a single learning task.
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Formulated PfIs (RQ3)
During the self-assessment process, students’ formulated PfIs were also logged. The content of
these PfIs was analyzed to see if formulated PfIs included an improvement goal, a method of
improvement, and a condition under which improvement should occur. For example, the follow-
ing PfI contains all three elements: “I need to build electric circuits faster (goal) under time pres-
sure (condition) by making a plan upfront (method).” The presence of each of these elements
adds one point to the total PFI quality score; as such, this score ranges from 0 to 3. Each PfI was
independently coded by two members of the research team (interrater reliability j ¼ .85). To see
whether there was improvement in quality of formulated PfIs, a linear regression analysis
was conducted.

Semistructured interviews (RQ3)
Three semistructured interviews were conducted with the teachers (n¼ 4) involved in the study,
as well as students (n¼ 7) from the PERFLECT group. The following main questions were
explored: “How does using PERFLECT help to self-direct the learning process?” and “How did
you experience working with PERFLECT?”

Evaluation questionnaire (RQ4)
We used an evaluation questionnaire to investigate students’ perceptions about both PERFLECT’s
ability (including the student self-coaching protocol) and teachers’ ability to support self-assess-
ment of performance on learning tasks (three items, e.g., “PERFLECT makes me reflect more on
what aspects of the learning task I performed well”) and formulation of PfIs (one item,
“Coaching sessions make me reflect more on what I need to improve about my performance on
learning tasks”). Notice that ability to support future task selection was not measured. This was
because students had little to no freedom in actually selecting learning tasks (i.e., a predefined les-
son plan describing a homogeneous learning path for all students was in place). Students were
asked to indicate their level of agreement with the presented items. All answers were recorded on
a 5-point Likert scale, ranging from I fully disagree (1) to I fully agree (5).

Procedure

Preceding the intervention, participating students and teachers attended an introductory work-
shop about working with PERFLECT. For the students, the first part of the workshop was aimed
at illustrating the benefits of working with PERFLECT and the second part of the workshop was
aimed at instructing students about how to use the portfolio. It was at this time that the pretest
(consisting of the MSLQ) was administered. The teachers attended a similar workshop with the
addition of an explanation of what was expected from them during the coaching sessions.

The intervention consisted of a 12-week period in which students were asked to assess them-
selves weekly by filling out the self-assessment along with the student self-coaching protocol in
PERFLECT. Teachers were asked to assess students’ performance on learning tasks once every
two weeks; these were preferably learning tasks that students had already self-assessed. The infor-
mation from both the teacher assessment and the student self-assessment was recorded in
PERFLECT and discussed in the complementary teacher coaching sessions using the teacher
coaching protocol. After each teacher coaching session, teachers were asked to send their students
feedback. At the end of the 12-week period the posttest (consisting of the evaluation question-
naire and the MSLQ) was administered. Four weeks after the 12-week period the semistructured
interviews were conducted (i.e., week 16).
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Results

In the following sections we present student scores on the MSLQ, self-assessments and teacher
assessments, formulated points for improvement (PfIs), and the evaluation questionnaire. First,
we report MSLQ results to reveal any differences in students’ level of SDL and motivation on the
posttest, between the REGULAR group and the PERFLECT group. Next, we present results per-
taining to the evaluation questionnaire. Finally, we focus on self-assessment and teacher assess-
ment scores and formulated PfIs to analyze changes over time in the development of SDL.

MSLQ

Table 1 displays means and standard deviations for the MSLQ subscales of Meta-Cognitive Self-
regulation and Self-Efficacy for Learning and Performance, for the pretest and the posttest of
both the PERFLECT group and the REGULAR group. Mean scores on the Meta-Cognitive Self-
regulation subscale (a ¼ .62) range between 42.21 and 46.41, with a scale maximum of 63 (sum
of 9 items, scale 1–7). Mean scores on the Self-Efficacy for Learning and Performance subscale (a
¼ .85) range between 42.12 and 45.20, with a scale maximum of 56 (sum of 8 items, scale 1–7).

Analysis of covariance (ANCOVA) demonstrates that there was a significant effect of condition
on posttest scores, after controlling for pretest scores on the MSLQ subscale of Meta-Cognitive Self-
Regulation, F(1, 42) ¼ 6.78, p ¼ .013, g2p ¼ .145. The adjusted means of the PERFLECT group
(M¼ 46.41, SE¼ 1.05) and the REGULAR group (M¼ 42.68, SE¼ 0.98) reveal that the PERFLECT
group scored significantly higher on the posttest than the REGULAR group did. There was also a
significant effect of condition on posttest scores, after controlling for pretest scores on the MSLQ
subscale of Intrinsic Goal Orientation, F(1, 46) ¼ 4.68, p ¼ .036, g2p ¼ .096. The adjusted means of
the PERFLECT group (M¼ 12.40, SE¼ 0.29) and the REGULAR group (M¼ 11.50, SE¼ 0.29)
reveal that the PERFLECT group scored significantly higher on the posttest than the REGULAR
group did. There was no significant effect of condition on posttest scores, after controlling for pre-
test scores on the MSLQ subscale of Extrinsic Goal Orientation, F(1, 43) ¼ 2.46, p ¼ .125. Finally,
ANCOVA also demonstrates that there was a significant effect of condition on posttest scores, after
controlling for pretest scores on the MSLQ subscale of Self-Efficacy for Learning and Performance,
F(1, 42) ¼ 4.55, p ¼ .039, g2p ¼ .102. The adjusted means of the PERFLECT group (M¼ 45.20,
SE¼ 1.00) and the REGULAR group (M¼ 42.12, SE¼ 1.03) reveal that the PERFLECT group
scored significantly higher on the posttest than the REGULAR group did.

Self-assessments and teacher assessments

On average, students self-assessed between three and four learning tasks (M¼ 3.2, SD¼ 1.6) over
the 12-week period. Their teachers assessed a little less than two learning tasks per student

Table 1. Means and standard deviations for the MSLQ subscales of Meta-Cognitive Self-Regulation, Intrinsic Goal Orientation,
Extrinsic Goal Orientation, and Self-Efficacy for Learning and Performance.

Pretest Post-test

REGULAR PERFLECT REGULAR PERFLECT

Subscale M SD M SD M SE M SE

SREG 42.21 10.35 42.45 5.80 42.68 0.98 46.41 1.05
INT 11.30 2.02 11.96 1.71 11.50 0.29 12.40 0.29
EXT 21.50 3.80 20.80 4.88 20.24 0.58 21.53 0.58
SEFF 43.66 6.41 42.91 5.25 42.12 1.03 45.20 1.00

Note. SREG, Meta-Cognitive Self-Regulation, scale maximum ¼ 63; INT, Intrinsic Goal Orientation, scale maximum ¼ 14; EXT,
Extrinsic Goal Orientation, scale maximum ¼ 28; SEFF, Self-Efficacy for Learning and Performance, scale maximum ¼ 56;
scale 1–7; SREG 9 items; INT 2 items; EXT 4 items; SEFF 8 items.
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(M¼ 1.7, SD¼ 1.7). In total there were 29 learning tasks that were assessed by both teachers and
students (note that some learning tasks were assessed by teachers but not by students and vice
versa). When divided over two halves, the first half of the assessments includes 14 assessments in
which students were assessed by their teacher for the first time. The second half includes 15
assessments in which students were assessed a second or a third time by their teacher.

Table 2 displays agreement percentages between students’ self-assessments and those of their
teachers on scored performance criteria for both time periods. In period 1, students and teachers
scored criteria identically in 6% of the cases (i.e., the bold-only diagonal in Table 2). In period 2,
they scored criteria identically in 16% of the cases. This is a significant increase of 10 percentage
points, v2(1, 482) ¼ 13.301, p ¼ .000. In period 1, both students and teachers scored criteria as
not applicable or did not score them at all in 18% of the cases (i.e., the bold italic number in
Table 2). In period 2, they selected not applicable or did not score them at all in 7% of the cases.
This is a significant decrease of 11 percentage points, v2(1, 482) ¼ 12.403, p ¼ .000. In period 1,
students and teachers selected different criteria for most of the cases (69%, i.e., all non-boldfaced
italic numbers in Table 2). In period 2, they selected different criteria for 67% of the cases. The
difference of 2 percentage points between period 1 and period 2 is not significant, v2(1, 482) ¼
.259, p ¼ .611. In period 1, students overestimate their performance in 4% of the cases (i.e., the
sum of the underlined numbers below the bold italic diagonal in Table 2). In period 2, this is 5%;
there is no significant difference between the two periods for overestimation percentage, v2(1,
482) ¼ 0.363, p ¼ .547. Finally, students underestimate their performance in 5% of the cases in
the first period (i.e., the sum of the underlined numbers above the bold italic diagonal in
Table 2). This was 5% in the second period; there is also no significant difference between the
two periods for underestimation, v2(1, 482) ¼ 0.001, p ¼ .981.

Formulated PFIs

On average, students formulated a little over three PfIs (M¼ 3.3, SD¼ 1.6) in the 12-week period.
After subtracting meaningless PfIs such as “N/A” and “Nothing,” students have formulated a little
less than three meaningful PfIs (M¼ 2.7, SD¼ 1.5), which is about one PfI for every assessed
learning task. The quality of formulated PfIs varied considerably, ranging from very broad key-
words such as “Planning” to rather specific descriptions such as “I have to practice more with the
software program ‘Solidworks’ to gain better control over it.”

Table 2. Students’ self-assessment scores versus teacher assessment scores in period 1 and period 2 (as percentage of total).

Teacher score %
Total

NS U Q S W

Period 1
NS 18 2 12 11 3 45
U 0 0 0 0 0 0

Student Score % Q 6 0 0 2 0 8
S 30 0 1 3 3 37
W 5 0 0 3 3 10

Total 58 2 13 19 8 100a

Period 2
NS 7 0 5 16 10 37
U 0 0 0 0 0 0
Q 4 0 0 0 0 4
S 23 0 1 8 5 37
W 9 0 1 3 8 22

Total 43 0 8 27 23 100b

Note. NS, not scored; U, Unsatisfactory; Q, Questionable; S, Satisfactory; W, Well. Note that percentile scores are rounded.
a100% ¼ 271 criteria.
b100% ¼ 211 criteria.
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In Table 3 we present repeated measures of the quality and composition of the meaningfully
formulated PfIs. For every trial (i.e., each instance a PfI is formulated) we report the number of
formulated PfIs, composition scores (i.e., the percentage of PfIs that include goals, methods and
conditions), and the average quality score of the formulated PfIs. Over time there is a substantial
decline in the number of formulated PfIs. Although 20 PfIs were formulated in the first trial, this
number drops to 3 in the last trial. Looking at the composition of formulated PfIs across trials, it
is evident that most of these points include a method (a weighted average of 81%), much less
include a goal (a weighted average of 34%), and even less include a condition (a weighted average
of 15%). Quality of points for improvement can be described with the following regression equa-
tion: 0.991þ 0.102x (where x ¼ trial number).

Semistructured interviews

The semistructured interviews explored two main questions. First, students and teachers were
asked how using PERFLECT helped to self-direct the learning process. Generally speaking, teachers
said that PERFLECT has helped them explicate previously implicit topics. Using PERFLECT
helped teachers to discuss performance criteria out in the open, providing more insight into the
students’ thought process, as captured by the following quote: “Actually, I liked experiencing their
different point of view. I can learn from that. I liked it and I was curious as to what the students
had written down” (T1). Furthermore, teachers pointed out that PERFLECT has helped them
explicate discrepancies between their judgments of students’ performance and students’ own judg-
ments of their performance. Confronting these discrepancies was seen as productive:

You had a kind of sudden awareness of how things were experienced by the students. When I assessed one
their works, often we would not be on the same page. Then you see their opinion, it gives you something
to reflect upon. (T2)

Second, teachers and students were asked how they experienced working with PERFLECT. Most
of the conversation about the experiences students had with working with PERFLECT was geared
toward points for improvement. The overall theme that emerged from the conversations with the
students is centered around the static nature of PERFLECT, which did not allow for much auton-
omy. Four points of improvement were raised. First, students described the importance of inte-
grating PERFLECT in their existing infrastructure. This was mainly pointed toward the software
side (including systems such as N@tschool), but also toward the fact that students and teachers
agree that PERFLECT would do better in a workplace setting where students experience authentic
learning tasks. “It does not really fit. The only real place where it could fit, would be during the
internships” (S2).

Teachers agreed that PERFLECT could have fit better into the organization. Especially, the
rate of self-assessing performance on learning tasks was perceived as too high and sometimes triv-
ial, because often there was not much to be assessed when students engaged in larger learn-
ing tasks.

Table 3. The quality of students’ formulated PfIs over time/trials.

PfI quality score

Trial number
Meaningful

PfIs formulated, N
PfI includes
goal (%)

PfI includes
method (%)

PfI includes
condition (%) M (1–3) SD

1 20 25 85 10 1.20 0.41
2 18 33 78 0 1.11 0.32
3 12 33 75 8 1.17 0.39
4 12 42 75 25 1.33 0.49
5 3 33 100 66 2.00 1.00
6 3 66 100 0 1.67 0.58
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Sometimes the rigidity of the system was not appreciated (e.g., not being able to skip filling
out certain fields). At those times, students wanted to skip what felt like a pointless exercise to
them. “Sometimes you just have fill out certain fields just to fill them out, that should not have
to happen!” (S3).

Finally, students would appreciate less repetitiveness in the process. They claim that the tedi-
ous unchanging series of events led them to take the whole process less seriously.

Evaluation questionnaire

In Table 4 we present student evaluation scores of both PERFLECT’s and teachers’ ability to
facilitate the development of SDL skills. Only students in the PERFLECT group completed this
questionnaire, because the REGULAR group did not work with PERFLECT, nor did they partici-
pate in the intervention coaching sessions with their teacher.

We present evaluation scores for self-assessment of performance (measured with three items)
and formulation of PfIs (measured with one item). Individual item means range from 3.5 to
3.9, with a maximum of 5. Results show that students appreciated both PERFLECT’s ability to
facilitate self-assessment of performance (M¼ 11.0, SD¼ 2.2, a ¼ .87) and their teachers’ ability
to do so (M¼ 10.8, SD¼ 2.4, a ¼ .88). The evaluation scores for PERFLECT and the teachers
did not differ significantly, t(23) ¼ 0.266, p ¼ .793. Additionally, students appreciated
PERFLECT’s ability to facilitate the formulation of PfIs (M¼ 3.9, SD ¼ 0.7), as well as their
teachers’ ability to do so (M¼ 3.8, SD¼ 0.9). These evaluation scores also did not differ signifi-
cantly, t(23) ¼ �0.723, p ¼ .477.

Discussion and conclusion

This study investigated the effects of using an electronic development portfolio with teacher-
guided student self-coaching on the development of SDL skills and motivation. Regarding our
first two research questions, we hypothesized that students who used PERFLECT with teacher-
guided student self-coaching would demonstrate gaining more SDL skills and a significant
increase of motivation compared to their peers who did not use PERFLECT. These hypotheses
are confirmed. Students who used PERFLECT with teacher-guided student self-coaching reported
gaining SDL skills as measured by the Meta-Cognitive Self-Regulation Scale in the MSLQ, while

Table 4. Evaluation scores of students’ satisfaction with self-coaching and teacher coaching with respect to ability to facilitate
development of SDL skills.

Score

Student self-coaching Teacher coaching

SDL component Item M SD M SD

Self-assessment
of performance

11.0a 2.2 10.8a 2.4

I am stimulated to think more about what aspects of
learning tasks I performed well on, by using …

3.8 0.7 3.8 0.8

I am stimulated to think more about my strong points,
by using …

3.5 0.8 3.5 0.9

I am stimulated to think more about my weak points,
by using …

3.7 0.9 3.6 0.9

Formulation of PfIs – – – –
I am stimulated to think more about what aspects of

learning tasks I need to improve on, by using …
3.9 0.7 3.8 0.9

Note. Mean item scores range from 1 to 5, 1 ¼ fully disagree, 5 ¼ fully agree. The evaluation questionnaire was filled out by
24 participants.

aSDL component scores range from 3 to 15.
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the other students did not. Regarding our second hypothesis, the PERFLECT students reported
significantly increased intrinsic goal orientation and increased self-efficacy beliefs, compared to
their peers who did not use PERFLECT. Interestingly, differences between the PERFLECT group
and the REGULAR group were observed for intrinsic goal orientation, but not for extrinsic goal
orientation. The most logical explanation for the increase in intrinsic goal orientation seems to be
that students were given quite a lot of autonomy over the topic of their self-assessments and the
discussion in subsequent coaching sessions. The absence of differences between the PERFLECT
group and the REGULAR group for extrinsic goal orientation, might be explained by our
attempts to avoid placing extra demands on students and overly structuring the PERFLECT
workflow during our study.

Concerning our third hypothesis, we expected that PERFLECT students would display
improvement of their SDL skills over time. This hypothesis is partly confirmed. Over time, stu-
dents and teachers more often chose to score identical performance criteria, indicating that they
increasingly perceived the same criteria as being important for assessment of the learning task.
This might have to do with the fact that students and teachers claim that they explicitly discussed
the students’ performance on learning tasks in the study period. Moreover, over time, they also
agree more often on how these criteria should be scored. This suggests that students and teachers
move toward each other in terms of scoring performance criteria when the same criteria are
chosen. However, more often than not students and teachers disagree on what criteria should be
used to assess performance on learning tasks. While this finding is interesting, it is unsurprising,
because previous research already suggests that students need a lot of support with selection of
relevant criteria for performance assessment (e.g., Fastr�e et al., 2014). Interestingly, occurrences of
under- and overestimation of performance constitute a minority in our study. This is remarkable,
because it is incongruent with the vast body of literature reporting student overconfidence as a
serious problem (e.g., De Bruin & van Gog, 2012). This apparent lack of overconfidence might
have occurred due to the nature of the self-assessments in this study. Most studies reporting over-
confidence as a problem often measure it on a micro scale with relatively objective measures
(e.g., by comparing students’ estimations of how many items they can remember correctly vs.
how many items they have actually remembered correctly), whereas in this study overconfidence
was measured with more subjective, holistic measures. This may have influenced the level of
overconfidence.

In terms of the composition of the points for improvement (PfIs) that students formulate, stu-
dents almost always include how they want to improve their performance. However, in the
majority of cases they do not include what they want to improve. Moreover, hardly any PfI
includes the conditions under which better performance should be achieved. Thus, while in gen-
eral students improve their ability to formulate PfIs, they can greatly profit from coaching aimed
at including what they want to improve and under which conditions they want to improve it,
and not so much how they plan to do it.

Lastly, we expected students to be more satisfied about teacher coaching than self-coaching,
regarding facilitation of SDL. This hypothesis was not confirmed. In this study, students were
satisfied with both forms of coaching. Moreover, no difference was found in students’ satisfac-
tion with the two forms of coaching. We expected a difference in satisfaction because student
self-coaching was designed to handle routine aspects of coaching, so that teacher coaching
could help students find answers to nonroutine questions. Possibly, teacher coaching also had
to focus on routine aspects of coaching. Effectively developing a self-coaching routine takes
time, which was limited in this study. Likely, teachers spent time supporting students’ internal-
ization of the self-coaching routine, limiting the available time to focus on nonroutine aspects
of coaching. However, self-coaching should probably be designed in such a way that students
do not experience it as a routine; this might impact their motivation to use it in a product-
ive manner.
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Some limitations apply to our study. We employed a nonequivalent groups design (i.e., the existing
class structures were used and the REGULAR group only participated in pre- and posttests). While
this kind of design ensures high ecological validity, effects may be less attributable to the intervention.
To reduce the risk of confounding due to the possibility of unequal groups, we took steps to minimize
the risk. First, time on task was kept equal for the PERFLECT and the REGULAR group, by organiz-
ing the coaching sessions during class time. As such, the PERFLECT group did not receive more
instruction than the REGULAR group and score differences between both groups cannot be attributed
to differences in time spent on task. Second, to minimize the influence of pre-existing differences
between the PERFLECT group and REGULAR group we used ANCOVA, which adjusts the treatment
effect for pre-existing differences.

This study aimed to improve students’ SDL skills. It is well known that improving these skills
takes time. To ensure robust effects, longer study periods are needed. Furthermore, SDL is a very
broad construct that can be measured in very different ways. To ensure that our measurement
correctly reflects the broad spectrum that SDL encompasses, it is necessary to compare results
from our measures with a broad set of other measures. Finally, at this point in time it is hard to
differentiate effects of the development portfolio from those of the coaching sessions. We suggest
that future research focus on longitudinal study designs, employing additional SDL measures and
adopting research designs that make it possible to differentiate effects of development portfolios
from coaching sessions.

In this study we compared a condition of diminished teacher coaching with an added
self-coaching condition to a condition with no teacher coaching. It might be argued that
results of this study are predictable, because it is widely acknowledged that teacher coaching
is essential to supporting the development of SDL. This argument would deny the influence
of amount of teacher coaching and effectively restrict the influence of teacher coaching to a
dichotomous nature. However, the literature suggests that the amount of coaching is an
important factor in supporting the development of SDL (e.g., Kicken et al., 2009b). Our
study is focused on substituting a portion of teacher coaching with self-coaching, effectively
reducing the amount of teacher coaching. As such, we argue that the results in this study are
less predictable than might be assumed and thus have added value. Exploring the nature of
the relationship between the amount of coaching provided (by a teacher or another intelli-
gent agent) and SDL gains achieved seems to be very practically relevant. If it were clear
how much SDL gain is to be expected with a certain amount of coaching, this could inform
policy regarding said coaching. If teachers’ resources are directed so that they are fit for pur-
pose (e.g., expending a smaller amount of teacher coaching when smaller gains in SDL are
sufficient, or when another intelligent agent can assume a part of the coaching role), this
may help to alleviate teachers’ workload.

An interesting line of future research is situated in the field of metacognition and is concerned
with judgments of learning (JOLs). These JOLs comprise students’ judgments about how much is
learned from previously performed learning tasks. Koriat (1997) states that at the heart of these
JOLs lie several performance cues indirectly related to the strength of the memory trace of the
performed learning tasks. Some cues are more reliable than others in predicting actual perform-
ance. Aspecific cues (e.g., JOLs based on a person’s belief about his general ability to execute
similar learning tasks) are less effective than specific, performance-related cues (e.g., JOLs based
on the use of objective performance standards) in helping predict how much is actually learned.
In order to improve students’ self-assessment skills, future research could focus on integrating
performance related cues into an e-portfolio.

Another valuable line of future inquiry is that of learning analytics (e.g., Van der Schaaf et al.,
2017; Viberg et al., 2020). Through learning analytics large amounts of user-produced data can be
transformed to provide useful personal learning opportunities. The system can, for example, analyze
commonly made mistakes in the user-provided answers and offer suggestions for improvement
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based on input from other users. Applied to electronic development portfolios, it would be interest-
ing to investigate whether learning analytics can also be used to scaffold students’ SDL skills.

In conclusion, the use of an electronic development portfolio with a student self-coaching
protocol and teacher-guided student self-coaching is a promising approach to facilitate students’
development of SDL skills. The use of this approach leads to increased student levels of self-
directedness and motivation. Moreover, students’ self-assessment accuracy improves, as well as
the quality of their formulated PfIs. However, students must be supported with selecting suitable
criteria for self-assessment. Using performance-related assessment cues and learning analytics, the
use of electronic development portfolios can likely be made even more effective.
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