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Foreword

As President of the Irish Science Teachers’ Association I

am acutely aware of the important role that the ISTA plays
in science education in Ireland. As the professional body
representing science teachers in Ireland, the ISTA represents
over 1,200 teachers throughout the country. In my role as
ISTA President I have witnessed at first hand the enormous
dedication and commitment shown by ISTA members who,
in a voluntary capacity, work to help their fellow science
teachers. All ISTA activities are carried out in somebody’s
spare time and this is one of the great strengths of the ISTA.

We are now at an important stage in the development of
science education in Ireland as three new draft syllabi or
specifications in Biology, Chemistry and Physics have recently been published by the NCCA for
discussion and feedback. The ISTA has been to the forefront of the consultation process of its
members and has run three very successful continuing professional development online seminars
attended by 648 science teachers. These seminars helped to obtain feedback from the teachers “on
the ground” who will be tasked with the challenge of ensuring that these three new syllabi will be
successfully implemented in the classroom and in school science laboratories throughout Ireland.

In addition to the online seminars, the ISTA has also issued a detailed questionnaire to its members

in order to obtain feedback on the draft syllabi. A total of 320 questionnaires have been completed

by science teachers to date. This report contains an analysis of all feedback gathered from teachers ®
who participated in the online seminars and those who completed the questionnaire. This report

summarises and synthesises the feedback from these teachers.

I commend the initiative of the ISTA in carrying out this comprehensive process to ensure that the
voice of science teachers is clearly heard. It is vital that the Leaving Certificate subjects of Biology,
Chemistry and Physics continue to attract the best students in the country. Therefore, it is important
that the new syllabi are of the highest standard and are designed according to international best
practice in curriculum design. I hope that the voice of ISTA is listened to when finalising the

draft syllabi and that the recommendations in this report are put into practice when the syllabi are
finalised.

I wish the ISTA continued success in its important role in science education in Ireland

NN

Ve

Professor Luke O’Neill
ISTA President
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Executive Summary

This report summarises the response of the Irish Science Teachers’ Association to the Leaving
Certificate Physics, Chemistry and Biology Draft Specifications (syllabi) published by NCCA in
December 2023. In this report, the term “syllabus” and “specification” will be used interchangeably
as the term “syllabus” has greater clarity and is the more commonly used term at international level.

Chapter 1 gives a short introduction to the ISTA and explains how data were gathered for this
report.

Chapter 2 addresses curriculum and syllabus design in Ireland in the past decade. The ISTA is
fully supportive of the concept of learning outcomes and of designing syllabi within a learning
outcomes framework. However, in Ireland, problems have arisen as a result of a “learning outcomes
only” approach adopted by NCCA in syllabus design over the past decade. This “learning outcomes
only” approach has caused problems in the classroom due to the lack of clarity for teachers on

what subject content should be taught to the students and the depth to which the content should be
taught. As a result, different teachers interpret the learning outcomes differently (and may have been
encouraged to do so in some CPD programmes) — and the interpretation of learning outcomes by the
State Examinations Commission may differ from that of some teachers. This has led to a situation
where for some students and teachers there is a lack of alignment between the syllabus as they
interpret it, and the questions on the Junior Cycle or Leaving Certificate examination papers.

Learning outcomes are a valuable tool for identifying what learners should know, understand and
@ be able to do at the end of a lesson or programme. However, it is not appropriate to use learning
outcomes alone to define a syllabus and its assessment, especially for a nationally assessed
curriculum. Learning outcomes are statements of essential learning, and as such they are written
at minimum acceptable or threshold (pass / fail) standard. If teachers focus only on learning
outcomes, there is a real risk that the teaching and learning targets will be at a minimum rather than
a maximum level, that the bar will not be set high enough for student learning, and that as a result,
standards will fall. This “dumbing down” of standards has been referred to by teachers across many
subjects at Junior Cycle level.

Teachers do not see it as their role to interpret or “unpack” learning outcomes as was recommended
to teachers in the provision of CPD programmes at Junior Cycle level. It is the role of the NCCA

to ensure that learning outcomes are clearly defined in published syllabi so that it is clear to
teachers what students must be able to do in order to successfully achieve each learning outcome.
The Leaving Certificate Physics, Chemistry and Biology syllabi currently being taught in our
secondary schools have great clarity and are held in high esteem by teachers, students and third-
level academics. The views of teachers on the need to ensure that the new Physics, Chemistry

and Biology Specifications are of a similar high standard has been supported by two Oireachtas
Committees in the publications Learning for Life and The Future of Science, Technology,
Engineering and Maths (STEM) in Irish Education as discussed in Chapter 2 of this report:

The Department of Education should publish revised specifications for Physics,
Chemistry and Biology at Senior Cycle by the end of 2023. A key priority should be
that the revised syllabus for each subject is far more detailed with comprehensive
instructions for teachers. The Committee recommends that the National Council
for Curriculum and Assessment (NCCA) reviews the proposed design of the new
specifications to ensure teachers are properly supported and students are taught to the
highest professional standards.

(Oireachtas Committee, 2023 p.19)
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Chapter 3 discusses the Leaving Certificate Physics Draft Specification. An analysis of the draft
specification has been carried out by the ISTA Physics Committee in consultation with ISTA
members. Arising from this analysis, it is clear that one of the main problems with the Leaving
Certificate Physics draft specification is the lack of clarity in a significant number of learning
outcomes. Of the 101 learning outcomes in the “contextual” (subject specific) strands of the
specification, a total of 69 learning outcomes (68.3%) are unclear. Due to this lack of clarity, it

is impossible for teachers to ensure that their students achieve these learning outcomes — and
impossible for students to know if they have achieved them. Recommendations to bring clarity to
each vague learning outcome are made in Chapter 3. All of the learning outcomes in the contextual
strands of the Physics draft specification are listed in Appendix 1 with relevant comments made on
each Learning Outcome.

An analysis of time to teach each individual specification has been carried out and it is felt that the
learning outcomes in the contextual strands cannot be achieved within 160 hours of teaching the
specification.

Of the 101 learning outcomes in the specification, 10 contain reference to Higher Level material. It
is recommended that this balance needs to be discussed at an NCCA Subject Development Group
meeting as no detailed discussion has been held to date on this topic.

An analysis of the unclear learning outcomes shows that they fell into various categories:

(i)  Learning outcomes that make no sense in the context in which they are being used.

(i1)) Learning outcomes that are so vague and so broad that it is impossible to know what
students must be able to do in order to achieve the learning outcomes.

(i11)) Learning outcomes that use the term “primary data” when it is not necessary to use it. @
(iv) Learning outcomes that use the term “secondary data” when it is not necessary to use it.
(v)  Learning outcomes that are vague and ill defined.

(vi) Learning outcomes that do not clarify what laboratory practical work should be carried
out in order to achieve the learning outcome.

(vii) Learning outcomes that overlap

In addition to lack of clarity in 69 learning outcomes, there is also a lack of clarity in the laboratory
practical investigations that are mandatory in order to achieve the appropriate learning outcomes.
The ISTA Physics Committee has analysed the draft specification and provided a list of 23
Laboratory Practical Investigations that are considered to be mandatory in order to successfully
implement the specification in the classroom.

Chapter 4 discusses the Leaving Certificate Chemistry draft specification. An analysis of the
draft specification has been carried out by the ISTA Chemistry Committee in consultation with
ISTA members. Arising from this analysis, it is clear that one of the main problems with the
Leaving Certificate Chemistry draft specification is the lack of clarity in a significant number of
learning outcomes. Of the 127 learning outcomes in the contextual strands, a total of 40 learning
outcomes (31.5%) are unclear. Due to this lack of clarity, it is impossible for teachers to ensure
that their students achieve these learning outcomes — and impossible for students to know if
they have achieved them. Recommendations to bring clarity to each vague learning outcome are
made in Chapter 4. All of the learning outcomes in the contextual strands of the Chemistry Draft
Specification are listed in Appendix 2 with relevant comments made on each learning outcome.
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An analysis of time to teach each individual specification has been carried out and, in general, it

is felt that the learning outcomes in the contextual strands can be achieved within 160 hours of
teaching provided that the Unifying Strand is deleted from the specification. Since this strand deals
with the Nature of Science, it is felt that this has been adequately covered at Junior Cycle level.

Of the 127 learning outcomes in the specification, 35 contain reference to Higher Level material. It
is recommended that this balance needs to be discussed at an NCCA Subject Development Group
meeting as no detailed discussion has been held to date on this topic.

An analysis of the unclear learning outcomes shows that they fell into various categories:

(i)  Learning outcomes that do not contain active verbs.
(i1)) Learning outcomes that make no sense in the context in which they are being used.

(i11) Learning outcomes that are so vague and so broad that it is impossible to know what
students must be able to do in order to achieve the learning outcomes.

(iv) Learning outcomes that use the term “primary data” when it is not necessary to use it.
(v) Learning outcomes that use the term “secondary data” when it is not necessary to use it.
(vi) Learning outcomes that are vague and ill defined.

(vil) Learning outcomes that use broad terms such as “range of” without any further
clarification.

(viii) Learning outcomes that do not clarify what laboratory practical work should be carried
out in order to achieve the learning outcome.

(ix) Learning outcomes that include unsuitable active verbs.

In addition to lack of clarity in 40 learning outcomes, there is also a lack of clarity in the laboratory
practical investigations that are mandatory in order to achieve the appropriate learning outcomes.
The ISTA Chemistry Committee has analysed the draft specification and provided a list of 26
Laboratory Practical Investigations that are considered to be mandatory in order to successfully
implement the specification in the classroom.

Chapter S discusses the Leaving Certificate Biology Draft Specification. An analysis of the draft
specification has been carried out by the ISTA Biology Committee in consultation with ISTA
members. Arising from this analysis, it is clear that one of the main problems with the Leaving
Certificate Biology Draft Specification is the lack of clarity in a significant number of learning
outcomes. Of the 99 learning outcomes in the contextual strands, a total of 66 learning outcomes
(66.7%) are unclear. Due to this lack of clarity, it is impossible for teachers to ensure that their
students achieve these learning outcomes — and impossible for students to know if they have
achieved them. Recommendations to bring clarity to each vague learning outcome have been
made in Chapter 5. All of the learning outcomes in the contextual strands of the Biology Draft
Specification are listed in Appendix 3 with relevant comments made on each learning outcome.

An analysis of time to teach each individual specification has been carried out and, in general, it

is felt that the learning outcomes in the contextual strands can be achieved within 160 hours of
teaching provided that the Unifying Strand is deleted from the specification. Since this strand deals
with the Nature of Science, it is felt that this has been adequately covered at Junior Cycle level.

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)
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Of the 99 learning outcomes in the specification, 17 contain reference to Higher Level material. It
is recommended that this balance needs to be discussed at an NCCA Subject Development Group
meeting as no detailed discussion has been held to date on this topic.

An analysis of the unclear learning outcomes shows that they fell into various categories:

(1) Learning outcomes that do not contain active verbs.

(1) Learning outcomes that are so vague and so broad that it is impossible to know what
students must be able to do in order to achieve the learning outcomes.

(ii1)) Learning outcomes that use the term “primary data” when it is not necessary to use it.
(iv) Learning outcomes that use the term “secondary data” when it is not necessary to use it.
(v) Learning outcomes that are vague and ill defined.

(vi) Learning outcomes that use broad terms such as “range of”” without any further
clarification.

(vil) Learning outcomes that do not clarify what laboratory practical work should be carried
out in order to achieve the learning outcome.

(viii) Learning outcomes that include unsuitable active verbs.

In addition to lack of clarity in 66 learning outcomes, there is also a lack of clarity in the laboratory

practical investigations that are mandatory in order to achieve the appropriate learning outcomes.

The ISTA Biology Committee has analysed the draft specification and provided a list of 13

Laboratory Practical Investigations that are considered to be mandatory in order to successfully

implement the specification in the classroom. (O}

Chapter 6 discusses the Unifying Strand which is located in the introductory material to the
Physics, Chemistry and Biology Draft Specifications. It is a strand that deals with the Nature of
Science and consists of 11-12 learning outcomes according to the individual specification. Most of
the learning outcomes are identical in all three specifications.

Analysis of the learning outcomes in the Unifying Strand show that they consists of a list of

very broad learning outcomes that have inserted into the introductory section of the Physics,
Chemistry and Biology Draft Specifications. The Unifying Strand adds little or nothing to the three
specifications. On the contrary, teachers feel that the broad learning outcomes in the Unifying
Strand have the potential to be a source of confusion and stress to teachers who fear that what has
happened in the examining of Agricultural Science will also apply to the new Physics, Chemistry
and Biology Specifications when introduced into the classroom. Problems reported by teachers
that they have encountered with the vague Leaving Certificate Agricultural Science syllabus are
discussed in Chapter 6 and Chapter 7.

In addition to the broad nature of the Unifying Strand, there is no attempt in any of the three draft
specifications to link these broad learning outcomes to the learning outcomes in the contextual
strands. This is one of the key aspects of constructive alignment in curriculum design. Without this
constructive alignment, the Unifying Strand is meaningless as the strand simply consists of a list of
broad learning outcomes that have been cut and pasted into the introductory section as a stand-alone
strand with no effort made to link these learning outcomes to those in the contextual strands. Since
constructive alignment is an essential component in all syllabi designed within a learning outcomes
framework, we recommend that either the Unifying Strand be deleted from all three specifications
or that a clear constructive alignment strategy be drawn up to link the broad learning outcomes in
the Unifying Strand to the appropriate learning outcomes in the contextual strands.
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Chapter 7 analyses the data obtained from science teachers via the online questionnaire and the
three national online CPD events to discuss the draft specifications. The online questionnaire was
completed by 320 science teachers and the CPD events were attended by a total of 648 science
teachers (Physics = 106, Chemistry = 224 and Biology = 318)

Over 90% of teachers expressed dissatisfaction with the allocation of 40% of the marks to the
research investigation component. The most popular choice was 20% mark allocation with the next
most popular option being 10% mark allocation for coursework.

When asked about the level of laboratory equipment / resources, only a small percentage
(7%) described their laboratories as being very well equipped. Over 40% of laboratories
were described as being either poorly equipped or very poorly equipped. The majority
of teachers (82%) do not feel that they have sufficient resources to support the additional
assessment component Research Investigation in their schools.

The additional assessment component will seriously impact on the availability of school
laboratories and laboratory resources to other classes such as Junior Cycle and Transition Year,
e.g. less practical work having to be carried out at Junior Cycle and Transition Year level, students
having to be moved out of laboratories to facilitate Leaving Certificate project work, implications
of teacher availability for students who wish to participate in BT Young Scientists’ Exhibition

and Scifest Exhibition. The perceived rush to introduce the new specifications in schools in 2025
without schools being adequately equipped was also of concern to teachers.

Teachers identified that the proposed model of assessment of Leaving Certificate biology chemistry
and physics “additional assessment component” by means of a laboratory-based Investigation in
sixth year as outlined in the draft specifications would have a number of effects

e Additional stress on teachers and students
e Adverse effect on uptake of Leaving Certificate Physics, Chemistry and Biology.

e Cheating associated with proposed model and alternative models to give credit to students
for practical work should be considered.

e Widening of the social divide.

e Timing in sixth year and timescale of introduction were identified as problematic.

e Similar negative consequences as experienced in the Agricultural Science research projects.
e Importance of provision of laboratory technicians.

e Importance of making School Management aware of implications of research investigations
in Physics, Chemistry and Biology.

Teachers identified major problems with the clarity of learning outcomes in the Physics, Chemistry
and Biology draft specifications. These problems will greatly add to the stress on teachers and
students working towards a high-stakes examination such as the Leaving Certificate.

Some suggestions for topics which could be included in the draft specifications and excluded from
the draft specifications were also made by teachers.

On average, almost 90% of teachers reported that they were unclear on what mandatory laboratory
investigations should be carried out by students in school laboratories. An average of 96% of
teachers was in favour of a list of mandatory student laboratory investigations being included in
the final draft of the Physics, Chemistry and Biology specifications. Among the advantages of
mandatory student practical work that emerged from the data were:

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)
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1. Mandatory investigations ensure that all students acquired basic key skills in laboratory
practical work.

2. Once the basic laboratory skills were acquired, students are then in a position to carry out
scientific investigations as required in the second mode of assessment.

3. The list of specified mandatory investigations on the current Leaving Certificate Physics,
Chemistry and Biology syllabi help teachers to obtain funding from school principals.

4. Mandatory investigations were liked by students who enjoyed practical work as they were
rewarded on the examination paper for carrying out these mandatory investigations.

5. Mandatory experiments allowed student to develop the skill of following a written set
of instructions as is demanded in standard operating procedure of industries such as the
biopharmachemical and electronics industries.

6. Mandatory experiments are good from a Health and Safety perspective as a risk assessment
can be carried out easily for each experiment to be carried out by students.

7. Mandatory investigations assist with lab organisations and management as stock taking is
made easier.

8. Mandatory investigations help to have a “level playing pitch” between schools with ample
funding and schools with minimum funding.

In final comments made by teachers, issues highlighted were: increased stress on students

and teachers caused by the research investigations, potential for damage to uptake of

science subjects at Leaving Certificate level, lack of clarity of learning outcomes, the need &
to pilot the research investigation model due to the huge pressure of having approximately

50,000 students carrying out research investigations across Physics, Chemistry and Biology,

widening of social inequality and the need to have sample examination papers, marking

schemes and other documentation available prior to any specification being implemented.

Chapter 8 summarises the main conclusions and recommendations as shown in the

following table:
No. Conclusion Recommendation
1 | One of the main problems in the Leaving Work needs to be initiated by the three NCCA

Certificate Physics, Chemistry and Biology Subject Development Groups to bring the draft
Draft Specification is the lack of clarity ina | specifications up to international standard. This
significant percentage of learning outcomes | work involves writing into the draft specifications

in each specification - Physics (68.3%), the detail required in order to clarify the learning
Chemistry (31.5%) and Biology (66.7%). outcomes highlighted in this report.

2 | There is a lack of clarity about the time When the detail described in section 1 above
required to implement the new specifications | is written into the draft specifications, an audit
in Physics, Chemistry and Biology. The should be carried out by the practising teachers
time allocated to teach each specification who serve on the NCCA Subject Development
as described in this report involves a lot of Groups to calculate the time needed to implement
estimations due to lack of clarity associated | each learning outcome in the classroom to ensure
with many learning outcomes. that the total time is within the 160 hours of class

contact time.
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3. | There is a lack of clarity in the laboratory
practical investigations that are mandatory
in order to achieve the appropriate learning
outcomes. Eight reasons for having clear
lists of mandatory student investigations
emerged from the data analysis (Chapter 7).
The fact that 96% of teachers across Physics,
Chemistry and Biology requested that clear
lists of mandatory practical investigations be
provided shows the strength of opinion on
this matter.

Clear lists of mandatory student investigations
need to be provided — as exist in the Leaving
Certificate Physics, Chemistry and Biology syllabi
being taught in our schools. These lists should

be drawn up by the NCCA Subject Development
groups and embedded into each of the three
specifications. The lists provided by the ISTA
Physics, Chemistry and Biology committees, based
on their own teaching experience and feedback
from colleagues, included in this report could be
used as starting points for working towards the
final lists.

4. | Itis clear from the analysis of data in
Chapter 7 that teachers require more
information on assessment. The draft
specifications have been published as “bare”
documents without any information on how
the learning outcomes will be assessed and
no information on the structure or format
of the examination papers or types of
questions that will be given on the Leaving
Certificate examination papers in Physics
Chemistry and Biology. This is in direct
conflict with international best practice
where sample examination papers, Teacher
Guidelines, sample marking schemes and
details of student laboratory practical work
are provided in addition to the detailed
published syllabi. At the moment the
implementation of new specifications is
rather haphazard and takes a “make it up

as we go along” approach. Teachers cannot
effectively prepare and assess students for
an examination whose structure they have
no idea about until the specification has been
largely taught in sixth year.

The ISTA supports the motion passed at the ASTI
and TUI Annual Conferences in 2023 that That
the ASTI / TUI demand that, for all future Leaving
Certificate syllabi (specifications), the Department
of Education, the NCCA and SEC publish the full
range of syllabus documentation concurrently and
not less than 12 months prior to implementation
of the syllabus. The syllabus documentation to
include: a detailed syllabus which embeds depth
of treatment and comprehensive teacher guidelines
into the syllabus, sample examination papers,
sample marking schemes, rationale and research-
based evidence that underpin the changes to / for
introduction of syllabi

5. | Asnoted in Chapters 3, 4 and 5, the ISTA

is concerned about the imbalance between
Ordinary Level and Higher Level in some
areas of the specifications. No detailed
discussions have been held at NCCA Subject
Development Groups about the balance
between Higher Level and Ordinary Level
topics in the Physics, Chemistry and Biology
draft specifications.

To ensure the correct balance between Higher
Level and Ordinary Level topics and also balance
across teaching times, discussions need to be held
at NCCA Subject Development group meetings
as part of the review process and appropriate
adjustments made in the specifications.
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5. | Teachers will be under a lot of stress trying
to cover the learning outcomes in the
contextual strands of the Physics, Chemistry
and Biology specifications without the added
stress of having to make sense of the very
broad and general learning outcomes in the
Unifying Strand.

It is recommended that either the Unifying Strand
be deleted from all three specifications or that a
clear constructive alignment strategy be drawn
up to link the very broad learning outcomes in
the Unifying Strand to the appropriate learning
outcomes in the contextual strands

6 | Additional Assessment Component -
Percentage Allocation of marks.

It is clear from the data in Chapter 7 that the
vast majority of teachers (91%) are unhappy
with the allocation of 40% of the marks

to the Additional Assessment Component
(AAC).

The allocation of marks should be reduced to
either 20% or 10%. This could be introduced
provisionally for an initial number of years on a
trial basis.

7 | Additional Assessment Component -
Resource Implications.

It is clear from the data in Chapter 7 that

the majority of schools are ill-equipped

to facilitate a model whereby all Leaving
Certificate students carrying out research
investigations across Physics, Chemistry and
Biology. The majority of teachers (82%) do
not feel that they have sufficient resources
to support the Research Investigations. The
lack of access to resources / equipment, lack
of lab availability and lack of laboratory
technicians in non-fee-paying schools were
all cited as major problems.

The proposed model of the Additional Assessment
Component as outlined cannot be implemented
without funding provided to ensure that all schools
have access to the necessary laboratory resources

/ equipment, access to laboratories and access to
technical support from laboratory technicians.

If funding is not being provided, then alternative
models as suggested in Chapter 7 should be
considered, e.g. an oral examination and / or marks
being allocated for evidence in students’ laboratory
notebooks of laboratory practical work being
carried out by them.

8 | Additional Assessment Component - Stress
on Students and Teachers.

Analysis of data in Chapter 7 highlighted
the additional stress on students and teachers
brought about by the implementation of
this particular model involving a Research
Investigation. Teachers predict that this will
lead to adverse uptake of science subjects

at Leaving Certificate and make the science
teaching profession less attractive to science
graduates. Some teachers mentioned that

it would hasten their retirement from the
science teaching profession.

Remove the stress on students and teachers

by considering changing the model. Instead

of students carrying out all the Research
Investigations over a fixed period in sixth year,
devise a model to give students credit for practical
work carried out over two years.

23/02/2024 09:03:33 ‘



Additional Assessment Component
-Implications for cheating with aid of
generative Artificial Intelligence.

As highlighted in Chapter 7, the widespread
availability of Al tools would make it
impossible for teachers to detect cheating.
Even if cheating is suspected, teachers
expressed reluctance in the online
questionnaire completed by them to make
accusations against their students.

Modifications need to be made to the proposed
model so that the use of Artificial Intelligence does
not confer an advantage on students.

10

Additional Assessment Component
- Increased Workload on Teachers.

In Chapter 7 teachers highlighted the huge
increase in their workload caused by the
Additional Assessment Component. Teachers
were deeply concerned about this.

Modify the model of assessment to give students
credit for practical work by other means. Since
many teachers teach more than one Leaving
Certificate Science subject, consideration should
be given to phasing in the three subjects over a
number of years instead of introducing them all
together in one year.

11

Additional Assessment Component — more
clarity.

In Chapter 7 teachers expressed frustration
at the lack of clarity of the AAC in the draft
specifications. Teachers referred to the
problems encountered with the Agricultural
Science Individual Investigative Study

and feared that similar problems would

be encountered in Physics, Chemistry and
Biology.

Provide teachers with exemplar material including
marking schemes to bring clarity to how the
Additional Assessment Component will be
assessed by the SEC.

12

As noted in Chapter 7, teachers are
concerned about the quality of future CPD
provision. Experience from Junior Cycle
CPD where a lot of time was wasted on
group discussions and teachers were told

to “unpack” learning outcomes themselves
caused great stress and dissatisfaction among
teachers.

A new and more effective model of CPD provision
needs to be drawn up and implemented by Oide.
The model used by the Physical Sciences Initiative
and the Biology Support Service which was used
to provide CPD for the current Leaving Certificate
Physics, Chemistry and Biology syllabi was very
effective. Teachers had great confidence in this
service, learned a lot about the subject and how to
teach it at CPD events and had the ability to have
questions about topics on the syllabus answered
effectively

The NCCA Physics, Chemistry and Biology subject development groups should be closely involved
in implementing the above recommendations. Members of these subject development groups
contribute invaluable expertise and experience, on a pro bono basis, to Irish education. They
help to bridge the gap between theory and practice, between the ideal and the possible. Teachers,
in particular, have an important role to play as they are at the chalk-face on a daily basis and
bring knowledge of the on-the-ground constraints to the discussion. Third level and employer
representatives help to ensure that the revised syllabi prepare students appropriately for further
learning and for work. The partnership model has served Irish education well in the past and will
hopefully continue to do so in the future.

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)
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It is the earnest wish of ISTA that the above recommendations be implemented in a collaborative
and diligent way that is respectful of the views of teachers and of other stakeholders in the world
of education. The ISTA looks forward to working in a spirit of cordial cooperation and partnership
with the NCCA and all stakeholders represented on the NCCA Subject Development Groups. We
hope that all science teachers will be treated with respect and that their opinions valued in this spirit
of partnership.
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Chapter 1

Introduction

1.1 Introduction — The Irish Science Teachers’ Association

The Irish Science Teachers’ Association was founded in 1961. It is the professional body
representing science teachers in Ireland. Its current membership is 1250 science teachers who
teach mainly at secondary school level and university level. The ISTA maintains links with other
bodies involved in science education in Ireland and with associations for science education in other
countries.

The ISTA is an active member of the International Council of Associations for Science Education
(ICASE). The ISTA currently holds the Presidency of ICASE and will be hosting the ICASE World
Conference on Science Education in 2026. The fact that the ISTA is an active member of ICASE
ensures that our members are kept informed of curriculum development not only in Ireland but also
at international level.

The ISTA functions as a body dedicated to the professional development of its members and the
advancement of science teaching. It is a voluntary organisation and, as Professor Luke O’Neill
mentions in the Foreword of this report, all work done by the ISTA is carried out in somebody’s
spare time. The ISTA does not have any paid officials or paid administrative support but relies on

® the commitment and dedication of its members to function effectively for the benefit of science
education in Ireland.

The Association works on a voluntary basis to develop co-operation between teachers of science
at all levels. It aims to keep members up to date with changes in their subjects and with new ideas
in teaching and assessment. The ISTA helps members to promote amongst their students a positive
attitude to science and technology in society.

The ISTA has close links with our partners in industry who kindly sponsor events such as the ISTA
National Science Quiz and the ISTA Science Educator of the Year award. Throughout the years
since its foundation, the ISTA has worked in close collaboration with the Department of Education,
State Examinations Commission and the National Council for Curriculum and Assessment. Several
former members of the ISTA Executive have taken up roles as members of the Science Inspectorate
and as Chief Examiners in the State Examinations Commission. In addition, the ISTA is represented
on all NCCA subject development groups.

The ISTA is actively involved in the provision of continuing professional development (CPD)
programmes to its members. These CPD events take place at local level and also at national level.
At national level, approximately ten CPD events are held each year and are open to ISTA members
throughout Ireland. All CPD events are held in the evenings or on Saturdays.
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Among the aims of the ISTA are:

» To provide leadership in promoting science education.

» To promote the teaching of science at both primary and secondary level.
» To promote co-operation between science teachers.

* To continue to promote, and be involved in, curriculum development.

» To continually review the structure and organisation of the Association in order to keep in touch
with the changing demands of its members.

To fulfil these aims, the ISTA has the following objectives:

» To make representations on behalf of its members to the National Council for Curriculum and
Assessment (NCCA), the Department of Education, the State Examinations Commission and
any other statutory body involved in science education.

» To develop and publish policy documents for the advancement of science education.

* To publish the journal SCIENCE, newsletters and resource material for the benefit of its
members.

» To organise continuing professional development (CPD) programmes , lectures and workshops
for its members.

» To organise the ISTA Annual Conference.

* To promote links between ISTA and third level institutions and industry, for the purpose of
highlighting the importance of quality science education for the future of Irish industry.

* To promote amongst school pupils a long-lasting interest in science by organising lectures,
tours, science projects competitions, quizzes and links with local science-based industries.

» To extend membership, and support science teaching at primary school level.
» To provide support to student science teachers and inexperienced science teachers.

» To maintain links with the International Council of Associations for Science Education
(ICASE) and with our nearest neighbour association in the UK, the Association for Science
Education (ASE).

» To formalise existing liaisons with (a) third level institutions, (b) other subject associations
with overlapping interests, (c) the Department of Education (d) Irish Business Employers
Confederation (IBEC).
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1.2 Data collection

Work began on the writing of this report during the Christmas 2023 holiday break. The publication
of the Leaving Certificate Physics, Chemistry and Biology Draft Specifications in December 2023
was a busy time in schools as teachers prepared for the Christmas examination period. However, it
was clear that if the ISTA were to meet the NCCA’s deadline of 23rd February 2024, work would
have to begin during the Christmas holiday period. The ISTA Physics, Chemistry and Biology
committees undertook a detailed analysis of the three draft specifications with a particular focus
on areas such as clarity of learning outcomes, mandatory practical investigations, analysis of time
to teach each specification and the “Additional Assessment Component” coursework involving the
carrying out of a research investigation.

The experience of collaboration between the three committees was an interesting one. Whilst

the convenors of each committee are represented on the respective NCCA subject development
groups, no meetings had ever been held in which convenors could share documentation about the
draft specifications of their subject development committee with members of the other two subject
development groups.

The analysis of learning outcomes (using the format shown in Appendices 1, 2 and 3) resulted in
considerable amounts of data being generated. This exercise highlighted areas of concern across
the three specifications. To ensure that the final report would be as constructive as possible, where
problems were highlighted by vague learning outcomes, suggestions were made on ways to clarify
the vague learning outcome with the aid of alternative wording of the learning outcome.

Three online webinars were held in January and February 2024 in order to consult with ISTA

) members about the draft specifications. All webinars were held at evening time and a total of 648
science teachers attended these CPD events. The webinars were chaired by the respective ISTA
convenors and a lot of data was generated by feedback received from teachers during and after the
webinars.

Within a few days of the conclusion of the final webinar, an online questionnaire designed by the
ISTA convenors was placed online. The questionnaire consisted of 41 questions (Appendix 7) and
was completed by 320 teachers.

Analysis of the data and the writing of this report were undertaken by ISTA members from the
Leaving Certificate Physics, Chemistry and Biology committees with assistance of ISTA members
with expertise in typesetting and proofreading. Due to the short timescale allowed for feedback

to be received by NCCA, the work was carried out under intense pressure of time. However, we
hope that this report will assist in charting a way forward that ensures that the subjects of Physics,
Chemistry and Biology will continue to thrive in our secondary schools and will not be undermined
by specifications of a lower standard than those that are currently being taught in our secondary
schools.

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)

. ‘ ISTA Response to New Specs 23 Feb.2024.indd 17 @ 23/02/2024 09:03%



18

Chapter 2

Syllabus design in Ireland in recent years

2.1 Introduction

In recent years, concerns have been expressed by practising teachers, university academics,
professional bodies, Oireachtas committees, and experts in curriculum design about the quality

of Junior Cycle and Leaving Certificate syllabi' (“curriculum specifications”) published by the
National Council for Curriculum and Assessment (NCCA). These concerns have been based

on the experience of teachers in the classroom as they struggle to implement vague syllabi and
struggle to answer the question What must my students be able to do in order to show that they
have achieved this learning outcome? In addition, concerns have been based on international best
practice on syllabus design where it is clear that syllabi must contain all the detail required for
successful implementation in the classroom and must display constructive alignment (Biggs 2005),
1.e. there must be a clear alignment between learning outcomes, teaching and learning activities and
assessment, Figure 2.1.

LEARNING
OUTCOMES

TEACHING
AND
LEARNING
ACTIVITIES

Figure 2.1 Constructive alignment in curriculum design involves the linking of learning
outcomes to teaching and learning activities and also to assessment. Unless all
three domains are linked as shown, constructive alignment cannot exist.

The draft specifications published by the NCCA (December 2023) do not display this constructive
alignment as there is insufficient depth of treatment regarding teaching and learning activities in
many learning outcomes and also insufficient detail on assessment of learning outcomes.

In short, for constructive alignment to exist, it must be clear to the teacher what teaching and
learning activities must be put into operation in the classroom in order to ensure that the student
achieves each individual learning outcome. In addition, it must be crystal clear how each learning
outcome can be assessed in order to check if the student has achieved that learning outcome. If
there is any vagueness about a learning outcome (i.e. insufficient depth of treatment), it follows that
constructive alignment cannot exist.

1 * In this chapter the term “syllabus” will be used instead of “specification” as the term “syllabus” has greater clarity

and is the more commonly used term at international level.
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2.2 Overview of concerns on syllabus design in Ireland

The following is a summary of concerns expressed over the past ten years:

e The Design of Leaving Certificate science syllabi in Ireland: an International
Comparison (Hyland, 2014). This report pointed out that the practice of the NCCA in
designing syllabi that consist solely of a list of topics and learning outcomes is not good
international practice in syllabus design. The report stated that the author had not come
across any centralised or public examination syllabus at the end of senior cycle second level
education which provides only a list of topics and learning outcomes. It concluded that
“while learning outcomes are a very valuable tool for identifying what learners should know
and be able to do at the end of a course or programme, it is not appropriate to use learning
outcomes alone to define a syllabus and its assessment.” (p. 5). Considerable details
accompanying the learning outcomes need to be provided. This detail is commonly referred
to as “depth of treatment” since that is the term used in the Leaving Certificate Physics,
Chemistry and Biology syllabi currently being taught in our secondary schools. Due to this
clarity of depth of treatment in these current syllabi, science teachers are very happy with
the quality of these syllabi, Figure 2.2

% LEAVING CERTIFICATE LEAVING (CERTIRCATE LEAVING CERTIFICATE

BIOLOGY CHEMISTRY RHYSICS
SYLLABUS SYLLABUS SYLLABUS

(ORDINARY LEVEL AND HIGHER LEVEL)

'EL AND HIGHER LEVEL) (Ouoe

Figure 2.2 The Leaving Certificate Physics, Chemistry and Biology syllabi that are currently being taught in our
schools are held in high esteem by teachers due the clarity of depth of treatment of topics being taught.

e The Irish Science Teachers’ Association (2019). In 2019 the ISTA published a report
Listening to the Voice of Science Teachers. This report summarised the findings of a survey
completed by its members (ISTA 2019). A total of 762 science teachers completed the
survey Among its findings were the following:

o Lack of depth of treatment in the Junior Cycle science specification was a major
problem for teachers in identifying what topics they should be teaching in the
classroom.

o 85% of teachers believed that the template of syllabus design used at Junior Cycle
was unsuitable for use at Senior Cycle level.

o There was concern for student and teacher wellbeing due to the stress caused by
trying to successfully implement a vague syllabus in the classroom.

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)

. ‘ ISTA Response to New Specs 23 Feb.2024.indd 19 @ 23/02/2024 09:03:34



20

e The Irish Agricultural Science Teachers’ Association (2019, 2021) made several
submissions to the NCCA, to the Minister and to the Oireachtas Committee on Education
about the problems encountered with the new Leaving Certificate Agricultural Science
syllabus which was introduced into schools in 2019. Some of these documents are as
follows:

o IASTA (2019) IASTA Members’ Survey Reveals Significant Issues with New
Specification & the Individual Investigative Study.

o Flawed Leaving Certificate Agricultural Science syllabus examined for the first

time (IASTA 2021). In this document the IASTA stated that “It is time to call a
halt to the practice of the Department of Education publishing these vague and

dumbed down syllabi. Teachers of Agricultural Science are the key to excellence in
curriculum implementation in the classroom and deserve better than being provided
with a sub-standard syllabus that does not measure up to international best practice”.
This document also quoted a teacher who stated at their annual conference: 1 am
teaching a topic on the Ag. Science specification at the moment and I don’t know if
I should be spending two months on the topic, two weeks, two days or two hours on
it.”

o In the IASTA submission to the Oireachtas Committee on Education (IASTA 2021)
it pointed out that “of 278 teachers that completed a survey circulated by the IASTA
in January 2021, only one of the 278 teachers rated their level of confidence in

299

delivering the new specification as ‘very confident’”.

e Third level academics (2020). In a letter to the Irish Times (Childs 2020) Dr. Peter Childs,
Emeritus Senior Lecturer in Science Education, University of Limerick, described the ®
situation regarding the use of template of syllabus design based only on learning outcomes
as follows:
1t is like trying to build a house based only on its desired features, but without
an architectural drawing and detailed plans. Teachers need a detailed
syllabus, like the ones currently used, in order to teach effectively. He went
on to say It is a recipe for disaster when teachers do not know what they are
supposed to teach and to what depth, where each teacher becomes the arbiter
of the curriculum.

The full text of the letter may be viewed at the URL in the list of references.

e An Gréasan — the Association of Teachers of Irish (2021). In April 2021 An Gréasan
carried out a survey of their members on the draft specifications for Leaving Certificate
Irish. The survey was completed by 420 teachers. The report stated that “teachers have
expressed great dissatisfaction regarding the Junior Cycle Gaeilge course”.

The following recommendation was made in the report: “It is essential that the
implementation of the Junior Cycle Gaeilge course is fully analysed, that the problems with
this course are resolved, and that it is examined how the results of this review may affect the
proposed Leaving Certificate specifications”.

The report also stated that “97% of teachers believe that more details should be provided

in the draft specifications on the potential themes and topics that would evolve from the
learning outcomes to give clear direction to teachers and students.” (p. 6)
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It also stated “Only very basic detail is given, and there is a danger therefore that different
interpretations of the learning outcomes may be taken and developed by different groups
(e.g. the SEC, the textbook publishers etc.) and that these may not be aligned with each
other. This approach is not satisfactory for an exam as important as the Leaving Certificate.”

(p- 6)

e Irish language organisations (2021). Under the auspices of Conradh na Gaeilge, fourteen
organisations interested in the promotion of Irish in the education system commissioned a
report Discussion Document responding to the Senior Cycle Draft Irish Specifications L1
an L2 published for consultation by the NCCA on 23 February 2021 (Hyland and Ui Uiginn
2021). This report provides a detailed analysis of international good practices in syllabus
reform and highlighted some concerns about the template used by the NCCA. As these
points are applicable to syllabi in every subject, they are reproduced in some detail here:

o “In terms of content, the draft specifications, based on themes and learning
outcomes, are sparse and lacking in depth. Detailed information is not given about
what the teacher is to teach or what the student is to learn. No explanation is given of
the depth of learning that should be covered within the themes or topics and teachers
are not provided with guidelines or details on assessment.” (p. 19)

o “The learning outcomes should be clear and the depth and breadth of knowledge
required should also be provided. Teacher guidelines should be provided as well as
comprehensive information on the assessment of the subject. It is not sufficient to
state that these will be made available at a later date. The consultation is currently
underway and feedback is being sought from stakeholders. Worthwhile feedback

@& cannot be given in the absence of this information.” (p. 19)

o “While learning outcomes, if clearly set out, are a useful tool in curriculum design,
learning outcomes alone are not enough to design a specification for a high-stakes
examination such as the Leaving Certificate. Learning outcomes are statements of
essential learning, and as such they are written at minimum / threshold (i.e. pass/fail)
standard. They do not provide the range of skills and information to be provided in
any subject.” (p.19)

o “No senior cycle specification should be as bare and lacking in depth as these draft
specifications. They merely provide a skeleton with no flesh on the bones and no
detailed content.” (p. 19)

o “The NCCA has indicated that the SEC will follow its normal practice and that
sample examination papers and marking schemes will not be made available until
November 2024, a few months before the first exams based on these specifications
in June 2025.This is a flawed approach. Accurate and comprehensive information on
the assessment system, oral and written, should be aligned from the outset with the
content of the specification and provided with the draft specification in advance of
the consultation. There must be alignment between learning outcomes, specification
content, teacher guidelines and assessment. Information in the draft specifications on
assessment comprises two pages and is mainly an account of the weighting of marks.
This is a huge shortcoming, and we believe that these draft specifications should
not have been published without comprehensive information on the assessment
components.” (p. 23)

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)

. ‘ ISTA Response to New Specs 23 Feb.2024.indd 21 @ 23/02/2024 09:03%


2025.This

22

One of the main recommendations made in the report is that the draft syllabi should be set aside:

o “Our advice at this stage would be that any decision on a new specification for Irish
in the senior cycle should be set aside until the review of the Junior Cycle has been
completed and the results of the review have been made available. We then ask that
the Department of Education, the NCCA and the State Examinations Commission
give consideration to the recommendations we have made in this discussion
document for the design of a new structure for Irish at senior cycle level, a structure
that, for the first time, would cater adequately for the learning needs of all students in
the country”. (p. 47)

e Association of Secondary Teachers in Ireland (2022). The ASTI issued a questionnaire
to its members asking them to document their experience of the implementation of the
Framework for Junior Cycle. A total of 2981 teachers responded to the survey and the
following extracts from the report indicate the type of comments received:

o “...1t would be an understatement to say that there is profound and universal
concern among teachers about the capacity of the Junior Cycle subject specifications
to prepare students for the senior cycle curriculum. Lack of depth of content
knowledge was not the only source of this conviction.” (p. 13)

o “.... 1t must be emphasised that even those teachers who expressed positive views,
most invariably qualified their comment by expressing concern about students’
progression to senior cycle.” (p. 13)

o “Lack of depth of knowledge content over the three-year cycle was repeatedly
identified by teaches as problematic. Many teachers stated that, several years into
the new Framework curriculum, they were unsure if they were teaching the course
properly. This is creating confusion and frustration for teachers and is also impacting
on their workload.” (p. 14)

o “Learning outcomes remain problematic. They are too broad, too vague and are
lacking in guidance to the teacher on what students are expected to be able to do in
order to show that they have achieved each learning outcome. This causes confusion
and frustration for both teachers and students adding to workload of teachers.” (p.
14)

Among the recommendations of the ASTI report are:

o A comprehensive independent evaluation of the implementation of the Framework
for Junior Cycle needs to be conducted.

o The NCCA and the Department of Education must address teachers’ concerns in
relation to the lack of depth of content in the subject specifications.

e Oireachtas Committee on Education (2022). The Joint Committee on Education, Further
and Higher Education, Research, Innovation and Science invited written submissions
on Senior Cycle Reform from a wide range of stakeholders in education. In addition, it
met with many of these stakeholders. The report of the committee Learning for Life was
published in May 2022 and contained ten key report recommendations. The following was
the second recommendation listed in the report:
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“As part of Senior Cycle reform, a key priority for the Department of Education must
be that the revised syllabus for each subject is far more detailed with comprehensive
instructions for teachers. The Committee recommends that the National Council
for Curriculum and Assessment (NCCA) reviews the proposed design of the new
specifications to ensure teachers are properly supported and students are taught to the
highest professional standards.”

(Oireachtas Committee 2022 p. 11)

e Oireachtas Committee on Education (2023). The Joint Committee on Education, Further and
Higher Education, Research, Innovation and Science invited written submissions on the future
of Science, Technology, Engineering and Maths (STEM) in Irish Education from a wide range
of stakeholders in education. The report of the committee The Future of Science, Technology,
Engineering and Maths (STEM) in Irish Education was published in July 2023 and contained the
following recommendation:

“The Department of Education should publish revised specifications for Physics,
Chemistry and Biology at Senior Cycle by the end of 2023. A key priority should be
that the revised syllabus for each subject is far more detailed with comprehensive
instructions for teachers. The Committee recommends that the National Council

for Curriculum and Assessment (NCCA) reviews the proposed design of the new
specifications to ensure teachers are properly supported and students are taught to the
highest professional standards.”

(Oireachtas Committee, 2023 p.19)

The Oireachtas Committee also highlighted the submission of the ISTA (represented by Humphrey
Jones) and the submission of Professor Aine Hyland, expert on curriculum design.

The Irish Science Teachers’ Association (ISTA) in its submission was emphatic that the current

(O] template of syllabus design should be replaced by a template which reflects international best practice.
It recommended that ‘A new syllabus template needs to be developed for all syllabi at Junior Cycle
and Leaving Certificate level. This template must contain more detailed information about the depth of
treatment of subjects including the linking of learning outcomes to teaching and learning activities and
to assessment.’

Dr Aine Hyland, stated that ‘there is a mismatch in a way between current developments, such as the
changes in the Junior Cycle and Leaving Certificate, and the examination and assessment, the State
Examinations Commission and the NCCA, which has been pointed out before. There are also the

very skeletal programmes, syllabi or specifications, as they are called, that are coming out now for the
proposed new Leaving Certificate subjects. I do not think they give enough information to teachers and
they do not go into sufficient depth. There is a real risk that standards will begin to fall.’

In oral evidence, on 21 March 2023, Mr. Humphrey Jones, Irish Science Teachers’ Association (ISTA),
once again expressed concerns about the syllabi ‘The ISTA reiterates our commitment to supporting
Ireland’s STEM education plan, but we feel the current syllabus design model is a significant barrier
to achieving its ambitions goals. We would like the committee to reiterate that several provisions must
be made for the successful implementation of STEM subjects. A new syllabus template needs to be
developed for all syllabi at Junior Cycle and Leaving Certificate levels. A full range of documentation
must be available before implementation of the syllabi. This must include teacher guidelines, practical
coursework guidelines, sample examination papers and sample marking schemes. We recommend
an external, independent evaluation be carried out on the Junior Cycle framework and the Leaving
Certificate subjects that have already been implemented using the same template. This external
evaluation should be carried out by personnel from outside Ireland and by experts in curriculum
design.’

(Oireachtas Committee, 2023 p. 33)
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In addition to the above, individual teachers voiced their concerns about the quality of syllabi at
conference presentations. A video recording of an address by Stephen Murphy on the new Leaving
Certificate Computer Science syllabus may be viewed at the URL in the list of references below and
a subsequent article (Murphy, 2023) summarises the key problems associated with this syllabus.

At the 2022 ISTA conference in Cork, Mr Humphrey Jones, a teacher of Agricultural Science
detailed the problems encountered by him in trying to implement the new Agricultural Science
syllabus in the classroom. His experience is reflected in the reports of the Irish Agricultural Science
Teachers’ Association (IASTA 2019, 2021).

The above comments from various stakeholders are only some of the concerns which have been and
continue to be expressed about the current approach being taken by the NCCA to syllabus design.

It has been pointed out that while the NCCA has indicated that their approach is influenced by
‘international best practice,” authors of a recent paper (Hyland and Kennedy, 2023) point out that
they have failed to find even one example of a jurisdiction or an examining board anywhere in the
world which provides such sparse information on the syllabus to be examined.

2.3 Summary and conclusions

The ISTA is fully supportive of the concept of learning outcomes and of designing syllabi within

a learning outcomes framework. But in Ireland, problems have arisen as a result of a “learning
outcomes only” approach being adopted by NCCA in syllabus design. As already outlined, the
“learning outcomes only” approach has caused problems in the classroom due to the lack of clarity
for teachers on what subject content should be taught to the students and the depth to which the
content should be taught. As a result, different teachers interpret the learning outcomes differently
(and may have been encouraged to do so in some CPD programmes) — and the interpretation of
learning outcomes by the State Examinations Commission may differ from that of some teachers.
This has led to a situation where for some students and teachers there is a lack of alignment between
the syllabus as they interpret it, and the questions on the Junior Cycle or Leaving Certificate
examination papers.

Learning outcomes are a valuable tool for identifying what learners should know, understand and
be able to do at the end of a lesson or programme. However, it is not appropriate to use learning
outcomes alone to define a syllabus and its assessment, especially for a nationally assessed
curriculum. Learning outcomes are statements of essential learning, and as such they are written at
minimum acceptable or threshold (pass / fail) standard (Moon undated). If teachers focus only on
learning outcomes, there is a real risk that the teaching and learning targets will be at a minimum
rather than a maximum level, that the bar will not be set high enough for student learning, and that
as a result, standards will fall. This “dumbing down” of standards has been referred to by teachers
across many subjects at Junior Cycle level.

It is not the role of the teacher to interpret or “unpack” learning outcomes as was recommended

to teachers in the provision of CPD programmes at Junior Cycle level. The experience of teachers
should be listened to and their views treated with respect. As pointed out in the reports referred

to earlier in this paper (ISTA 2019, IASTA 2019 2021, ASTI 2022), the new Junior Cycle syllabi
and those Leaving Cert syllabi which have been revised to date are vague and unclear. They can
be and have been interpreted in different ways by different teachers and the preliminary findings
of the reviews of the Junior Cycle examinations in 2022 suggest that there was a lack of alignment
between the syllabi in some subjects and the examination papers in summer 2022.
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Chapter 3

Analysis of Leaving Certificate Physics Draft
Specification

3.1 Introduction

The Leaving Certificate Draft Specification consists of the following main sections:

e Introductory material on Senior Cycle. This section consists of ten pages of broad
introductory material that is not specific to physics as a subject but deals with Senior Cycle
in general and covers broad key competencies in Senior Cycle. As these competencies are
generic and very general, they are difficult to interpret, e.g. being creative, communicating,
and participating in society.

e Strands of study and learning outcomes. This section introduces a unifying strand called
The Nature of Science and also the four contextual strands in the Leaving Certificate Physics
specification; Forces and Motion, Waves and Energy transfer, Electricity and Magnetism,
and Modern Physics. The unifying strand is discussed in Chapter 6 and the other four
strands are discussed in this Chapter. Reference is also made to some general cross-cutting
themes. It is pointed out that while the strands are set out separately, this is not meant to
imply that they should be studied in isolation or in the order in which they are presented.
This section contains the list of learning outcomes and accompanying notes in the Students
learn about column.

® e Assessment. This section discusses the breakdown of marks between the written paper
and what is called an “additional assessment component”. The latter component involves
coursework in which students carry out a Physics in Practice Investigation. This will be
discussed in more detail in Chapter 7 of this report.

e Appendix 1. This section is headed “Glossary of Action verbs”. This section has already
been discussed in Chapter 2 of this report.

3.2 Analysis of learning outcomes

One of the key roles of the ISTA Physics Committee was to coordinate feedback about the draft
Physics specification from ISTA members who teach Leaving Certificate Physics. As described in
Chapter 1, this feedback was obtained via an online CPD event to discuss the draft specification as
well as an online questionnaire.

Each learning outcome in the four contextual strands was analysed for clarity under the headings
indicated in the Learning Outcomes Analysis Table reproduced in Appendix 1 of this report. Those
learning outcome which were unclear to teachers were indicated by a red icon and those which
were clear to teachers were marked by a green icon. There are 101 learning outcomes in the four
contextual strands and 69 of these (60.3%) were judged by the teachers to be unclear. In other
words, teachers were unable to answer the question “What must students be able to do in order to
achieve this learning outcome?”

As may be observed from a study of the Learning Outcomes Analysis Table in Appendix 1, where a
learning outcome is categorised as unclear, a clearer wording is proposed.

It was found that learning outcomes judged to be unclear fell into a number of categories.
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1. Learning outcomes that use verbs that make no sense in the context in which
they are being used.

e The most common problematic area in this category was the use of the word “model” whose
meaning is clearly defined in English dictionaries but which is given a range of different
meanings by NCCA. This is discussed in more detail in Appendix 4 of this report. The definition
of “model” presented by the NCCA is ‘Use words, diagrams, numbers, graphs and equations
to describe phenomena make justified predictions and solve problems’. Each of the 34 learning
outcomes with the word model caused stress to teachers and obliges teachers to use numbers,
graphs and equations in places that graphs and equations would not have been necessary and
beyond the scope of the course in the past. For example, what graphs would be needed for x-ray
production, resonance, two source interference, static electrical phenomenon, the relationship
between electric current, conventional current, power and resistance and series and parallel
circuits? This will create a lot of confusion for teachers and students.

Comment on
material in

Proposed correspondin
Page | Learning Outcome Clarity Comment rewording of «g tupden ts g
learning outcome Learn About
(SLA) column.
25 | 7b. model m The problem with using Examine the
| model as a verb is covered | principles behind
e the generator I | . A dix to thi d describe:
effect \-/ in an Appendix to this and describe:
submission. e the generator
e acanddc . . effect
This learning outcome
generators . . @
is unclear as it gives no e acanddc
¢ transformers indication as to what enerators
students need to be able &
to do to show they have e transformers
achieved this learning
outcome.
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2. Learning outcomes that are so vague and so broad that it is impossible to
know what students must be able to do in order to achieve the learning outcome.

An example of this type of learning outcome is given in the table below. Without information to

indicate the depth of treatment of the learning outcome, it is impossible for the teacher to know

where to begin and where to end the teaching and learning process.

use of optics
in a variety of

broad and vague
learning outcome

the SLA column is
very wide ranging.

Page Learning Clarity Comment Change Propose.d rewording of
Outcome learning outcome
20 | 3d. explore the This is a very The information in | Discuss the use of optics

in the following areas (i)
The microscope

applications which gives no (ii) The astronomical
using secondary indication of ¢
- elescope.
sources applications to Move SLA
be considered in material on
interference,

helping students
to achieve this
learning outcome.

diffraction and
polarisation to the
earlier learning
outcome on

wave motion as
indicated above

3. Learning outcomes that use the term “primary data” when it is not necessary
to use it.

In a significant number of learning outcomes that involve students performing practical
investigations, the term “primary data” is unnecessary and only confuses students and teachers who
have asked “why is the term primary data used when it is obvious that the data being collected by
the students is their own data?”’.

Page Learning Clarity Comment Proposefi rewording of
Outcome learning outcome
21 6g. analyse The use of the term primary Carry out an investigation
two source data is unnecessary and to measure the wavelength
interference confusing. Since this learning | of monochromatic light.

using primary
and secondary
data

outcome clearly involves an
investigation to be carried out
by the students themselves, of
course the data collected will
be their own data.

(Mandatory student
Investigation).

Note the overlap between this
learning outcome and the next
one.
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4. Learning outcomes that use the term “secondary data” when it is not

necessary to use it.

In a significant number of learning outcomes reference is made to “secondary data”. This is
unnecessary and only confuses students as obviously secondary data are used in homework
assignments and studying past examination questions.

and secondary
data to verify
the relationship
between current
flowing through
and the voltage
across an ohmic
conductor

is unnecessary and confusing.
Since this learning outcome

clearly involves an investigation

to be carried out by the students
themselves, of course the data
collected will be their own data.

There is no need to include
reference to secondary data
as this is covered in the next
learning outcome.

Learnin . Proposed rewording of
Page ng Clarity Comment P . woraing
Outcome learning outcome
24 3b. use primary The use of the term primary data | Carry out an investigation

to verify the relationship
between current flowing
through and the voltage
across an ohmic conductor.
(Mandatory Student
Investigation).

5. Learning outcomes that are vague and ill defined.

In some cases the learning outcomes need to be clearly defined in order to help teachers understand what
students must DO in order to achieve the learning outcome.

Proposed information to

to support the
existence of natural
background radiation

this learning outcome
what analysis should be
carried out by students.

Page Learning Outcome Clarity Comment be given in the Students
Learn About column
27 4a. analyse evidence It is not clear from Outline the evidence to

support the existence
of natural background
radiation.

6. Learning outcomes that do not clarify what laboratory practical work should
be carried out in order to achieve the learning outcome.

In many cases depth of treatment needs to be supplied in order to indicate to students and teachers what
laboratory practical work should be carried out. For example, in the table below, this experiment may have
been done as a teacher demonstration in the past. Students observed the relationship without collecting
primary data. Based on this draft specification student will themselves have to measure loudness, pitch and
wavelength and frequency. Is loudness to be measured in dB(A) or dB? Will a class set of this equipment be

provided for each school?
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Page

Learning Outcome

Comment

Proposed rewording of
learning outcome

20

5b. relate the pitch
and loudness of
sounds to their
wave characteristics
using primary and
secondary data

This learning outcome
is very unclear and our
members are puzzled
as to what students

are expected to do to
achieve this learning
outcome.

Demonstrate the relationship
between amplitude of a wave
and its loudness and also the

relationship between frequency
and pitch.

(Mandatory Student
Investigation).

In addition to the above we have suggested that the following experiments need clarification as to
what data is to be collected or is an observation satisfactory. In the past these experiments were
done as teacher demonstration without the collection of data. According to this draft specification
student will be obliged to collect data themselves. Will a class set of equipment be provided for
students to carry out these investigations, e.g. 12 ripple tanks, 12 frequency generators etc.?

* Analyse standing wave patterns

* Analyse diffraction.

* Analyse two source interference.

7. Learning outcomes that seem to overlap.

In some instances, it is difficult to differentiate one learning outcome from another.

Learnin . Pr rewording of
Page carning Clarity Comment opose.d ewording o
Outcome learning outcome
17 3b. verify The use of the term primary data | Carry out an investigation
Hooke’s law is unnecessary and confusing. to verify Hooke’s Law for
for elastic Since this learning outcome elastic objects.
ob.Jects using clearly 1nyolves an investigation (Mandatory Student
primary and to be carried out by the students I S
nvestigation).
secondary data themselves, of course the data
collected will be their own data.
Learnin P ing of
Page earning Clarity Comment ropose.d rewording o
Outcome learning outcome
16 3a. investigate The use of the term primary data | Investigate the force
the force is unnecessary and confusing. needed to compress
needed to Since this learning outcome or stretch an object.
compress or clearly involves an investigation (Mandatory Student
stretch an to be carried out by the students Investigation).
object using themselves, of course the data
primary and collected will be their own data.
secondary data

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)

‘ ISTA Response to New Specs 23 Feb.2024.indd 29

®




30

3.3 Analysis of time to teach the draft specifications

The members of the ISTA Physics Committee, in consultation with various colleagues, have studied
each learning outcome in the four contextual strands and discussed the teaching time required to
ensure that students achieve the relevant learning outcome. The time estimated is summarised in

Table 3.1
Page | Learning Outcome Clarit Time
g g y (mins)
15
Strand 1: Forces and Motion: Kinematics and Dynamics (FM)
15
la. model motion of a particle in a straight line with justified | 200
assumptions ! j
15 =
1b. measure constant and varying linear motion using primary data @ 120
16
1c. derive the kinematic equations of motion @ 60
16
1d. verify the law of addition of vectors using primary and secondary 120
data in one and two dimensions
16
2a. model real-world situations using Newton’s laws of motion ;@ 120
16 =
2b. verify Newton’s 2nd law of Motion by analysing primary and 120
secondary data
16
2c. model problems involving the motion of a particle under a | 20
constant resultant force ! j
16 -
2d. model pressure ;@ 80
16 -
2e. relate pressure, force and density of a fluid ;@ 40
16 =
2f. investigate the principle of conservation of momentum using 120
primary and secondary data
16
2g. verify using secondary data that collisions are governed by 40
Newton’s laws of motion
16
2h. model direct collisions in one and two dimensions ;@ 60
16 -
3a. investigate the force needed to compress or stretch an object using | 40
primary and secondary data ! j
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17

3b. verify Hooke’s law for elastic objects using primary and ‘ 40
secondary data ! j
3c. model compressed and stretched objects ;@ 60
17 -
4a. define work done by a constant force @ 40

17

17

4b. model authentic situations describing gravitational potential
energy, elastic potential energy, work done and the rate of doing | 200
work _j
17
4c. investigate the principle of conservation of energy using primary | 120
and secondary data ! j
17 -
4d. apply the principle of conservation of energy to authentic 60
situations
17
Sa. verify models to determine g using primary and secondary data ;@ 120
17 -

5b. model the gravitational field strength at any point in a ‘ 20
gravitational field, including at the surface of a planet ! j
17 -
® 6a. explain centripetal force @ 40
17
6b. model the dynamics of an object moving in a circle with constant | 60
angular velocity. ! j
17 -
6¢c. verify Kepler’s 3rd law using secondary data @ 60

18
6d. model situations involving the orbits of planets and satellites in i 20
near Earth and geostationary orbits ! j

18 Strand 2: Wave Motion and Energy Transfer (WMET)

18
la. model thermometric properties ;@ 120
18 _
1b. analyse the suitability of materials for use as thermometers using | 120
primary and secondary data ! j
18 _
1c. determine specific heat capacity and specific latent heat using ‘ 160
primary data ! j
19 _

1d. verify models describing the relationships between heat energy, ‘ 160
latent heat and temperature change using secondary data ! j
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160

60

200

120

120

120

120

40

80

40

60

40

80

60

60

60

32
19
le. model authentic problems involving heat transfer, change of state
and efficiency
19
1f. explore the impact of insulation on energy consumption and
sustainability using secondary sources
19
2a. model the transfer of energy by waves.
19
3a. model wave behaviour in a variety of situations
19
3b. verify models for refraction using primary and secondary data
19 to 20 | 3c. verify models describing the relationship between image and
object distances and the focal length of converging lenses using
primary and secondary data and diverging lenses using secondary
data
20 o
3d. explore the use of optics in a variety of applications using
secondary sources
20
4a. categorise electromagnetic waves by their wavelength, frequency,
ionising ability and everyday use
20
4b. examine primary and secondary evidence to support the wave
nature of electromagnetic energy
20
4c. demonstrate dispersion and explain the phenomenon
20
4d. investigate solar irradiance and its impact on life on Earth using
secondary sources
20
Sa. examine primary and secondary evidence to support the
mechanical wave nature of sound
20
5b. relate the pitch and loudness of sounds to their wave
characteristics using primary and secondary data
20
Sc. explore the use of ultrasound in technological and medical
contexts using secondary sources
20
6a. analyse standing wave patterns using primary and secondary data
20
6b. model the relationship between harmonics and the standing wave
pattern
20
6¢. verify the relationship between the length of a string and the
frequency of a standing wave using primary and secondary data

120
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20 to 21
6d. model standing waves on a stretched string ;@ 80
21 _
6e. analyse diffraction using primary and secondary data ;@ 80
21 _
6f. model two source interference ;@ 40
21 =
6g. analyse two source interference using primary and secondary data @ 60
21
6h. determine the wavelength of light from primary data @ 80
21
7a. investigate the Doppler effect using secondary data. @ 60
21
7b. model authentic situations involving the relative motion between | 40
the source of a wave and the observer !
21 =
7c. Explore the Doppler effect in a variety of applications using 20
secondary sources
21
® 7d. model real-life situations involving resonance ;@ 40 °
21 7e. relate a driving frequency to the natural frequency of an oscillating —
system, the amplitude of motion and the transfer of energy within 40
the system
22
Strand 3: Electric and Magnetic Fields and their Interactions
(EMF)
23 la. demonstrate forces
i. between charged objects 60
1i. between charged and neutral objects
23
1b. classify materials as conductors or insulators @ 60
23
1c. model the behaviour of insulators and conductors. ;@ 60
23 -
1d. model static electrical phenomena ;@ 120
23 -
2a. model the electric force between point charges ;@ 80
23 -
2b. discuss the electric field as a model for the non-contact interaction 40
between charged objects
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23
2c. define electric field strength at a point @ 40
23
2d. use field lines to represent the relative strength and direction of 20
electric fields around charged objects
23
3a. model
- the relationship between work, charge and potential difference
the relationship between current and charge i 80
- the relationship between electric current, conventional current, ’ 120
power and resistance = 80
- series and parallel circuits 40
- the rate of conversion of electrical energy in components of 30
electric circuits
- fuses and circuit breakers
24 3b. use primary and secondary data to verify the relationship
between current flowing through and the voltage across an ohmic | | 80
conductor -
24
3c. determine the resistance of ohmic and non-ohmic conductors ;@ 200
24 _
3d. investigate the effect of temperature on the resistance of a | 20
conductor using primary and secondary data !
24 _ ®
3e. model resistances in electrical circuits }@ 40
24 o
4a. explore the use of p-n junctions in real-world applications @ 120
24
4b. model an n-p-n transistor }@ 120
24 a
5a. model the relative strength and direction of magnetic fields around |
- a single permanent magnet and permanent magnets in close ’ 60
proximity = 30
- crrent carrying wire 20
- current carrying solenoid with and without ferrous core
25
5b. explore the use of permanent and temporary magnets in authentic | 30
situations |
25 -
6a. investigate the relationship between the magnetic field and the 60
electromagnetic force on a current- carrying wire
25
6b. model the motor effect ;@ 60
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25
6¢. model a DC motor ;@ 60
25 7a. investigate the relationship between a change in magnetic flux on
any induced EMF and subsequent current flow in a conducting 160
coil
25
7b. model
20
- the generator effect 60
- ac and dc generators
| 40
- transformers ! j
25 =
7c. evaluate the use of induced potential difference in a variety of ‘ 40
applications using secondary sources ! J
25 -
7d. solve problems involving the efficiency of transformers @ 20
25
7e. evaluate transmission losses in the National Grid using secondary 40
sources
25
71. evaluate evidence about local issues related to electrical generation 20
and distribution using secondary sources ! J
22
Strand 4: Modern Physics Atomic and Nuclear (MP)
(O] ¢
26
la. analyse evidence supporting the existence and properties of the 20
electron
26
1b. verify the basic principles of thermionic emission using secondary 40
evidence
27

1c. model the production and deflection of a beam of electrons in a
vacuum

80

27 2a. use secondary data to verify the photoelectric effect and the effect

X
X
of varying 120
- the intensity of incident radiation | j
the freauencvof incident radiation
the frequency-ofincidentradiation =
X
Q

27

2b. appreciate how photoelectric emission supports the particle model 20

of light

27

2¢. model x-ray production and the photoelectric effect 60
27

2d. compare x-ray production and the photoelectric effect 20
27

2e. relate the photoelectric effect to the operation of a photocell 10
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27
2f. evaluate the use of photocells using secondary sources ;@ 10
27 _
3a. model the atom and emission spectra of atoms. ;@ 120
27 _
3b. appreciate how the analysis of emission spectra data has ‘ 30
contributed to our understanding of objects in the universe ! j
27 _
4a. analyse evidence to support the existence of natural background ‘ 40
radiation ! j
27 -
4b. classify radioactive emissions in terms of their
- relative ionising effects
- relative penetrating powers 160
- charge and mass
- deflection in electric and magnetic fields
28

4c. model spontaneous radioactive decay ;@ 120

28 4d. examine the model of half -life in radioactive decay and use @

it to solve problems involving the activity or the amount of a 80

radioactive sample

28 Sa. analyse Cockcroft and Walton’s experiment and appreciate its
significance as the first nuclear transformation by artificially | 60 ®
accelerated particles j
28 -
5b. describe matter in terms of fundamental particles and their i 140
antiparticles ! j
28 -
6a. model nuclear fission, nuclear fusion and particle— antiparticle ‘ 100
interactions | j
28 -

6b. evaluate evidence about issues related to nuclear fission and i 40
fusion in electrical generation using secondary sources ! j

Minimum Teaching time in minutes 8380
Assessment time (10%) 838
Review and crosscutting themes 600
Integration of Nature of Science 600
Total minutes 10418
Total Hours 174

Table 3.1. Analysis of teaching time required to ensure that students achieve each learning outcome.

It is important to stress that the estimate is based on the assumption that clarification is obtained as
per the proposals for all vague learning outcomes as specified in Appendix 1.
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Since the Leaving Certificate Physics specification is designed for a minimum of 180 hours of
class contact time of which 20 hours is spent on the Physics In Practice Research Investigation,
this leaves a minimum of 160 hours of class contact time for teachers to ensure that their students
achieve the learning outcomes. As shown in Table 3.1, this minimum is now exceeded when the
unifying strand on the Nature of Science is included. This topic has already been covered at Junior
Cycle Science level. Note that the minimum time to teach each learning outcome in isolation is
indicated and an estimate of the time needed to implement the crosscutting themes and integration
on the Nature of Science is added on to this time.

This unifying strand is discussed in more detail in Chapter 6.

3.4 Breakdown of Higher Level / Ordinary Level components

As mentioned above, there are 101 learning outcomes in the four contextual strands. Of the 101
learning outcomes, 10 contain reference to Higher Level material. No detailed discussion on the
balance between Higher Level and Ordinary Level has been held by the NCCA Physics Subject
Development Group. We recommend that this discussion be held as part of the review process as we
are concerned about the imbalance between Ordinary Level and Higher Level in some areas of the
specification. We note that the active verbs in the vast majority of the learning outcomes are set at
higher level and that some are to be removed at ordinary level.

Some examples of areas of particular concern are:

FM6. Uniform circular motion
a. explain centripetal force
b. model the dynamics of an object moving in a circle with constant angular  velocity
c. verify Kepler’s 3rd Law using secondary data

d. model situations involving the orbits of planets and satellites in near Earth and

geostationary orbits

In summary, we feel that this matter is best discussed at an NCCA Subject Development Group
meeting in order to ensure that the best balance between Ordinary Level and Higher Level is
obtained.

3.5 Mandatory Student Investigations

The Leaving Certificate Biology, Physics and Physics syllabi that are currently being taught in

our schools contain clear lists of Mandatory Student Laboratory investigations. There are 27
Mandatory Students Laboratory Investigations on the current Leaving Certificate Physics syllabus.
The specification of Mandatory Student Laboratory Investigations is international best practice in
syllabus design. For example, in the GCSE and A level system in the UK, the Examination Boards
specify a list of laboratory investigations which are term “Required Practicals”. Considerable
background information on each practical investigation is given for both teachers and students. For
a list of Biology, Physics and Physics GCSE laboratory practicals see:

https://filestore.aqa.org.uk/resources/science/AQA-8363-8365-PRACTICALS.PDF
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Unfortunately, the draft specification in Physics does not contain a clear list of Mandatory
Laboratory Student Investigations. However, it is vital that teachers and students are made aware
what Mandatory Laboratory Student Investigations must be carried out in order to:

(1) Achieve the relevant learning outcomes

and

(i1) Build up a wide range of laboratory skills in order to carry out the Physics In
Practice Investigation.

In the draft specification, mandatory practical work is indicated by the term ‘using primary data. *

There is some confusion in the draft specification regarding how some of these experiments can be
carried out by students in order to achieve the appropriate learning outcome. For example, Learning
Outcome WMET 5 b ‘relate the pitch and loudness of sounds to their wave characteristics using
primary and secondary data’. This experiment may have been done as a teacher demonstration in
the past. Students observed the relationship without collecting primary data. Based on this draft
specification student will be obliged to measure loudness, pitch and wavelength and frequency. Is
loudness to be measured in dB(A) or dB? Will a class set of this equipment be provided for each
school?

Similarly, we have suggested that the methodology of the following experiments be clarified as
to what data is to be collected or is an observation satisfactory. Will a class set of equipment be
provided for students to carry out these investigations, e.g. 12 ripple tanks, 12 frequency generators

etc.? @

WMET 6 —a Analyse standing wave patterns
WMET 6 —e diffraction.

WMET 6 —g Analyse two source interference.

If numerical data is to be collected, clarity is required detailing the intended data to be collected
and the associated method. For instance, to analyse diffraction on a ripple tank using numerical
data collection is challenging. Young’s Slits were not designed to have data collected in a numerical
way by novice students. Further, a resource concern is also raised: Will a class set of equipment be
provided for students to carry out these investigations, e.g. 12 ripple tanks, 12 frequency generators
etc.?

We believe that clarity needs to be provided to teachers and students and, to this end, we have
extracted from the draft specification what we consider are the laboratory investigations that should
be carried out by Physics students. This list is shown in Table 3.2
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Practical Investigations that are considered to be mandatory in order to

achieve the appropriate learning outcomes

Expt. .
N Page Learning outcome Note
0.
1b. Measure velocity by experiment. (Mandatory
1 15 Student Investigation) Learning outcome unpacked.
1b. Measure acceleration by experiment. (Mandatory
2 15 Student Investigation) Learning outcome unpacked.
3 16 1d. Verify the law of addition of vectors Clzir;t\y Anf;(‘liia,ls,i?:ed n
. ) ad Rl At
4 16 2b ;?Jgesgtggt; I;I:;xic;lri)s Second Law. (Mandatory Clarity needed as noted in
p LO Analysis Table
ry St P LO Analysis Table
e e | Clny et s
- ry st P LO Analysis Table
e e e | Clary e s o
Ject. Y & LO Analysis Table
| e | Clary st s
JeCts. y & ' LO Analysis Table
4c Investigate the principle of conservation of energy
9 17 for an object moving from a height. (Mandatory Clarity needed as noted in
Student Investigation). LO Analysis Table
5a Carry out investigations to measure ‘g’ using
10 17 a simple pendulum and free fall apparatus. Clarity needed as noted in
(Mandatory Student Investigations). LO Analysis Table
i e e | Clrtyncied st
' Yy £ LO Analysis Table
1¢ Carry out an investigation to measure the specific
12 18 heat capacity of a solid and a liquid. (Mandatory Clarity needed as noted in
Student Investigations). LO Analysis Table
1¢ Carry out an investigation to measure the specific _ _
latent heat of fusion of ice and the specific latent Clarity needeq as noted in
13 18 heat of vaporisation of steam. (Mandatory Student LO Analysis Table
Investigations)
3b Carry out an investigation to measure the refractive
14 19 index of a glass block. (Mandatory Student Clarity needed as noted in
Experiment) LO Analysis Table
3c Investigate the relationship between image and
15 19 object distances and the focal length of converging Clarity needed as noted in
lenses. (Mandatory Student Investigation). LO Analysis Table
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40
4b Examine the diffraction pattern formed when
mpnochromatlc !1ght is passed through Young’s Clarity needed as noted in
16 20 slits or a diffraction grating. (Mandatory Student .
L LO Analysis Table
Investigation).
5a Demonstrate the effect of removal of air on the
17 20 ability of sound to travel through a vacuum. Clarity needed as noted in
(Mandatory Student Investigation) LO Analysis Table
5b Demonstrate the relationship between amplitude
of a wave and its loudness and also the relationship Clarity needed as noted in
18 20 betweén ﬁequency and pitch. (Mandatory Student LO Analysis Table
Investigation).
Sc. Note demonstrate standing waves has been deleted
N/A 20 from Mandatory student practical and included as a | Clarity needed as noted in
teacher demonstration. LO Analysis Table
6¢ Investigate the variation of the fundamental
19 20 frequency of a stretched string with length. Clarity needed as noted in
(Mandatory Student Investigation). LO Analysis Table
6¢ Examine the diffraction pattern formed when
mpnochrorpa‘uc ¥1ght is passed through Young’s Clarity needed as noted in
20 21 slits or a diffraction grating. (Mandatory Student .
. LO Analysis Table
Investigation).
6g Carry out an investigation to measure the
1 71 wavelength of monochromatic light. (Mandatory Clarity needed as noted in
student Investigation). LO Analysis Table
3b Carry out an investigation to verify the relationship
between current flowing through and the voltage _ _
2 24 across an Ohmic conductor. (Mandatory Student Clarity needed as noted in
Investigation). LO Analysis Table
3d Investigate the variation of the resistance of a
23 4 metallic conductor with temperature. (Mandatory Clarity needed as noted in
Students Investigation) LO Analysis Table

Table 3.2. Practical Investigations that are considered to be mandatory in order to achieve the appropriate
learning outcomes
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3.6 Conclusions and Recommendations

It is clear that one of the main problems with the Leaving Certificate Physics Draft Specification is
the lack of clarity in a significant number of learning outcomes. Of the 101 learning outcomes in the
contextual strands, a total of 69 learning outcomes (68.3%) are unclear. Due to this lack of clarity,

it is impossible for teachers to ensure that their students achieve these learning outcomes — and
impossible for students to know if they have achieved them. Recommendations to bring clarity to
each vague learning outcome have been made.

An analysis of time to teach each individual specification has been carried out and, in general, it

is felt that the learning outcomes in the contextual strands cannot be achieved within 160 hours of
teaching the specification. Since the Unifying Strand deals with the Nature of Science, it is felt that
this has been adequately covered at Junior Cycle level.

Of the 101 learning outcomes in the specification, 10 contain reference to Higher Level material. It
is recommended that this balance needs to be discussed at an NCCA Subject Development Group
meeting as no detailed discussion has been held to date on this topic. A document has already been
submitted from the ISTA representative on this issue.

An analysis of the unclear learning outcomes shows that they fell into various categories:

(i)  Learning outcomes that make no sense in the context in which they are being used.

(1)) Learning outcomes that are so vague and so broad that it is impossible to know

what students must be able to do in order to achieve the learning outcomes.

(iii) Learning outcomes that use the term “primary data” when it is not necessary to

use it.

(iv) Learning outcomes that use the term “secondary data” when it is not necessary to

use it.
(v)  Learning outcomes that are vague and ill defined.

(vi) Learning outcomes that do not clarify what laboratory practical work should be

carried out in order to achieve the learning outcome.

(vii) Learning outcomes that overlap

In addition to lack of clarity in 69 learning outcomes, there is also a lack of clarity in the laboratory
practical investigations that are mandatory in order to achieve the appropriate learning outcomes.
The ISTA Physics Committee has analysed the draft specification and provided a list of 23
Laboratory Practical Investigations that are considered to be mandatory in order to successfully
implement the specification in the classroom.
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Chapter 4

Analysis of Leaving Certificate Chemistry Draft
Specification

4.1 Introduction

The Leaving Certificate Chemistry Draft Specification consists of the following main sections:

e Introductory material on Senior Cycle. This section consists of twelve pages of
broad introductory material that is not specific to chemistry as a subject but deals with
Senior Cycle in general and covers broad key competencies in Senior Cycle. As these
competencies are generic and very general, they are difficult to interpret, e.g. being creative,
communicating, and participating in society.

e Strands of study and learning outcomes. This section introduces a unifying strand called
The Nature of Science and also the four contextual strands in the Leaving Certificate
chemistry specification The Nature of Matter, Behaviour of Matter, Interactions of Matter
and Matter in our World. The unifying strand is discussed in Chapter 6 and the other four
strands are discussed in this Chapter. Reference is also made to some general cross-cutting
themes. It is pointed out that while the strands are set out separately, this is not meant to
imply that they should be studied in isolation or in the order in which they are presented.
This section contains the list of learning outcomes and accompanying notes in the Students
learn about column.

e Assessment. This section discusses the breakdown of marks between the written paper ®
and what is called an “additional assessment component”. The latter component involves
coursework in which students carry out a Chemistry in Practice Investigation. This will be
discussed in more detail in Chapter 7 of this report.

e Appendix 1. This section is headed “Glossary of Action verbs”. This section has already
been discussed in Chapter 2 of this report.

4.2 Analysis of learning outcomes

One of the key roles of the ISTA Chemistry Committee was to coordinate feedback about the draft
Chemistry specification from ISTA members who teach Leaving Certificate chemistry. As described
in Chapter 1, this feedback was obtained via an online CPD event to discuss the draft specification
as well as an online questionnaire.

Each learning outcome in the four contextual strands was analysed for clarity under the headings
indicated in the Learning Outcomes Analysis Table reproduced in Appendix 2 of this report. Those
learning outcome which were unclear to teachers were indicated by a red icon and those which
were clear to teachers were marked by a green icon. There are 127 learning outcomes in the four
contextual strands and 40 of these (31.5%) were judged by the teachers to be unclear. In other
words, teachers were unable to answer the question “What must students be able to do in order to
achieve this learning outcome?”

As may be observed from a study of the Learning Outcomes Analysis Table in Appendix 2, where a
learning outcome is categorised as unclear, a clearer wording is proposed .

It was found that learning outcomes judged to be unclear fell into a number of categories.
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1. Learning outcomes that do not contain active verbs

Learnin . Proposed rewording of
Page ng Clarity Comment P . worcing

Outcome learning outcome

a. Appreciate Since the verb “appreciate” is | We suggest the following
31 that some not an active verb, we suggest | wording:

reactions tend that this learning outcome E . .

. . i xplain that some reactions
to be reversible be rewritten to make it clear .
. tend to be reversible
and explain | what students must be able to .
. and discuss the concept
the concept of do in order to show that they . .
. . . . of dynamic chemical
dynamic chemical appreciate this concept. ey
o equilibrium
equilibrium

2. Learning outcomes that use verbs that make no sense in the context in which
they are being used.

The most common problematic area in this category was the use of the word “model” whose meaning is
clearly defined in English dictionaries but which is given a range of different meanings by NCCA. This is
discussed in more detail in Appendix 4 of this report.

Learnin . Proposed rewording of
Page g Clarity Comment P . g
Outcome learning outcome
® e. Model a range The problem with using We suggest this learning
2 of solution “model” as a verb is covered outcome be rewritten as
’ concentrations in the introductory notes to follows:
and use this submission. The statement .
. ) Explain the concept of
knowledge model a range of solution . .
.= concentration of a solution
to prepare concentration” is unclear as .
. o N and outline how to prepare a
solutions, it gives no indication what . .
) . range of solutions of different
including students must be able to do to L .
. ) concentrations including
primary show that they have achieved - .
. . primary standard solutions.
standard this learning outcome.
solutions
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3. Learning outcomes that are so vague and so broad that it is impossible to

know what students must be able to do in order to achieve the learning outcome.

An example of this type of learning outcome is given in the table below. Without information to
indicate the depth of treatment of the learning outcome, it is impossible for the teacher to know
where to begin and where to end the teaching and learning process.

Learning . Proposed information to be given in the
Page Outcome Clarity Comment Students Learn About column
c. Solve This is a We suggest the following information be
37 and analyse vague learning provided in the SLA column:
volumetric outcome and it Solvi lumetri bl o the f |
. ) olving volumetric problems, using the formula
problems is impossible method. (Higher Level and Ordinary Level)
to deduce from
it what type Solving volumetric problems from first
of volumetric principles, where the formula method is not
problems students applicable. Either method may be used when
must be able to both methods are applicable.
solve in order (Higher Level only)
to achieve this Balanced equations will be given in all
learning outcome. | ysjumetric problems.

4. Learning outcomes that use the term “primary data” when it is not necessary

to use it.

In a significant number of learning outcomes that involve students performing practical
investigations, the term “primary data” is unnecessary and only confuses students and teachers who
have asked “why is the term primary data used when it is obvious that the data being collected by
the students is their own data?”.

Page Learning Clarity Comment Prop?sed rewording of
Outcome learning outcome
e. Verify, using The use of the term Carry out an investigation to
19 primary data, “primary data” is verify the law of conservation of
the law of unnecessary and mass.
conservation of confusing. Since
mass and explain this is marked as an (Mandatory Student
through the use of investigation to be Investigation)
models ! carried out by the
students themselves,
of course the data Explain your results by drawing
collected will be their and interpreting models of the
own data. reactions involved.

ISTA Response to New Specs 23 Feb.2024.indd 44 @ 23/02/2024 09:03:36 ‘ JE—



5. Learning outcomes that use the term “secondary data” when it is not

necessary to use it.

In a significant number of learning outcomes reference is made to “secondary data”. This is unnecessary and

only confuses students as obviously secondary data are used in homework assignments and studying past

examination questions.

Learnin . Proposed rewording of learnin
Page g Clarity Comment P g g
Outcome outcome
m. Investigate This is a vague learning | The study of secondary data is not
35 pH titration outcome and it is difficult | part of a laboratory investigation
curves, using to deduce from it what as this activity can be done as
primary and students must be able to | homework or studying past
secondary data do in order to achieve examination papers. Reference to
from acid- | this learning outcome. secondary data analysis could be
base reactions, . included in the SLA column or as a
stifyi As already pointed te learni .
justi y1ngt out, the use of the separate learning outcome.
appropriate term “primary data”
indicators for is unnecessary since
each titration ™ Y . We suggest that this learning
students are collecting .
. . outcome be reworded as follows:
their own data (i.e.
primary data) in the Carry out a laboratory investigation
investigation. to investigate pH titration curves.

6. Learning outcomes that are vague and ill defined.

In some cases the learning outcomes need to be clearly defined in order to help teachers understand
what students must DO in order to achieve the learning outcome.

Page Learning Clarity Comment Proposed rewording of learning
Outcome outcome
a. Describe It is not clear from the We suggest that this learning outcome
and compare learning outcome or be rewritten as follows:
23 . . .
different types the information SLA . S
. Describe and compare ionic, polar
of chemical column what types .
) ) covalent and pure covalent bonding.
bonding of bonding on the
continuum should be
studied.
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7. Use of broad terms such as “range of”

In some cases the learning outcomes contain phrases that are meaningless without more details being

specified.

Page

Learning Outcome

Clarity

Comment

Proposed rewording of learning
outcome

35

m. Investigate pH
titration curves, using
primary and secondary
data from acid-base
reactions, justifying
appropriate indicators
for each titration EI

This is a vague
learning outcome
and it is difficult
to deduce from

it what students
must be able to do
in order to achieve
this learning
outcome.

As already
pointed out, the
use of the term
“primary data”

is unnecessary
since students are
collecting their
own data (i.e.
primary data) in
the investigation.

The study of secondary data is not
part of a laboratory investigation
as this activity can be done as
homework or studying past
examination papers. Reference to
secondary data analysis could be
included in the SLA column or as a
separate learning outcome.

We suggest that this learning
outcome be reworded as follows:

Carry out a laboratory
investigation to investigate pH
titration curves.

1

8. Learning outcomes that use the term “secondary data” when it is not

necessary to use it.

In some cases the learning outcomes need to be clearly defined in order to help teachers understand

what students must DO in order to achieve the learning outcome.

Page

Learning
Outcome

Clarity

Comment

Proposed rewording of
learning outcome

23

a. Describe and
compare different
types of chemical
bonding

It is not clear from the
learning outcome or
the information SLA
column what types

of bonding on the
continuum should be
studied.

We propose that this learning
outcome be rewritten as follows:

Describe and compare ionic,
polar covalent and pure covalent
bonding.
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9. Learning outcomes that use broad terms such as “range of” without any

further clarification.

In some cases the learning outcomes contain phrases that are meaningless without more details

being specified.
Page Learning Clarity Comment Prop(.)sed rewording of
Qutcome le
b. Relate It is not clear what We propose that the learning
25 observed physical students must be able to | outcome be reworded as follows:
properties do in order to achieve Tnvestigate the effect of
for a range of this very broad learning .
4 ‘ hydrogen bonding on the rate
:O?ﬁpiun s ¢ outcome. of evaporation of some organic
10 the type compounds and analyse the
intermolecular .
resulting trends.
forces,
accounting for
trends

10. Learning outcomes that do not clarify what laboratory practical work should

be carried out in order to achieve the learning outcome.

In many cases depth of treatment needs to be supplied in order to indicate to students and teachers what
laboratory practical work should be carried out.

factors that
affect rates of
a reaction and |
interpret rate
of reaction
graphs, using
primary and

secondary data
EI

Learning . . .
Page Outcome Clarity Comment Proposed rewording of learning outcome
a. Investigate, This is a very The notes in the STA column suggest three
30 using primary vague learning examples of investigations that students
data, the outcome and it could carry out. Each of the experiments is

is impossible to
deduce from it
what students
must be able

to do in order
to achieve this

learning outcome.

As already
pointed out, the
use of the term
“primary data”

is unnecessary
since students are
collecting their
own data (i.e.
primary data) in

the investigations.

quite different and cause different learning
outcomes to be achieved by students.
Hence, we recommend that these three
investigations be listed as three separate
investigations as follows

1. To investigate the effect of particle size
on the rate of reaction when hydrochloric
acid reacts with marble chips and interpret
rate of reaction graphs.

2. To investigate the effect of concentration
on reaction rate when sodium thiosulfate
solution reacts with hydrochloric acid and
interpret rate of reaction graphs.

3. To investigate the effect of a catalyst (e.g.
manganese dioxide) on the decomposition
of hydrogen peroxide and interpret rate of
reaction graphs.
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11. Learning outcomes that include unsuitable active verbs.

In some cases, clarification can be brought to the learning outcome by using a more suitable active verb.
Whilst there are many points of comparison between primary and secondary cells, the key point that needs to
be stressed is what distinguishes the two types of cells.

Learning . Proposed rewording of learning
Page Outcome Clarity Comment outcome
34 d. Compare a This needs We propose that this be reworded as:
primary and clarlﬁg ation as to Distinguish between a primary and
secondary cell what is required.
| secondary cell.

4.3 Analysis of time to teach the draft specifications

The members of the ISTA Chemistry Committee, in consultation with various colleagues, have studied
each learning outcome in the four contextual strands and discussed the teaching time required to ensure that
students achieve the relevant learning outcome.

The estimated time is summarised in Table 4.1 on the next pages.

Page Learning Outcome Clarity ane Comment
(mins)
19 | a. Investigate experimental evidence for This estimate is based on the
the Kinetic Theory of Matter * assumption that the learning
60 : : @
outcome is clarified as proposed
in Appendix 2
19 | b. Analyse the Kinetic Theory of Matter
to: (1) explain the nature and behaviour This estimate is based on the
of matter at the particulate level B ( 11) 40 assumption that the leaming
model how matter changes state outcome is clarified as proposed
in Appendix 2
19 | c. Justify the use of different separation
techniques for 1sola.t1ng one or more This estimate is based on the
components of a mixture and conduct . .
) . . assumption that the learning
experiments using appropriate 180 . .
. . outcome is clarified as proposed
techniques . .
in Appendix 2
19 | d. Distinguish between physical change
and chemical change of matter @ 15
19 | e. Verify, using primary data, the la . . .
T, USIAS PHMALY W This estimate is based on the
of conservation of mass and explain ion that the | )
through the use of models EI 80 assumptlc?n ¢ at. the learning
outcome is clarified as proposed
in Appendix 2
20 | a. Outline the development of current
atomic theory, including main
contributions and refinements by key 180
scientists
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20 | b. Evaluate previous models of the atom
against the current model, stating the
assumptions and limitations in each case 80
20 | c. describe the atom using the current
model of atomic theory, including R0
subatomic particles
20 | d. Describe and explain the origin of
lines on the atomic emission spectrum
40
of hydrogen
20 | e. Identify an element using appropriate This estimate is based on the
primary and secondary data assumption that the learning
80 . .
outcome is clarified as proposed
in Appendix 2
20 | f. Describe the electronic structure
of elements and associated ions, This estimate is based on the
identifying stable electronic 80 assumption that the learning
configurations outcome is clarified as shown
20 | g. Compare chemical and nuclear
reactions @ 15
20 | h. Distinguish different forms of
radiation @ 0
21 | a. Describe the development of the
modern periodic table @ 60
21 | b. Identify specific groups of elements
and describe physical and Chemical ThlS estimate is based on the
proper‘[ies Of elements within each Of 60 assumption that the leaming
these groups outcome is clarified as proposed
in Appendix 2
21 | c. Examine and explain the arrangement
of elements in groups, periods and
blocks in the periodic table of elements 80
21 | d. Distinguish between d-block elements
and transition elements
20
21 e. Examine trends and relationships in This estimate is based on the
the periodic table assumption that the learning
80 . .
outcome is clarified as proposed
in Appendix 2
21 | f. Explain trends in first ionisati
Xbrain trencs I ATSt IORISation This estimate is based on the
energies, including exceptions, and . .
. Lo . assumption that the learning
in successive ionisation energies and 80 . .
. .. outcome is clarified as proposed
atomic radii . .
in Appendix 2
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21

a. Define and explain the mole in terms
of the Avogadro constant, and relate the
mole to how the amount of a substance
can be quantified

80

22

b. Solve problems involving relative
atomic mass and percentage abundance

120

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

22

c. State Avogadro’s law and deduce the
molar volume of a gas

60

22

d. Conduct an experiment to determine
the relative molecular mass of a gas
volatile liquid.

120

22

e. Model a range of solution
concentrations and use knowledge to
prepare solutions, including primary
standard solutions

80

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

22

f. Convert between units of
concentration

80

22

g. Use the concept of a mole to: (i)
determine empirical and molecular
formulae : (ii) balance equations for
reactions where reactants and products
are specified : (iii) analyse and solve
quantitative problems based on balanced
Equations

160

23

a. Describe and compare different types
of chemical bonding

80

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

23

b. Predict the nature of chemical
bonds between atoms, using trends in
electronegativity values

60

24

c¢. Model different types of bonding to
predict chemical formulae and outline
the limitations in predicting bonding
between atoms

80

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

24

d. Relate the properties of simple
compounds to the nature of bonding
present

40

24

e. Compare the nature of metallic
bonding with the nature of bonding
along the continuum, accounting for
differences and similarities in properties

00 000 00 8000 ©

60
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24

f. Investigate, using primary data,
the presence of ions in salts and in
solutions, and identify an anion and
cation in an unknown salt EI

120

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

24

g. Compare the properties and structures
of allotropes of carbon

40

24

h. Discuss the use of carbon allotropes
in society

40

25

a. Distinguish between intramolecular
bonding and a range of intermolecular
forces

80

25

b. Relate observed physical properties
for a range of compounds to the type of
intermolecular forces, accounting for
trends

80

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

25

c. Explain qualitatively the influence
of polarity, and symmetry, on
intermolecular forces

20

25

d. Use the shapes of molecules of
simple compounds to predict physical
properties

30

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

25

e. Use VSEPR theory to predict and
model the shapes of molecules

80

25

f. Distinguish between the structures of
amorphous and crystalline solids

30

26

g. Model ionic, molecular, metallic and
covalent crystalline structures and relate
the structure to the physical properties

80

26

a. Outline the development of the gas
laws and the ideal gas equation

80

26

b. Explain what is meant by the ideal
gas, accounting for deviations of real
gases from ideal gas behaviour

30

26

c. Solve and interpret quantitative
problems using the gas laws

000 0000 O 8000 O
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26

a. Outline the main sources of
hydrocarbons and their uses in industry
and society

30

26

b. Identify and research one major
impact on society of the extensive use
of hydrocarbons. RI

40

27

c. Prepare ethene, observe its physical
properties, and investigate some of its
chemical properties EI

80

27

d. Describe and compare different
groups of hydrocarbons, including
composition, bonding and structure,
and relate these to their characteristic
properties

150

27

e. Explain and predict differences in
properties of: : (i) straight chain alkanes
of different carbon number :

(i1) alkanes of the same carbon number
(ii1) monounsaturated straight chain
alkenes

60

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

27

f. Explain the relative chemical stability
of alkanes

20

27

g. Construct and examine 3 dimensional
models of hydrocarbon molecules

and explain how bonding and isomers
influence the spatial arrangement of
atoms for these molecules

60

27

h. Explain and compare the shapes of
ethane, ethene, ethyne and benzene
molecules in terms of sigma and pi
bonds, including delocalised pi bonding

80

27

i. Distinguish between structural and
geometrical isomerism, including
how isomerism gives rise to different
properties

60

29

a. define bond enthalpy and explain
enthalpy changes in a reaction in terms
of making and breaking bonds

50

29

b. Explain, and model diagrammatically,
processes of energy transfer using
exothermic and endothermic reactions

Q00 O 00 © 0009

60

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

ISTA Response to New Specs 23 Feb.2024.indd 52

23/02/2024 09:03:37 ‘



29 | c. Investigate, using primary data, This estimate is based on the
how to determine AH for a suitable . .
. . assumption that the learning
neutralisation reaction. EI 100 outcome is clarified as proposed
in Appendix 2
29 | d. Calculate AH for a chemical reaction . . .
. This estimate is based on the
and describe the energy transfer through . )
ol Ao di assumption that the learning
4 sinp'e enetgy profile dlagram 160 outcome is clarified as proposed
in Appendix 2
29 | e. Analyse a given reaction, involving
covalent molecules, to explain and
predict the value of AH using average 60
bond enthalpy values
29 f. Calculate and predict enthalpy
changes using Hess’s Law @ 40
30 | g. Construct balanced equations for the
complete combustion of hydrocarbons
and primary alcohols, and explain trends 60
in the associated standard AH values
30 | h. Investigate, using primary data,
the energy change of combustion This estimate is based on the
and compare experimental values 100 assumption that the learning
to standard values, accounting for outcome is clarified as proposed
differences * in Appendix 2
30 | a. Investigate, using primary data, the
factors that affect rates of a reaction and This estimate is based on the
in‘Ferpret rate of reaction graphs, using 200 assumption that the learning
primary and secondary data ™' outcome is clarified as proposed
in Appendix 2
30 | b. Describe collision theory, and give
examples of slow and fast reactions @ 40
30 c. Define rate of reaction
31 | d. Compare the energy profile diagrams
of catalysed and uncatalysed reactions,
for both exothermic and endothermic
reactions 20
31 | e. Outline two general catalytic This estimate is based on the
mechanisms 20 assumption that the learning
outcome is clarified as proposed
in Appendix 2
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31

a. Appreciate that some reactions tend to
be reversible and explain the concept of
dynamic chemical equilibrium

30

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

31

b. Explain the factors that affect the
value of the equilibrium constant Kc,
and use the mathematical model of
Kc to describe and predict how given
reactions would proceed

60

31

c. Solve problems involving the
mathematical model for the equilibrium
constant Kc

180

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

31

d. Apply Le Chatelier’s principle to a
variety of processes to predict responses
to disturbances to the equilibrium and to
predict conditions for optimising yields
of product

60

32

e. Investigate, using primary and
secondary data, how changes in
temperature and concentration can affect
the state of equilibrium EI

100

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

32

f. Explain the Haber process as an
industrial application of chemical
equilibrium, and how chemical
equilibrium principles can be applied to
the production of ammonia

30

32

g. Outline the impact of the Haber
process on society and consider its
ongoing role

15

32

h. Outline the importance of a
compromise between yield and rate of
reaction for the industrial use of the
Haber process

20

32

a. Justify categorisation of commonly
used substances as acid or base, based
on the display of certain properties and
discuss common everyday examples of
neutralisation

OO0 060 060 00O

30
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32 | b. Predict the products of, and write
balanced equations for, acid base

. 80
reactions

33 | c. Compare two theories of acid-base
systems and justify why Brensted-
Lowry theory is a more extensive model
for explaining behaviour

40

33 | d. Apply Brensted-Lowry theory to
identify, in chemical equations:

(i) conjugate acid-base pairs :

(il) species acting as acids and bases

60

33 | e. Explain the self-ionisation of
water and deduce a mathematical
representation for the ionic product
of water (Kw), accounting for its
temperature dependence

60

33 | f. Measure pH, and explain the pH scale

and its limitations 60

33 | g. Investigate, using primary data,
factors that affect the pH of a solution
EIl

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

100

33 | h. Distinguish between::

® (i) weak and strong acids (and bases) :
(i1) concentrated and dilute acids (and
bases)

40

33 | i. Solve mathematical problems
involving pH for dilute aqueous

solutions 120

33 | j. Deduce mathematical representations
for weak acid dissociation constant (Ka)
and weak base dissociation constant
(Kb)

80

33 | k. Compare degrees of dissociation of
strong and weak acids, and strong and

weak bases, using Ka and Kb values 40

34 | L. Explain how weak acid and weak base

acid-base indicators function 30

34 | m. Investigate pH titration curves, using
primary and secondary data from acid-
base reactions, justifying appropriate
indicators for each titration EI

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

00 000 00O 00 0O
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34 a. Describe oxidation and reduction,
using suitable examples and
applications, identifying oxidising 60
and reducing agents in given chemical
reactions
34 | b. Apply oxidation numbers to balance
redox reaction equations @ 30
34 | c. Investigate, using primary data EI:
(i) redox reactions, using simple @ ) ) )
experiments involving halogens : This estimare 15 based on.the
(ii displacement reactions of metals, 200 | @ssumption that the learning
relating them to the electrochemical outcome is clarified as proposed
series in Appendix 2
34 | d. Compare a primary and secondary This estimate is based on the
cell 60 assumption that the learning
outcome is clarified as proposed
in Appendix 2
34 | e. Conduct an experiment to create a
simple galvanic cell and explain its 100
operation
35 | f. Conduct experiments in electrolysis, This estimate is based on the
and expla.in the operation of the assumption that the learning
electrolytic cells 150 outcome is clarified as proposed
in Appendix 2
35 | g. Research the role of electrochemistry ) ) )
in an area related to sustainability and ‘ This est;rn attils;[ E? S?d on.the
technoloav i dav life RI assumption that the learning
cehnology i evelyday e 40 outcome is clarified as proposed
in Appendix 2
36 | a. Recognise the importance of primary
standards and standard solutions @ 20
36 | b. Determine the concentration of
analytes by titration, using primary This estimate is based on the
standard solutions and/or solutions assumption that the learning
standardised using primary standards EI 400 outcome is clarified as proposed
in Appendix 2
37 | c. Solve and analyse volumetric This estimate is based on the
problems 130 assumption that the learning
outcome is clarified as proposed
in Appendix 2
37 | a. Outline sources of organic
compounds and the use and impact of
products based on organic compounds 40
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37 | a. Apply rules for nomenclature and
classify each functional group in terms

of general formula and structure 120

37 | c. Construct and compare

representations of organic molecules 40

38 | d. Conduct qualitative analysis tests: :
(i) to distinguish between aldehydes
and ketones :

(i1) for the presence of carboxylic acid
and alcohol functional groups

80

38 | e. Relate the physical properties
of organic molecules to molecular
size, type of bonding present and
intermolecular forces

40

38 | f. Describe and discuss five types of
reactions and analyse a given reaction
in terms of the type(s) of reaction taking
place

100

38 | g. Analyse an organic reaction scheme
and predict possible reactions and
reaction products

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

80

38 | h. conduct experiments to: :

(i) prepare an ester : (ii) synthesise
benzoic acid, determining purity,
melting point and yield

300

39 1. Describe reaction mechanisms
involving movement of electrons,

. . . . 120
including supporting evidence

39 | j. Discuss redox reactions and acid-base

reactions of organic compounds 60

39 | k. explain the acidity of carboxylic acid

and alcohol functional groups 40

39 | L Outline how a soap works, as an
example of a surfactant, and the
applications of surfactants in everyday
life

30

39 | m. Conduct an activity to prepare soap,

with NaOH either limiting or in excess 120

O 000V 00O
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39

n. Compare the manufacture and
basicity of a simply-made soap product
with a commercial product

40

40

o. Illustrate the use of organic
compounds in pharmaceutical products

20

40

p. Investigate, using primary data, how
to find percentage aspirin in an aspirin
tablet EI

120

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

40

qg. describe the structure and applications
of addition polymers

40

40

r. Relate the physical properties of
addition polymers to their structures,
and how non-biodegradability is related
to chemical stability

30

40

a. Discuss our chemical environment for
each of the three domains and consider
the interconnections across domains

30

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

40

b. Research, individually or
collaboratively, one area of each of the
three domains regarding the impact of
humans on our chemical environment
RI

40

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2

41

c. Relate aspects of the Nitrogen,
Oxygen and Carbon cycles to climate
change and sustainability

80

41

d. Describe the natural greenhouse
effect and explain its significance

40

41

e. Discuss the evidence for the enhanced
greenhouse effect and possible solutions
to anthropogenic influences on the
atmosphere

30

41

f. Outline the water cycle, including its
significance

40

41

g. Describe the steps necessary in

the treatment of drinking water and
appreciate the impact of providing clean
water for human use

00 000 0000V

40

This estimate is based on the
assumption that the learning
outcome is clarified as proposed
in Appendix 2
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41 | h. Anal t les, both . . .
nalyse water sampres, bo This estimate is based on the
qualitatively and quantitatively EI . )
assumption that the learning
300 . .
outcome is clarified as proposed
in Appendix 2
41 1. Discuss causes of water
contamination, biochemical
consequences and possible solutions to 80
one of the causes
42 | j. Outline methods for the extraction of
metals from their natural states based This estimate is based on the
on their positions in the electrochemical 120 assumption that the learning
series outcome is clarified as proposed
in Appendix 2
42 k. Discuss the recycling of aluminium
and plastics @ 40
42 1. Discuss the impact on sustainability of
reduced dependence on energy sourced
from fossil fuels, and sustainable
alternatives 40
Total 9885 | minutes
@ Total 164.75 | hours

Table 4.1. Analysis of teaching time required to ensure that students achieve each learning outcome.

4.4 Breakdown of Higher Level / Ordinary Level components

As mentioned above, there are 127 learning outcomes in the four contextual strands. Of there 127
learning outcomes, 35 contain reference to Higher Level material. No detailed discussion on the
balance between Higher Level and Ordinary Level has been held by the NCCA Chemistry Subject
Development Group. We recommend that this discussion be held as part of the review process as
we are concerned about the imbalance between Ordinary Level and Higher Level in some areas of
the specification.

Some examples of areas of concern are:

e The learning outcome Solve and analyse volumetric problems (p. 37 c) is marked as Higher
Level only. We feel that this needs to be clarified for both Higher Level and Ordinary Level
as discussed in Appendix 2 of this report.

e Some learning outcomes are classified as Ordinary Level and Higher Level but we feel
that some aspects of the learning outcome should be Higher Level only, e.g. Outline
methods for the extraction of metals from their natural states based on their positions in the
electrochemical series (p. 42 j)

In summary, we feel that this matter is best discussed at an NCCA Subject Development Group
meeting in order to ensure that the best balance between Ordinary Level and Higher Level is
obtained.
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4.5 Mandatory Student Investigations

The Leaving Certificate Biology, Chemistry and Physics syllabi that are currently being taught

in our schools contain clear lists of Mandatory Student Laboratory investigations. There are

28 Mandatory Students Laboratory Investigations on the current Leaving Certificate chemistry
syllabus. The specification of Mandatory Student Laboratory Investigations is international

best practice in syllabus design. For example, in the GCSE and A level system in the UK, the
Examination Boards specify a list of laboratory investigations which are term “Required Practicals”.
Considerable background information on each practical investigatin is given for both teachers and
students. For a list of Biology, Chemistry and Physics GCSE laboratory practicals see:

https://filestore.aqa.org.uk/resources/science/AQA-8464-8465-PRACTICALS.PDF

Unfortunately, the draft specification in Chemistry does not contain a clear list of Mandatory
Laboratory Student Investigations. However, it is vital that teachers and students are made aware
what Mandatory Laboratory Student Investigations must be carried out in order to:

(1) Achieve the relevant learning outcomes
and

(i1) Build up a wide range of laboratory skills in order to carry out the Chemistry In

Practice Investigation.

There is some confusion in the draft specification regarding the exact list of laboratory

investigations that should be carried out by students in order to achieve the appropriate learning

outcome. In some cases, these practical investigations are marked “EI” and in other cases there @
1s no marking. The ISTA believes that clarity needs to be provided to teachers and students and,

to this end, we have extracted from the draft specification what we consider are the laboratory

investigations that should be carried out by chemistry students. This list is shown in Table 4.2

Practical Investigations that are considered to be mandatory in order
to achieve the appropriate learning outcomes

E;Et' Page Learning outcome Note
1 19 a. Investigate experimental evidence for the Clarity needed as noted in
Kinetic Theory of Matter © LO Analysis Table

2 19 c. Justify the use of different separation techniques for | Clarity needed on these 10
isolating one or more components of a mixture and techniques as noted in LO
conduct experiments using appropriate techniques * Analysis Table

10 Expts?

3 19 e. Verify, using primary data, the law of conservation of
mass and explain through the use of models !

4 20 e. Identify an element using appropriate primary and Clarity needed as noted in
secondary data LO Analysis Table
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5 22 d. Conduct an experiment to determine the relative | Clarity needed as noted in
molecular mass of a gas LO Analysis Table

6 22. | e. Model a range of solution concentrations and use Clarity needed as noted in
knowledge to prepare solutions, including primary LO Analysis Table
standard solutions

7 24 f. Investigate, using primary data, the presence of ions Clarity needed as noted in
in salts and in solutions, and identify an anion and LO Analysis Table
cation in an unknown salt EI

8 25 b. Relate observed physical properties for a range Clarity needed as noted in
of compounds to the type of intermolecular forces, LO Analysis Table
accounting for trends

9 27 c. Prepare ethene, observe its physical properties, and Clarity needed as noted in
investigate some of its chemical properties ! LO Analysis Table

10 29 c. Investigate, using primary data, how to determine AH
for a suitable neutralisation reaction. *!

11 30. | h. Investigate, using primary data, the energy change
of combustion and compare experimental values to
standard values, accounting for differences *

12 30 a. Investigate, using primary data, the factors that affect | Clarity needed as noted in
rates of a reaction and interpret rate of reaction graphs, | LO Analysis Table

1 1 EI
using primary and secondary data 3 Expts?
® 13 32 e. Investigate, using primary and secondary data, how Clarity needed as noted in

changes in temperature and concentration can affect the | LO Analysis Table
state of equilibrium =

14 33 f. Measure pH, and explain the pH scale and its
limitations

15 33 g. Investigate, using primary data, factors that affect | Clarity needed as noted in
the pH of a solution ' LO Analysis Table

16 35 m. Investigate pH titration curves, using primary and Clarity needed as noted in
secondary data from acid-base reactions, justifying LO Analysis Table
appropriate indicators for each titration *!

17 34 c. Investigate, using primary data *';
* redox reactions, using simple experiments
involving halogens
e displacement reactions of metals, relating them to
the electrochemical series

18 34 e. Conduct an experiment to create a simple galvanic
cell and explain its operation

19 35 f. Conduct experiments in electrolysis, and explain the
operation of the electrolytic cells

20 36 b. Determine the concentration of analytes by titration, | Clarity needed as noted in

using primary standard solutions and/or solutions
standardised using primary standards *!

LO Analysis Table
5 Expts?
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21 38 d. Conduct qualitative analysis tests:
* to distinguish between aldehydes and ketones

» for the presence of carboxylic acid and alcohol
functional groups

22 38 h. conduct experiments to: 2 expts

* prepare an ester

23 38 h. conduct experiments to:

* synthesise benzoic acid, determining purity,
melting point and yield

24 39 m. Conduct an activity to prepare soap, with NaOH
either limiting or in excess

25 40 p- Investigate, using primary data, how to find
percentage aspirin in an aspirin tablet *'
26 41 h. Analyse water samples, both qualitatively and Clarity needed as noted in
quantitatively * LO Analysis Table
5 Expts

Table 4.2. Practical Investigations that are considered to be mandatory in order to achieve the appropriate
learning outcomes

4.6 Conclusions and Recommendations

It is clear that one of the main problems with the Leaving Certificate Chemistry Draft Specification
is the lack of clarity in a significant number of learning outcomes. Of the 127 learning outcomes

in the contextual strands, a total of 40 learning outcomes (31.5%) are unclear. Due to this lack of
clarity, it 1s impossible for teachers to ensure that their students achieve these learning outcomes —
and impossible for students to know if they have achieved them. Recommendations to bring clarity
to each vague learning outcome have been made.

An analysis of time to teach each individual specification has been carried out and, in general, it

is felt that the learning outcomes in the contextual strands can be achieved within 160 hours of
teaching provided that the Unifying Strand is deleted from the specification. Since this strand deals
with the Nature of Science, it is felt that this has been adequately covered at Junior Cycle level.

Of the 127 learning outcomes in the specification, 35 contain reference to Higher Level material. It
is recommended that this balance needs to be discussed at an NCCA Subject Development Group
meeting as no detailed discussion has been held to date on this topic.

An analysis of the unclear learning outcomes shows that they fell into various categories:
(1)  Learning outcomes that do not contain active verbs.

(1)) Learning outcomes that make no sense in the context in which they are being used.
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(ii1)) Learning outcomes that are so vague and so broad that it is impossible to know what

students must be able to do in order to achieve the learning outcomes.
(iv) Learning outcomes that use the term “primary data” when it is not necessary to use it.
(v)  Learning outcomes that use the term “secondary data” when it is not necessary to use it.
(vi) Learning outcomes that are vague and ill defined.

(vil) Learning outcomes that use broad terms such as “range of”” without any further

clarification.

(viii) Learning outcomes that do not clarify what laboratory practical work should be carried

out in order to achieve the learning outcome.

(ix) Learning outcomes that include unsuitable active verbs.

In addition to lack of clarity in 40 learning outcomes, there is also a lack of clarity in the
laboratory practical investigations that are mandatory in order to achieve the appropriate
learning outcomes. The ISTA Chemistry Committee has analysed the draft specification and
provided a list of 26 Laboratory Practical Investigations that are considered to be mandatory in
order to successfully implement the specification in the classroom.
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Chapter 5

Analysis of Leaving Certificate Biology Draft
Specification

5.1 Introduction

The following sections will outline the initial findings of the ISTA Biology Committee’s assessment
of the Leaving Certificate Biology Draft Specification 2023. In addition, the views of the wider
membership, after an online consultation webinar and follow up survey will be presented. The
committee would like to stress that we are not criticising the work of the Subject Development
Group or the NCCA; this chapter seeks to present an objective analysis of the specification
document, with the needs of teachers and their students at the heart of any observations and
recommendations.

The introduction of the new specification is generally welcome. Biology is a vibrant subject,
which has evolved significantly over the past twenty years. New discoveries, greater understanding
and evolving technologies mean Biology, as a subject, has progressed significantly since the
introduction of the current syllabus. There is a clear need for an evolution of the subject and a level
of modernisation. In saying that, there are strengths to the current syllabus, particularly in layout,
clarity and assessment. In addition, a comprehensive Teacher Guideline’s handbook complements
the syllabus and provides guidance and clarity on depth of treatment on the course.

It is disappointing that so much of the opening material in the specification is not subject specific.
Much of the opening twelve pages provide an overview of the Senior Cycle in general and the new
Senior Cycle key competencies in Senior Cycle, which themselves have a draft document.

The rationale for the study of Biology, laid out in the draft specification, is clear and concise. It
describes the complexity and variety within the subject accurately, linking it with real life problems
and challenges. There could be a greater emphasis on the importance of Biology in understanding
our health within this section though, as it only gets a brief mention.

The aims of the specification, as outlined in the draft document, are rather thin. There are simply
four aims, which don’t address the strands or cross cutting themes; this is perhaps a missed
opportunity?

The section on ‘Continuity & Progression’ accurately reflects the transition from Junior Cycle in
terms of key skills and scientific literacy, although the significant knowledge gap between Junior
Cycle and Senior Cycle is not addressed.

There was an opportunity to really focus the Teaching & Learning section on providing detail

on methodologies to develop the key competencies within the document, with an eye also on the
learning outcomes detailed later. Sadly, much of what is provided in this section is rather vague and
generic, leaning too heavily on teaching philosophy rather than practice. There is no mention here
of the application of cognitive science - with deep roots in Biology and neuroscience - on how it can
be applied to teaching and learning. Assessment and feedback are provided as mere soundbites at
the end of this section. Again, there is a missed opportunity here to address the needs of the teacher
in the classroom by providing more specific examples. In the digital technology section, there is no
mention of artificial intelligence and how it can be utilised by the teacher and student, and also how
it can be potentially abused.
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5.2 Subject Strands & Cross Cutting Themes

This section introduces a unifying strand called The Nature of Science and also the three contextual
strands in the Leaving Certificate biology specification: The Organisation of Life, The Structures
and Processes of Life and The Interactions of Life. The unifying strand is, which has some merit,
will be discussed in Chapter 6. Reference is also made to some general cross-cutting themes. This
section contains the list of learning outcomes and accompanying notes in the Students learn about
column.

The Unifying Strand, which is common across the senior sciences, will be discussed in more
detail in the next chapter; it has its merits although there are elements of the strand which need
consideration. The other three present a rather oversimplified breakdown of the complexity of the
study of the biological world.

Strand 1 (The Organisation of Life) has a good overall general theme but the fourth section, Orgl4,
The Information of Life, Genetic Inheritance, seems out of place and out of sequence. Strand 2, the
Structures and Processes of Life, is far too broad and would have benefitted from further division.
The section on enzymes (Spll) should be moved into the first strand, where enzymes are mentioned
as metabolic proteins. The section within Strand 2 called The Information of Life (Cell Division

& Protein Synthesis) again seems out of place. Strand 3, the Interactions of Life, also contains a
section on Information of Life, this time with a focus on biotechnology. The other elements within
this strand are all well connected and flow well.

While it is clear the Interactions of Life learning outcomes are meant to accommodate the
intersections between the three strands in the Venn Diagram, it paints an inaccurate picture. Such
a model would suggest that items outside of the intersection don’t link with the other strands and
this is inaccurate e.g. biomolecules, cells, enzymes etc., link with all existing strands. It would

@ make structural sense to remove the three separate Information of Life sections from the three
existing strands and create a fourth strand using these elements, called Information of Life. A
Venn Diagram is not required and the integrity of the specification’s content is not diminished and it
could potentially provide greater clarity to both the student and the teacher. It would certainly aid in
planning the implementation of the new specification in the classroom.

The model used to arrange the strands and cross cutting themes in the Agricultural Science
specification (shown below) is better suited to structuring the curriculum. The Unified Strand should
be placed in the centre, the suggested four strands outside that and the cross cutting themes on the
periphery.

Health and Safety,

Soils

The four proposed biological strands: & s
1. The Organisation of Life P e
2. The Information of Life (incorporating
existing sections, reordered slightly)
a. Cell Division & Protein Synthesis
b. Genetic Inheritance
c. Biotechnology
3. The Structures & Processes of Life e
4. The Interactions of Life 3 SRR

Crops |

Plant physiology

uonLInN
8
Q’Jaugs pue g‘“_paalﬁ

Policy, and Econom™®®

The Cross-Cutting Themes provide a good opportunity for students to explore how Biology affects
the modern world. The three themes are all well aligned to the learning outcomes, providing a
wider view of the individual strands. It would be useful to gain a greater understanding of how
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much emphasis is to be placed on the themes when planning a curriculum and how they will be
incorporated into the assessment of the course.

The use of two columns, (‘Students Learn About’ (SLA) and ‘Learning Outcomes’) is maintained
from the Senior Cycle Agricultural Science specification. The SLA section is expanded compared
to that in the Agricultural Science specification. . While this is welcome, and improves the clarity
of some learning outcomes, there are a number of instances where the SLA section contradicts
the learning outcomes or doesn’t provide the clarity required. At times, it isn’t clear how the SLA
section links with the learning outcomes in the other column and a clearer presentation of links
elements would be welcome.

It is the view of the ISTA Biology Subject Committee that, while an improvement, the use of just
two columns is insufficient to model the complexity of a subject like Biology. A third column,
perhaps labelled ‘Knowledge Depth’ might provide more concise detail on how comprehensively a
learning outcome should be explored. A fourth column could also be used, labelled ‘Skills’, which
would provide detail on the practical activities suggested or required, with a focus on building skills
and competencies.

5.3 Analysis of learning outcomes

The ISTA Biology Subject Committee carried out a comprehensive analysis of the ninety nine
Biology specific learning outcomes within the specification and the corresponding ‘Students Learn
About’ sections. The analysis took place in a number of stages.

1. Analysis of Learning Outcome Clarity i.e. ease at which the learning outcome can be
interpreted in the classroom by the teacher to ensure that students achieve the learning
outcome.
2. Analysis of Student Learn About Section - evaluate how the SLA section links with and @
supports the learning outcome to allow teachers to judge the depth of treatment required in
curriculum planning.
3. Comments on Clarity - evaluate the extent to which the LOs and SLA material help to
bring clarity for the teacher to help ensure teachers ensure that students achieve the learning
outcomes.

One of the key roles of the ISTA Biology Subject Committee was to coordinate feedback about
the draft Biology specification from ISTA members who teach Leaving Certificate biology. As
described in Chapter 1, this feedback was obtained via an online CPD event to discuss the draft
specification as well as an online questionnaire.

Each learning outcome in the three contextual strands was analysed for clarity under the headings
indicated in the Learning Outcomes Analysis Table reproduced in Appendix 3 of this report. Those
learning outcomes which were unclear to teachers were indicated by a red icon and those which
were clear to teachers were marked by a green icon.

There are 99 learning outcomes in the three contextual strands and 66 of these (66.7%) were judged
by the teachers to be unclear. In other words, teachers were unable to answer the question “What
must students be able to do in order to achieve this learning outcome?”

The complete analysis of the learning outcomes is presented in Appendix 3. The purpose of this
analysis is to ensure teachers of Biology can prepare and plan for the implementation of the new
specification and clear, concise and easily interpreted learning outcomes are central to that. This
analysis seeks to present potential issues with the clarity in some learning outcomes, proposing
clearer alternatives where possible.

It was found that learning outcomes judged to be unclear fell into a number of categories.
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1. Learning outcomes that do not contain active verbs

Proposed rewording of

Page | Learning Outcome Clarity | Comment Jearning outcome

25 SPL5 e. Since the verb “appreciate” is | We propose the
Appreciate , | not an active verb, we propose | following wording:
the impact of ! | that this learning outcome
advancements in | be rewritten to make it clear Outline the benefits
modern technology what students must be able to | that modern technology
on prenatal and do in order to show that they has had on prenatal
postnatal care. appreciate this concept. The and postnatal care.

term ‘appreciate’ is impossible
to assess summatively.

2. Learning outcomes that are so vague and so broad that it is impossible to

know what students must be able to do in order to achieve the learning outcome.
Some examples of this type of learning outcome are given in the table below. Without information
to indicate the depth of treatment of the learning outcome, it is impossible for the teacher to know

where to begin and where to end the teaching and learning process. The learning outcome below is
both common to Higher and Ordinary levels.

Proposed information to be given in

Page | Learning Outcome | Clarity | Comment the Students Learn About column

d. An incredibly vague | A missed opportunity to relate to
develop and learning outcome; learning outcomes on enzymes.
use models to impossible to

explore the
interaction of the
hormonal and
nervous systems

~ ascertain the depth | Almost no concrete information
\ required. provided here.

Must give specific Specific examples should be

to maintain examples in the SLA | provided here e.g. water levels,
homeostasis to make this LO body, temperature, pulse etc.
workable.
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means restrict

to essentials.
However no clarity
is provided in the
‘Students learn
about’ column as to
what the essentials
are.

22 SPL2 a This 1s a vague We propose the following
Outline the i , | learning outcome information be provided in the SLA
processes of J | and it is impossible | column:
anaerobic | to deduce from it Definition and role of “aerobic
respiration, what students need | respiration”.
aerobic to do to achieve this
respiration and learning outcome. Cellular locations of the first and
photosynthesis. The word ‘outline’ | second stages of aerobic respiration.

Breakdown of glucose to pyruvate
and production of ATP.

Breakdown of pyruvate to carbon
dioxide and water.

Definition and role of “anaerobic
respiration”.

Definition and role of
“photosynthesis”.

Representation by a balanced
equation of photosynthesis.
Cellular location of photosynthesis.
Role of chlorophyll.

Location of chlorophyll within
cells.

3. Learning outcomes that use the term “primary data’” when it is not necessar
g P Yy Yy

to use it.
In a significant number of learning outcomes that involve students performing practical
investigations, the term “primary data” is unnecessary and only confuses students and teachers who
have asked “why is the term primary data used when it is obvious that the data being collected by
the students is their own data?”’.

Page

Learning Outcome

Clarity

Comment

Proposed rewording of
learning outcome

22

SPL2 b. investigate
factors that affect the

rate of photosynthesis,
use primary and
secondary data to support
conclusions.

own data.

The use of the term
“primary data” is
unnecessary and
confusing. Since

this is marked as an
investigation to be
carried out by the
students themselves,
of course the data
collected will be their

Carry out an experiment
to investigate the effect
of one factor on the rate
of photosynthesis.
(Mandatory Student
Investigation)

Explain your results by
drawing and interpreting
models of the reactions
involved.

4. Learning outcomes that use the term “secondary data” when it is not
necessary to use it.
In a significant number of learning outcomes reference is made to “secondary data”. This is
unnecessary and only confuses students as obviously secondary data are used in homework
assignments and studying past examination questions.
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Page

Learning Outcome

Clarity

Comment

Proposed rewording of
learning outcome

22

SPL1 c. investigate
factors that affect the
rate of enzyme-catalysed
reactions, use primary
and secondary data to
support conclusions

This is a vague
learning outcome
and it is difficult to
deduce from it what
students must be
able to do in order to
achieve this learning
outcome.

As already pointed
out, the use of the
term “primary data”
is unnecessary
since students are
collecting their
own data (i.e.
primary data) in the
investigation.

We propose that this
learning outcome be
reworded as follows:

Carry out a laboratory
experiment to investigate
the effect of two factors on
the rate of enzyme-catalysed
reactions.

The study of secondary
data is not part of a
laboratory investigation as
this activity can be done

as homework or studying
past examination papers.
Reference to secondary data
analysis could be included
in the SLA column or as a
separate learning outcome.

5. Learning outcomes that are vague and ill defined.
In many cases the learning outcomes need to be clearly defined in order to help teachers understand
what students must do in order to achieve the learning outcome.

Page

Learning Outcome

Clarity

Comment

Proposed rewording of
learning outcome

24

28

SPL4 1
Explore how new
diseases emerge.

b. analyse evidence
of species diversity
in ecosystems using a
mathematical model

It is not clear from the
learning outcome or the
information SLA column
what students must

do in order to achieve
this learning outcome.

In addition, the verb
‘explore’ is not listed in
the Glossary of Action
Verbs.

Learning outcome
provides no detail on the
mathematical model.

Significant clarification
needed on SLA content.

We propose that this
learning outcome be
rewritten as follows:
Outline how mutations
and environmental change
result in the emergence of
new diseases.

Analyse methods of
determining diversity in
ecosystems.

Use the Simpson’s
Species Diversity Index
to calculate species
diversity, using secondary
data.
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6. Use of broad terms, such as “range of”, or lack of detail in learning outcome
In some cases the learning outcomes contain phrases that are meaningless without more details

being specified.
Page | Learning Outcome Clarity | Comment }’ropt-)sed L0
earning outcome

29 IL1 e2. A% | It is not clear what We propose that the learning
investigate the influence 0 students must be outcome be reworded as
of a range in general of - able to do in order to follows:
abiotic factors on the achieve this very broad
distribution of a species learning outcome. Investigate the effect of

three abiotic factors on the
distribution of a species.

29 SPL6b. It would be useful Investigate how
Investigate factors to have a list of temperature, concentration
affecting rates of acceptable factors to gradient or surface area
0SMOSiS across semi- o |be investigated. How affects the rate of osmosis
permeable membranes, | § A |many factors need to be | across semi-permeable
use primary data to investigated, especially | membranes, use primary

support conclusions considering primary data to support conclusions.
data is required?

7. Learning outcomes that do not clarify what laboratory practical work should

be carried out in order to achieve the learning outcome.
In many cases depth of treatment needs to be supplied in order to indicate to students and teachers
what laboratory practical work should be carried out.

Proposed rewording of

Page | Learning Outcome | Clarity | Comment .
learning outcome

19 Orgl3d The “level” of a food constituent | Proposed rewording is
investigate B cannot be measured qualitatively
qualitatively the b | — level implies quantitative data. | Investigate
level of any one ' _ qualitatively the
constituent in | This is a very vague learning presence of protein,
a range of food outcome and it is impossible to lipid, starch and
samples, use deduce from it what students reducing sugar in
primary data to must be able to do in order to food.
support conclusions achieve this learning outcome.

As already pointed out, the
use of the term “primary data”
is unnecessary since students
are collecting their own data
(i.e. primary data) in the
investigations.
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8. Learning outcomes that include unsuitable active verbs.

In some cases, clarification can be brought to the learning outcome by using a more suitable active
verb. Whilst there are many points of comparison between genetic and epigenetic mechanisms, the
key point that needs to be stressed is what distinguishes the two types of cells.

Proposed
Page | Learning Outcome Clarity [ Comment rewording of
learning outcome

19 Orgl4 b. Compare | This needs clarification as to | We propose that
genetic and epigenetic | 4 A [ what is required. this be reworded
mechanisms. Difficult to unpack the depth | as:
required here - which genetic | Distinguish
and epigenetic mechanisms? | between genetic
Typically, epigenetics and epigenetic
works in one of three ways: mechanisms.
DNA methylation, histone
modification and non-coding
RNA action. It’s not clear in
the previous LO if methyl
groups and histones are even
required in chromosome
structure.

5.4 Analysis of time to teach the draft specifications

The members of the ISTA Biology Committee, in consultation with various colleagues, have studied
each learning outcome in the three contextual strands and discussed the teaching time required to
ensure that students achieve the relevant learning outcome. The time estimated is summarised in

Table 5.1
The estimates below are based on the assumption that the learning outcomes are clarified as
proposed in Appendix 3.
Estimated
Page | LO No. Learning Outcome Time
(mins)
18 OrgL1 | a. evaluate the characteristics of living things 60
18 OrgL1 [ b. explain how viruses replicate within cells 40
18 OrgL1 c. discuss the difficulty of defining viruses, their economic and 40

medical importance

d. use classification principles to identify and classify living
18 OrgL1 things in known and unknown contexts; examine the 60
importance of classification systems in biology

18 OrgL2 | a. describe the complexity of multicellular organisms 40
18 Orgl2 b. c(::(;rﬁlsare the ultrastructure of prokaryotic and eukaryotic 60
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c. investigate, using primary and secondary data, the structures
18 OrgL2 and organelles of animal and plant cells and relate them to 160
their functions
a. outline a nutritional source, and the structural and metabolic
18 OrgL3 roles, of carbohydrate, lipid and protein 80
18 Orgl 3 b. recognise the roles of vitamins and minerals in biological 30
processes
18 Orgl.3 | c. outline the main roles of water in living organisms 10
d. investigate qualitatively the level of any one constituent
19 OrgL3 in a range of food samples, ue primary data to support 180
conclusions
. R L .
20 Orgl3 e. describe the role of ATP and NAD+/NADP+ in metabolic 40
pathways
20 OrgL3 | g. describe the basic structure and function of DNA and RNA 120
20 Orgl3 h. relate genes, proteln§ and traits in organisms; outline the 120
concept of the genetic code
20 Orgl4 a. describe the structure of a chromosome apd the role of a 60
gene; compare nuclear and non-nuclear inheritance
20 Orgl4 | b. compare genetic and epigenetic mechanisms 60
c. predict inheritance to the first generation of a single
20 OrglL4 unlinked trait in crosses involving homozygous and 60
heterozygous parents @
20 Orgl4 | d. predict a cross involving incomplete dominance 60
20 OrglL4 e. illustrate Mendel’s Laws of Segregation and Independent 40
Assortment
f. predict inheritance to the second generation of two unlinked
20 OrglL4 traits in crosses involving homozygous and heterozygous 80
parents
g. explain how linkage affects Mendel’s Law of Independent
20 OrglL4 Assortment (knowledge of crossing over not required) 30
20 Orgl4 h. describe sex determination by X and Y chromosomes in 40
humans
i. develop and use models to explain and predict the
20 OrgL4 inheritance of sex- linked traits from known examples 40
20 OralL5 a. explain thg variations that come from sexual reproduction 40
and mutations
20 OrglL5 b. dlscuss. the rationale for, aqd basis of, the theory of 40
evolution by natural selection
c. consider evidence that supports the theory of evolution
20 OrgL5 by natural selection; recognise the value of the theory of 30
evolution in understanding the modern world
20 Oral 5 d. e\faluate thej practical apphc'fltlons of artificial selection; 40
discuss ethical and societal issues
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a. explain how enzymes function to facilitate the catalysis of

22 SPL1 biochemical reactions 30
22 SPL1 | b. illustrate enzyme specificity using the Induced Fit model. 40
c. investigate factors that affect the rate of enzyme-catalysed
22 SPL1 reactions, use primary and secondary data to support 180
conclusions
d. evaluate the use of enzymes in a known enterprise;
22 SPL1 appreciate the central role of enzymes in industrial 40
applications
2 spLa | & outhpe the processes of anaer‘oblc respiration, aerobic 180
respiration and photosynthesis
2 SPL2 b. 1nYest1gate factors that affect the rate of photosynthesm, use 180
primary and secondary data to support conclusions
2 spLa | © investigate the conditions necessary for fermentation, use 120
primary and secondary data to support conclusions
d. examine how leaf structure is adapted for photosynthetic
22 SPL2 efficiency; discuss the role that manipulation of 80
photosynthesis can play in horticulture
e. develop and use models to explain the two-stage processes
22 SPL2 of photosynthesis and respiration; make particular reference 200
to the role of transfer molecules
f. recognise the significance of the internal structures of
@ 23 SPL2 mitochondria and chloroplasts in facilitating the processes 60
of photosynthesis and respiration
23 spL3 | & describe s1mply th.e process.of 'm1t051s and meiosis; compare 120
the roles of mitosis and meiosis
23 SPL3 b. explain the role of DNA replication and mitosis in the cell 40
cycle
c. describe how DNA is replicated and the flow of information
23 SPL3 through mRNA to protein 120
23 SPL3 d. desc1j1be how gene and chromosomal mutations occur, 60
making reference to known examples of both
23 SPL3 | e. describe the processes of transcription and translation 180
23 SPL3 f. outline how uncontrolled cell growth and proliferation can 30
lead to development of cancers
g. examine the role of infectious agents, environmental factors
23 SPL3 and/or g.enetlc susc;pthlllty in the de\{elopment of different 120
cancers in an organism; evaluate solutions to address the
development of cancers
a. relate the structure of the parts of the central nervous system
23 SPL4 and the peripheral nervous system to their functions; 80
compare nervous and hormonal coordination
24 SPL4 | b. describe the roles of the main parts of the brain 120
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24

SPL4

¢ .describe the structure of a neuron and the mechanisms of
impulse transfer

80

24

SPL4

d. develop and use models to explore the interaction of the
hormonal and nervous systems to maintain homeostasis

180

24

SPL4

e. illustrate the location and function of the major glands in the
endocrine system and their associated hormones

80

24

SPL4

f. recognise the impact of hormonal manipulation on
organisms

40

24

SPL4

g. distinguish between innate and acquired immunity; outline
the strategies applied to prevent and treat microbial diseases

80

24

SPL4

h. distinguish between the roles of B and T lymphocytes in the
body’s immune response

80

24

SPL4

i. explore how new diseases emerge; discuss the importance of
emerging diseases for society

120

24

SPLS

a. relate the general structure of the male and female
mammalian reproductive systems to their functions

120

24

SPL5

b. outline the relationship between hormonal levels and stages
of the menstrual cycle

120

24

SPLS5

c. describe pregnancy from the development of fertilised
embryo to birth; relate the structure of the placenta to its
functions

100

25

SPLS5

d. develop and use models to illustrate the role of hormones
before, during and after pregnancy

80

25

SPL5

e. appreciate the impact of advancements in modern
technology on prenatal and postnatal care

60

25

SPL5

f. discuss the use and medical implications of strategies to
control fertility and treatments for infertility

120

25

SPLS5

g. investigate the structures of insect and wind pollinated
plants and relate them to their functions, use primary and
secondary data to support conclusions

120

25

SPLS5

h. investigate the digestive activity of seeds during
germination, use primary data to support conclusions

120

25

SPL6

a. distinguish between diffusion, osmosis and active transport;
examine the role of osmosis in food preservation and plant
health

80

25

SPL6

b. investigate factors affecting rates of osmosis across semi-
permeable membranes, use primary data to support
conclusions

180

26

SPL6

c. relate the macrostructure of the urinary system to its
function in filtering and removing waste; outline the
filtration of blood in the nephron

220

26

SPL6

d. describe how the macrostructure of the human digestive
system and associated organs and glands carry out the
process of digesting fats, carbohydrates and proteins

200
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e. describe the absorption, transport and storage of the

26 SPL6 products of digestion 80
26 SPL6 | f. consider the biological implications of dietary choices 30
26 SPL6 | & relate the anatomy and physiology of the breathing system 30

to its role in gaseous exchange in the lungs

h. outline the role of carbon dioxide concentration as a
26 SPL6 controlling factor in stomatal opening and in the human 40
breathing system

1. investigate the structures of the heart and relate them to
26 SPL6 their functions, use primary and secondary data to support 80
conclusions

j- develop and use models to describe the interaction between
26 SPL6 the circulatory and other human body systems in facilitating 80
transport of materials around the body

k. explain heartbeat and its control by the pacemaker, pulse,

26 SPL6 blood pressure and the cardiac blood supply

80

1. relate the composition of the blood to its functions;
27 SPL6 appreciate the value of knowledge on blood grouping for 80
human health

m. distinguish between arteries, veins and capillaries based on

27 SPL6 their macrostructures and role in the circulatory system of 40
humans
® 27 SPL6 | n. relate the structure of the lymphatic system to its functions 80

o. relate the structure of the root, stem and leaf and their

27 SPL6 associated tissues with their functions

200

describe the transport of water, minerals, carbon dioxide and

p.
27 SPL6 photosynthetic products in the plant

80

a. discuss the ways in which science interacts with social,
28 IL1 economic, cultural and ethical factors to inform the making 100
of decisions on local ecological issues

b. analyse evidence of species diversity in ecosystems using a
mathematical model

28 IL1 120

c. interpret pyramids of biomass to explain and make
28 IL1 predictions about the carrying capacity of ecosystems at 80
different scales

d. interpret primary or secondary data relating to the effects
29 IL1 of human activity on species diversity; evaluate associated 180
benefits and risks

e. using primary data from a chosen ecosystem:

29 ILT | construct a model of the ecosystem illustrating species, 300
relevant biotic and abiotic factors

e2. investigate the influence of a range of abiotic factors on the

29 IL1 distribution of a species

180
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e3. investigate quantitatively the impact of variation in abiotic

29 IL1 factors on the distribution of a species 300
e4. describe the transfer of matter and energy from producers
29 IL1 : 80
to at least 3 trophic levels
29 L1 es. de§cr1b§ how an organism’s adaptations enable it to exploit 40
a niche in the ecosystem
29 L1 6. explain the fee':dlng and symbiotic relationships that occur 40
between organisms
29 L2 a. dlstlpgulsh between .bacterla and fungi in terms of structure, 240
nutrition, reproduction and cellular nature
b. investigate factors affecting the growth of microorganisms,
29 L2 ; . 180
use primary and secondary data to support conclusions
29 L2 c. Q1scuss the economic, med}cal and pharmaceutical 40
importance of microorganisms
30 IL2 d. illustrate and explain the carbon and nitrogen cycles 180
30 L2 e. evaluate ethical and sustainability issues associated with the 40

cycling of nutrients

f. discuss the link between atmospheric carbon dioxide,
30 1L2 methane and climate change; evaluate biological strategies 60
to reduce atmospheric levels of these gases

a. describe the principles and processes involved in genetic

30 IL3 o 80
engineering
30 IL3 b. describe the process of DNA profiling and its potential uses 40
30 L3 c. oqtl.lne the p.r1n01ple of DNA sequencing and its use in 30
bioinformatics
d. use a genome database to search for alleles that are known
30 IL3 . . o 120
to cause (or be responsible for) specific genetic diseases
e. investigate patterns using a DNA profile, use primary and/or
30 IL3 . 180
secondary data to support conclusions
30 L3 f. discuss the ethical and sustainability issues arising from 60

advancements in genetic technologies

Total (minutes) 9540
Total (hours) 159

Table 5.1. Analysis of teaching time required to ensure that students achieve each learning outcome.

The total estimated time required to implement the Biology Learning Outcomes in the classroom is
159 hours.

It is important to stress that the estimate is based on the assumption that clarification is obtained as
per the proposals for all vague learning outcomes as specified in Appendix 2.

Since the Leaving Certificate Biology specification is designed for a minimum of 180 hours of
class contact time of which 20 hours is spent on the Biology In Practice Research Investigation,
this leaves a minimum of 160 hours of class contact time for teachers to ensure that their students
achieve the learning outcomes. As shown in Table 5.1, this minimum is effectively now reached,
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we suggest that the unifying strand on the Nature of Science be removed from the specification
since this topic has already been covered at Junior Cycle Science level. This unifying strand is
discussed in more detail in Chapter 6.

5.5 Breakdown of Higher Level / Ordinary Level components

There are 99 learning outcomes in the three contextual strands. 17 contain references to Higher
Level material - two of these require clarification across the “Students learn about” and “Students
should be able to” columns. There are no references to higher level material in the Unifying strand.
No detailed discussion on the balance between Higher Level and Ordinary Level has been held by
the NCCA Biology Subject Development Group. We recommend that this discussion be held as part
of the review process as we are concerned about the imbalance between Ordinary Level and Higher
Level in some areas of the specification.

Some examples of areas of concern are:

P 13 of the specification describes how students studying at Higher and Ordinary Level
will “engage” with the learning outcomes:

Students studying at both Ordinary level and Higher level will critically engage with
Biology, but the context, information and results associated with that analysis are
presented at different levels. (p13)

® A Table (Table 1 p13) then describes how the learning outcomes should be interpreted for
each level. Is this appropriate that each learning outcome will require different interpretation
depending on the level taken by the student?

Some learning outcomes lack clarity between what is required for Higher and Ordinary
Level. In the learning outcome Transport and transfer of nutrients.... (p26) Nephron
structure is indicated for higher level in the Students learn about column, students should
be able to (c) “outline the filtration of blood in the nephron” is not in bold.

In summary, we feel that this matter is best discussed at an NCCA Subject Development Group
meeting in order to ensure that the best balance between Ordinary Level and Higher Level is
obtained.
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Ordinary level Higher level

Only the learning outcomes that are All learning outcomes including those in bold
presented in normal type. type.

Students engage with a broad range of  [Students engage with a broad range of
knowledge, mainly concrete in nature, but knowledge, including theoretical concepts and

with some elements of abstraction or abstract thinking with significant depth in some
theory. areas.

Students demonstrate and use a Students demonstrate and use a broad range
moderate range of cognitive skills and of specialised skills to evaluate, and use

tools and select from a range of information, to plan and develop investigative

procedures and apply known solutions to | strategies, and to determine solutions to varied,
a variety of problems in both familiar and | unfamiliar problems. They identify and apply
unfamiliar contexts. skills and knowledge in a wide variety of both
familiar and unfamiliar contexts.

Students develop scientific literacy skills Students develop scientific literacy skills and

and use evidence and data to use appropriate evidence and data to
communicate findings and draw effectively communicate findings and draw
conclusions to questions posed by valid conclusions to questions posed by
themselves and others. themselves and others.

Table 1: Design of learning outcomes for ordinary and higher level

5.6 Mandatory Student Investigations

The Leaving Certificate Biology, Chemistry and Physics syllabi that are currently being taught

in our schools contain clear lists of Mandatory Student Laboratory investigations. There are 19 ®
Mandatory Students Laboratory Investigations on the current Leaving Certificate biology syllabus.

The specification of Mandatory Student Laboratory Investigations is international best practice in

syllabus design. For example, in the GCSE and A level system in the UK, the Examination Boards

specify a list of laboratory investigations which are termed “Required Practicals”. Considerable

background information on each practical investigation is given for both teachers and students.

For a list of Biology, Chemistry and Physics GCSE laboratory practicals see:
https://filestore.aqa.org.uk/resources/science/AQA-8464-8465-PRACTICALS.PDF

Unfortunately, the draft specifications in Biology does not contain a clear list of Mandatory
Laboratory Student Investigations. However, it is vital that teachers and students are made aware
what Mandatory Laboratory Student Investigations must be carried out in order to:
1) Achieve the relevant learning outcomes
and
2) Build up a wide range of laboratory skills in order to carry out the Biology In Practice
Investigation.

There is some confusion in the draft biology specification regarding the exact list of laboratory
investigations that should be carried out by students in order to achieve the appropriate learning
outcome. The ISTA believes that clarity needs to be provided to teachers and students and, to
this end, we have extracted from the draft specification what we consider are the laboratory
investigations that should be carried out by biology students. This list is shown in Table 5.1

Practical Investigations that are considered to be mandatory in order
to achieve the appropriate learning outcomes
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https://filestore.aqa.org.uk/resources/science/AQA-8464-8465-PRACTICALS.PDF

Elé(l:t' Page Learning outcome Note
Investigate, using primary and secpndary data, Clarity needed as noted in LO
1 18 [ the structures and organelles of animal and Analvsis Table
plant cells and related them to their functions. Y
Invesjugate guahtatlvely the level of any one Clarity needed as noted in LO
2 19 [ constituent in a range of food samples, use .
. . Analysis Table.
primary data to support conclusions.
Investigate factors that gffect the rate of Clarity needed as noted in LO
3 22 | enzyme-catalysed reactions, use primary and .
. Analysis Table.
secondary data to support conclusions
Investigate faptors thgt affect the rate of Clarity needed as noted in LO
4 22 | photosynthesis use primary and secondary data .
. Analysis Table
to support conclusions.
Investigate the conditions necessary for . .
. ) Clarity needed as noted in LO
5 22 | fermentation, use primary and secondary data .
. Analysis Table
to support conclusions
Investigate the structures of insect and wind
polllqated plants.and relate them to their Clarity needed as noted in LO
6 25 | functions, use primary and secondary data to .
. Analysis Table
support conclusions
Invgstlgate the chgestwe activity of seeds Clarity needed as noted in LO
7 25 | during germination, use primary data to .
. Analysis Table
support conclusions
Investlgate.factors affecting rates of osmosis Clarity needed as noted in LO
8 25 | across semi-permeable membranes, use .
. . Analysis Table
primary data to support conclusions
Investigate the structures of the hearjc and Clarity needed as noted in LO
9 26 | relate them to their functions, use primary and .
; Analysis Table
secondary data to support conclusions
10 29 Investigate the influence of a range of abiotic | Clarity needed as noted in LO
factors on the distribution of a species Analysis Table.
Investigate quantitatively the impact .Of . Clarity needed as noted in LO
11 29 | variation in abiotic factors on the distribution .
. Analysis Table.
of a species
Inyestlgate factors aifeqtmg the growth of Clarity needed as noted in LO
12 29 | microorganisms, use primary and secondary .
. Analysis Table.
data to support conclusions.
5 | s0 | et g i DN PTGl esdd s o n Lo
primary Ty PP Analysis Table
conclusions.
Table 5.2.

It should be noted that thirteen investigations, carried out over a two year period, is insufficient to
develop the necessary practical laboratory skills, data analysis skills and communication skills and
do not provide sufficient practice to develop the Senior Cycle Key Competencies. In addition, there
are issues with the ‘investigate’ learning outcomes. It is suggested that some can be completed using
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secondary data only (e.g. number 13 above) while number 10 and number 11 appear to be the same
investigation, with one minor difference.

5.7 Assessment

The section on assessment within the Draft Specification is lacking in specific detail. There is a
general paragraph on the rationale for summative assessment, which is rather condescending in
truth and provides no concrete examples that might support teachers to implement the aims and
learning outcomes of the curriculum. The section on assessment for certification is equally vague.
It is shameful that no sample assessment questions are provided by the SEC, even at the draft stage,
or more detail on the layout of the paper is provided. When discussing Senior Cycle reform, it is
crucial that all stakeholders are aligned from the early stages of curriculum redevelopment.

The Additional Assessment Component (AAC) - Biology in Practice Investigation - has the
potential to enhance the learning process for students but significant questions exist. These include:

e The suggested time allocation of 20 hours to this component will put significant pressure on
the teaching of the 99 learning outcomes.

e It is not clear if the AAC will be an individual or group investigation.

e There is no indication or advice on how to resource the implementation of the AAC in the
classroom - will additional funds be provided to build and upgrade new science laboratories
in schools or upgrade the equipment needed? The availability of laboratory space will
be paramount to the successful implementation of the AAC in schools and, if the three
AACs from Biology, Chemistry and Physics are taking place at the same time, this will put
enormous pressure on school resources.

e The allocation of a blanket 40% for this assessment seems misplaced, especially with the
recent developments in “chatbots” like Google Gemini and ChatGPT. These tools, while (O}
having the potential to support teachers in implementing the new specification, also serve to
undermine the rationale and aims of the specification.

The AAC will be discussed in more detail in Chapter 7.

5.8 Conclusions and Recommendations

It is clear that one of the main problems with the Leaving Certificate Biology Draft Specification is
the lack of clarity in a significant number of learning outcomes. Of the 99 learning outcomes in the
contextual strands, a total of 66 learning outcomes (66.7%) are unclear. Due to this lack of clarity,
it is impossible for teachers to ensure that their students achieve these learning outcomes — and
impossible for students to know if they have achieved them. Recommendations to bring clarity to
each vague learning outcome have been made.

An analysis of time to teach each individual specification has been carried out and, in general, it

is felt that the learning outcomes in the contextual strands can be achieved within 160 hours of
teaching provided that the Unifying Strand is deleted from the specification. Since this strand deals
with the Nature of Science, it is felt that this has been adequately covered at Junior Cycle level.

Of the 99 learning outcomes in the specification, 17 contain reference to Higher Level material. It
is recommended that this balance needs to be discussed at an NCCA Subject Development Group
meeting as no detailed discussion has been held to date on this topic.

An analysis of the unclear learning outcomes shows that they fall into various categories:

(i) Learning outcomes that do not contain active verbs.
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Chapter 6

Analysis of the Unifying Strand of Learning Outcomes

6.1 Introduction

The Unifying Strand is located in the introductory material to the Physics, Chemistry and Biology
specifications. It is a strand that deals with the Nature of Science and consists of 11-12 learning
outcomes according to the individual specification. Most of the learning outcomes are identical

in all three specifications. These learning outcomes will now be analysed in the same way that

the learning outcomes in the Physics, Chemistry and Biology contextual strands were analysed in
Chapters 3, 4 and 5 respectively.

6.2 Analysis of learning outcomes
All learning outcomes in the Unifying Strand are listed in Table 6.1. In most cases the learning

outcomes are identical across Physics (P), Chemistry (C) and Biology (B). Where slight differences
are observed, these are indicated as shown in the table.

Comment on
material in

@ Proposed
. . rewording corresponding
Page | Learning Outcome | Clarity Comment of learning “Students Learn
outcome About (SLA)
column.
13 | a. appreciate how Since the verb We propose Scientists to
(P) | scientists work and “appreciate” is not the following include Michael
how scientific ideas an active verb, we wording: Faraday, Edward

16 | are modified over propose that this Jenner and Marie

Discuss case

that a source may
lack detail or show
bias

(C) | time learqlng outcome l?e studies to Curie.
rewritten to make it explain how
clear what students o
15 ) named scientists
(B) must be able to do in implemented
order to show that they S
. . the scientific
appreciate this concept. method
13 | b. conduct research This is a very vague Describe how Only the basic
(P) | relevanttoa learning outcome and it | scientists gather | principles of the
scientific issue is impossible to know | evidence, scientific method
16 | and evaluate what students must be | analyse it and need be covered.
(C) | different sources able to do in order to communicate
of information achieve this learning their findings to
15 including secondary outcome. their peers.
(B) data, understanding
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82
13 | a. recognise and A clear learning
(P) | pose questions that outcome
are appropriate
16 | for scientific
(©) investigation
(Physics)
15 | a. recognise
(B) | questions that
are appropriate
for scientific
investigation in
chemistry
(Chemistry)
a. recognise
questions that
are appropriate
for scientific
investigation
(Biology)
13 | b. pose testable This learning outcome | Explain the Students will only
(P) | hypotheses is far too broad and meaning of the be required to
developed using unclear. One could term hypothesis | outline methods
16 | scientific theories spend several weeks on | and outline for investigations
(©€) and explanations, this topic. a method of that could be
and evaluate and testing an carried out in the
|5 | compare strategies example of school laboratory.
(B) for investigating a hypothesis
hypotheses in the school
laboratory.
c. design, plan A very poorly Explain the Simple
14 | and conduct constructed learning meaning of the explanations of
(P) | investigations; outcome. It is far too terms reliability, | these terms and
explain how broad and too vague. accuracy, accompanying
17 | reliability, Vali.di.ty, It is impossible to prgcision and a examples are all
(C) | accuracy, precision, know what students fair test. that is required.
:gggf?rl;r;;?t’y should be able to do to
15 and the selection of achieve this learning Discuss the
(B) . . outcome. .
suitable equipment importance of
have been the selection
. of suitable
considered .
equipment
to carry out
a particular
investigation.
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14 | d. produce This is a very vague Analyse Graphical analysis
(P) | and select data and broad learning quantitative data | is all that is
(qualitatively / outcome and it is collected when required here.
17 | quantitatively), impossible to know carrying out
(©) critically analyse what students must be | investigations
data to identify able to do in order to in the school
15 | patterns and achieve this learning science
(B) relationships, outcome. laboratory.
identify anomalous
observations,
draw and justify
conclusions
14 | e. review and This is a very broad Solve problems
(P) | reflect on the skills learning outcome and it | that are related
and thinking used is impossible to know | to the Mandatory
17 | in carrying out what students must be | Student
(©) investigations, and able to do in order to Investigations
apply their learning achieve this learning and the
15 | and skills to outcome. Additional
(B) solving problems in Assessment
unfamiliar contexts Component
Investigation.
14 | a. organise and A clear learning
(P) | communicate outcome.
their research
17 | and investigative
(©) findings, using
relevant scientific
15 terminology and
(B) representations
14 | b. evaluate media- This is a very broad Discuss Science | Science and
(P) | based arguments learning outcome and it | and Society Society issues
concerning science is impossible to know | issues that are need to be
17 | and technology what students must be | related to topics | highlighted
(©) able to do in order to studied in the throughout the
achieve this learning classroom. specifications.
15 outcome.
B) — .
14 | a. research and This is a very broad Discuss the Reference should
(P) | present information learning outcome and | contributions be made to
on the contribution it is impossible to that scientists those scientists
17 | that scientists know what students named on the specifically
(C) | make to scientific must be able to do in specification mentioned on
discovery and order to achieve this have made and the relevant
15 invention, and its learning outcome. continue to make | specifications.
(B) impact on society What scientists should | to society.
students research?
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14 | a. evaluate and A clear learning
(P) | articulate whether outcome.
an answer is
reasonable by
analysing the
dimensions / units
and the order of
magnitude
18 | b. appreciate the Since the verb Discuss the role | Examples related
(C) | role of chemistry “appreciate” is not of chemistry / to curriculum
in society; and its an active verb, we physics / biology | topics should
personal, social and propose that this in society be covered e.g.
global importance; learning outcome be and explain the need for safe
and how society rewritten to make it how society drinking water
influences scientific clear what students influences and research on
research must be able to do in scientific chlorination;
order to show that they | research. the need for
appreciate this vaccination to
guard against
illness from
diseases; the
need for the
development of
photovoltaic cells
to contribute to
sustainability.
19 | a. Relate observable This is a vague Discuss how
(C) | phenomena to the statement as it is not some topics
chemical processes clear what phenomena | covered in the
at the atomic or and what chemical curriculum can
molecular level. processes should be be explained
covered. at an atomic or
molecular level.
16 | a. Explain This is a very broad It would take We propose that
(B) | biological learning outcomes a huge number this learning
phenomena using and it is impossible to | of learning outcome be
appropriate means. know what students outcomes to deleted.
must be able to do in even start trying
order to achieve this to interpret
learning outcome. this learning
outcome

Table 6.1 Analysis of learning outcomes in the Unifying Strand.
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6.3 Conclusions and Recommendations

It is clear that the Unifying Strand consists of a list of very broad learning outcomes that have been
cut and pasted into the introductory section of the Physics, Chemistry and Biology specifications.
The Unifying Strand adds little or nothing to the three specifications. On the contrary, the broad
learning outcomes in the Unifying Strand have the potential to be a source of confusion and stress
to teachers who fear that what has happened in the examining of Agricultural Science will also
apply to the new Physics, Chemistry and Biology specifications.

In the case of the new Agricultural Science specification, research has highlighted a number of
problems with the Leaving Certificate examination papers as follows:

1. Students are being asked questions on topics that are not mentioned in any of the learning
outcomes.

2. Questions are appearing on the exam paper on details that teacher never realised were on the
syllabus.

3. Insome cases it is impossible to relate questions on the exam paper to any learning outcome.
(Gallagher, Cronin and O’Brien, 2023)

The inclusion of the broad learning outcomes in Physics, Chemistry and Biology as summarised in
Table 4.1 will give full license to the SEC Examiners to set any sort of question on any topic and

@ at any depth. How is a biology teacher expect to ensure that students have achieved the learning
outcome Explain biological phenomena using appropriate means? Teachers will be under a lot of
stress trying to cover the learning outcomes in the contextual strands of the Physics, Chemistry and
Biology specifications without the added stress of having to make sense of the learning outcomes in
the Unifying Strand.

In addition to the broad nature of the Unifying Strand, there is no attempt in the specification to link
these broad learning outcomes to the learning outcomes in the contextual strands. This is one of the
key aspects of constructive alignment in curriculum design. Without this constructive alignment, the
Unifying Strand is meaningless as the strand simply consists of a list of broad learning outcomes
that have been cut and pasted into the introductory section as a stand-alone strand with no effort
made to link these learning outcomes to those in the contextual strands. Since constructive
alignment is an essential component in all syllabi designed within a learning outcomes framework,
we recommend that either the Unifying Strand be deleted from all three specifications or that a clear
constructive alignment strategy be drawn up to link the broad learning outcomes in the Unifying
Strand to the appropriate learning outcomes in the contextual strands.
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Chapter 7

Analysis of feedback from science teachers

7.1 Introduction

This chapter analyses the data obtained from science teachers via the online questionnaire and the three
national online CPD events to discuss the draft specifications. The online questionnaire was completed by
317 science teachers and the CPD events were attended by a total of 648 science teachers (Physics = 106 ,
Chemistry = 224 and Biology = 648) .

A copy of the online questionnaire completed by science teachers is reproduced in Appendix 7. The
questionnaire design followed the format of 11 introductory questions of relevance to teachers of Physics,
Chemistry and Biology followed by 10 questions specific to each draft specification. Teachers who teach
more than one Leaving Certificate science subject had the option to answer the questions that were specific to
each of the science subjects taught by them.

The discussion of the data analysis will be carried out under the areas covered in the questionnaire.

7.2 Additional Assessment Component — Research Investigation

Questions 3, 4 and 5 asked teachers for 3.The proposed breakdown of marks awarded to
their views on the Additional Assessment students in the draft specifications is 60% for the @
Component involving a Research written paper and 40% for the additional assessment

.. . . research investigation as described in the draft
Investlgatlon in each of the PhySlCS’ specifications. Are you happy with this breakdown?
Chemistry and Biology draft syllabi.

Yes, 9%

As can be seen from Figure 7.1, the vast majority
of teachers were not happy with the proposal of
40% of marks being allocated

Question 4

Please explain your answer to the
previous question.

No, 91%

Analysis of the explanations to answers given
in question 4 highlighted a number of themes Figure 7.1

emerging such as the imbalance of marks

compared to overall syllabus workload, the potential for cheating, the difficulties for teachers in managing
large number of students undertaking their own individual projects at the same time, experience of teachers
dealing with the Agricultural Science research investigation and the stress on students who will have several
projects to undertake at the same time.

40% is to high an allocation to be given to a project that takes up less than 40% of the hours
of the course (20 hours out of 180 hours is 11%). The influence of Al in assisting students
with their work means there is no guarantee this work with be their own. Most schools are not
equipped to cope with labs being used for CBA 1 at Junior Cycle level and now three addi-
tional assessment components that involve a practical element.
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24 students in a class working on different projects with different apparatus - the logistics of
managing multiple different experiments simultaneously is an impossible task for the science
teacher. This difficulty is already evident in the Junior Cycle CBAs.

40% of marks for roughly 11% of the time allocation is hugely unfair. It would also be far
preferable to have a practical assessment rather than a research investigation especially in
light of the capabilities of Al

The Leaving Cert is a high stakes exam. As an experienced JC examiner, I am very familiar
with the difficulty of ensuring that Coursework was indeed the candidate’s own work. With
developments in Al this will become an even bigger issue. Also the proposed time allotment
is 180 hours with 20 hours for the additional assessment component research Investigation.
40% being awarded for 11% of the time is completely skewed.

There are far too many marks for twenty hours, the description is incredibly vague and
offers effectively no guidance at all. From having dealt with the Agricultural Science project
the students do not understand academic papers and the work ends up coming back on the
teachers

1 feel student become consumed with project work especially with a 40% allocation. They
find it very difficult to balance project work and classwork. Especially with the increase in
the course content for the new specification.

40% is too much for science course work proposed... Only equates to 11% of teaching hours

for each subject. Either revise percentage down OR award the percentage for course work

along the lines of students records of experiments conducted over the course of the 2 year
® course... 8 to 10 experiments.

60% for 160 hours of work and 40% for 20 hours of work are very unbalanced

Labs are not properly equipped for that level of project work. Time constraints to complete
projects. JC CBAs are already draining a lot of resources. Too high a percentage given. Will
be very difficult to complete with students who have attendance issues.

1 have students who are also studying Design and Communication Graphics, Computer
Science, Home Economics, Agricultural Science, PE all of which include a project element.
This will add yet another project to students who are already overloaded with coursework.
There are students choosing subjects based on the time commitment required for projects
with some attempting to avoid them entirely. Also there is no equality in access to suitable
labs and equipment. This will negatively impact both intake of students for some schools and
then the uptake of the senior sciences.

40% is much too high a percentage. This will only cause anxiety and stress among students
preparing for a high stakes exam.

40% is too high a percentage for a piece of work that could easily be written by Al

technology. It is also a lot of stress to be putting on students, especially students who might
be taken two science subjects for the leaving cert.
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Question 5 5. If you answered "no" to question 3, please indicate your
. . preferred allocation of marks to the additional assessment

Teachers were given the choice of 10%, 20%, 30% component Investigation.

and greater than 40%. As may be seen from the data

analysis, the majority of teachers felt that 20% was Prefer mark

an appropriate percentage with a significant number Prefer mark  allocation of >40%

of teachers suggesting that 10% was an appropriate ﬂ'bcm;'(;"%"f 30% ol

percentage. . Prefer mark

Questions 6, 7 and 8 asked teachers to report on the albcm.z'%n%onﬂ

level of laboratory equipment / resources in their
schools.

Question 6

Figure 7.3.

Prefer mark
allocation of 20%
60%

As can be seen from Figure 7.3, only a small
percentage of teachers reported that their schools
were very well equipped and about half of the
teachers reporting that their laboratories were fairly
well equipped.

Figure 7.2

8.Do you believe that your school laboratories have
sufficient resources to support your students in

completing to the best of their ability the additional
assessment component research Investigation?

Yes, 18%

Question 7

Please explain your answer to the
previous question.

Analysis of the explanations to answers given in
question 7 highlighted a number of themes emerging,
e.g. old and outdated equipment, inequalities
between some schools that have laboratory
technicians and others that do not, need for sharing
equipment between laboratories, lack of modern
datalogging equipment, variation in funding between  Figure 7.3
schools and the pressure on laboratory equipment due

to Junior Cycle CBA projects.

No, 82%

Equipment is old and hasn't been replaced in years. Too many students for the amount of con-
sumables and one off equipment that we are allowed to purchase.

Fighting for access with JC classes as there are not enough labs for the current numbers.

Microscopes all need repairing and replacing. Sharing equipment between 2 labs, so difficult
to have enough for everyone and everything. Need lab tech to maintain and keep stock of
everything, it’s an extra job to monitor everything.

In a school that us currently in prefabs. Even with new equipment I feel there will be an unfair
disadvantage for private/wealthy schools to buy more advanced equipment and technologies

We have 30 students in most of our senior science classes. The labs are old and we have no
data logging equipment.

Has taken years to get funding for 12 microscopes, budgets always an issue, no hot water in
lab. No lab technician.
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While we have enough equipment for current LC experiments we dont have a technician so [
don t understand how 1 teacher can oversee 20-24 students doing individual research investi-
gations as well as teach a course with more material that the existing course.

We have five labs, currently in 5th year we have 3 biology classes, 2 ag science classes, 1
chemistry and I physics. There is not enough equipment to cover everyone or to fully stock

each lab.

Not only are the labs poorly equipped, there are not sufficient labs to accommodate all the
double Science subject classes per week.

We will not have enough equipment for the large number of senior science students in our
school, especially if they will be working on individual projects which will tie up equipment.
Storage of their project work may also be difficult

We are not well equipped enough to have 24 Individual Leaving Certificate Chemistry exper-
iments being carried out at the same time. Students generally share resources between pairs,

i.e. burettes, conical flasks etc. We do not have a lab technician and it is disgraceful to expect
teachers to give more free time to make up solutions.

We have a dedicated laboratory technician, 4 labs with equipment in each and 2 prep rooms.
The equipment is linked to current practical requirements so any new practicals or practicals
students devise for their assessment we will not be equipped for. Orders for science equipment
and chemicals are currently taking a long time to arrive (especially post brexit) which im-
pacts the range of practical activities we can offer to students on short notice.

Much of our equipment in our labs is very old and too expensive to upgrade with the funding
we have.

There are 6 labs in my school. Each lab has a standard set of equipment but have to share
everything else. It can take a very long time to locate everything you need for practical sub-
jects

My school is a CEIST school and does not get the same funding as an ETB school, so it puts
our students at a disadvantage to some schools whose labs are more modern and better

equipped.
We have a new lab and are able to do all chemistry practicals

We are currently trying g to run all JC classes, Ag Sci, Physics, Chemistry and Biology class-
es out of a stock of equipment suitable for 1 lab.

The school is already above its maximum capacity and the department have requested we take
an additional 30 first year students next year. At the moment, I teach chemistry in a kitchen,
and biology in a classroom for one double each week. Even before tackling the issue with
equipment, rooming is an issue. With the Junior Cycle CBAs and science as a compulsory
subject, we are very stretched for equipment as it is. For experiments such as gas prep, we
have one class set of kits available between the three labs. Although I would feel that an as-
sessed practical investigation would be very beneficial for seniors, it is just not possible to do
and will lead to significant stress amongst students and teachers.

I have a budget of €2500 including a 23% VAT to buy J.C Science, L.C Chemistry and L.C
physics departments per year. [ am in my school 14 years and my budget has not changed
within this time.

Labs are well equipped but there are not enough labs to ensure all lessons are lab based-
some are in classrooms. Big demand for lab time with junior CBAs.
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Two labs between two chemistry classes and four biology classes and one physics class ,
therefore lab time, equipment and materials very limited

The management of the school that [ work in refuse to allow the purchase of lab equipment.

8.Do you believe that your school laboratories have

uestion 8

Q sufficient resources to support your students in
Teachers were asked to indicate Yes or No to this completing to the best of their ability the additional
question assessment component research Investigation?

Yes, 18%

It is clear from Figure 7.4 that the majority of
teachers do not feel that they had sufficient
resources to support the additional assessment
component Research Investigation.

Question 9

Please explain your answer to the No, 82%
previous question

Analysis of the explanations to answers given  Figure 7.4

in question 9 highlighted a number of themes

emerging, e.g. lack of space to set up projects, lack of glassware and reagents, lack of lab technicians,
difficulty of accessing labs, students missing lessons to work on projects and lab resource problems in
extending the research investigation in Agricultural Science to Physics, Chemistry and Biology.

We don t have enough glassware sometimes not to mind anything more complex the students @
may need.

Absolutely not . Where will there be time to make up reagents, solutions for 24 individual pro-
Jjects in both Chemistry and biology

No lab technician in a school of 1200 students. We also don 't have near adequate equipment
for regular equipment never mind any fancy equipment. Really concerned about this.

Lack of space to set up projects - no printing facilities or IT facilities always in use with pres-
sure on labs. not every senior cycle class is in a lab at all times

We probably do have sufficient resources but I don't see how I teacher can oversee a class of
20-24 students all doing individual projects - if Dept of Ed want this type of work to be done
in schools they can fund lab technicians. Most chemistry teachers have never received train-
ing in organising and managing labs but are expected to do it.

The additional assessment component is too vague for me to really know but we would be
limited to only the basic experiments (mostly titrations). If a student wanted to do anything
beyond these we would be pushed.

There are over 1000 all boys attending our school. We have one science lab that is shared
among all the science teachers. A booking form is completed to book a class into the lab .1 teach
Leaving Cert chemistry in a classroom and only have access to the lab around once every 3
weeks .

We are not well equipped enough to have 24 Individual Leaving Certificate Chemistry exper-
iments being carried out at the same time. Students generally share resources between pairs,
ie Burettes, conical flasks etc. We do not have a lab technician and it is disgraceful to expect
teachers to give more free time to make up solutions.
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I carry out the Ag Science I1S with my students . [ have adequate resources for this subject but
space may be an issue when all projects are in operation

Currently we share 5 labs between 1200 students (junior science and senior science). We only
have 1 hr classes so investigations need to be cleared away at the end of each class. We can-
not keep labs for example 1 week for a class to keep an investigation going as it would affect
all the other senior classes and Junior Cycle CBAs.

1 feel we will need additional funding from the Department to carry out these assessments

Typically students will pick a language, a science and 2 other subjects they enjoy. The amount
of time they miss in class for existing projects is significant. If they have a 40% incentive stu-
dents will miss other classes.

We are barely able to cover the needs of the current JC and LC syllabi. This will require a
significant increase in funding and guarantees that the equipment and materials are available
to schools in time for the start of the new courses

I am worried about the cost and availability of chemical consumables and also the number of
glassware/specialist equipment that might be needed.

The physics and chemistry lab in my school is 20 years old and is in poor condition currently.
We also have a huge lack of storage space so experiments would have to be tidied away at the
end of every class and reassembled again the next day. There is no counter space available
for things to be left out.

Based on my experience from the jc investigations most labs are ill equipped to manage a
large group of students doing several different investigations at the same time.

@ L am in a DEIS school with 919 students and 2 laboratories.

1 feel we will need a lot of new equipment for the variety of experiments the students will be
carrying out and also a lot of new technology- Data loggers, etc.

We have no technician. Only one chemistry teacher and 2 labs shared between 5 science
teachers.. Very poor on time and space to prepare.

We have one decent lab and one tiny ill-equipped lab. It will be extremely difficult to coordi-
nate and timetable laboratory availability to allow for completion of additional assessment
components in Chemistry and Biology.

As stated above, I believe that our lab is adequate to support the needs of the curriculum as it
stands, but it would not suffice for a research project at senior cycle.

If all 4 LC science subjects have individual project components there is no feasible way to fa-
cilitate it. We have 2 prep rooms, one is entirely taken over with Ag Science projects. No prep/
storage for another 100 projects.

We do not have enough - waterbaths, storage space to store experiments if they are ongoing
over a number of weeks , computers in the labs for students to research or write up their pro-
Ject.

I don t feel that we will have the diversity of equipment that may be needed for inspirational
work. I would worry that our equipment may limit our students imaginations when devising
experiments
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While this will depend on the choice of projects, I am teaching in a private school and man-
agement is proactive in facilitating the purchase of apparatus/supplies. I am very aware that
for many schools the situation could be very different.

We have six labs but we have 8 x 6th year biology classes, 7 x 5th year biology classes, I x
Sth and 1 x 6th year physics class and 3 each of 5th and 6th year chemistry classes. This is in
addition to TY and 1st-3rd Year Sciences where we would have approx 8 -1 0 classes per year.
We do not have enough labs for all groups to be in the lab for all periods, especially not at the
same time. Currently we run CBAI during the mock exams as it is the only time we can free
up enough labs for 2nd year CBAs. I don't know how we will manage if all 6th year biology
and chemistry and physics students are to do six weeks of a practical project at the same time.

In our school of 900 students we have 4 labs. With LC sciences expected to run projects at the
same time this will lead to huge problems.

Question 10

Please outline any concerns that you may have regarding the impact that the additional
assessment component might have on the availability of school laboratories and laboratory
resources to other classes such as Junior Cycle and Transition Year.

Analysis of the explanations to answers given in question 10 highlighted a number of themes emerging, e.g.
less practical work having to be carried out at Junior Cycle and Transition Year level, students having to be
moved out of laboratories to facilitate Leaving Certificate project work, implications of teacher availability
for students who wish to participate in BT Young Scientists’ Exhibition and the perceived rush to introduce
the new specifications in schools in 2025 without schools being adequately equipped.

1o be honest practical work for TY will have be scraped particularly at some times of the
year. Similarly there will be issues for second years undertaking CBAs. Overall students
won t get much lab experience and Will be ill prepared when they actually need it.

We have one full sized lab in our school and another that can only seat 18 at benches. This is
for a school of 350 pupils. My LC classes are in the lab once a week and coursework like this
will require them to be in the lab for all lessons - this will be very difficult from a timetable
point of view considering that all senior cycle Science subjects and JC Science will now have
to complete coursework.

Senior cycle students will be given priority and my concerns would be that these year groups
may have to move out of laboratories to accommodate LC students during completing of the
additional assessment component

Huge impact - we don 't have enough labs as it is - there will be a big clash between JC sci-
ence regular labs / CBAs & the 4 senior cycle subjects if each senior cycle science subject has
brings in the additional assessment component

We simply do not have the lab capacity. And I would hate to reduce the number of science
classes we accept.

There are only two laboratories in the school. The completion of the laboratory practical
work for these projects would mean that other year groups would lose valuable lab time

Other classes may have to lose out on laboratory times in order for the research part to be
carried
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The school I am in does not have the resources or the staff to assist students with completing
the investigations to a high standard. This is also causing a knock-on effect for students who
wish to compete in the BT Young Scientists competition as they have only completed experi-
ments by demonstration or watching video links from online. Students completing a research
investigation will also suffer by not having the equipment they need on a regular class basis
and this will negatively impact their results.

Having an investigation with such a high weighting of marks across three Leaving Certificate
Subjects will seriously impact the availability of labs to all other years

For schools without lab technicians - which is the majority - it may put a strain on teachers
for prep time. Whilst it could be said that students are responsible for their own prep, time
may not allow for that during class periods. This could inadvertently result in a lack of prac-
tical work with other year groups as the Leaving Cert. groups take priority, especially during
the time of the CiPI in which a teacher may be required to aid the prep of up to 24 individual
experiments, reducing the prep time towards other years

Question 11

Have you any other comments on the proposed model of assessment of Leaving Certificate
biology chemistry and physics additional assessment component” by means of a laborato-
ry-based Investigation in sixth year as outlined in the draft specifications?

The responses to this question provided data which ranged over a wide area of topics which are
summarised according to the main themes identified in the data. The main themes that emerged
were:

® e Additional stress on teachers and students
e Adverse effect on uptake of Leaving Certificate Physics, Chemistry and Biology.

e Cheating associated with proposed model and alternative models to give credit to students
for practical work should be considered.

e Widening of the social divide.

e Timing in sixth year and timescale of introduction

e Learning from experience of the Agricultural Science research projects.
e Importance of provision of laboratory technicians.

e Importance of making School Management aware of implications of research investigations
in Physics, Chemistry and Biology.

Additional stress on teachers and students

As a chemistry teacher with 30 years experience, I am open to any change which is for the
good of my students, but this is not it. It will only put more pressure on students who are al-
ready overwhelmed with the content of most senior level subjects. It is obvious to most teach-
ers that the current JC programme is not working in terms of the impact of CBA's - talk to
students and parents and it is clear it is very stressful and not having a positive impact on
their learning. Yet we are about to do the same to our Leaving Cert students. As a teacher
and as a mother, I am becoming very disillusioned and disappointed with the new system.
Change is necessary but not like this. Someone needs to start listening to the teachers and
Students on the ground.
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Hugely stressful for students who are doing more than one science subject and other subjects
with assessment components all occurring within the same time frame

Personally I do not think that this model was thought through. At the same time that the pro-
Jects from the 3 sciences are due, mock exams will be getting done along with Oral language
exams. So the pressure on students will not be eased by doing projects instead it will be ex-
tended now from February until the end of June. I also personally think that it will reduce

the number of students taking physics for Leaving Cert. as students will reduce the number of
science subjects that they take because of the concurrent project load. I think the model of a
project and exam reduces the fundamental teaching and therefore learnings of the student. Yes
students do projects in college it doesn t mean that we necessarily follow suit and complete
them to this extent at second level. I think in terms of updating the physics curriculum, adding
in some Astronomy while reducing the section on electricity would instead up the numbers of
Students taking physics while increasing their fundamental knowledge before they start col-
lege.

Biology, Chemistry and Physics should not all being changed on the same year. They should
be phased in one subject at a time so that students are not as anxious and so that schools are
able to manage timetabling the lab more easily

1 think the level of stress this will place on students would be immense, particularly since the
investigation is overlapping with other practical/oral examinations. Any student who may
take more than one science subject will be overloaded with work and therefore neither sub-
Jject s assessment will be a true representation of capabilities had more time been afforded.
This may lead on to a decrease in selection of more than one science subject due to workload.

The new Junior Cycle was a terrible mistake which the Dept just went ahead with while ig-

noring the genuine concerns of the teaching professionals. I would not like to see this situa-

tion arise again where they ignore the professionals in the classrooms to blindly implement (O}
this new system. This will put pressure on resources and will add lots of extra work on the

class teacher to prep students for the assessment. The influence of Al and plagiarism needs

to be taken into account also.

Many Senior Cycle students study more than one of Chemistry, Biology etc. These students
will now have multiple projects all at the most stressful time for them. This is not fair and not
feasible with shared labs.

The line given in the media is these changes are to reduce stress for students whereas intro-
ducing all these projects will do the exact opposite. The majority of students get on with the
LC with little or no drama every year - small minority and same lazy journalism every year
make the LC out to be a bigger deal than it actually is or needs to be. If students have 3, 4,

5 projects as well as orals and written exams to do, stress levels will sky rocket. Again, need
clear guidelines on what is expected. Health and safety issues for teachers - are they expected
to oversee a full class of students all doing different research projects? Surely, something like
the old coursework B for Junior Cert would be better - Dept issues 3 project titles and stu-
dents choose 1?

We need a more specific set of learning outcomes. We need a list of mandatory experiments.
We need a reduced % for the project. We need to see samples of projects. We need to see the
proposed booklet students would use. We need to see how it will be marked. IT IS UNREAL-
ISTIC TO HAVE THIS UNPREPARED SYLLABUS COMING INTO SCHOOLS IN UNDER 2
YEARS TIME!!!

1t is ridiculous that we are again being fed information piecemeal about this whole process
- it smacks again of making it up as they go along. Bringing together the 2 JC CBAs as a LC
investigation will not reduce stress levels on either student or teacher.
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I have serious concerns about the amount of time that would need to be allocated to the Lab-
based Investigation because there is still a huge amount of theory to cover. It is very challeng-
ing as it is to complete the course on time, so I don't see how all theory will be covered along
with completing the additional component. I would also have huge concerns over how vague
a lot of the learning outcomes are.

1 do not get the Chemistry course completed till May. I will be under enormous pressure to try
and carry out the assessment task as well . Mocks are now taking three weeks to complete, so
trying to fit in 20hours on the investigation seems daunting. Also, its irrelevant what % the in-
vestigation is as it has to be done and will impact the written exam unless the content that has
to be covered is reduced,

1 have huge concerns if I totally honest. Going back to box 4 - what happens when Teachers
are absent due to sickness and no suitable sub can be worth. Extra curriculars will be cur-
tailed more -you have students missing when doing some 40% and teacher themselves can't
be absent with teams etc. What happens for Teachers who maybe covering a maternity leave,
for example but they aren t a subject specialist - how this fair these students. Some schools
have better facilities- how is this fair.

Change is necessary but not like this. Someone needs to start listening to the teachers and
students on the ground.

1t will have the unintentional consequence of increasing stress for diligent students

We will need clear guidelines to help us, not vague headings. Please bear in mind that the
majority of students are just 16/17/18 years old. They do not have vast scientific knowledge
and have limited laboratory experience.. They have difficulty coming up with project ideas ,
questioning and problem solving. The new course may improve these skills but all students

@ are not scientifically brilliant. The new courses are long and so do not allow enough time for
the large amount of lab work. The teachers should get time off the timetable to allow for prep
if lab technicians are not put in place. Again I mention that if students are doing a number of
science subjects , the project work will add to their stress rather than reduce stress .(stress
being associated with the current LC, which is a fair system) When other subjects change,
there will probably be project work incorporated into them as well, more stress for our stu-
dents

Incredibly disappointing, unrealistic with the lack of resources and lab technicians etc.
Dumbing down what were incredible curriculums. Adding to the mental health crisis with our
young people and quite frankly the teacher shortages. No consultation with those actually on
the ground carrying out the work daily. So many unanswered questions and we couldn t even
be provided with what s entailed in the actual assessment task or written paper. Disgraceful
and disheartening.

Adverse effect on uptake of Leaving Certificate Physics, Chemistry and Biology

1 believe that if the 40% goes ahead, many students will not choose as many Science subjects
as they do now. We have some students who take all 3 science subjects and if they had 3 ad-
ditional assessments to complete, this would be extremely difficult on them. I am against the
assessment component but if it must be included, 10 or 20% is the maximum that it should be
worth.

[ used to teach the IBDP program while I was teaching abroad. Their coursework is 20% and
it worked very well
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1 think a 40% project will make students less likely to choose science for LC as it§ too daunt-
ing to take on. If the project was worth 10 or 20%, I feel they would see it as a positive thing.

It may put off the student who would be pushing for a HI, If there's a wishy washy non-specif-
ic hand wavy project as part of the spec.

For schools without lab technicians which is the majority, it may put a strain on teachers for
prep time. Whilst it could be said that students are responsible for their own prep, time may
not allow for that during class periods. This could inadvertently result in a lack of practical
work with other year groups as the Leaving Cert. groups take priority, especially during the
time of the CiPI in which a teacher may be required to aid the prep of up to 24 individual ex-
periments, reducing the prep time towards other years — loss of interest in science.

Be careful that we don t send students to other subjects. Finally, I notice that students coming

into fifth year have less knowledge since the new Junior Cycle Science programme was intro-
duced.

We should be encouraging uptake of STEM subjects and [ worry that this additional assess-
ment component will discourage students from taking up Biology, Chemistry or Physics

Cheating associated with proposed model and alternative models to give credit to students for
practical work should be considered

How can we safeguard against cheating? How will it be fair for disadvantaged schools com-
peting with schools who have unlimited resources

Is there any way an oral type interview could be conducted by the examiner to assess the stu-
dents? This was done for nearly 40 years for the Agricultural Science projects. @&

I worked in Northern Ireland for 18 years and found the controlled assessment, a lab based
practical and separate exam paper on laboratory work worked extremely well and thoroughly
enjoyed by the pupils. This required a lot of planning and equipment which need to be provid-
ed as my school at present simply would not have the quantities needed. This is a real pity as
practical work is such a vital component of LC chemistry and I feel pupils should be assessed
on their laboratories skills and techniques.

As a member of the community in which I teach, I would find it very difficult to tackle the
issue of plagiarism via Al. That is, it is difficult to prove its use (unlike other forms of plagia-
rism ). I wouldn t worry of the potential implications of accusing a student of this sort of pla-
giarism on my relationships with students and parents.

These are not university students. They have not developed adequate research skills to com-
plete this work independently. Little time allocated to help student develop such skills.

Students struggle an awful lot with research. Chemistry research in particular will prove to
be very difficult for some of them and it will end up being the teachers work. The project will
then discourage students from following chemistry into senior cycle.

If the end goal is to get students more focused on their practical skills, would it be possible to

award a percentage of marks (e.g. 10%) to showing evidence of completing the mandatory
practicals, similar to a previous Junior Cert.
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Widening of the social divide

This is going to create a huge divide between children from different backgrounds. It hugely
disadvantages students from lower social class backgrounds who will be relying solely on

a teacher who is trying to get their heads around the chemistry of 48 projects at the same
time. While students with parents who have a background in this will be able to go home and
parents will complete the work for them happily. Parents will do anything to increase the
amount of points a student gets, even if they don t know the information themselves, they will
find (or worse pay for) people who do know the science. I myself am in my fifth year of teach-
ing and feel I have just got a grasp on the current curricula. The change to the content I am
not against, but the proposed AAC seriously concerns me. I speak with my colleagues in Ag.
Science and Applied maths who have these AAC's already and their workload has increased
hugely because of the AAC's. From seeing their experience I have to say I am considering
other options outside of teaching because I don t think I can stand over the credibility of this
model and certainty do not want the stress that has been mounted onto them.

We do not have lab technicians like the private schools

I am not fully against the idea. However I think steps should be taken to prevent those at a
disadvantage from becoming more disadvantaged. A set title should be given by the depart-
ment when students start in September of fifth year so that teachers have ample time to pre-
pare and plan for the challenges their students may face e.g. lab time, computer room space,
management suspending S&S etc

I would be very disappointed if schools with poor lab facilities are encouraged to steer stu-
dents towards research based projects. This would be grossly unfair and would not serve stu-
dents in this disadvantaged position well in developing their practical skills. It also creates an
“us and them” situation.

I am so open to change and even though a lot of clarification is due, I do look forward to
bringing a new syllabus to our senior students. As previously stated, I think a practical as-
sessment would be wonderful, but it is not realistic nor feasible and creates an immediate
disadvantage to students in schools that are not properly equipped for this component of the
specifications. I think if the additional assessment has to be worth 40%, students should be
given some reward (maybe 10-20%) for completing the mandatory practicals (similar to old
coursework B) and the rest would have to be research based in my opinion. In the interest of
fairness for all students, I feel that this is the only way - unless the department has a signifi-
cant amount of funding for every secondary school in the country!

1 feel that the lab based investigation will give an advantage to students from better socio
economic backgrounds, depending on their parents occupation (eg pharmaceutical indus-

try, research based etc), these students will have access to materials that other students will
not. They may be able to base their projects on topics from industry. Also input from parents
will give these students an unfair advantage. Lab facilities in some schools are far superi-

or to others where labs are rotated week by week. A major factor is the time input required
from already very busy teachers to organise equipment, check that it is working etc. Also 1
know from other subjects that submitting projects on line is also very time consuming and is
normally carried out in the teachers own time. The portal opening time often puts teachers
under pressure to carry it out at a specific time that might not suit them, and can affect family
commitments. Teachers will be under pressure to think of or modify suggestions from students.
Overall I feel that it make the LC Biology exam a very unlevel playing field.

I can't help but think that those that are financially well off will benefit most or have connec-
tions in the educational field

Fee paying school and we have a lab technician

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)

. ‘ ISTA Response to New Specs 23 Feb.2024.indd 97 @ 23/02/2024 09:03:4



98

1t may also be unfair to have a lab/project complaint as some schools have different resources
in their labs. Access to lab technicians and labs, etc will give some schools an unfair advan-
tage.

I welcome the changes and the practical component but am strongly considering stepping
away from the classroom if the changes go forward in the current format. The expected learn-
ing by students must be fair and transparent and accessible to all. JC students are already
falling foul of the CBA assessments due to school resources. This is going to add to that dis-
parity. DEIS students will need extra supports to complete project work due to poor attend-
ance and resourcing.

Timing in sixth year and timescale of introduction

1 think it will be stressful for the students in their Leaving Cert year. Maybe it would be better
to do this assessment at the end of fifth year.

The laboratory based Research Investigation should be worth no more than 20% and those
setting the themes for the Investigation should bear in mind the limitations of lab availability,
lack of lab technicians in schools and difficulties with lab availability. Should be in fifth year
to allow catch up time in sixth year

Do not roll out a syllabus that the teachers and students are not prepared for. There is too
much up for stakes on this whim. Sixth year is not the right time!

I am teaching biology for 22 years and was really looking forward to a shake up of the course

but these draft guidelines are extremely disappointing. 40% course work is absolute non-

sense and needs to be adjusted downwards significantly. We also need significant in service

BEFORE we start teaching the new course, so with this in mind it is my opinion that the new @
courses should not be rolled out in Sept 2025 and inservice should be given for next 2 years

in lieu of oide (old JCT ) inservice.

The new course is being rushed in. It should be trialled in pilot schools to see if is going to
work. The old course needs to be updated but this is happening too fast and not all teachers
will be able to avail of the necessary upskilling required. Not all schools have equal opportu-
nities and facilities, this is going to disadvantage students

Learning from the experience of the Agricultural Science research projects

As seen in Ag Science, numbers have fallen due to the intensive nature of the I1S. Students are
now choosing subjects carefully to manage their time and avoid overload on so called project
work ( DCG / economics / construction) and not necessarily choosing their favourite subjects.
Will numbers studying the sciences fall? Also as teacher of both Biology, Chemistry and

JC Science, the workload will be immense. 2nd year CBA, 3 year CBA, LC Biol and Chem
AACRI. this will put both myself as a teacher and my students under too much time stress...so
much for Wellbeing!!!

Having been involved with students in the completion of the Agricultural Science IIS I feel the
workload on the teacher will increase and that covering this extra module will put a strain on
already limited resources. Additional Assessment at all LC Science subjects plus demands to
complete CBA's with JC groups when and where do we fit it all in?

From working with students on their Ag Science projects, it is clear that they struggle mas-
sively with the research aspect of the project. They do not yet have enough of a grounding
to make sense of the papers at all. Chemistry papers are far harder to understand that ag
science papers. 1o best counteract this we will have to reorganise the scheme of work every
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vear to try and best equip the students to try and make sense of the research that they must
carry out. The students who do a chemistry based ag science project are the ones who tend to
struggle the most as they do not yet understand the chemistry behind what they are trying to
research (even if they are chemistry students already).

Concerned about the time it will take to cover the course material additionally to giving
enough time to the coursework element. [ feel the LC ag science coursework is too difficult
for many students and it has led to reduced numbers taking up the subject, and worry that the
Bio/Chem/Physics new coursework element could lead to the same if it’s a similar framework
to the Ag Sci. Also huge amount of additional workload on teachers who teach at least 2 of
the subjects- needs to be considered

Importance of provision of laboratory technicians

Teachers workload has increased massively, this will make that worse . We may have to be
working outside class time to help students get this extra work covered. It is extra as the
courses are not shorter | Lab technicians are also essential.

Are we going to be shown sample pieces if work that have been graded? Will lab technicians
be provided to do the extra lab work involved ?

Time is a major factor in the running of the laboratory efficiently. Lab technician is needed.
Without the support of Lab technicians, the extra workload imposed here will be very difficult.

We have no technician. Only one chemistry teacher and 2 labs shared between 5 science
teachers.. Very poor on time and space to prepare.

® The government will have to pump a lot of money into Science and provide technicians

3 labs, 4 science subjects at Senior cycle.. usually 2 biology classes, 1 Chemistry, I physics
and 1 ag science all looking for 20 hrs in a lab. Absolutely crazy!! Where will the prep come
from? Who will be doing this preparation? Will they give us a lab technician?

My lab and school are not equipped enough for practical work as it is. Can't get a decent
budget for equipment/chemicals as it is. Need a lab technician also for this to be sustainable.

Has taken years to get funding for 12 microscopes, budgets always an issue, no hot water in
lab. No lab technician.

No lab technician in a school of 1200 students. We also don 't have near adequate equipment
for regular equipment never mind any fancy equipment. Really concerned about this.

Will lab technicians be provided to do the extra lab work involved ?

Without the support of Lab technicians, the extra workload imposed here will be very difficult.
Impossible to carry out without funding for labs and provision of lab technicians.

The absence of technicians at Second level is going to create further stress for teachers.

1 do a lot of practical work with TY to encourage uptake in LC, I am always under pressure
cleaning and organising equipment without lab technicians.

Teachers workload has increased massively, this will make that worse . We may have to be
working outside class time to help students get this extra work covered. It is extra as the
courses are not shorter ! Lab technicians are also essential.
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While we have enough equipment for current LC experiments we dont have a technician so 1
don t understand how 1 teacher can oversee 20-24 students doing individual research investi-
gations as well as teach a course with more material that the existing course.

We may have equipment but with CBAs and additional practical requirements for Biology,
Physics and Chemistry I think we may be over stretched and all this without lab technicians-
just too much

The Irish system of teaching without the assistance of a lab technician in a secondary school
is totally unacceptable. All these additional projects without technical support will push Sci-

ence teachers from stretched to burnt out very quickly. We are expected to do two jobs in this

role - we need to be allowed to focus on quality teaching, rather than being side-tracked with
the work of a technician also.

Physical space will be a major problem. This is already apparent where Agricultural Science
11S investigations are underway while the Junior Science CBAI also needs to be done. More
projects for LC will be difficult to accommodate- but the assistance of a lab technician would
make a huge difference.

Principal very supportive financially but time to organise and ovder is the issue. Lab techni-
cians needed!

How does 1 teacher supervise 24 individual chemistry experiments at one time? Who will pre-
pare the chemicals for the projects (many schools do not have lab technicians) and who will
pay for the equipment? In terms of safety again, 4 students at one desk completing 4 different
investigations using different chemicals, how can safety be guaranteed?

The laboratory based Research Investigation should be worth no more than 20% and those
setting the themes for the Investigation should bear in mind the limitations of lab availability, @
lack of lab technicians in schools and difficulties with lab availability.

Not all Leaving Cert. and Junior Cycle classes are time-tabled in the lab. Many CBAs are
carried out in groups, with individual analysis. These are often carried out outside the lab
e.g. in the gym or basketball court e.g. effect of various factors on exercise etc. Obviously
this could not be done for Leaving Cert. chemistry. Also we do not have a lab technician so
are students supposed to make up solutions themselves? have access to chemical store? what
about the safety risk here? or do I need to make up all solutions etc for students? Is this to be
done in my own time?

Importance of making School Management aware of implications of research investigations in
Physics, Chemistry and Biology

Principals and school leaders should be required to attend consultations or have formal brief-
ings as to what is changing and the implications for timetabling, refurb work, budgeting and
AEN student placement. I know I have highlighted this directly but the tokenistic, hands off
approach of school managers when curricular change is implemented-is simply astounding.
The buck rests with the teacher who has full accountability to students and parents-trying to
teach lab work-with beakers and vitamin C tablets! There is also the elephant in the room
where in individual schools some teachers have their own lab -teach no other subjects and
can prepare lessons as they should be -some in the same school -have a very different expe-
rience. Management need to get involved in the workings of departments and the best time to
actualise this practise is when curricular change is implemented. This needs to come from the
inspectorate.
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Lab work is already diminished due to lack of labs. Curriculum changes need to implemented
with directions to school management and ETB directorate that the business of teaching and
learning is the business of schools and appropriate funding and equitable timetabling prac-
tises need to rigorously employed -this ensures some attempt to address rampant inequity of
science experience for all students and teachers.

We need a Mandatory List to 1. Convince the school principal that money needs to be spent
on lab supplies and equipment to fulfil the requirements of the specification. 2. To make it
clear to teachers and students what practical work should be carried out.

7.3 Clarity of learning outcomes

In questions 12, 22 and 32 teachers were asked the following question in relation to the specific
subjects of Biology, Chemistry and Physics respectively.

From reading the learning outcomes in the draft biology /chemistry / physics specification,
please estimate the percentage of learning outcomes that you feel are unclear.

In general, the estimates received from teachers were similar to those presented by the ISTA
Biology, Chemistry and Physics online CPD sessions. The documents highlighting those learning
outcomes which are clear and which are vague were finalised in the light of feedback from the
online CPD sessions and analysis from the questionnaires. The results of the analysis are discussed
in Chapters 2, 3, 4 and in Appendices 1, 2 and 3 of this document.

In questions 13, 23 and 33 teachers were asked to explain their answer to the previous question and
typical comments were:

Would agree with the ISTA highlighted LOs from meeting. Too many to write here.

Too many to list, even if you look at the very first one on food it doesn t explain how many
vitamins students need to know, it is very difficult in a lot of them to know the depth of treat-
ment, it might require inserting a line or two into what we already teach and take an extra five
minutes or it may take five classes.

1 attended the ISTA Biology consultation webinar for two hours and agreed with every learn-
ing outcome they felt needed more clarity.

ISTA did excellent work on this, I agree with them
The use of the word model, and many learning outcomes being too vague

I welcome and am excited about a changing syllabus but it is unfair if teachers are not crys-
tal clear on learning outcomes as students have to sit an exam at the end of the day

I have no problem with the course changing but at Leaving Cert level there should be no
questions over what needs to be covered or what depth of treatment topics need

Clear teacher instructions needed. Need plans ahead of time, not like ag. Science where
teachers were teaching blind for the first group of students. Not fair on teachers or students.

Please make your best case to the relevant parties .some science teachers will be facing this
for 2 or 3 subjects in two years time and it will definitely cause stress anxiety among staff and
students
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7.4 Suggested topics that should be included in draft specifications

In questions 14, 24 and 34 teachers were asked the following question in relation to the specific
subjects of Biology, Chemistry and Physics respectively:

What topics, if any, have not been included in the draft biology/chemistry/
Pphysics specification which you feel should be included to cover the knowledge,
skills and values required of Leaving Certificate biology/chemistry/physics
students? Please state your reasons why these topics should be included.

Some topics which teachers felt should be included in the draft biology specification were:

Skeleton and muscles, eyes and ears, all important for students wanting to do medicine, nurs-
ing, beauty therapies etc. They should have some knowledge of these before moving to 3rd
level

SENSES - EYE, EAR etc, SKIN and BONES - nursing, beauty therapy, doctor, physio, vet, etc
all need basics of these.

The senses, skeletal and muscular systems, these were taken out of the junior course and are
now removed from the senior cycle, when and how will our student be educated on these top-
ics it is vital to have an understanding and basic knowledge of these areas, the skin links into
excretion and homeostasis that is fine but the eye and ear are no longer present.

Musculoskeletal system is accessible content for all.
Human anatomy should not be reduced

1 think the sense organs and musculoskeletal system should have been left in, I think an op-
portunity was missed to include more about vaccines, given the misinformation that is out
there any time vaccines are mentioned.

They should not have removed the eye, ear, skin or musculoskeletal systems. The human biol-
ogy is usually the parts the students like the most. They are also important for nursing, beau-
ticians efc..

No musculoskeletal system, skin, eye and ear is concerning. Students need to know these for
life. We have lots of students who go on to work in health and beautician settings

Nervous system and senses should not be removed. Needed for healthcare professions and for
general interest in the knowledge of students’ own bodies.

Musculoskeletal system - appalled that this AND the eye/ear/skin have been removed. Any
students wanting to study any medical field will lack a large section of human biology now
going forward. Any hairdressers and beauticians will have no knowledge of the skin leaving
secondary school before beginning their courses either.

The senses is a huge loss. Again I suspect the NCCA didn t do their job here again. I feel there
will be many third level courses very upset with the loss of these topics. Clear the NCCA has
not listened to all stake holders and do not care the disadvantage the students that go into
beauty courses or human biological course. Another real failing.
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Sense organs - eye, ear and skin - students love these topics. Important for students interested
in cosmetic or beauty salons. Skeleton/muscular- students love these topics- important for stu-
dents who have an interest in sport and want to pursue physio/sports science.

1 feel the removal of the eye and ear, and the musculoskeletal topics are counterproductive.
These were very accessible to OL students in particular and were some of the few areas that
crossed over with physics.

Skin, eye and ear for sure. Students will go onto college or plc courses in which understand-
ing on their anatomy will be keep. Students are going to student science for potentially 6
years in secondary school and not understand their basic anatomy but understand in depth
about plants. That is so disappointing.

The Skeleton, The Senses, Enzyme Immobilisation. The Skeleton links to other parts of the
course e.g. Food, Blood as does the Senses e.g. the Nervous System. The immobilisation
experiment and the concept are key to bioprocessing which is really important to putting en-
zymes in an everyday, industrial context.

An understanding of Crisper as it is so relevant and recent.
I don 't think the eye or ear should be removed. CRISPR could be introduced

The eye, CRISPR - the eye is a link to physics, the students mainly find human biology one
of the most engaging topics and they can visualise what they are learning. CRISPR as this is
what is going on with gene editing at the moment - the genetic engineering that we teach is
incorrect.

® Some topics which teachers felt should be included in the draft chemistry specification were:

Reading of proton and carbon NMR, functional group identification. If you re leaning towards
the Australian system then why leave these out.

I would like to see more current Chemistry topics - more applications of organic (glad to see
Aspirin added as lots of resources on RSC for this)

Acid and Base titrations and associated skills seem to be limited now

1 thought more on pharmaceutical chemistry (drug delivery etc) would have made the course
more interesting and considering how big the pharmaceutical industry is in Ireland I thought
it would be an easy win! They have a section on that in GCSE chemistry in England and stu-
dents loved that topic when I taught in England.

Pharmaceutical chemistry - fast growing industry that students should learn about in school

HPLC, GC Mass Spec. These are such widely used techniques in industry. It would be useful
to have an introduction to these covered in LC Chemistry.

One area that might have been overlooked was a deeper look at electrochemistry in particular
around the area of battery technology. As Electric vehicle market is growing a lot this chemis-
try becomes a lot more important. I am aware that electrochemistry is a poorly answered and
not much liked area of the course but it is quite relevant currently. Attended chemistry con-
ference in UCC last summer and a great and interesting intro to lithium ion technology was
delivered by a professor from the engineering dept(cant remember his name John?)

1 feel that students do not have a good understanding of bonding as it has been taken out of
the JC course. I would like us to be able to give more time to it in Senior Cycle.
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Lithium ion batteries. The Electrochemistry section is very outdated.
More pharmaceutical-based chemistry - linking with the many industries we have in Ireland.

The content that is included in the chemistry specification is overall good in terms of content.
1t would be perfect if the learning outcomes were made clear. My worry is the time needed to
complete the content. I cannot see how it is possible to complete the necessary content AND
have the 40% investigation. It is just overloaded.

I would not include more topics.
Expanding the depth of nuclear chemistry

With the removal of the scientists responsible for the development of our understanding of
the structure of the atom, I feel as if there is a lack of Science Technology and Society (STS)
issues.

Some topics which teachers felt should be included in the draft physics specification were:

Topics following on from Earth and Space at Junior Cycle such as astrophysics (telescopes,
luminosity, PARSWC and light year, Hertzsprung-Russell (HR) diagram, lifecycle of stars,
Hubbles Law) or more Medical Physics (optics linked to eye, sound linked to the ear e.g
sound intensity level)

Capacitance, spherical mirrors, telescopes, more on medical physics, the eye which is also
removed off biology

Course content is very similar to current course. Time is the concern

Astrophysics. Earth and Space was a major section of junior science which a lot of students (O}
loved, no continuity from Junior to Senior Cycle.

Astrophysics. I am often asked by students in 3rd and 4th whether this is on the physics course
and also by 5th and 6th years who are taking physics. I think we are missing a huge opportu-
nity in not covering it as most students in the Junior Cycle enjoy the space chapters.

Space. It is the major reason students choose to study physics.

Astrophysics. They have just come through JC Science where ever made a big effort with
earth and space . Then for the students interested in this area there is no follow through at LC
!l We have created no clear career path into Astro/ particle physics. And I'm not happy that
capacitance is gone.

1 think there should be some Astrophysics on the course, to continue on from the Earth and
Space section of JC Science. I also think students would learn a bit about the Standard Model
and the new developments in Fusion research. It would be a mistake not to include new devel-
opments in physics when we have the opportunity.

1 think this is the perfect time to add in some relativity and astronomy. I think the addition of
astronomy would increase the number of students taking physics, I think this would encourage
more girls into physics.

Boyle'’s Law, such a fundamental part of science and an Irish scientist

Is reflection and mirrors gone ? fundamental forces- surely it would be good to tie together all
the forces that they have learnt, capacitors - good for real world - defibrillators, smoothing
of dc, E-field lines, The eye - it not done in Junior Cycle, a lot wear glasses, good example of
refraction at work
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Capacitance is a fundamental area of electricity thats missing.
Capacitance, levers

Please don t get rid of moments, levers, and the laws of equilibrium. They are already gone
from JC Science and LC Applied Maths. The fact that someone could get to a college level
Physics or Engineering course and not know how a door works is absolutely staggering to
me. It’s also disappointing to see some really important Applied Electricity topics going away,
such as logic gates and truth tables.

I would like to see something on Medical Physics on the syllabus.

The options! Gave student a chance for self directed learning. They had a keen interest. This
will be a disaster.

Boyle's law, Moment of a force, Capacitors, Spherical mirrors, Potential Divider, Callan's in-
duction coil, Particle detectors.

1 did not see much in the way of reference to thermodynamics and heat engines.

Light, magnetism, static electricity. These subjects have everyday applications and are very
important to physics in current-day research and technology development

7.5 Suggested Topics that should be excluded from draft specifications

In questions 15, 25 and 35 teachers were asked the following question in relation to the specific
® subjects of Biology, Chemistry and Physics respectively:

What topics, if any, have not been included in the draft biology/chemistry/physics specifica-

tion which you feel should be included to cover the knowledge, skills and values required of
Leaving Certificate biology/chemistry/physics students? Please state your reasons why these
topics should be included.

Some topics which teachers felt should not be included in the draft biology
specification were:

PLANTS. Students find them boring and Plant reproduction is both long and difficult to un-
derstand.

Reduction of plant material. Too much botany.

Some of the biotechnology/genetics is relevant but not too the level it is in some instances and
it is a shame to remove the skeleton & senses which is a very relatable topic and interesting
for students.

Using gel electrophoresis as primary source as not all schools have the equipment

Too many topics given only 60% . I would urge caution with too much detail on Biotechnol-
ogy IL3, Students of this age are often drawn’to he sexy terminology of this material but due
to young age and lack of and experience often struggle to understand the details involved, so
clear simple details should be provided here. ( none of this marked as Higher level)

Phylogenetics as above seems to move away from making the subject relatable for students.
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Phylogenetics is a topic that should be left to university. I taught a level biology in the UK for
6 years and our system seems to be moving towards the same content as their course. It was
very student or teacher friendly.

Too much detail in Ecology, new mathematical models. We all do Ecology but it is not univer-
sally loved, studying it deeper doesn t suit everyone.

I would be concerned about epigenetic and genetics can be very challenging for some stu-
dents, this addition may be very difficult. The abundance of new elements not manageable

Detail of genetics- too challenging for students and I feel the genetics LO's from the current
syllabus are sufficient as they are.

Some topics which teachers felt should not be included in the draft chemistry specification
were:

Everything has been included!!! How are we meant to get it all done!!!?

If 20 hours is to be given over to a separate investigation project the content for the written
exam needs to be reduced from what it currently is not increased..

None in particular, but there does seem to be a lot of material seeming as it is now only worth
60%.

Extraction of metals - most teachers chose not to teach it for a good reason
Extraction of metals needs to be cut down a lot.

I am concerned that the syllabus is including two sections from the previous Options while at @
the same time requiring time to do the research/investigation assessment module. I would be
glad to leave out Metal extraction section.

The course is too long. They haven t got rid of anything and have added in extras plus the
project.

1t is not that I think any of the topics should not be in the curriculum but there is much too
much topics in it to be covered in the 180 hours allocated times. I think topics such as radio-
activity would make sense to get rid of as I am sure Physics will teach them that. Topics such
as Bohr's Theory could be reduced down. Atmospheric chemistry could be removed.

Hard question to answer in a sense as there are arguments for the validity of each topic in the
draft specification. However I feel there are too many topics in the specifications and complet-
ing them all in the 180 hours that are being recommended will not be possible. The following
are ones that should not be included to create a specification that could be completed within
the given timeframe. P27 LO i, P29 LO e, P34 LOs d and e, P 38 LO h ( prep. of an ester),
P39LOn P41 LOf.

1 think that if there is no further clarity on the research projects (Rls), and a realistic timeline
for these is not factored into the specification, they need to be removed. This specification is
already overloaded, and requiring students to carry out several research projects on top of
the 40% Research Investigation will be a much too heavy workload

This too is very difficult to answer. The course as it stands is very difficult to finish in good
time whereas the new one seems to have a lot more added on top of a 7 week investigation.

ISTA Response to New Specs 23 Feb.2024.indd 106 @ 23/02/2024 09:03:42 ‘ -



The present options choices should be removed from new syllabus. There is already plenty of
material without their inclusion. I am very concerned over the time required to teach all this.

I love the current syllabus and 1 find it very difficult to establish topics that should be re-
moved. Reducing the number of titrations and possibly considering some organic practicals
that take longer than one hour (which most schools are timetabled for at this stage) - e.g.
Benzoic acid prep., soap prep. The Benzoic acid experiment alone can take a week between
preparation, recrystallisation and determining melting point - and this is not including the
theory and exam questions on this practical. I am finding it difficult to identify the content that
has been removed, but I can clearly see the additional content in the new syllabus - and this is
before mentioning the additional assessment component.

Some topics which teachers felt should not be included in the draft physics
specification were:

Transistors and DC motors... require a lot of time to teach properly. Were removed to an op-
tion where people scored poorly

transistor as a switch, emf7 LO f, levers and moments of force (gone in Junior Cycle too) -
what about our future engineers?

While I don t quite think it should be excluded, magnetism is often a difficult topic to teach
due to its inherent (mathematical) complexity that can 't really be explained at second-level.
1t requires a high degree of intuition and understanding that is often not particularly well-un-
derstood in comparison to most of the rest of the course. Consider reworking how this is

® taught.

In order to include astronomy I would remove EMF7. I think students tend to avoid this sec-
tion of the course, I think its better placed within Engineering or Technology where there is a
greater hands on use of the underlying principles.

None, but I think the depth of treatment of topics should be clarified
1 found it hard to tell what had been removed as some of the outcomes were unclear.
Kirchhoff’s Laws

In general, I have concerns about the length of the course. If 40% is based on the research
project

7.6 Mandatory Practical Investigations

Questions 16, 26 and 36

In questions 16 (biology), 26 (chemistry) and 36 (physics) teachers were asked the following question in
relation to the specific subjects of Biology, Chemistry and Physics respectively:

From reading the draft specifications, are you clear on what mandatory laboratory practi-
cals should be carried out by students in school laboratories?

Teachers were asked to indicate Yes or No to this question.
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The data obtained from this question are summarised | 16.From reading the draft specifications, are you clear

in Figure 7.5 on what mandatory laboratory practicals should be
carried out by students in school laboratories?

It is clear that the mandatory practical activities Yes. 17%
to be carried out by students is unclear to
the majority of teachers in all three draft

specifications.
No, 83% Biology Teachers
26.From reading the draft specificatiO_nS, are you clear 36.From reading the draft specifications, are you clear
on what mandatory laboratory practicals should be on what mandatory laboratory practicals should be
carried out by students in school laboratories? carried out by students in school laboratories?
Yes, 12% Yes, 8%

No, 88%

Chemistry Teachers No, 92% Physics Teachers @

Figure 7.5

Questions 17, 27 and 37

In questions 17 (biology), 27 (chemistry) and 37 (physics) teachers were asked to explain their
answer to the previous question.

Typical responses were:

Biology

The use of the term primary and secondary data is confusing in some of them, a list needs to
be provided.

While many are titled with EI it can be unclear and would be easy to miss. A specific list of
mandatory experiments as exists currently would be much more useful.

Plenty of learning outcomes with investigate but no specific list of mandatory experiments

What is the difficulty for the NCCA to list the mandatory experiments and the chemicals and
equipment needed? Again why are they not doing their job?

There is reference to investigations in the specification (SLO column) but much of these are
unclear in terms of specific factors to be investigated.

There are 13 Learning Outcomes which include the word Investigate however unless there is
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a list of mandatory practicals it is ambiguous as to whether these concepts warrant a practi-
cal investigation during class time.

Give a separate list of the mandatory experiments, as it’s vague, it needs to be clearer,
There are no clearly stated mandatory experiments as there is in the current curriculum.

Some are indicated, in other places ‘investigate ‘ is mentioned, which may or may not be an
experiment. Also ‘ not limited too’ does not put a limit on what experiment if any should be
covered and will lead to many interpretations across the country.

Some experiments are marked as student investigations but others aren 1.
Chemistry

Too easy to miss the small EI and titles of some are vague.

When I read the introduction, I thought the EI notation was a great idea as it would make it
very clear what experiments needed to be done. But there were a lot of learning outcomes that
clearly need an experiment done to achieve the learning outcome but they are not marked
with EL

Unclear how to prepare an ester . Rates of reaction experiments are unclear, which factors do
we investigate?

EI notation is only used for some practicals while the phrase ‘ primary data’is used in many
other learning outcomes when an experimental investigation is clearly meant.

Some learning outcomes are marked with EI to indicate that they involve experimental inves-
® tigations, but there are many other experimental methods and techniques mentioned and it is
unclear if they are also mandatory practical investigations

The verb “investigate” is used in a lot of learning outcomes but it is not marked as an EL
Also there is an overuse of the term “investigate using primary and secondary data”. What
does that even mean? I also don't like the phrase “not limited to” To me, that is purposely
opaque. That is not helpful to teachers or students.

Letter EI beside them
1t is not clear what is mandatory or demonstration.

Perhaps the mandatory practicals are encapsulated by the phrase ‘investigate’, but it is very
unclear.

Physics

‘The reference to use primary and secondary data hints at a practical element but is this a
mandatory practical that could be assessed in an exam or watching a demo by teacher and
taking data from that source?’

Primary data? Could the students just watch the teacher do the experiment?

1 am being asked sometimes to use primary data and on other occasions told to analyse using
primary or secondary data. I can't see why a list of mandatory experiments is not explicitly
written down, that would remove all the ambiguity.

There are vague statements like deal with or interpret Primary data. We need a list of experi-
ments and equipment list with technician sheets for prep. (I don 't work in a school with a lab
tech, I want the sheets for me).
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There is no clear mention of mandatory experiments on the draft specification

We have no list of the mandatory experiments, surely this is not a hard list to provide.
The wording is not clear to me.

Are there mandatory practicals? is it anything that mentions primary data?

While the specifications mention primary data and the terms ‘verify’or ‘investigate’ or ‘eval-
uate’, these might imply an investigation but also a demonstration or just a learning experi-
ence. But it does not clearly indicate, as in the previous syllabus, what may be examined as a
‘mandatory experiment’.

Draft specification is not specific enough- shouldnt have to guess what is meant.
No specific experiments are named, just model using primary data.
There should be a numbered list of mandatory experiments with clear titles / descriptors

You are asked to analyse primary and secondary data on experiments that are only teacher
demonstrations and do not lend themselves to gathering of numeric data. Does that mean that
data can be qualitative and quantitative? e.g. analyse diffraction, diffraction? I am confused.

Questions 18, 28 and 38

In questions 18 (biology), 28 (chemistry) and
38 (physics) teachers were asked the following 18.Are you in favour of a list of mandatory student
question in relation to the specific subjects of laboratory practicals being included in the final draft
Biology, Chemistry and Physics respectively: of the biology specification?

Are you in favour of a list of mandatory No, 4%
student laboratory practicals being includ-
ed in the final draft of the biology/chemis-
try/physics specification?

Teachers were asked to indicate Yes or No to this
question. The data obtained from this question
are summarised in Figure 7.6. It is clear that the
overwhelming majority of teachers wish to have Biology
clarity on what laboratory practical work should Yes, 96% Teachers
be carried out by their students.

28.Are you in favour of a list of mandatory student 38.Are you in favour of a list of mandatory student
laboratory practicals being included in the final draft laboratory practicals being included in the final draft
of the chemistry specification? of the physics specification?
No, 5% No, 4%

Chemistry , Physics
Yes, 95% Teachers Yes, 96% Teachers

Figure 7.6
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Questions 19, 29 and 39

In questions 19 (biology), 29 (chemistry) and 39 (physics) teachers were asked to explain their
answer to the previous question.

Typical responses were:

Biology

How else are teachers supposed to know what practical work must be carried out?
Needed to ensure we can plan our teaching efficiently
All students should be proficient in the same investigations.

Clarity good when you have a list of mandatory experiments, vague suggestions only lead to
teacher stress and students not all being prepared the same.

Clear to students and teacher what is expected.

Clarity needed on exactly what to investigate for example in the photosynthesis experiment
and abiotic factors.

Mandatory practicals are helpful in clarifying issues. I've just done TS of a dicot stem with
three separate 5th year classes and they all enjoyed it and got a real sense of what plant tis-
sues are and do.

After working with the JC Science course there is nothing more frustrating than not knowing
) what exactly am I supposed to teach and to what depth.

1t will allow teachers to plan their teaching schemes and give students a better understanding
of what to expect on the written paper.

Students need certainty and stability in school. The Leaving Cert. is a high stakes exam and
they need to have confidence that they are learning the right content - they have 6 other sub-
Jjects to complete

A clear list of all practicals is needed so all students face into the exam on an even footing.
Students and teachers need to know what’s optional and mandatory
There should be no grey areas in a syllabus.

The time and effort needed to order lab equipment, chemicals and lab timetabling is already
high without having to hunt for this information. Clarity is needed in some of the investiga-
tions e.g page 26 enzymes in a known enterprise. Known by whom - the NCCA, or the SEC or
the teachers and students?

If things aren 't mandatory, they won 't be done. Have we forgotten pre 2004?
Avoids ambiguity and ensures teachers are adequately preparing students for examination.

1 feel that a list of mandatory practicals to be carried out is one of the key components to
clearing up the uncertainty

Sme experiments are essential to allow students to get a better understanding of the theory in
the LC.
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1t would be beneficial if students knew which experiments were mandatory as these experi-
ments will be examinable on the paper and its only fair that students know if they can be ex-
amined on certain experiments.

1t is vital that a clear list of Mandatory Practical Investigations be provided for Biology,
Chemistry and Physics. Our Science Department has to fight every year for funding for our
labs and the fact that students must carry out a clear list of laboratory work investigations as
specified in the current Leaving Certificate syllabi is of enormous help to use in getting this
funding. In addition, this mandatory list is very helpful for stock taking and keeping the labo-
ratories as well equipped as possible.

1t provides reassurance to students and teachers. Reassurance that we are all learning to the
same standard

Lack of list of mandatory investigations is completely unfair to the student - a high stakes
exam needs to have a list of what they need to know

1 hope they learn from the mess that is the new JC and not repeat the mistakes of the past. We
have always felt the Irish education system was fair and transparent.

I am concerned that the course is too long and very vague. The access to the labs and the
resources needed will hopefully be provided. Several sample papers should be issued by the
SEC before we commence the new curriculum, not at the last minute. The LC is such a high
Stakes exam for the students. As teachers we need direction as to exactly what they require.

Chemistry

This would make it easier to stock, order and reuse lab equipment. Students and teachers will
feel more comfortable and confident if a set list of mandatory experiments is set.

It clarifies what experiments the students must complete. It clearly lays out the practical work
required in the course content.

We have to have some idea of those practicals that are likely to be examined. We should not
have to be second-guessing specifications just like the JC.

We need a mandatory list to (i) Convince the school principal that money needs to be spent on
lab supplies and equipment to fulfil the requirements of the specification and (ii) To make it
clear to teachers and students what practical work should be carried out.

Students, and teachers need to know what is expected to be covered in the two-year syllabus.
Guessing what has to be taught brings undue stress.

1 think a clear guideline is essential to reduce stress for students and teachers. The additional
assessment component should allow a small percentage for a completed laboratory notebook
at the end of 6th year as it emphasises the importance of practical write ups in senior cycle

As above if left for teachers to decide what experiments to do and how to do them could exac-
erbate Already existing divide between affluent and disadvantaged schools

It levels the playing field if all students exposed to same material.

1 think it is vital! From the proposed plans we do not have much time to prepare. If these are
to be introduced in 2025, we have one year to sort through equipment, re organise labs and
order new equipment. It takes companies about 6 months recently to send out large orders to
us! So we definitely need a definite list so that school can quickly make a move on what they
need. I would go a step further and say a list of chemicals and equipment needed for the new
specification should also be supplied.
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For safety, time, experience and learning opportunities to be fully taken advantage of, a list
which keeps all staff and students on track for learning would be beneficial and leave no room
for second guessing course requirements and expectation

I have undertaken several courses in the area of Health and Safety and I am very familiar
with the legislation requiring teachers to undertake risk assessments for all laboratory activi-
ties. The great advantage of the Mandatory Practical Work on the current Leaving Certificate
Biology, Chemistry and Physics syllabi, is that these risk assessments have already been done
for us - and discussed in CPD courses. If the new specifications do not contain a clear list

of mandatory student practical work and it is left to the teacher to decide this, then this will
increase the workload of teachers as a risk assessment will have to be carried out by each
individual teacher - different schools will be carrying out different practical work. This extra
workload will be a source of huge stress for teachers and could result in accidents occurring
in our school science laboratories.

Mandatory practical work is a great way of teaching students to develop the skills of follow-
ing a written set of instructions and taking account of all areas of Health and Safety asso-
ciated with the laboratory practical work. I frequently attend the BASF Summer School for
Chemistry teachers and have visited 6 pharmaceutical plants to date. In every one of these
industries, we have been shown the importance of staff being able to follow standard operat-
ing procedures in the laboratory by following a clear set of instructions.

Sufficient resources and training must be carried out - more importantly the resources to DO

Clarity on which practicals are mandatory is necessary. Also serves as an easy to find refer-
ence when teachers need to check that they have completed all mandatory practicals.

@ We have to have some idea of those practicals that are likely to be examined. We should not
have to be second-guessing specifications just like the JC.

We need a Mandatory List to convince the school principal that money needs to be spent on
lab supplies and equipment to fulfil the requirements of the specification.

Vital since now we will be under such time pressure

There is a lot of new experiments on the draft for chemistry, teachers need clarity on how
many and what experiments the students are required to carry out. It would also be useful for
the teachers to aid in planning to manage time.

Fairness to all should be a priority. Everyone needs to know what to teach.
Need a clear concise list just like the old syllabus for a high stakes exam

1t is very important that teachers and students are very clear in terms of what content and in-
vestigations needs to be covered. Why is there such resistance to this from the NCCA?

Much easier for teachers and students. Why leave vague details to such a high stakes curricu-
lum.

All students should get the opportunity to explore the same basic mandatory lab practicals.
This makes the learning more homogeneous around the country, and ensures validity and reli-
ability of the final written assessment.

If a list of mandatory practical work is not produced, little value will be placed on the impor-
tance of practical work. Practical work was decimated in the Junior Cycle Science and stu-
dents are now board with Science. There is no benefit for carrying out practical work in the
JC examination and I feel as I am wasting students’time in doing so. We are much better off
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in covering written material, discussions and research but at a cost to the student enjoyment
and enthusiasm.

There should be no fog of confusion about what laboratory practical work is required. The
NCCA made a mess of Junior Cycle Science in terms of lack of practical work. The same can-
not happen at Leaving Certificate level.

Physics

Ensures all students have completed the minimum number of practicals. Allows teachers to
choose to add additional practicals where they feel it is needed.

This would provide a clear structure to base topics on. From experience with JC science
students struggle when presented with an experiment that may not have been carried out in
class.

The Leaving Cert is obviously very high stakes for students so they need to feel as prepared as
possible. We, as their teachers, can only be sure that we are preparing them adequately if we
know exactly what to cover:

Anything that can be assessed, must be present, in detail in the spec.

Will ensure that schools have the correct resources to carry these out, will ensure that the stu-
dents carry these out and they are not just demonstrated by teachers or given secondary data.

From a planning perspective it’s good to know the practicals that must be done.

As stated in chemistry if left to teachers to work through and decide which experiments to do @
and how can make it unfair on schools with more resources.

Mandatory experiments worked well in the current syllabus and ensured certain learning out-
comes were achieved. It did not prevent other investigations and demonstrations being asked
in other sections of the paper

1t is not fair to ask about practical work that some schools may have done and others have
not, all due to an unclear specification. It cannot be like the new JC Science specification, as
questions have been asked on specific experiments that are not explicitly noted in the curricu-
lum. They should pick some experiments that they feel help to enhance student understanding
of the topic at hand and/or enhance understanding of the experience of practical/experimen-
tal work in general.

Experiments should be vehicles to deliver learning outcomes

A mandatory list will help us to get funding from our schools and will take the stress off teach-
ers and pupils. Forget about asking us to “unpack” learning outcomes and figure out for our-
selves what practical work should be carried out. We will no longer tolerate the nonsense of
being asked to “unpack learning outcomes”. This is the job of the NCCA subject development
group to make it clear to us what mandatory practical work should be carried out.

Need to know what s required when ordering equipment.

Proper experiments properly done should be an integral part of a school physics syllabus.
Short-comings in this have been noted as far back as 1898.

Certainty in purchasing of equipment, allocation of resources of class time and laboratory
time
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We need clarity on what exactly our students should be doing in terms of laboratory practical
work. Without specifying a minimum list of laboratory practical work, there is a real danger
that little or no laboratory practical work will be carried out and this will really damage the
subjects of Physics, Chemistry and Biology at Leaving Certificate level.

1t helped students organise their study and revision better without the stress of having a very
wide area that ‘might’ appear as an experiment question

A mandatory list will help us to get funding from our schools and will take the stress off
teachers and pupils. Forget about asking us to “unpack” learning outcomes and figure out for
ourselves what practical work should be carried out.

7.7 Final comments from teachers

Questions 20, 30 and 40

Questions 20 (biology), 30 (chemistry) and 40 (physics) were sweeper questions inviting teachers to
make any other comments.

Biology

A wide variety of responses were made by teachers along themes such as concerns with the second
mode of assessment, additional stress on students teachers and teachers, damage to uptake of
science subjects at Leaving Certificate, lessons to be learned from the research investigative work
in Agricultural Science, lack of clarity in the learning outcomes, increased social inequality and

& the need for sample papers and other resources to be available before implementation of the new
specification.

Concerns with the second mode of assessment

I hope they learn from the mess that is the new JC and not repeat the mistakes of the past. We
have always felt the Irish education system was fair and transparent. The AAC and giving
40% for it is opening the door to widespread cheating.

Considering the real possibility of chaos resulting from the implementation of the AAC
nationwide in multiple subjects, it would be wise to run a representative pilot for two years to
see to what extent the AAC adds value to the courses, improves the quality of education and
reduces the stress on students.

Stress on students and teachers

Just exhausted at the thoughts of all the work involved

1 do worry that Leaving Cert students will have several projects/investigations to complete
which will impact study time and make a busy time with orals etc. even more busy and stress-

ful.

Incredibly disappointing, unrealistic with the lack of resources and lab technicians etc.
Dumbing down what were incredible curricula. Adding to the mental health crisis with our
young people and quite frankly the teacher shortages. No consultation with those actually on
the ground carrying out the work daily. So many unanswered questions and we couldn t even
be provided with what s entailed in the actual assessment task or written paper. Disgraceful
and disheartening.
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I would be very willing to help out in any way with the new Leaving Cert. Biology specifica-
tion. I don 't want to see what has happened to ag science or junior science also happen to a
wonderful life subject like biology

Lower uptake of science subjects at Leaving Certificate level

The whole lot seems overloaded. It’s a research experimental assessment on top of massive
content for the paper. There will be a lower uptake of these subjects as there will be uncer-
tainty until it’s well established

Lessons from Agricultural Science

I’'m sure I and the rest of the biology teachers would deeply appreciate our opinions to be
taken onboard. We are the people delivering the syllabus and we know what is possible and
impossible. Please let this consultation be genuine and not lip service as seems it was with
regards ag science.

Lack of clarity

Two thirds of the learning outcomes are vague or unclear and need clarification.

There is the ambition like Junior cycle to under-pin this curriculum with Nature of Science
with a view develop in our students the habit of Scientific habit of mind which is a nice ambi-
tion however just like the Junior cycle there is huge ambiguity time and time again in terms
of what dept both teacher and student needs to go in terms of the teaching and learning of the
key concepts on the Biology course. The 2 year course is currently very tight as you know in
terms of getting it covered however there is a requirement to run essentially an extended CBA, &
the “Biology in Practice Investigation”. This entails 20 hours of class time. And this investi-
gation is to be corrected by the SEC. This makes up 40% of the overall grade. With little be
cut off the current course (apart from 3 chapters) it’s astounding this Investigation is to take
up 11% (20 out of the 180 teaching hours) of class time. I am all on for running class prac-
ticals and there remains 13 practicals within the course however to request students to run

an extended Investigation over 20 hours is not age appropriate and increases the pressure in
terms of covering the curriculum in my view. The ISTA discussion was not a rant but solution
based in terms of rewording 66% of the drafted Learning Outcomes for the purposes of clarity
in terms of Teaching and Learning for both students and teachers.

New Depth of treatment column included to clarify subject matter. Confirmed list of manda-
tory experiments. More detail on Additional assessment component. Release sample papers+
MARKING SCHEMES. Grants are needed for new school equipment.

We need to have 100% clear learning outcomes so we can comprehensively prepare our stu-
dents for their exam. My colleagues have discussed the awful possibility that one of students
will leave the exam and say ‘but we never covered that question in class’. Also we are not
ready for Sept 2025, no inservices so far.

This Biology “specification” lacks depth of treatment . It must not be implemented as it is
currently written . We need CLEAR statements & depth of treatment detail in order for us to
do our job well. Please do not repeat the dreadful mistakes of the so called Junior Science
“specification . A specification is supposed to be clear with concise instructions & detail.
The NCCA is failing teachers by not providing a clear unambiguous syllabus

Social Inequality

Coursework enhances social disadvantage. Impossible to ensure students’work is their own.
1 have a Biochemistry PhD and industry experience and would love to carry out a variety of
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extended practical projects with my students. [ would want assessment to be in form of a su-
pervised exam where students answer questions or write a report under supervision in a given
timeframe.

Sample papers and marking schemes prior to introduction

1 feel there is not enough time to cover all learning outcomes and complete an addition-

al component. I would hope that the theory content can be reduced to allow adequate time
complete the project. I would also hope that there will be sample exam papers and marking
schemes available prior to September 2025 when it s being introduced. Teachers need to clear
on what they are teaching, and to what level of detail.

Several sample papers should be issued by the sec before we commence the new curriculum,
not at the last minute. The LC is such a high stakes exam for the students. As teachers we

need direction as to exactly what they require.

Chemistry

A wide range of responses has been received about the revised chemistry specification. Some
themes that emerge are, not implementing the three specifications in the one year, rewarding
students for practical work and recognising this in the final exam, additional stress on students
and teachers in sixth year with the additional assessment component in an already crowded
specification, the amount of additional work needed to prepare students for Leaving Certificated
chemistry after the implementation of the Junior Cert Science, the necessity of laboratory
technicians, how the research project will discourage students from taking up Chemistry and will
put a lot of extra work on the teacher, the need for additional resources and proper training,

® The length of the specification.

Syllabus is far too long, loads added, little to nothing removed and expected to do a 40% pro-
ject. No samples of projects/exam papers out yet. No in-service yet. This is a disgrace that we
will be expected to teach and prepare students for the unknown in less than 2 years.

1 feel there is too much content for the time available. I find it a challenge to finish the current
syllabus without doing the units on atmosphere, industrial chem., or crystals/ metals. Now it
appears all of this is to be included. I cannot see what if anything has been taken out to make
room for this. On top of that we are expected to put 6 weeks aside for the practical investiga-
tion???!!!! How is this possible???? Also the timing of the investigation in second term of 6th
vear seems mad as students are under.

1 feel that the new JC does not prepare students for the LC Chemistry course and that struc-
ture is required going forward.

There is way too much content in the draft syllabus. The content as currently laid out cannot
be completed in the time allocated to any degree of satisfaction. And that is without an addi-
tional assessment to complete.

The course needs to be shorter to compensate for the project work, if anything it has become
longer. it just will not be feasible to study chemistry.

While there has been many nice additions to the course there is too much content to be ex-
pected to go through and the increase in lab equipment is massive. When will we get more
guidance on the investigation?

My biggest worry with the Chemistry specification is the amount of content. New content has
been added (options), no content that I can see removed but it is worth less (60%) and needs
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to be done in less time that we currently do it. I don t understand how this is expected to hap-
pen. Not fair to students.

1 believe the courses should have been trialled to identify what supports should be in place for
students and teachers

Concerns with the second mode of assessment.

Students that work hard week by week are then rewarded on an ongoing basis for their efforts,
can see the importance of paying attention to the practical work, spread the marks over the
two years, and can use this resource when planning their AAC.

1 really feel that little has been learned from the instigation of the new JC science programme.
Other jurisdictions are now looking at a return to a more knowledge based curriculum again
rather than a student-led brief that is now showing signs not working out.

1 have a great concern regarding the additional burden that the project will place on students
and teachers. I see from my Ag Science colleague who spends on average 40mins to 1 hour
reading and making suggestions for improvements on each draft of student’s projects and
some student will need to submit up to 4 drafts. I am also concerned about uptake of science
subjects at senior cycle as currently students in my school would often choose to study 2 or
even 3 science subjects and with a weighty project in each, they will no longer do so, and in-
evitably it will be chemistry and physics numbers that will drop.

I have huge concerns over the availability of computers in our school to complete a project.
There is little availability at present not to mind when there are at minimum 3 science subject
teachers requiring access to the same. There simply is not enough to go around. I fear these
projects will impact greatly on science teachers after school has finished to allow students ac-
cess to computer rooms to complete project work.

Added teacher and student stress.

Too much stress on students in 6th year already. Additional assignment during second term is
madness. The course is far too long to accommodate this assessment piece.

Lab technicians would also be essential.

1 think adding research investigations into student s workload in sixth year will increase pres-
sure on them and cause them a great deal more stress. It would be much more beneficial to
assess them completing a practical experiment. l.e. give them credit for something they are
already doing and should be recognised as part of their Leaving Certificate grade. Instead of
putting extra work and stress on both students and teachers.

Lack of Clarity

Please remember that when the Junior Cycle came out there were at least three/four teach-
ers who would be able to give their point of view on what exactly each learning outcome
required. In most schools there is only one chemistry and one physics teacher if the learning
outcomes remain vague then it is the teacher s interpretation which may be doing a disservice
to the student on the final exam.

Please take into consideration the people who are charged with the job of teaching our stu-
dents. They look to us for clarification and direction. If you decide to leave us without both
then we will appear incompetent and unhelpful and their work and enthusiasm will suffer as a
consequence. Please make our work easier not harder.
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Physics
Other comments of the physics specification range from the removal of the trial, lack of depth of

treatment, the vagueness of the practical assessment, the impact of introducing the three syllabuses
in the one year, student and teacher stress and the introduction of the PiPi.

Clarity of the Learning Outcomes.

The syllabus lacks depth of treatment and the practical investigation is at best a vague idea
that needs serious consideration to impact on students.

We are science teachers, we like clarity and preciseness

The full range of syllabus documentation (including guidelines for teachers, sample exam pa-
pers and marking schemes, etc.) should be officially published at the same time as the sylla-
bus itself. The reference to numeracy (P8) needs to be reassessed considering that mathemat-
ics is interwoven through Physics more significantly than any other leaving Cert subject. A
more substantial and considered statement on the part mathematics plays in Physics would be
appropriate. Greater clarity be provided about the depth of treatment in each of the strands,
in the final version of the specification.

Clarity of LO'S is so important because the stakes at LC are so high. Teachers need to be
absolutely sure that they have covered the course fully, especially if there is no choice on the

paper
What a vague, muddled, awful set of specifications. Please listen to our feedback.

® Unless there is a list of mandatory student practical work, teachers will be very confused as
to what should be covered and hence the level of practical work will decline.

Stress

All 3 sciences should not be introduced in the same year. The is unfair on students and teach-
ers.

Makes me feel like quitting. The prospect of a 40% project and the pressure this involves is
the reason.

My colleagues who teach Agricultural Science have experienced huge stress and falling num-
bers of students who take Ag Science for Leaving Certificate. We cannot let the same happen
for Physics, Chemistry and Biology.

The workload for teachers will be increased substantially while resources (equipment and fa-
cilities) remain the same.

Introduction of Physics in Practice Investigation.

Personally I think the new specification is really missing the mark if its purpose is to give stu-
dents knowledge and skills that they will use after they leave school. I think the opportunity
to encourage more girls into physics is being missed by the omission of astronomy. I think the
40% project will result in endless queries regarding original work and numerous appeals to
the DOE.

I would like clarity on the assessment component-what does high, moderate, low level of
achievement equate to in terms of marks. Also clarity around the written examination-dura-
tion, choice, etc.
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Agricultural Science

One teacher gave a detailed account of the Agricultural Science research investigation.

As a teacher of Agricultural Science and Biology, I would like to share my experience of the
Individual Investigative Study (IIS) carried out by students. Leaving Certificate Agricultural
Science students must design and complete an IS and write a report on the process, in re-
sponse to a briefissued by the State Examinations Commission (SEC). Students are generally
given the brief in Autumn of 5th year. The IIS is worth 100 marks or 25% of the students
overall grade. The IIS report must be submitted by sixth-year students by a deadline in April.
While the theme of the IS is different every year, the format for completing the IIS remains
the same. The IIS report consists of 5 sections:

1. Background Research and Introduction (and Referencing)
2. The Investigative Process

3. Results, Analysis and Conclusions

4. Reflection on the Study
5

Communication and Innovation

The report must not exceed 2,500 words (excluding references, equations, diagrams, graphs,
etc.) and must not include more than 20 images. It is currently not clear if the IS will remain
at 25% or increase to 40% of students overall grade similar to that of the other three science
subjects.

The teaching of the IIS has overall been a mixed experience. The positives include students

being able to implement the scientific method in Agricultural Science. The IIS facilitates

study of particular areas in greater depth and which may be of local or regional agricultural )
significance and can increase interest for students. It enables students to see at a practical

level how science underpins and supports agricultural practices, processes and research. The

format of the IIS is relatively straightforward for students and the amount of time to complete

the report is appropriate. Another positive is that the I1S project is student centred and allows

students to explore specific areas in agriculture in which they have an interest.

However several issues for both teacher and student have arisen:

*  The IIS theme while generally broad does not allow for much variation due to a lack
of equipment and/or chemicals in schools.

. 1t is worth noting that the first three thematic briefs were very similar.

* A lot of the work for Ag Science has to occur over the summer due to plants having
to be grown in a lot of cases.

»  Itisdifficult for students to ‘unpack’or interpret the theme and this requires a lot of
support from their teacher.

»  The depth of referencing is of a university-level standard and is challenging for stu-
dents.

»  There are no marks allocated in the IIS for referencing.

*  There are serious issues regarding generative Al possibly completing large portions
of the 11S report. Teachers are unable to determine if generative Al has been used or
not due to the increased sophistication of the software. Teachers, of course, encour-
age students to be honest with their report but there is a pressure from the student’s

parents and school management to ensure the student obtains the highest mark pos-
sible.
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*  Therefore, it is of my opinion that 25% is an appropriate percentage of a student §
grade for the IS report.

*  The official CPD training provided for teachers was largely vague and inadequate.
The local IASTA branches were very valuable for providing support.

Thanks

Thank you so much for all your support and the work you are undertaking on this - it is so
greatly appreciated!

Thanks for your excellent service to all at the ISTA
Thanks to the ISTA for their work

Thank you for allowing us to give our thoughts and feedback. It's greatly appreciated and
thanks for all your hard work on this.

Thank you for all the work done so far, really appreciated

Thank you to ISTA for all your great work in representing the views of teachers. My col-
leagues who teach Agricultural Science have experienced huge stress and falling numbers
of students who take Ag Science for Leaving Certificate. We cannot let the same happen for
Physics, Chemistry and Biology.

I would just like to thank you again for all what you are doing.

® We have a few very hard years ahead of us. Thank you for trying to make them see sense with
this, for science teachers across the country & most importantly our students, who don 't even
know what's coming their way.

7.8 Summary and Conclusions

This chapter reported on data gathered from questionnaires completed by 320 teachers and from
648 teachers who attended online webinars to discuss the draft specifications.

Over 90% of teachers expressed dissatisfaction with the allocation of 40% to the research
investigation component. The most popular choice was 20% with the next most popular option
being 10% of marks for coursework.

When asked about the level of laboratory equipment / resources, only a small percentage (7%)
described their laboratories as being very well equipped. Over 40% of laboratories were described
as being either poorly equipped or very poorly equipped. The majority of teachers (82%) do not
feel that they have sufficient resources to support the additional assessment aomponent Research
Investigation.

The additional assessment component will impact on the availability of school laboratories and
laboratory resources to other classes such as Junior Cycle and Transition Year, e.g. less practical
work having to be carried out at Junior Cycle and Transition Year level, students having to be
moved out of laboratories to facilitate Leaving Certificate project work, implications of teacher
availability for students who wish to participate in BT Young Scientists’ Exhibition and Scifest.
The perceived rush to introduce the new specifications in schools in 2025 without schools being
adequately equipped was also of concern to teachers.
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Teachers identified that the proposed model of assessment of Leaving Certificate biology chemistry
and physics additional assessment component” by means of a laboratory-based Investigation in
sixth year as outlined in the draft specifications would have a number of effects

e Additional stress on teachers and students
e Adverse effect on uptake of Leaving Certificate Physics, Chemistry and Biology.

e Cheating associated with proposed model and alternative models to give credit to students
for practical work should be considered.

e Widening of the social divide.

e Timing in sixth year and timescale of introduction were identified as problematic.

e Similar negative consequences as experienced in the Agricultural Science research projects.
e Importance of provision of laboratory technicians.

e Importance of making School Management aware of implications of research investigations
in Physics, Chemistry and Biology.

Teachers identified major problems with the clarity of learning outcomes in the Physics, Chemistry
and Biology draft specifications. These problem will greatly add to the stress on teachers and
students working towards a high-stakes examination like the Leaving Certificate.

Some suggestions for topics which could be included in the draft specifications and excluded from
the draft specifications were also made by teachers.

On average, almost 90% of teachers reported that they were unclear on what mandatory laboratory

practicals should be carried out by students in school laboratories. An average of 96% of teachers

was in favour of a list of mandatory student laboratory investigations being included in the final ®
draft of the Physics, Chemistry and Biology specifications. Among the advantages of mandatory

student practical work that emerged from the data were:

1. Mandatory investigations ensure that all students acquired basic key skills in laboratory
practical work.

2. Once the basic laboratory skills were acquired, students are then in a position to carry out
scientific investigations as required in the second mode of assessment.

3. The list of specified mandatory investigations on the current Leaving Certificate Physics,
Chemistry and Biology syllabi help teachers to obtain funding from school principals.

4. Mandatory investigations were liked by students who enjoyed practical work as they were
rewarded on the examination paper for carrying out these mandatory investigations.

5. Mandatory experiments allowed student to develop the skill of following a written set
of instructions as is demanded in standard operating procedure of industries such as the
biopharmachemical and electronics industries.

6. Mandatory experiments are good from a Health and Safety perspective as a risk assessment
can be carried out easily for each experiment to be carried out by students.

7. Mandatory investigations assist with lab organisations and management as stock taking is
made easier.

8. Mandatory investigation help to have a “level playing pitch” between schools with ample
funding and schools with minimum funding.
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In final comments made by teachers, issues highlighted were: of increased stress on students
and teachers caused by the research investigations, potential for damage to uptake of science
subjects at Leaving Certificate level, lack of clarity of learning outcomes, widening of social
inequality and the need to have sample examination papers, marking schemes and other
documentation available prior to any specification being implemented.
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Chapter 8

Conclusions and Recommendations

8.1 Introduction

It is clear from the analysis of the Biology, Chemistry and Physics draft specifications that these
drafts are in an unfinished state. Considerable work needs to be done in order to bring them up
to the standard of international best practice in syllabus design. This chapter summarised the key
conclusions from the data analysed in this and recommends what action is needed.

8.2 Summary of conclusions and recommendations

The main conclusions and recommendations are summarised in Table 8.2

No.

Conclusion

Recommendation

1

One of the main problems in the Leaving
Certificate Physics, Chemistry and Biology
Draft Specification is the lack of clarity in a
significant percentage of learning outcomes
in each specification - Physics (68.3%),
Chemistry (31.5%) and Biology (66.7%).

Work needs to be initiated by the three NCCA
Subject Development Groups to bring the draft
specifications up to international standard.

This work involves writing into the draft
specifications the detail required in order to
clarify the learning outcomes highlighted in this
report.

There is a lack of clarity about the time
required to implement the new specifications
in Physics, Chemistry and Biology. The

time allocated to teach each specification

as described in this report involves a lot of
estimations due to lack of clarity associated
with many learning outcomes.

When the detail described in section 1 above

is written into the draft specifications, an audit
should be carried out by the practising teachers
who serve on the NCCA Subject Development
Groups to calculate the time needed to
implement each learning outcome in the
classroom to ensure that the total time is within
the 160 hours of class contact time.

There is a lack of clarity in the laboratory
practical investigations that are mandatory
in order to achieve the appropriate learning
outcomes. Eight reasons for having clear
lists of mandatory student investigations
emerged from the data analysis (Chapter 7).
The fact that 96% of teachers across Physics,
Chemistry and Biology requested that clear
lists of mandatory practical investigations be
provided shows the strength of opinion on
this matter.

Clear lists of mandatory student investigations
need to be provided — as exist in the Leaving
Certificate Physics, Chemistry and Biology
syllabi being taught in our schools. These lists
should be drawn up by the NCCA Subject
Development groups and embedded into each
of the three specifications. The lists provided
by the ISTA Physics, Chemistry and Biology
committees, based on their own teaching
experience and feedback from colleagues,
included in this report could be used as starting
points for working towards the final lists.
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It is clear from the analysis of data in Chapter
7 that teachers require more information

on assessment. The draft specifications

have been published as “bare” documents
without any information on how the learning
outcomes will be assessed and no information
on the structure or format of the examination
papers or types of questions that will be
given on the Leaving Certificate examination
papers in Physics Chemistry and Biology.
This is in direct conflict with international
best practice where sample examination
papers, Teacher Guidelines, sample marking
schemes and details of student laboratory
practical work are provided in addition to the
detailed published syllabi. At the moment
the implementation of new specifications

is rather haphazard and takes a “make it up
as we go along” approach. Teachers cannot
effectively prepare and assess students for

an examination whose structure they have

no idea about until the specification has been
largely taught in sixth year.

The ISTA supports the motion passed at the
ASTI and TUI Annual Conferences in 2023 that
That the ASTI / TUI demand that, for all future
Leaving Certificate syllabi (specifications), the
Department of Education, the NCCA and SEC
publish the full range of syllabus documentation
concurrently and not less than 12 months

prior to implementation of the syllabus. The
syllabus documentation to include: a detailed
syllabus which embeds depth of treatment and
comprehensive teacher guidelines into the
syllabus, sample examination papers, sample
marking schemes, rationale and research-based
evidence that underpin the changes to / for
introduction of syllabi

As noted in Chapters 3, 4 and 5, the ISTA

is concerned about the imbalance between
Ordinary Level and Higher Level in some
areas of the specifications. No detailed
discussions have been held at NCCA Subject
Development Groups about the balance
between Higher Level and Ordinary Level
topics in the Physics, Chemistry and Biology
draft specifications.

To ensure the correct balance between Higher
Level and Ordinary Level topics and also
balance across teaching times, discussions
need to be held at NCCA Subject Development
group meetings as part of the review process
and appropriate adjustments made in the
specifications.

Teachers will be under a lot of stress trying to
cover the learning outcomes in the contextual
strands of the Physics, Chemistry and Biology
specifications without the added stress of
having to make sense of the very broad and
general learning outcomes in the Unifying
Strand.

It is recommended that either the Unifying
Strand be deleted from all three specifications
or that a clear constructive alignment strategy
be drawn up to link the very broad learning
outcomes in the Unifying Strand to the
appropriate learning outcomes in the contextual
strands

Additional Assessment Component -
Percentage Allocation of marks.

It is clear from the data in Chapter 7 that the
vast majority of teachers (91%) are unhappy
with the allocation of 40% of the marks to the
Additional Assessment Component (AAC).

The allocation of marks should be reduced to
either 20% or 10%. This could be introduced
provisionally for an initial number of years on a
trial basis.
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7 | Additional Assessment Component - The proposed model of the Additional
Resource Implications. Assessment Component as outlined cannot be
It is clear from the data in Chapter implemented without funding provided to ensure
7 that the majority of schools are that all schools have access to the necessary
ill-equipped to facilitate a model laboratory resources / equlpmeqt, access to
whereby all Leaving Certificate laboratories and access to technical support from
students carrying out research laboratory technicians.
investigations across Physics,

Chemistry and OB iology. The majority If funding is not being provided, then alternative
of teachers (82 /,0) do not feel that models as suggested in Chapter 7 should be
they have sufficient resources tq considered, e.g. an oral examination and / or
support the Research Investigations. marks being allocated for evidence in students’
The. lack of access to resources / laboratory notebooks of laboratory practical
equipment, lack of lab avallz.ab.lhty. work being carried out by them.

and lack of laboratory technicians in

non-fee-paying schools were all cited

as major problems.

8 | Additional Assessment Component - Stress Remove the stress on students and teachers
on Students and Teachers. by considering changing the model. Instead
Analysis of data in Chapter 7 highlighted of stuc.lent.s carrying out all the. Res.ear.c h
the additional stress on students and teachers Invest1gajc1ons overa ﬁxgd period in SlXth_
brought about by the implementation of year, .deV1se a modgl to give students credit for
this particular model involving a Research practical work carried out over two years.
Investigation. Teachers predict that this will
lead to adverse uptake of science subjects
at Leaving Certificate and make the science
teaching profession less attractive to science
graduates. Some teachers mentioned that
it would hasten their retirement from the
science teaching profession.

9 | Additional Assessment Component Modifications need to be made to the proposed
-Implications for cheating with aid of model so that the use of Artificial Intelligence
generative Artificial Intelligence. does not confer an advantage on students.

As highlighted in Chapter 7, the widespread
availability of Al tools would make it
impossible for teachers to detect cheating.
Even if cheating is suspected, teachers
expressed reluctance in the online
questionnaire completed by them to make
accusations against their students.
10 | Additional Assessment Component Modify the model of assessment to give students

- Increased Workload on Teachers.

In Chapter 7 teachers highlighted the huge
increase in their workload caused by the
Additional Assessment Component. Teachers
were deeply concerned about this.

credit for practical work by other means. Since
many teachers teach more than one Leaving
Certificate Science subject, consideration should
be given to phasing in the three subjects over a
number of years instead of introducing them all
together in one year.
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about the quality of future CPD provision.
Experience from Junior Cycle CPD where a
lot of time was wasted on group discussions
and teachers were told to “unpack” learning
outcomes themselves caused great stress and
dissatisfaction among teachers.

11 | Additional Assessment Component — more Provide teachers with exemplar material
clarity. including marking schemes to bring clarity to
In Chapter 7 teachers expressed frustration how the Additional Assessment Component will
at the lack of clarity of the AAC in the draft be assessed by the SEC.
specifications. Teachers referred to the
problems encountered with the Agricultural
Science Individual Investigative Study
and feared that similar problems would
be encountered in Physics, Chemistry and
Biology.

12 | As noted in Chapter 7, teachers are concerned | A new and more effective model of CPD

provision needs to be drawn up and implemented
by Oide. The model used by the Physical
Sciences Initiative and the Biology Support
Service which was used to provide CPD for the
current Leaving Certificate Physics, Chemistry
and Biology syllabi was very effective. Teachers
had great confidence in this service, learned a

lot about the subject and how to teach it at CPD
events and had the ability to have questions
about topics on the syllabus answered effectively

Table 8.2 Summary of conclusions and recommendations

The Physics, Chemistry and Biology subject development groups should be closely involved

in implementing the above recommendations. Members of these subject development groups
contribute invaluable expertise and experience, on a pro bono basis, to Irish education. They
help to bridge the gap between theory and practice, between the ideal and the possible. Teachers,
in particular, have an important role to play as they are at the chalk-face on a daily basis and
bring knowledge of the on-the-ground constraints to the discussion. Third level and employer
representatives help to ensure that the revised syllabi prepare students appropriately for further
learning and for work. The partnership model has served Irish education well in the past and will
hopefully continue to do so in the future.

Since science subjects are less culturally bound than some other subjects, resources developed

for science teaching in one country are likely to be relevant and suitable for teachers and students

in another country. Consideration should be given by the NCCA Subject Development groups to
examining appropriate state-of-the art materials at international level and thus avoiding unnecessary
and expensive duplication or “re-inventing the wheel”.

It is the earnest wish of ISTA that the above recommendations be implemented in a collaborative
and diligent way that is respectful of the views of teachers and of other stakeholders in the world
of education. The ISTA looks forward to working in a spirit of cordial cooperation and partnership
with the NCCA and all stakeholders represented on the NCCA Subject Development Groups. We
hope that all science teachers will be treated with respect and that their opinions valued in this spirit
of partnership.
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Appendix 1

Analysis of Learning Outcomes in Leaving Certificate
Physics Draft Specification

Note: This document covers all the physics learning outcomes. The generic learning outcomes in Strand 1 (which
are common to Physics, Chemistry and Biology) are analysed in a separate document in collaboration with the
ISTA Physics and Biology committees.

Other documents that should be read in conjunction with this document analysing each learning outcome are:

1. Spreadsheet of estimated time to ensure that students achieve each learning outcome in the specification.
2. Document discussing the breakdown of Higher Level / Ordinary Level learning outcomes.
3. List of Mandatory Student Investigations.
4. Document analysing the “Unifying Strand Learning Outcomes” (first strand that is common to Physics,
Chemistry and Biology)
Page | Learning Clarity | Comment Proposed Comment on material
Outcome rewording of in corresponding
learning outcome | “Students Learn
About (SLA) column.
15 Strand 1: Forces and Motion: Kinematics and Dynamics (FM)
15 la. model motion /\ The problem with using Solve problems Clear information
¢ ol model as a verb is covered involvine motion iven
of a particle in \ j in an Appendix to this g mo given.
a straight line I Slﬂi)mliSSIOn. of a particle in a
e This learning outcome straight line usin
with justified is unclear as'it gives no relefant equati ongs
assumptions indication as to what students neq
need to be able to do to show | of motion under
‘{hey have achieved this constant velocity
earning outcome.
We have no idea what the and cons‘Fant
term ‘justified assumptions’ | acceleration,
means.

15 1b. measure Clear learning outcome Measure velocity | Good information
constant and by experiment. given here.
varying llgear Measure
motion using .

) dat acceleration
primary data by experiment.
(Mandatory
Student
Investigation)
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16 Ic. derive the Clear learning outcome Good information
kinematic given here clarifying
quations of the equations of motion
motion required.

16 1d. verify Clear learning outcome Gives information
the law of relevant to vectors
addition of and scalars but gives
vectors using no mention of how
primary and students will verify the
secondary data laws as stated in the
in one and two learning outcome
dimensions

16 2a. model The problem with using Apply Newton’s | Clear information given
r§al-\yorld ' ﬁ%iekii)zg glr)? tlg tc};)i\S/ered laws of motion on the list of forces to
situations using \ submission. when applied consider. Reference is
Newton’s laws | This learning outcome to real-world made that students will
of moion b AnClen 8 KNGO s |90 lam about Newton's

need to be able to do to show Second Law of Motion.

they l_lave achieved this However, it does not

learning outcome. specify that students
will study the other two

Buoyancy is mentioned in the Laws‘ of Motion despite

SLA column but Archimedes needing to learn how to

Principal is not on the course. apply them.

®

16 2b. verify Clear learning outcome Investigate Good information
Newton’s 2™ Newton’s given.
law of Motion Second Law by
by analysing experiment.
primary and (Mandatory
secondary data Student

Experiment)

16 2c¢. model The problem with using Solve problems Since F = ma is
problems ﬁ%(}lekispgg glr)? tl(f tc}g;/ered involving the mentioned, we assume
involving the k j submission. motion of a that all problems be
motion of a - This learning outcome particle under a solved will be based on
particle under ilsléllréifgrrl i‘lss ltt Ogé;if:&?u dents | constant resultant | Newton’s Second Law.
a constant need to be able to do to show | force.
resultant force they have achieved this

learning outcome.
16 2d. model The problem with using Solve problems Relevant formulae
pressure ﬁ%%ek%}ig (;r)l() tlg tclfi;fered related to for solving problems
k } submission. pressure due to are given in the SLA
N This hlearning' toupcome solids resting column.
s nClir a3 LENES ey |onasurtace and
need to be able to do to show | pressure within
they have achieved this fluids.
learning outcome.
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16 2e. relate Unclear as to how the Investigate
pressure, force students should demonstrate | Archimedes’
and density of = this relationship. Is it simply | Principle by
a fluid through mathematical experiment.
. o
relatlpnshlps. Also, should (Mandatory
mention be made here to Student
upthrust and Archimedes E .
xperiment).

principle? If the above
learning outcome already
includes pressure within fluids
then there should be room for
these principles here.

16 2f. investigate
the principle of

Clear learning outcome.

Investigate the
principle of

Good information

conservation conservation
of momentum of momentum.
using primary (Mandatory
and secondary Student
data Experiment).
16 2g. verify using Learning outcome is clear No additional
secondary data though it is not clear why information given
that collisions there is no mention of here that is not in the
are governed primary data here. Seems learning outcome.
by Newton’s inconsistent with the other
laws of motion learning outcomes which
include verification. (O}
16 2h. model direct The problem with using Solve problems More information
collisions in model as a verb is covered involving collinear | needs to be given in
one and two j in an Appendix to this and perpendicular | this column as no
dimensions submission. collisions. additional information

that is not in the

This learning outcome .
learning outcome.

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

Is it through the use of a
mathematical model or
through experiment that this
learning outcome is to be
achieved?

Do students need to be taught
the Cosine rule in fifth year?
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16 3a. investigate The use of the term primary | Investigate the Work done is
the force . data is unnecessary and force needed mentioned in this
needed to | confusing. Since this learning | to compress or section prior to the
compress or ’ outcome clearly involves an | stretch an object. | learning outcome for
stretch an - investigation to be carried out | (Mandatory work that appears later.
object using by the students themselves, of | Student This is confusing.
primary and course the data collected will | Investigation). There is lack of clarity
secondary data be their own data. in the SLA column for

this learning outcome
and there is overlap
with the next learning
outcome.

17 3b. verify The use of the term primary | Carry out an There is overlap
Hooke’s law data is unnecessary and investigation to between the previous
for elastic & / confusing. Since this learning | verify Hooke’s learning outcome and
objects using B outcome clearly involves an | Law for elastic this learning outcome
primary and investigation to be carried out | objects. and this needs to be
secondary data by the students themselves,. of (Mandatory clarified.

course the data collected will Student
be their own data. I —
nvestigation).

17 3c¢. model m The problem with using Solve problems
compressed model as a verb is covered involving
and stretched K J in an Appendix to this compressed and
objects - submission. stretched objects

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

17 4a. define work Clear learning outcome Good clear list of
done by a equations to be used
constant force

17 4b. model The problem with using Solve problems Good clear list of
authentic model as a verb is covered involving real equations to be used
situations \ j in an Appendix to this world situations
describing N submission. describing
gravitaftional This learning outcome gravita}tional
potential . lear as it #ives no potential energy,
energy, elastic S et g elastic potential

X indication as to what students
potential need to be able to do to show | 18> work done
energy, work thev have achieved this and the rate of
done and the | - doing work.
. earning outcome.
rate of doing
work Use of the word model again.
The word “authentic” seems
strange here. The phrase
“real-world” seems more
suitable.
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21 4c. investigate
the principle of
conservation of
energy using
primary and
secondary data

24

The use of the term primary
data is unnecessary and
confusing. Since this learning
outcome clearly involves an
investigation to be carried out
by the students themselves, of
course the data collected will
be their own data.

It is unclear exactly what
practical work should be
carried out; conservation of
energy applies to so many
situations. Should this be

for an object dropped from a
height? An elastic collision? A
pendulum?

Investigate the
principle of
conservation of
energy for an
object moving
from a height.
(Mandatory
Student
Investigation).

No additional
information given in
the SLA column. More
information is needed.

17 4d. apply the
principle of
conservation
of energy

to authentic
situations

Clear learning outcome but
again the use of the word
authentic. Why not remain
consistent and use the phrase
“real-world”?

Apply the
principle of
conservation of
energy to real-
world situations.

No additional
information given that
isn’t in the learning
outcome.

17 Sa. verify models
to determine g
using primary
and secondary
data

4

The use of the term primary
data is unnecessary and
confusing. Since this learning
outcome clearly involves an
investigation to be carried out
by the students themselves, of
course the data collected will
be their own data.

While the learning outcome
does not specify the exact
models the information is
in the students learn about
column.

Carry out
investigations to
measure ‘g’ using
a simple pendulum
and free fall
apparatus.

(Mandatory
Student
Investigations).

The three equations
given in the SLA
column are helpful.

It should be clarified
that the third equation
involves calculation
only.
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17 5b. model the The problem with using Calculate the Information given in
gravitational model as a verb is covered gravitational SLA column is helpful
field strength \ j in an Appendix to this field strength at in identifying the
at any point in - submission. any point in a equations to be used.
a gravitational This 1 . ¢ gravitational field,
field, including 1S TCartiing owicome including at the

is unclear as it gives no
at the surface indication as to what students surface of a planet.
ofa planet need to be able to do to show

they have achieved this

learning outcome.

17 6a. explain This is a clear learning The appropriate
centripetal outcome. equation given in the
force SLA column is helpful.

17. 6b. model the The problem with using Solve problems No mention of angular
dynamics of an model as a verb is covered involving the velocity despite
object moving K j in an Appendix to this dypamics Of an learning outcome
in a circle | submission. object moving referencing it. No

. in a circle with .
with constant This learnin " reference to equation
g outcome constant angular .
angulgr is unclear as it gives no velocity. relatll}g angglar
velocity. indication as to what students Veloqty to linear
need to be able to do to show velocity.
they have achieved this
learning outcome Is it through
the use of a mathematical
model or through experiment?
This learning outcome is
the only mention of angular
velocity, are students
expected to know how to
convert between linear and
angular velocity?

17 6¢. verify A clear learning outcome. Equation clearly stated.
Kepler’s 3™
law using
secondary data

18 6d. model The problem with using Solve problems Reference made to
situations model as a verb is covered involving the relevant equations to
involving \ j in an Appendix to this orbits of planets solve these problems.
the orbits of - submission. and satellites in
planets and This learning outcome near Earth and
satellites in . L geostationary

is unclear as it gives no .
neart Ea.rth and indication as to what students orbits.
geo.stauonary need to be able to do to
orbits show they have achieved

this learning outcome.

Is it through the use of a

mathematical model or

through virtual experiment

model?
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18 Strand 2: Wave Motion and Energy Transfer (WMET)

18 la. model The problem with using Discuss the List thermometric
thermometric model as a verb is covered following properties.
properties in an Appendix to this thermometric

submission. properties:
This learning outcome EMF of
is unclear as it gives no thermocouple.

indication as to what students
need to be able to do to

show they have achieved

this learning outcome. What
thermometric properties?
These should be listed in the
“students will learn about”
section.

Resistance of wire.

Resistance of
thermocouple.

18 1b. analyse the The use of the term primary
suitability data is unnecessary and
of materials confusing. Since this learning | materials for use

Investigate the More information
suitability of given | needs to be provided in
the SLA column on the

for use as outcome clearly involves an | as thermometers. | range of materials to be
thermometers investigation to be carried out | (Mandatory used.
using primary by the students themselves, of | Student
and secondary course the data collected will | Investigation).
data be their own data.
®
18 lc. determine The use of the term primary | Carry out an
specific heat data is unnecessary and investigation
capacity and j confusing. Since this learning | to measure the
specific latent - outcome clearly involves an | specific heat
heat using investigation to be carried out | capacity of a
primary data by the students themselves, of | solid and a liquid.
course the data collected will | (Mandatory
be their own data. Student
Investigations).
Carry out an
investigation

to measure the
specific latent
heat of fusion
of'ice and the
specific latent heat
of vaporisation

of steam.
(Mandatory
Student
Investigations).
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19 1d. verify models m This learning outcome is Verify with the aid | Clarity needs to be
describing the | | unclear as it should specify of mathematical given RE the equations
relationships \ / the use of mathematical equations the given in the SLA
between heat n equations. There is no need relationships column. There should
energy, latent to mention secondary data between heat be consistency between
heat and since, of course students will | energy, latent heat | all equations given on
temperature be using secondary data in and temperature those equations used
change using these calculations as there change the Formulae and
secondary data is no mention of a student Tables book.

investigation where students
would collect the data.

19 le. model m The problem with using Discuss real-world | Depth of treatment of
authentic I | model as a verb is covered examples of heat | each authentic problem
problems \ / in an Appendix to this transfer, change is not clear “Authentic
involving - submission. of state, and how | problems” would read
heat transfer, This 1 . they need to be better as “real-world

is learning outcome .
change of state . lear as it oives no taken into account | problems/examples”
and efficiency S unee g to improve the
indication as to what students i
need to be able to do to show efficiency of a
they have achieved this system.
learning outcome.
This learning outcome
is very confusing as the
information given in the
SLA column does not clarify
the types of problems to be
(O] solved. If ‘problems’ refer to
mathematical problems, then
the relevant equations should
be given in the SLA column.

19 1f. explore the The use of the verb ‘explore’ | Discuss the role The SLA column
impact of I | is confusing as it is difficult of insulation should specify that
insulation \ / to deduce what students must | on energy calculations involving
on energy n be able to do in order to carry | consumption and | U-values should be
consumption out this exploration. sustainability carried out by students.
and using secondary
sustainability sources.
using
secondary
sources

19 2a. model the m The problem with using Discuss and carry | The material in the
transfer of I | model as a verb is covered out calculations SLA column is helpful.
energy by \ / in an Appendix to this in the area of the
waves. - submission. transfer of energy

This learning outcome by waves.
is unclear as it gives no

indication as to what students

need to be able to do to show

they have achieved this

learning outcome.
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19 3a. model wave The problem with using Discuss the The limiting of the
behaviourin || | model as a verb is covered behaviour of discussion to ray
a variety of \ / in an Appendix to this waves in situations | models is helpful to the
situations N submission. involving teacher but is confusing
Thi . reflection and when related to the
is learning outcome } )
is unclear as it gives no .refractlon, learning outcome.
indication as to what students 1gterfer§nce, Material needs to be
need to be able to do to show d1ﬂ'rap tlgn and moved to this part of
they have achieved this polarisation. the SLA column from a
learning outcome. later learning outcome
related to optics.
Vague and broad learning
outcome. How many
situations? Depth of treatment
for each?
19 3b. verify models /\ The use of the term primary | Carry out an Formulae are listed in
for refraction || | data is unnecessary and investigation “students learn about”

using primary
and secondary
data

confusing. Since this learning
outcome clearly involves an
investigation to be carried out
by the students themselves, of
course the data collected will
be their own data.

Does ‘model’ here refer to
mathematical equations?

to measure the
refractive index
of a glass block.
(Mandatory
Student
Experiment)

Solve problem
related to
refractive indices
in materials.

column but it is not
clear to which learning
outcomes the formulae
relate to. Some of these
formulae are not listed
in the Formulae and
Tables booklet

19 to | 3c. verify models
20 describing the
relationship
between image
and object
distances and
the focal length
of converging
lenses using
primary and
secondary data
and diverging
lenses using
secondary data

The use of the term primary
data is unnecessary and
confusing. Since this learning
outcome clearly involves an
investigation to be carried out
by the students themselves, of
course the data collected will
be their own data.

Investigate the
relationship
between image
and object
distances and the
focal length of
converging lenses.

(Mandatory
Student
Investigation).

Solve problems
involving the
relationship
between object
and image
distances and the
focal length of the
converging and
diverging lenses.

Formula given in
“students learn about”
column.

ISTA Response to New Specs 23 Feb.2024.indd 136

23/02/2024 09:03:43 ‘



20 3d. explore the This is a very broad and Discuss the use of | The information in the
use of optics vague learning outcome optics in following | SLA column is very
in a variety of j which gives no indication of | areas (i) The wide ranging.
applications - applications to be considered | microscope
using in helping students to achieve | .. Th
secondary this learning outcome. (it) The Move SLA material on

astronomical . . .
sources interference, diffraction
telescope. ..
and polarisation to
the earlier learning
outcome on wave
motion as indicated
above.

20 4a. categorise Clear learning outcome. The information in the
electromagnetic SLA column is helpful
waves by their in giving the depth of
wavelength, treatment.
frequency,
ionising ability
and everyday
use

20 4b. examine Do the students have to Examine the
primary and collect their own data? If diffraction pattern
secondary J so this should be marked formed when
evidence to - as a Mandatory Student monochromatic
support the Investigation. light is passed
wave nature of through Young’s
electromagnetic slits or a
energy diffraction grating.

(Mandatory
Student
Investigation).

20 4c. demonstrate Clear learning outcome.
dispersion and
explain the
phenomenon

20 4d. investigate Since the formula for Solve problems Formula for irradiance
solar irradiance irradiance is give in the SLA | in the area of in this column.
and its impact j column, we assume that irradiance and
on life on a calculations are required here. | discuss the impact
Earth using of solar irradiance
secondary on life on Earth.
sources

20 Sa. examine Do the students have to Demonstrate the
primary and collect their own data? If effect of removal
secondary ) so this should be marked of air on the ability
evidence to - as a Mandatory Student of sound to travel
support the Investigation. through a vacuum.
mechanical If not this should be (Mandatory
wave nature of . Student

clear that this is a teacher o
sound demonstration. Investigation).
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20 5b. relate the
pitch and
loudness of
sounds to
their wave
characteristics
using primary
and secondary
data

PO This learning outcome is very

unclear and our members are

" puzzled as to what students

are expected to do to achieve
this learning outcome.

Demonstrate

the relationship
between amplitude
of a wave and its
loudness and also
the relationship
between frequency
and pitch.

(Mandatory
Student
Investigation).

Suggestions for
carrying out this
experiment need to be
provided in the SLA
column.

20 Sc. explore

the use of
ultrasound in
technological
and medical
contexts using
secondary
sources

BB What must students be able

to do in order to show that

" they have explored this

topic? Since this is clearly
not a mandatory student
investigation the reference
to secondary sources is
unnecessary as these are
the only sources that can be
investigated.

Discuss the use
of ultrasound in
technological and
medical contexts.

If more information is
required beyond that
of a discussion this
additional information
needs to be included in
the SLA.

20 6a. analyse
standing wave
patterns using
primary and

. Do the students have to

collect their own data? If

" 5o this should be marked

as a Mandatory Student

Demonstrate
standing wave
patterns using
strings. (Teacher

More information
needs to be supplied
to clarify this learning
outcome.

relationship
between
harmonics and
the standing
wave pattern

model as a verb is covered
in an Appendix to this
submission.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

involving the
relationship
between
harmonics on a
string and standing
wave patterns.

secondary data Investigation. Demonstration).
If not this should be
clear that this is a teacher
demonstration.
20 6b. model the The problem with using Solve problems The appropriate

equations should be
given in the SLA
column.

20 6¢. verify the
relationship
between the
length of a
string and the
frequency of a
standing wave
using primary
and secondary
data

X

The use of the term primary
data is unnecessary and
confusing. Since this learning
outcome clearly involves an
investigation to be carried out
by the students themselves, of
course the data collected will
be their own data.

Investigate the
variation of the
fundamental
frequency of a
stretched string
with length.
(Mandatory
Student
Investigation).
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20 to | 6d. model The problem with using Demonstrate A number of these
21 standing waves model as a verb is covered standing waves on | learning outcome
on a stretched ) in an Appendix to this a stretched string. | need to be merged to
string submission. avoid in order to avoid
overlap.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

This learning outcome
overlaps with learning
outcomes 6a-6d.

21 6e. analyse The use of the term primary | Examine the Note the overlap
diffraction data is unnecessary and diffraction pattern | between this learning
using primary ) confusing. Since this learning | formed when outcome and learning
and secondary outcome clearly involves an | monochromatic outcome 4b and 6g
data investigation to be carried out | light is passed

by the students themselves, of | through Young’s
course the data collected will | slits or a

be their own data. diffraction grating.
(Mandatory
Student
Investigation).
® 21 6f. model The problem with using Explain how The overlap between
two source model as a verb is covered interference and several learning
interference j in an Appendix to this diffraction occur. | outcomes needs to be
submission. addressed.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

This overlaps with several
other learning outcomes.
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21 6g. analyse

two source
interference
using primary
and secondary
data

The use of the term primary
data is unnecessary and
confusing. Since this learning
outcome clearly involves an
investigation to be carried out
by the students themselves, of
course the data collected will
be their own data.

Note the overlap between this
learning outcome and the next
one.

21 6h. determine
the
wavelength
of light from
primary data

The use of the term primary
data is unnecessary and
confusing. Since this learning
outcome clearly involves an
investigation to be carried out
by the students themselves,
of course the data collected
will be their own data. These
two learning outcome can be
merged into one mandatory
student investigation.

Carry out an
investigation

to measure the
wavelength of
monochromatic
light. (Mandatory
student
Investigation).

21 7a. investigate
the Doppler
effect using
secondary data.

The term secondary data is
unnecessary since, of course
teachers will be supplying
data to their students in the
classroom and for homework.

Supplying the Doppler
Effect formula in the
SLA column is helpful.

21 7b. model
authentic
situations
involving the
relative motion
between the
source of a
wave and the
observer

4

The problem with using
model as a verb is covered
in an Appendix to this
submission.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

We assume this learning
outcome does not involve
students solving problems

as specified in the previous
learning outcome; Therefore
a simple discussion should be
all that is required.

Discuss real world
examples of the
Doppler Effect
being observed
and applied.

21 7¢. Explore the
Doppler effect
in a variety of
applications
using
secondary
sources

This learning outcome has
been covered in the previous
learning outcome hence it can
be deleted.
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21 7d. model real- The problem with using Explain the
life situations model as a verb is covered concept of
involving j in an Appendix to this resonance
resonance - submission. and discus its
This learning outcome applicat.ions. in real
is unclear as it gives no world sitvations.
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.
21 7e. relate a Clear learning outcome.
driving
frequency to
the natural
frequency of
an oscillating
system, the
amplitude of
motion and
the transfer of
energy within
the system
22 Strand 3: Electric and Magnetic Fields and their Interactions (EMF)

la. demonstrate
forces

i. between
charged objects

ii. between
charged and
neutral objects

Clear learning outcome.

23

1b. classify
materials as
conductors or
insulators

Clear learning outcome.

23

1c. model the
behaviour of
insulators and
conductors.

24

The problem with using
model as a verb is covered
in an Appendix to this
submission.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

Describe the
properties of
insulators and
conductors in
terms of their
ability to conduct
an electric charge.

Since no calculations
are required at this
stage we assume

no calculations are
required.
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23 1d. model static
electrical
phenomena

The problem with using
model as a verb is covered
in an Appendix to this
submission.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

Describe charge
distribution on
different shaped
conductors.

Explain how point
discharge occurs

More information

needs to be provided in
the SLA column about

what is required.

23, 2a. model the
electric force
between point
charges

The problem with using
model as a verb is covered
in an Appendix to this
submission.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

Discuss and
analyse the electric
force between
point charges.

Solve problems
involving two
point charges
using Coulomb’s
Law.

The information
re. Coulombs law
in EMF2 should be

brought up to the SLA

section in EMF1.

23 | 2b. discuss the
electric field

as a model for
the non-contact
interaction
between
charged objects

Clear learning outcome.

23 2c¢. define
electric field
strength at a
point

Clear learning outcome.

23 2d. use field lines
to represent

the relative
strength and
direction of
electric fields
around charged
objects

Clear learning outcome.
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23 3a. model m The problem with using Perform Calculations involve
« the relationship \\\ /) modelAas a Vg.rbtls :hqvered callc:}latlglns o the relationship
between £ in an Appendix to this relating the between work.
submission. variables as
work, charge : i charge and
; . . listed in the SLA 1o
and potential This learning outcome | potential difference
difference the is unclear as it gives no cotuma. . .
. . TR e the relationship
relationship indication as to what students
between current
between need to be able to do to show Explai
) . xplain the and charge
current and they have achieved this .
. function and mode . .
charge learning outcome. . e the relationship
of operation of b
. . .. etween
e the relationship fuses and circuit .
. electric current,
between breakers in .
. . . conventional
electric electrical circuits.
current, power and
current, :
) resistance
conventional
current, power o series and parallel
and resistance circuits
e series and e the rate of
parallel circuits conversion of
electrical ener:
o the rate of . £y
. in components of
conversion L
) electric circuits
of electrical
energy in
components of All formulae required
electric circuits for this learning
@ e fuses and outcome should be
circuit breakers listed in the same
format as they appear
in the Formulae and
tables booklet.
24 3b. use primary /\ The use of the term primary | Carry out an We note that resistivity
and secondary || | data is unnecessary and investigation is mentioned in the
data to verify \_/ confusing. Since this learning | to verify the SLA column but is not
the relationship outcome clearly involves an | relationship mentioned in any of the
between investigation to be carried out | between current learning outcomes.
current flowing by the students themselves, of | flowing through
through and course the data collected will | and the voltage
the voltage be their own data. across an ohmic
across an There is no need to include conductor.
ohmic (Mandatory
reference to secondary data

conductor .- . Student
as this is covered in the next .
learning outcome. Investigation).

24 3c. determine It is not clear if this learning | Perform
the resistance || | outcome involves the calculations using
of ohmic and \;__ / determination of resistance by | Ohm’s law.
non-ohmic experiment or by calculations.
conductors We recommend it be done

by calculation since the
investigation to determine
resistance is covered in the
previous experiment.
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24 3d. investigate
the effect of
temperature on
the resistance
of'a conductor
using primary
and secondary
data

S

The use of the term primary
data is unnecessary and
confusing. Since this learning
outcome clearly involves an
investigation to be carried out
by the students themselves, of
course the data collected will
be their own data.

Investigate the
variation of the
resistance of a
metallic conductor
with temperature.
(Mandatory
Students
Investigation)

24 3e. model
resistances
in electrical
circuits

~ The problem with using

model as a verb 1s covered

" in an Appendix to this

submission.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

Discuss series
and parallel
circuits and carry
out calculations
involving these
two types of
circuits.

Since there is no
learning outcome
involving Kirchhoff’s
Laws we recommend
that it be deleted from
the SLA column.

This learning outcome
overlaps with learning
outcome 3a.

24 4a. explore the
use of p-n
junctions in
real-world
applications

Again, use of “real-world
applications” works here
rather than “authentic” in
previous learning outcomes.

The material in the
SLA column is helpful
in indicating the depth
of treatment.

24 4b. model an
n-p-n transistor

4

The problem with using
model as a verb is covered
in an Appendix to this
submission.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

Explain how an
n-p-n transistor
works and discuss
their real-world
applications.

In what configuration
does the student have
to model the transistor?
In common emitter
configuration only or in
other configurations?
As a switch? As a
voltage inverter? As an
amplifier?
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24 5a. model The problem with using Describe and The situations to be
the relative model as a verb is covered represent considered are:
strength and in an Appendix to this diagrammatically |e¢ 4 single permanent
direction of submission. magnetic fields magnet and
magnetic fields Thi . in a number of permanent magnets

is learning outcome . o in close proximity
around . L different situation.
is unclear as it gives no )
e a single indication as to what students * current carrying
wire
permanent need to be able to do to show Perf
t and they have achieved this eromn ;
magne y! calculations on the | ® current carrying
permanent learning outcome. solenoid with and
force exerted on ithout f
magnets X without ferrous
: the magnetic field core.
in close
. generated by a
proximity .
moving charge.
e current
carrying wire
e current
carrying
solenoid with
and without
ferrous core

25 Sb. explore m Explore is a vague term as Discuss the use
the use of it is not clear what students of permanent
permanent k must be able to do to and temporary
and temporary demonstrate that they have magnets in real-
magnets in carried out this exploration. world situations
authentic
situations

25 6a. investigate Clear learning outcome. The information given
the relationship in the SLA column
between the is very helpful in
magnetic indicating the depth of
field and the treatment required.
electromagnetic
force on
a current-
carrying wire

25 6b. model the The problem with using Explain the The information given
motor effect model as a verb is covered principles behind | in the SLA column

k_ in an Appendix to this the operation of a | is very helpful in
submission. motor. indicating the depth of
This learning outcome Perform treatment required.
is unclear as it gives no calculations on the | Inclusion F'= BIL is
indication as to what students | force on a current | helpful.
need to be able to do to show | carrying conductor
they have achieved this in a magnetic field.
learning outcome.
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28 6a. model
nuclear fission,
nuclear fusion
and particle—
antiparticle
interactions

The problem with using
model as a verb is covered
in an Appendix to this
submission.

This learning outcome

is unclear as it gives no
indication as to what students
need to be able to do to show
they have achieved this
learning outcome.

Explain and
discuss nuclear
fission, nuclear
fusion and
particle-
antiparticle
interactions.

In the SLA column
reference should be
made to the nuclear
reactors and nuclear
bombs.

Calculations involving
mass defect only.

28 6b. evaluate
evidence
about issues
related to
nuclear fission
and fusion
in electrical
generation
using
secondary
sources

It is not clear what evidence
students would have to
evaluate in order to achieve
this learning outcome.

Compare and
contrast nuclear

fission and nuclear

fusion.

More information
needs to be included in
the SLA column, e.g.
global warming, fuel,
waste products,
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Appendix 2

Analysis of Learning Outcomes in Leaving Certificate
Chemistry Draft Specification

Note: This document covers all the chemistry learning outcomes. The generic learning outcomes
in Strand 1 (which are common to Physics, Chemistry and Biology) are analysed in Chapter 6 in
collaboration with the ISTA Physics and Biology committees.

Other documents that should be read in conjunction with this document analysing each learning
outcome are:

1.

Spreadsheet of estimated time required to ensure that students achieve each learning outcome

in the specification (section 4.3).

Document discussing the breakdown of Higher Level / Ordinary Level learning outcomes

(section 4.4).

List of Mandatory Student Investigations (section 4.5)

As noted above, Chapter 6 analyses the “Unifying Strand Learning Outcomes” (the strand that

is common to Physics, Chemistry and Biology)

Page

Learning
Outcome

Clarity

Comment

Proposed
rewording of
learning outcome

Comment on material in
corresponding “Students Learn
About (SLA) column.

19

a. Investigate
experimental
evidence for the
Kinetic Theory
of Matter ™

It is not clear
what laboratory
practical work
must be carried
out by students in
order to achieve
this learning
outcome.

Investigate
experimental
evidence for the
Kinetic Theory of
Matter by observing
pollen grains in
water or smoke
particles in air using
a microscope.
(Mandatory Student
Investigation)

“assumptions and limitations of the
model” should read “assumptions
and limitations of the kinetic theory
of gases model”.

Reference to the work of the
botanist Robert Brown who lived
in Ireland for a time and Brownian
motion would help to make this
topic interesting.
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c. Justify the
use of different
separation
techniques
for isolating
one or more
components
of a mixture
and conduct
experiments
using
appropriate
techniques ¥

expected to carry
out laboratory
practical work
using all 10
techniques listed
in the “students
learn about”
column? — or
simply recognise
when it is
appropriate to
use a particular
technique,

outcome should be
modified and not
indicated by “EI”
but rather indicate
that students should
have an overview of
these techniques and
only carry them out
in lab practicals as
they arise when the
curriculum content
is taught over two
years.

Including practical
work involving

all ten techniques
in one learning
outcome will result
in information
overload for
students and is very
poor pedagogical
practice. We
propose that the
LO be reworded as
follows:

c. Justify the use of
different separation
techniques for
isolating one or
more components of

amxture

148
19 The problem with | Draw and interpret
b. Analyse the using “model” as | models that show
Kinetic Theory a verb is covered | what happens to
of Matter to: in an Appendix to | particles (atoms,
. this submission. molecules or ions)
* explain the
The statement as matter changes
nature and «
. model how state.
behaviour of tter ch
matter at the ma ir.c anses
. state” is unclear
particulate level .
as 1t g1ves no
* model how indication what
matter changes students must
state be able to do to
show that they
have achieved this
learning outcome.
19 Are students This learning Accompanying material should be

modified to indicate the overview
and point out to teachers that the
practical work can be covered as it
arises throughout the teaching of the
syllabus.

19 | d. Distinguish
between
physical change
and chemical
change of
matter

A clear learning
outcome.
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19
e. Verify, using
primary data,
the law of
conservation
of mass and
explain through
the use of
models !

The use of the
term “primary
data” is
unnecessary and
confusing. Since
this is marked as
an investigation
to be carried out
by the students
themselves, of
course the data
collected will be
their own data.

It is not clear what
difference there is
(if any) between
this laboratory
investigation

and that already
carried out at
Junior Cycle.

Carry out an
investigation to
verify the law of
conservation of
mass.

(Mandatory Student
Investigation)

Explain your results
by drawing and
interpreting models
of the reactions
involved.

Reference to the work of Antoine
Lavoisier should be included to help
interest the students in this topic.

Reference should also be made to
the importance of a closed system
where gases are generated.

20 | a. Outline the
development
of current
atomic theory,
including main
contributions
and refinements
by key
scientists

A clear learning
outcome.

Although this is a broad learning
outcome, clarity is brought to it by
indicating the depth of treatment
(the work of Thomson, Rutherford
and Bohr) in the Students Learn
About column.

20 | b. Evaluate
previous
models of

the atom
against the
current model,
stating the
assumptions
and limitations
in each case

A clear learning
outcome.

Although this is a broad learning
outcome, clarity is brought to

it by indicating the depth of
treatment (the work of De Broglie,
Heisenberg, Schrodinger and
Chadwick) in the Students Learn
About column.

20
c. describe the
atom using
the current
model of
atomic theory,
including
subatomic
particles

A clear learning
outcome.

We propose a

slight change in the
wording: Describe
the structure of

the atom using

the current model
of atomic theory,
including subatomic
particles.

The material in the Students Learn
About column is very helpful as it
lists key terms for which students
need to know definitions: atomic
number, mass number, relative
atomic mass and isotopes.

20 | d. Describe
and explain
the origin
of lines on
the atomic
emission
spectrum of
hydrogen

A clear learning
outcome.

In the material in the Students Learn
About column we propose that E_—
E_ =hfbe written as E, - E, = hf to
avoid confusion with the old system
of letters to label orbits.
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150

20
e. Identify an
element using
appropriate
primary and
secondary data

This learning
outcome is
unclear. What
must students be
able to do in order
to achieve this
learning outcome?

We propose that this
learning outcome
be split into two
separate learning
outcomes as
follows:

1. Identify the
presence of

certain metals in
compounds using
flame tests. ™
(Mandatory Student
Investigation)

2. Identify certain
metals from an
examination of
their emission line
spectra.

The information in the Students
Learn About column is helpful as it
specifies the salts of Na, K, Cu, Li,
Ba and Sr.

20
f. Describe

the electronic
structure of
elements and
associated ions,
identifying
stable
electronic
configurations

A clear learning
outcome.

Although this is a broad learning
outcome, clarity is brought to it by
indicating the depth of treatment

(number of elements for HL and OL,

specifying the types of sublevels as
well as specifying the shapes of s
and p orbitals) in the Students Learn
About column.

20 | g. Compare
chemical
and nuclear

reactions

A clear learning
outcome.

20
h. Distinguish
different forms
of radiation

A clear learning
outcome.

Reference should be made to the
work of Marie Curie and Becquerel.

Although this is a broad learning
outcome, clarity is brought to it by
indicating the depth of treatment
(types of radiation, properties

of radiation and half-life) in the
Students Learn About column.

21
a. Describe the
development
of the modern
periodic table

O 0O O O

A clear learning
outcome.

Although this is a broad learning
outcome, clarity is brought to it by
indicating the depth of treatment
(the contribution of Mendeleev and
Moseley) in the Students Learn
About column.
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21 This learning We propose that this | The information in the Students
b. Identify outcome is learning outcome be | Learn About column is not very
specific groups unclear. What rewritten as follows: | helpful as it gives no information
of elements must students be Discuss the physical about what physical and chemical
and describe able to do in order properties should be studied for each

. . . d chemical .
physical and to achieve this and chemica of the four groups listed.

. . properties of groups
2
chemlcgl learning outcome? 1,2,17 and 18 in We propose the following be
properties of

. the Periodic Table. inserted in the Students Learn About
elements within

each of these column:

groups Physical properties to be discussed:
state, density, electrical conductivity,
melting points and boiling points.

Chemical properties (including
the Octet Rule) to be discussed:
Reaction with air, reaction with

water.
21
c. Examine A clear learning
and explain the outcome.
arrangement
of elements
in groups,
periods and
blocks in the
periodic table
of elements
@ 21 | d. Distinguish
between A clear learning
d-block @ outcome.
elements and
transition
elements
21 This learning We propose that this | We propose the following be
e. Examine outcome is learning outcome be | inserted in the Students Learn About
trends and unclear. What rewritten as follows: | column:
?elatlonsh'lp S must studgn ts be Discuss and Discussion and definitions of
in the periodic able to do in order . . .
table to achieve this evaluate the . gtor.nlc.radlus (covalent rafllu§), ﬁrst
. trends of atomic ionisation energy, second ionisation
learning outcome? L .
radius, ionisation energy and electronegativity to be
energy and covered.
electronegativity in
the periodic table.
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21
f. Explain
trends in first
ionisation
energies,
including
exceptions,
and in
successive
ionisation
energies and
atomic radii

This learning

outcome overlaps
with the previous
learning outcome.

We propose it

be rewritten as:
Explain and
evaluate exceptions
to the general trend
of ionisation energy
across a period.

The information in the Students
Learn About column is not very
helpful as the information is
presented in a jumbled fashion
which does not follow the order of
the learning outcomes and repeats
the topics of atomic number and
relative atomic mass already
covered in previous learning
outcomes. We propose the following
be inserted:

Exceptions to general trend of
ionisation energy across a period
and additional evidence for
existence of energy levels to be
discussed and evaluated.

21 | a. Define and
explain the
mole in terms
of the Avogadro
constant, and
relate the mole

A clear learning
outcome.

to how the
amount of a
substance can
be quantified

22 It is not clear We propose the
b. Solve what “percentage | following wording:
problqns abundance” refers Solve problems
involving to. . . .

. . involving relative
relative atomic .
atomic mass,
mass and
percentage
percentage
abundance of
abundance :
each isotope
in an element
and percentage
composition of
elements in a
compound.

22 Since density is mention in the
c. State A clear learning Students Learn About column for
Avogadro’s law outcome. the previous learning outcome
and deduce the we propose that the following be
molar volume inserted for this learning outcome:
of a gas

Calculations involving density,
volume and relative molecular mass
of gases.
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22 Since cylinders
d. Conduct an A clear learning of gases are not
experiment outcome. normally available
to determine in school science
the relative laboratories,
molecular we propose that
mass of a gas the word “gas”

be changed to a
“volatile liquid”.
Also, the term “EI”
should be inserted to
indicate that this is a
Mandatory Student
Investigation.

22. The problem with | We propose this
e. Model using “model” as | learning outcome be
a range of averb is covered | rewritten as follows:
solution ' in the 1ntrqductory Explain the concept
concentrations notes to this .

o of concentration of a
and use submission. The . .
@ solution and outline
knowledge statement “model
. how to prepare a

to prepare arange of solution .

. s range of solutions
solutions, concentration” is .
. . o of different
including unclear as it gives .

. . concentrations
primary no indication includine prima
standard what students £ primary

. standard solutions.
solutions must be able to do
to show that they
have achieved this
learning outcome.

22 Although this is a broad learning
f. Convert A clear learning outcome, clarity is brought to it by
between outcome. indicating the depth of treatment
units of (g/L, mol/L, %w/v, %v/v and ppm)
concentration in the Students Learn About column.

22 | g. Use the The wording of the | The term “simple unit analysis” is
concept of a A clear learning learning outcome used in the Students Learn About
mole to: outcome. is fine but some column. We propose that this term

. editing is required in | either be removed or clarified as there

* determine Iread 1 1 f

= the Students Learn are already ample examples of types
empirical and About column. of problems in the Students Learn
molecular About column on which our students
formulae can be tested:
* balance The concept of a mole as applicable
equations for to stoichiometry and to the analysis
reactions where of quantitative problems, including:
reactants and gravimetric analysis, percentage
products are composition, theoretical and actual
specified vields, percentage yields, volume of

gases, exact stoichiometric amounts,

* analyse limiting reagents and reagents in
and solve exXCESS.
quantitative
problems based
on balanced
Equations
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23 " It is not clear We propose that this | We propose that the information
a. Describe from the learning | learning outcome be | in the SLA column be modified to
and compare outcome or the rewritten as follows: | read:
dlfferent. types information SLA Describe and These three types of bonding should
of chemical column what S . ;

. . compare ionic, polar | be studied as part of a bonding
bonding types of bonding . S .
. covalent and pure continuum indicating relative
on the continuum covalent bonding strengths of bonds
should be studied. ’ ’

23 Reference should be made to the
b. Predict A clear learning work of Linus Pauling on chemical
the nature of outcome. bonding to add interest to what can
chemical bonds be a boring topic for students.
between atoms,
using trends
in electro-
negativity
values

24 | c. Model The problem with | We propose this The information given in the SLA
different types using “model” as | learning outcome be | column is very good as it clarifies
of bonding a verb is covered | rewritten as follows: | the depth of treatment by referring
to predict in the introductory to the use of Lewis diagrams, sigma
chemical notes to this bonding, pi bonding and delocalised
formulae and submission. The Represent different | bonding.
outline the statement “model | types of bonding in
limitations different types diagrammatic form
in predicting of bonding” is to represent bonds
bonding unclear as it gives | and hence predict
between atoms no indication chemical formulae.

what students W
e propose
must be able to do
reference to the
to show that they limitation in
have achieved this - .
A predicting bonding
learning outcome. between atoms
be deleted be
deleted as this is
a very complex
area (especially
for relatively large
molecules). If only a
simple treatment is
required for specific
molecules, then this
needs to be clarified.

24 | d. Relate the A clear learning Although this is a broad learning
properties outcome. outcome, clarity is brought to it by
of simple indicating the depth of treatment
compounds to (electrical conductivity, thermal
the nature of conductivity, melting and boiling
bonding present points, solubility in water and state

of matter) in the Students Learn
About column.
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24 | e. Compare
the nature

of metallic
bonding with
the nature of
bonding along
the continuum,
accounting for
differences and
similarities in
properties

A clear learning
outcome.

The material in the SLA column is
very helpful in guiding teachers on
the key points to be covered.

24 | f. Investigate,
using primary
data, the
presence of
ions in salts and
in solutions,
and identify
an anion and
cation in an
unknown salt
EI

There appears

to be overlap
between this LO
and that of p.20e
learning outcome.

The use of the
term “primary
data” is
unnecessary and
confusing. Since
this is marked as
an investigation
to be carried out
by the students
themselves, of
course the data
collected will be
their own data.

Since flame tests
for cations have
already been carried
out by students in
achieving learning
outcome 20e,

we propose this
learning outcome
be reworded as
follows:

Carry out an
investigation to test
for a range of anions
in aqueous solution
and identify an
anion and cation in
an unknown salt. ¥

The information in the SLA column
is helpful in clarifying the depth

of treatment as it lists the anions
(chlorides, nitrates, phosphates,
sulfates, sulfites, carbonates and
hydrogencarbonates) to be included
in this student investigation.

24 | g. Compare the
properties and
structures of
allotropes of
carbon

A clear learning
outcome.

Although this is a broad learning
outcome, clarity is brought to it by
indicating the depth of treatment
(diamond, graphite, graphene and
fullerenes) in the Students Learn
About column.

24 | h. Discuss the
use of carbon
allotropes in
society

| A clear learning
outcome.

We propose that this
learning outcomes
and the previous one
could be combined
into one learning
outcome:

Compare the
properties and
structures of
allotropes of carbon
and discuss their
uses in society.

This area is an ideal opportunity to
add interest to the topic of chemical
bonding (found to be dull and
difficult by many students) and
also to highlight modern scientific
discoveries. Reference should be
made to the discovery of graphene
by Geim and Novoselov, and the
Nobel Prize in Physics awarded to
them in 2010. Reference should
be made to the discovery of
buckminsterfullerene by Kroto,
Smalley and Curl and their award

of the Nobel Prize in Chemistry in
1996

25 | a. Distinguish
between
intramolecular
bonding and

a range of
intermolecular
forces

A clear learning
outcome.

Although this is a broad learning
outcome, clarity is brought to it by
indicating the depth of treatment
(London dispersion forces,
permanent dipole-dipole and ion-
dipole forces) in the Students Learn
About column. It is also helpful that
it is clarified that dipole moments
are not required.
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between the
structures of
amorphous

outcome.

Bragg, Dorothy Hodgkin and
Kathleen Lonsdale should be
highlighted in the Students Learn

25 | b. Relate " It is not clear what | We propose that the | We propose that the information
observed students must learning outcome in the SLA column be edited as
physical be able to do in be reworded as follows:
properties orfier to achieve follows: How the nature of intermolecular
for a range of this very broad . .

. Investigate the forces such as Hydrogen bonding
compounds learning outcome. . . .
to the t ¢ effect of hydrogen can influence physical properties
10 the type o bonding on the such as boiling points. Additional
intermolecular . . . o
rate of evaporation evidence for trends in boiling
forces, . . . .
. of some organic points can be obtained by studying
accounting for .
compounds and appropriate secondary data. (The
trends . .
analyse the resulting | range of compounds includes water
trends. *! and appropriate inorganic and
organic compounds).

25 | c. Explain A clear learning The information provided in the
qualitatively outcome. SLA column is very helpful as it
the influence clarifies that symmetry can give rise
of polarity, to non-polar compounds even in the
and case where individual polar bonds
symmetry, on exist within the molecule.
intermolecular
forces

25 | d. Use the " As the physical We propose that the physical
shapes of properties have properties to be studied should be
molecules not been given in boiling point, melting point and
of simple the SLA column, solubility.
compounds to it is not clear what
predict physical students must be
properties able to do in order

to achieve this
learning outcome.

25 | e. Use VSEPR A clear learning We propose that The information provided in the
theory to outcome. the wording of the SLA column is very helpful as it
predict and learning outcome clarifies molecules of the form AB_
model the could be improved for up to four pairs of electrons
shapes of further as follows: around a central atom, single bonds
molecules Use the VSEPR only.

theory to predict the
shapes and construct
models of molecules
25 | f. Distinguish A clear learning The work of William and Laurence

and crystalline
solids

About column.
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26 | g. Model ionic,
molecular,
metallic and
covalent
crystalline
structures

and relate the
structure to

the physical
properties

A clear learning
outcome.

We propose that
the wording of the
learning outcome
could be improved
further as follows:

Build and analyse
models of ionic,
molecular, metallic
and covalent
crystalline
structures and relate
the structure of each
type to its physical
properties.

We propose that iodine be added to
the list of crystalline solids as it is a
good example of a molecular crystal
and one with which students are
familiar in the school laboratory.

We propose that the physical
properties to be studied should be
melting point, hardness, electrical
conductivity and solubility.

26 | a. Outline the
development
of the gas laws
and the ideal
gas equation

A clear learning
outcome.

Although this is a broad learning
outcome, clarity is brought to it by
indicating the depth of treatment
(Boyles Law, Charles Law, Gay-
Lussac’s Law and Avogadro’s Law)
in the Students Learn About column.

26 | b. Explain what
is meant by

the ideal gas,
accounting

for deviations
of real gases
from ideal gas
behaviour

| A clear learning
outcome.

The information in the Students
Learn About column the fact that
van der Waaal’s equation is not
required is very helpful. .

26 | c. Solve and
interpret
quantitative
problems using
the gas laws

A clear learning
outcome.

In the Students Learn About
column we propose that the
heading “Modelling” be removed
as modelling cannot be interpreted
as meaning to solve quantitative
problems using the gas laws.

We also propose “how to verify and
use the gas laws” in the SLA column
be changed to “How to use the gas
laws to solve problems involving
gases”. Otherwise, teachers may
interpret this as having to verify all
the gas laws by experiment and this
would be very time consuming.

26 | a. Outline the
main sources of
hydrocarbons
and their uses
in industry and
society

A clear learning
outcome.

The information in the Students
Learn About column is very helpful
as it provides the depth of treatment
listing the main sources (fossil fuels,
living matter and synthesis) to be
covered.
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26 | b. Identify A clear learning We note that this Although the learning outcome
and research outcome. learning outcome is clear, information needs to be
one major is marked as a provided on what exactly students
impact on research-based must do to achieve the learning
society of the investigation (as outcome. For example, would a
extensive use of describe on p. homework assignment be sufficient?
hydrocarbons. 14 of the draft This information is needed to
RI specification) calculate the time required to teach

the entire syllabus.

27 | c. Prepare A clear learning The information in the Students
ethene, observe outcome. Learn About column is very helpful
its physical as it gives the required depth of
properties, and treatment since it lists the tests to
investigate be carried out (combustion, tests for
some of its unsaturation using bromine water
chemical and acidified KMnO,).
properties ™

27 | d. Describe A clear learning The information in the Students
and compare outcome. Learn About column is very helpful
different as it gives the required depth of
groups of treatment
hydrocarbons,
including
composition,
bonding and
structure,
and relate
these to their
characteristic
properties

27 | e. Explain and As the properties | Describe and Physical properties [physical

predict differences have not been explain differences state, solubility (qualitative
in properties of: given in the SLA | in physical only) in water and in non-polar
« straight chain column, it is properties of solvents].
alkancs of not clear what straight chain
different carbon students must alkanes and '
be able to do in monounsaturated Structures, but not isomers,
number . . .
order to achieve straight chain of hexane, heptane, octane,

« alkanes of the this learning alkenes. cyclohexane and 2,2,4-
same carbon outcome. trimethylpentane (iso-octane) to
number be considered.
« mono- Delete second bullet .

point. Systematic names, structural
unsaturated .

. . formulas and structural isomers

straight chain
alkenes of alkenes to C-4.

(d) and (e) could be

combined.

27 | f. Explain the A clear learning

relative chemical outcome.
stability of alkane
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27

g. Construct
and examine

3 dimensional
models of
hydrocarbon
molecules and
explain how
bonding and
isomers influence
the spatial
arrangement of
atoms for these
molecules

A clear learning
outcome.

27

h. Explain and
compare the
shapes of ethane,
ethene, ethyne
and benzene
molecules in
terms of sigma
and pi bonds,
including
delocalised pi
bonding

A clear learning
outcome.

The information in the Students
Learn About column is very
helpful as it gives the depth of
treatment in terms of condensed
and expanded molecular
formulae.

27

i. Distinguish
between
structural and
geometrical
isomerism,
including how
isomerism gives
rise to different
properties

A clear learning
outcome.

The information in the Students
Learn About column is very
helpful as it gives the depth of
treatment in terms of structural
isomers for alkanes and alkenes
up to C6 and cis-trans geometric
isomers in butane.

29

a. define bond
enthalpy and
explain enthalpy
changes in a
reaction in terms
of making and
breaking bonds

A clear learning
outcome.

29

b. Explain,

and model
diagrammatically,
processes of
energy transfer
using exothermic
and endothermic
reactions

@
@
:

It is not clear
what students
must be able
to do in order
to achieve this

learning outcome.

We propose that this
learning outcome
be reworded as
follows:

Explain with the
aid of simple
energy diagrams
the concepts of
exothermic and
endothermic
reactions.

The information given in the
Students Learn About column
is helpful. We propose the
following sentence be added:
Enthalpy changes are quoted
relative to a standard set of
conditions of temperature and
pressure.
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29 | c. Investigate, As this learning We propose that this
using primary outcome is clearly | learning outcome
data, how to marked as a be reworded as
determine AH student laboratory | follows:
for a suitable investigation, the C

. arry out a
neutralisation use of the term
o e , - laboratory
reaction. primary data” is | . L
investigation
unnecessary and .

. . to determine
confusing since the enthalpy of
the data collected Jaipy

. neutralisation of
by students is .
. dat a suitable strong
primary cata. acid — strong base
reaction and discuss
your result with
reference to the
standard data.

29 | d. Calculate AH It is not clear We propose that this | We propose that the following
for a chemical what calculations | learning outcome be added to the Students Learn
reaction and students must be | be reworded as About column
describe the able to perform in | follows:

. Energy transfer may be
energy transfer order to achieve . : . ,
. . . Calculate (i) the explained using simple Hess’s

through a simple this learning . .

heat of formation Law energy cycle diagrams.
energy profile outcome. £
diagram of a compound

using other heats of

formation and heat

of reaction and (ii)

calculate the heat

of reaction using

heats of formation

of reactants and

products.

29 | e. Analyse a A clear learning
given reaction, outcome.
involving
covalent
molecules, to
explain and
predict the value
of AH using
average bond
enthalpy values

29 | f. Calculate and A clear learning We propose that the wording
predict enthalpy outcome. in the Students Learn About
changes using column be clarified as follows:

b
Hess’s Law State Hess’s Law and represent
it in diagrammatic form.
* See Bond Energy questions in
previous syllabus (not current
one)
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30

g. Construct
balanced equations
for the complete
combustion of
hydrocarbons
and primary
alcohols, and
explain trends
in the associated
standard AH
values

A clear learning
outcome.

We propose that the wording
in the Students Learn About
column be clarified as follows:

The combustion of hydrocarbon
compounds up to C6 containing
no more than one double bond
and primary alcohols up to C6.

30.

h. Investigate,
using primary
data, the energy
change of
combustion

and compare
experimental
values to standard
values, accounting
for differences

As this learning
outcome is clearly
marked as a
student laboratory
investigation, the
use of the term
“primary data” is
unnecessary and
confusing.

We propose that this
learning outcome
be reworded as
follows:

Carry out a
laboratory
investigation

to measure the
enthalpy of
combustion of a
liquid and compare
your result to
standard values
accounting for
differences.

As spirit burners are readily
available, we propose that
reference to these be retained in
the SLA column but reference

to measuring enthalpy of
combustion of food samples be
deleted as a recommendation.
Instead we propose the following
sentence be inserted: The

use of bomb calorimeters to
accurately measure enthalpies of
combustion.

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)

‘ ISTA Response to New Specs 23 Feb.2024.indd 161

®




162

30

a. Investigate,
using primary
data, the factors
that affect rates
of a reaction and
interpret rate of
reaction graphs,
using primary and
secondary data !

This is a very
vague learning
outcome and it
is impossible to
deduce from it
what students
must be able

to do in order
to achieve this

As already
pointed out, the
use of the term
“primary data”

is unnecessary
since students are
collecting their
own data (i.e.
primary data) in

learning outcome.

the investigations.

The notes in the STA
column propose
three examples

of investigations
that students could
carry out. Each of
the experiments

is quite different
and cause different
learning outcomes
to be achieved by
students. Hence,
we recommend
that these three
investigations

be listed as

three separate
investigations as
follows:

1. To investigate the
effect of particle
size on the rate
of reaction when
hydrochloric acid
reacts with marble
chips and interpret
rate of reaction
graphs.

2. To investigate
the effect of
concentration on
reaction rate when
sodium thiosulfate
solution reacts
with hydrochloric
acid and interpret
rate of reaction
graphs.

3. To investigate the
effect of a catalyst
(e.g. manganese
dioxide) on the
decomposition of
hydrogen peroxide
and interpret rate
of reaction graphs.

The reference to initial, average
and instantaneous rates of
reactions in the SLA column is
good. We recommend the words
“but are not limited to” be
removed as this will undermine
the confidence of teachers

and students if the list of
investigations to be performed
by students is left wide open.

30

b. Describe
collision theory,
and give examples
of slow and fast
reactions

A clear learning
outcome.

The points listed in the SLA
column are very helpful

in indicating the depth of
treatment.

30

c. Define rate of
reaction
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31

d. Compare the
energy profile
diagrams of
catalysed and
uncatalysed
reactions, for
both exothermic
and endothermic
reactions

A clear learning
outcome.

31

e. Outline two
general catalytic
mechanisms

Names of theories
re mechanisms of
catalysis need to
be given.

Outline Surface
Adsorption
(heterogeneous)
and Intermediate
Formation
(homogeneous)

theories of catalysis.

31

a. Appreciate

that some
reactions tend

to be reversible
and explain

the concept of
dynamic chemical
equilibrium

Since the verb
“appreciate” is
not an active
verb, we propose
that this learning
outcome be
rewritten to make
it clear what
students must

be able to do in
order to show that
they appreciate
this concept.

We propose the
following wording:

Explain that some
reactions tend to
be reversible and
discuss

the concept of
dynamic chemical
equilibrium

The notes in the SLA column
are helpful in indicating the
depth of treatment.

31

b. Explain the
factors that affect
the value of

the equilibrium
constant Kc,

and use the
mathematical
model of Kc to
describe and
predict how given
reactions would
proceed

A clear learning
outcome.

The word model

is used in such a
confusing manner
throughout the draft
specification that
we propose the
term “mathematical
model” be replaced
by the simpler term
“mathematical
expression”.

31

c. Solve problems
involving the
mathematical
model for the
equilibrium
constant Kc

This is a vague
learning outcome
and it is difficult
to deduce from

it what types of
problems students
must be able to
solve in order

to achieve this
learning outcome.

Once again, we
propose the term
“mathematical
model” be replaced
by the simpler term
“mathematical
expression”.

We propose that the following
information be given in the SLA
column to indicate the required
depth of treatment:

Students should be able to solve
problems

(1) to calculate the value

of Kc given equilibrium
concentrations and

(ii) to calculate equilibrium
concentrations given the value
of Kc. In all cases the balanced
chemical equation will be
provided to students.
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31

d. Apply Le
Chatelier’s
principle to

a variety of
processes to
predict responses
to disturbances to
the equilibrium
and to predict
conditions for
optimising yields
of product

A clear learning
outcome.

The additional information in
the SLA column is very helpful
in indicating the depth of
treatment.

32

e. Investigate,
using primary and
secondary data,
how changes in
temperature and
concentration can
affect the state of
equilibrium *!

This is a very
vague learning
outcome and it
is impossible to
deduce from it
what students
must be able

to do in order
to achieve this

learning outcome.

As already
pointed out, the
use of the term
“primary data”

is unnecessary
since students are
collecting their
own data (i.c.
primary data) in

the investigations.

We propose that
this learning
outcome be
reworded as
follows:

Carry out a
laboratory
investigation to
study how changes
in temperature and
concentration can
affect the state of
equilibrium.

If students are
required to study
secondary data
using digital
simulations, this
is best left to the
SLA column as it
is not a laboratory
investigation but
can be carried out
in an ordinary
classroom or at
home.

The information provided in

the SLA column is helpful as it
specifies the reaction that should
be investigated. Note that the
name of one of the chemicals
should be written as iron(I1I)
chloride.

32

f. Explain the
Haber process
as an industrial
application

of chemical
equilibrium, and
how chemical
equilibrium
principles can
be applied to the
production of
ammonia

A clear learning
outcome.

The list of items in the
SLA column is very helpful
in indicating the depth of
treatment.

32

g. Outline the
impact of the
Haber process
on society and
consider its
ongoing role

A clear learning
outcome.
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32

h. Outline the
importance of

a compromise
between yield and
rate of reaction
for the industrial
use of the Haber
process

" A clear learning

outcome.

32

a. Justify
categorisation of
commonly used
substances as acid
or base, based

on the display of
certain properties
and discuss
common everyday
examples of
neutralisation

A clear learning
outcome.

The examples given in the SLA
column are helpful in providing
depth of treatment to ensure that
students achieve this learning
outcome.

32

b. Predict the
products of, and
write balanced
equations for, acid
base reactions

A clear learning
outcome.

Although this is a broad
learning outcome, clarity is
brought to it by indicating the
depth of treatment (the three
types of acid-base reactions)

in the Students Learn About
column. We propose that acid-
hydrogencarbonate be added to
the list.

33

c. Compare two
theories of acid-
base systems
and justify why
Bronsted-Lowry
theory is a more
extensive model
for explaining
behaviour

A clear learning
outcome.

The depth of treatment note
in the SLA column is very
helpful for clarifying the two
theories (Bronsted-Lowry and
Arrhenius)

33

d. Apply
Brensted-Lowry
theory to identify,
in chemical
equations:

° conjugate acid-
base pairs

* species acting as
acids and bases

A clear learning
outcome.

33

Explain the self-
ionisation of water
and deduce a
mathematical
representation
for the ionic
product of
water (K ),
accounting for
its temperature
dependence

O O 00 9

A clear learning
outcome.

The material provided in the
SLA column is very helpful in
highlighting the mathematical
equation required.
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33 | f. Measure pH, " A clear learning The depth of treatment (ways of
and explain the outcome. measuring pH) provided in the
pH scale and its SLA column is very helpful.
limitations

33 | g. Investigate, This is a vague We propose that Information needs to be
using primary learning outcome | this learning provided in the SLA column
data, factors that and it is difficult outcome be on the factors that need to
affect the pH of a to deduce from reworded as be studied. We propose that
solution *! it what students follows: wording along the following

must be able lines should be included.
to do in order Carry out a . .
. . laboratory Students should investigate the
to achieve this . . .
learning outcome. investigation to effect of strong. acids, strong
study the factors bases, weak acids, weak bases,
As already that affect the pH of | concentration and temperature
pointed out, the a solution. on pH.
use of the term
“primary data”
is unnecessary
since students are
collecting their
own data (i.c.
primary data) in
the investigation.

33 | h. Distinguish A clear learning
between: outcome.
 weak and strong
acids (and bases)

* concentrated and
dilute acids (and
bases)

33 | i. Solve " A clear learning The depth of treatment (two
mathematical outcome. types of calculations) provided
problems in the SLA column is very
involving pH for helpful.
dilute aqueous
solutions

33 | j. Deduce " A clear learning The depth of treatment (two
mathematical outcome. mathematical representations)
representations provided in the SLA column is
for weak acid very helpful.
dissociation
constant (Ka)
and weak base
dissociation
constant (Kb)

33 | k. Compare A clear learning
degrees of outcome.
dissociation of
strong and weak
acids, and strong
and weak bases,
using Ka and Kb
values
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34 | 1. Explain how " A clear learning
weak acid and outcome.
weak base acid-
base indicators
function

35 | m. Investigate pH This is a vague The study of The depth of treatment (three
titration curves, learning outcome | secondary data types of titration curves)
using primary and it is difficult | is not part of provided in the SLA column is
and secondary to deduce from a laboratory very helpful.
data from acid- it what students investigation as
base reactions, must be able this activity can be
justifying to do in order done as homework
appropriate to achieve this or studying past
indicators for each learning outcome. | examination
titration ! As already papers. Reference

. to secondary data
pointed out, the .
use of the term ?nalysm C.Olﬂd be
“primary data” included in the
. SLA column or as
is unnecessary .
since students are | - separate learning
collecting their outcome.
own data (i.e.
primary d.ata).ln We propose that this
the investigation. .
learning outcome
be reworded as
follows:
Carry out a
laboratory
investigation to
investigate pH
titration curves.

34 | a. Describe A clear learning The depth of treatment (suitable
oxidation and outcome. examples and applications)
reduction, using provided in the SLA column is
suitable examples very helpful.
and applications,
identifying
oxidising and
reducing agents
in given chemical
reactions

34 | b. Apply A clear learning
oxidation outcome.
numbers to
balance redox
reaction
equations
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34 | c. Investigate,
using primary
data '

using simple
experiments
involving
halogens

e displacement
reactions of

them to the

series

¢ redox reactions,

metals, relating

electro-chemical

This is a vague
learning outcome
and it is difficult
to deduce from

it what students
must be able

to do in order

to achieve this

As already
pointed out, the
use of the term
“primary data”

is unnecessary
since students are
collecting their
own data (i.e.
primary data) in
the investigation.

learning outcome.

We propose that this
learning outcome
be reworded as
follows:

Carry out an
investigation of
oxidation-reduction
reductions using
simple experiments
involving (i)
halogens and (ii)
displacement
reactions of metals,
relating them to

the electrochemical
series.

We propose that the following
guidance be inserted into the
SLA column:

Halogens as oxidising agents:

e Oxidation of bromide ions
to bromine by chlorine.

e Oxidation of iodide ions to
iodine by chlorine.

e Oxidation of iodide ions to
iodine by bromine.

Displacement reactions of
metals:

e Displacement of Cu*" ions
out of solution as copper
metal using zinc.

e Displacement of Cu** ions
out of solution as copper
metal using iron.

e Displacement of Ag” ions
out of solution as silver
metal using copper.

The sentence currently included
in the SLA column “The use of
the electrochemical series as a
guide to the relative tendency of
metals to be oxidised” is very
helpful in indicating the depth
of treatment.

34 | d. Compare a
primary and
secondary cell

This needs
clarification as to
what is required.

We propose that this
be reworded as:

Distinguish between
a primary and
secondary cell.

34 | e. Conduct an
experiment to
create a simple
galvanic cell
and explain its
operation

A clear learning
outcome.

This is a very
worthwhile activity
and we propose it
be labelled EI to
indicate that it is a
student laboratory
investigation.

The information in the SLA
column is very helpful as

the copper-zinc system
recommended works very well.
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35

f. Conduct
experiments

in electrolysis,
and explain the
operation of the
electrolytic cells

“neutral salt
solution” is
unclear”

Electrochemistry

is found to be a
difficult topic by
many students. We
propose that this
investigation be
labelled “EI” as
student voltameters
are readily available
and will help to
bring this subject to
life for students.

The information in the SLA
column is very helpful as it
clarifies what electrolysis
experiments are required to be
carried out. We propose that the
sentence “reactions at electrodes
required” be changed to “half-
reactions at electrodes required”
and that neutral salt solution be
replaced by sodium chloride
solution.

35

g. Research

the role of
electrochemistry
in an area related
to sustainability
and technology in
everyday life M

The term
“Research” is
unclear on what
is expected of
students.

We note that this
learning outcome
is marked as a
research-based
investigation (as
describe on p.

14 of the draft
specification).
We propose it
be reworded as
“Describe

the role of
electrochemistry in
an area related to

sustainability and
technology in
everyday life”

Information needs to be
provided on what research
students must do to achieve the
learning outcome. For example,
would a homework assignment
be sufficient. This information
is needed to calculate the time
required to teach the entire
syllabus.

36

a. Recognise the
importance of
primary standards
and standard
solutions

A clear learning
outcome.

To help students
achieve this learning
outcome we propose
that it be included

as one of the five
recommended
investigations in

the next learning
outcome.

The depth of treatment (acid
base and redox volumetric
analysis) provided in the SLA
column is very helpful.
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36

b. Determine the
concentration

of analytes by
titration, using
primary standard
solutions and/

or solutions
standardised using

primary standards
EI

This is a

vague learning
outcome and it

is impossible to
deduce from it
what students
must be able

to do in order

to achieve this
learning outcome.

The broad headings
of (i) strong acid-
strong base, (ii)
strong acid —weak
base and (iii) weak
acid- strong base
investigations

is of no help

to teachers in
preparing students
to achieve the
learning outcome
in the laboratory. It
is vital that clarity
be brought to this
learning outcome
as shown in the
proposed wording in
the SLA column.

The following is the proposed
new wording to be inserted in
the SLA column:

Investigations should include
the following:

(1) Investigate the use of a
standard solution of sodium
carbonate to standardise a given
hydrochloric acid solution.

(i1) Investigate the concentration
of ammonia solution in a
household cleaner by titration.

(iii) Investigate the
concentration of ethanoic acid
in vinegar.

(iv) Investigate the amount of

iron in an iron tablet.

(v) Investigate the amount of
dissolved oxygen in a sample of
water by means of a titration.

37

c. Solve
and analyse
volumetric
problems

This is a

vague learning
outcome and it

is impossible

to deduce from

it what type

of volumetric
problems students
must be able to
solve in order

to achieve this
learning outcome.

We propose the following
information be provided in the
SLA column:

Solving volumetric problems,
using the formula method.
(Higher Level and Ordinary
Level)

Solving volumetric problems
from first principles, where

the formula method is not
applicable. Either method may
be used when both methods are
applicable. (Higher Level only)

Balanced equations will be
given in all volumetric

problems.

37

a. Outline sources
of organic
compounds

and the use and
impact of products
based on organic
compounds

A clear learning
outcome.

The depth of treatment (list of
sources) provided in the SLA
column is very helpful.

37

a. Apply rules

for nomenclature
and classify each
functional group
in terms of general
formula & structure

A clear learning
outcome.

The depth of treatment (list of
functional groups) provided in
the SLA column is very helpful
in providing clarity to this
learning outcome.
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37

c. Construct
and compare
representations of
organic molecules

A clear learning
outcome.

The depth of treatment (list of
ways of representing organic
molecules) provided in the

SLA column is very helpful in
providing clarity to this learning
outcome.

38

d. Conduct
qualitative
analysis tests:

* to distinguish
between aldehydes
and ketones

» for the presence
of carboxylic
acid and alcohol
functional groups

A clear learning
outcome.

We propose that this
learning outcome
be labelled “EI” as
it is an excellent
investigation for
students to carry out
in the laboratory.

The depth of treatment (list of
tests to be carried out) provided
in the SLA column is very
helpful in providing clarity to
this learning outcome.

38

e. Relate

the physical
properties of
organic molecules
to molecular size,
type of bonding
present and
intermolecular
forces

A clear learning
outcome.

The depth of treatment (list of
physical properties) provided in
the SLA column is very helpful
in providing clarity to this
learning outcome.

38

f. Describe and
discuss five types
of reactions and
analyse a given
reaction in terms
of the type(s) of
reaction taking
place

A clear learning
outcome.

The depth of treatment (list of
five types of reactions) provided
in the SLA column is very
helpful in providing clarity to
this learning outcome.

38

g. Analyse an
organic reaction
scheme and
predict possible
reactions and
reaction products

This is a

vague learning
outcome and it

is impossible

to deduce from

it what type of
reaction schemes
should be covered
in the classroom
by teachers so
that their students
achieve this
learning outcome.

We propose the following
wording be included in the SLA
column for clarification:

Reaction schemes will be
limited to those involving
addition, substitution, redox,
acid-base and elimination
reactions.

Students will not be expected to
know conditions of temperature
and pressure.
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38 | h. conduct A clear learning We propose that this | The depth of treatment (reflux
experiments to: outcome. learning outcome method for ester preparation and
« prepare an ester @ be labelled “EI” as oxidation of phenylmethanol

the two experiments | method for benzoic acid)
* synthesise are excellent provided in the SLA column is
benzoic acid, investigation for very helpful in providing clarity
determining students to carry out | to this learning outcome.
purity, melting in the laboratory.
point and yield

39. | i. Describe A clear learning The depth of treatment (list of
reaction outcome. eight reactions) provided in the
mechanisms SLA column is very helpful in
involving providing clarity to this learning
movement outcome.
of electrons,
including
supporting
evidence

39 | j. Discuss redox A clear learning The depth of treatment (listing
reactions and outcome. details of redox reactions )
acid-base provided in the SLA column is
reactions very helpful in providing clarity
of organic to this learning outcome.
compounds ‘

39 | k. explain | A clear learning The depth of treatment
the acidity of outcome. (inductive effect, resonance,
carboxylic acid polarity ) provided in the SLA
and alcohol column is very helpful in
functional groups providing clarity to this learning

‘ outcome.

39 | L. Outline how a | A clear learning The depth of treatment (health
soap works, as outcome. and sanitisation ) provided in
an example of a the SLA column is very helpful
surfactant, and in providing clarity to this
the applications learning outcome.
of surfactants in
everyday life

39 | m. Conduct an | A clear learning The depth of treatment provided
activity to prepare outcome. in the SLA column indicating
soap, with NaOH that this is a simple activity
either limiting or rather than a full laboratory
in excess experiment is very helpful.

39 | n. Compare the | A clear learning
manufacture outcome.
and basicity of
a simply-made
soap product with
a commercial
product
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o. [llustrate the A clear learning The depth of treatment

40 | Use of organic outcome. provided in the SLA column is
compounds in very helpful in providing clarity
pharmaceutical to this learning outcome.
products We propose that the phrase “not

limited to” be removed as this is
quite a complex area of organic
chemistry.

40 | p. Investigate, As already
using primary pointed out, the We propose that
data, how to use of the term . .
find percentage “primary data” this learning

s . . outcome be
aspirin in an is unnecessary reworded as
aspirin tablet *' and confusing follows:

. ollows:

since students are

collecting their Carry out a

own data (i.e. laboratory

primary data) in investigation

the investigation. | to find the
percentage
aspirin in an
aspirin tablet.

40 | q. describe the A clear learning The depth of treatment provided
structure and outcome. in the SLA column is very
applications helpful in providing clarity to
of addition this learning outcome.
polymers We propose that the phrase “not

limited to” be removed as a

@ knowledge and understanding
of three addition polymers is
sufficient

40 | r. Relate the A clear learning
physical outcome.
properties
of addition
polymers
to their
structures, and
how non-bio-
degradability
is related
to chemical
stability

40. | a. Discuss This is a very More information on depth of
our chemical broad and treatment needs to be provided
environment vague learning in the SLA column
for each of the outcome and it
three domains is impossible to
and consider the deduce from it
interconnections what should be
across domains covered in the

classroom by
teachers so that
their students
achieve this
learning outcome.
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40 | b. Research, This is a very Information needs to
individually or broad learning be provided on what
collaboratively, outcome and it exactly students must do
one area of is impossible to to achieve the learning
each of the deduce from it outcome. For example,
three domains what should be would a homework
regarding covered in the assignment be sufficient?
the impact of classroom by This information is
humans on teachers so that needed to calculate the
our chemical their students time required to teach
environment RI achieve this the entire syllabus.
learning outcome.
How can this
research be
assessed?
41 | c. Relate aspects A clear learning
of the Nitrogen, outcome.
Oxygen and
Carbon cycles
to climate
change and
sustainability
41 | d. Describe A clear learning
the natural outcome.
greenhouse
effect and
explain its
significance
41 | e. Discuss the A clear learning
evidence for outcome.
the enhanced
greenhouse
effect and
possible
solutions to
anthropogenic
influences on the
atmosphere
41 | f. Outline the A clear learning
water cycle, outcome.
including its
significance
41 | g. Describe Since the verb We propose the The depth of treatment
the steps “appreciate” is not | following wording: (list of stages of water
necessary in an active verb, We | boceribe the s teps treatment) providgd in
the treatment of propose that this o th the SLA column is very
drinking water learning outcome necessary 11;21 ¢ ki helpful in providing
and appreciate be rewritten to treatment o . 11}1lg clarity to this learning
the impact of make it clear what Water and dlsc".ls.s the outcome.
s impact of providing
providing clean students must be ) ter for human
water for human able to do in order | © o Waer TOTAUMA
use.
use to show that they
appreciate this
concept
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41 | h. Analyse water This is a very Give that students have
samples, both broad learning already carried out
qualitatively and outcome and investigations to test
quantitatively F! it is difficult to for anions and measure

deduce from it levels of dissolved
what laboratory oxygen, perhaps this
investigations learning outcome could
should be covered | be rewritten as:
in the classroom Carry out a laboratory
by teachers so . .
. investigation to
that their students .
. . measure (i) the pH and
achieve this . .
learnine outcom (ii) concentration
carning outcome. | free chlorine in
water samples using
a comparator and a
colorimeter.

41 | i. Discuss A clear learning The depth of treatment
causes of water outcome. provided in the SLA
contamination, column is very helpful in
biochemical providing clarity to this
consequences learning outcome.
and posmble We propose that the
solutions to one B
of the causes phrase “but are not

limited to” be removed
as a lot of topics are
already specified.

42 | j. Outline This is a very We propose this Extraction of sodium
methods for broad learning learning outcome be and aluminium by
the extraction outcome and it rewritten as: electrolysis and
of metals from is impossible . extraction of iron metal

. Outline a method .
their natural to deduce from . from iron ore by carbon
. for the extraction of
states based on it what metal . (coke).
. . . sodium from molten
their positions extractions should . .
. . sodium chloride,
in the electro- be covered in .
. . aluminium from
chemical series the classroom by . .
bauxite and iron metal
teachers so that .
. from iron ore.
their students
achieve this
learning outcome.

42 | k. Discuss the A clear learning
recycling of outcome.
aluminium and
plastics

42 | 1. Discuss the A clear learning The depth of treatment
impact on outcome. provided in the SLA
sustainability column is very helpful in
of reduced providing clarity to this
dependence on learning outcome.
energy sourced We propose that the
from fossil fuels, phrase “but not limited
and sustainable to” be removed as
alternatives many alternative energy

sources topics are
already specified.
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Appendix 3

Analysis of Learning Outcomes in Leaving Certificate
Biology Draft Specification

Note: This document covers all the Biology learning outcomes. The generic learning outcomes in Strand 1
(which are common to Physics, Chemistry and Biology) are analysed in Chapter 6 in collaboration with the
ISTA Physics and Chemistry committees.

Other documents that should be read in conjunction with this document analysing each learning outcome
are:

1. Spreadsheet of estimated time required to ensure that students achieve each learning outcome in the
specification (section 5.3).

2. Document discussing the breakdown of Higher Level / Ordinary Level learning outcomes (section
5.4).

3. List of Mandatory Student Investigations (section 5.5)

4. As noted above, Chapter 6 analyses the “Unifying Strand Learning Outcomes” (the strand that is
common to Physics, Chemistry and Biology)

5.
Strand 1 - The Organisation of Life
. Comment on material
L q Proposed rewording : q
earning . . in corresponding
Page Clarity Comment of learning outcome
Outcome (where applicable) Students Learn About
pp (SLA) column
. Describe the Clear and concise.
lear 1
OrgL1 Clear learning characteristics of all
a.evaluate the outcome living things.
18 characteristics
of living things
OrgL1 Clear learning No SLA comment ...

18

b. explain how outcome.

viruses replicate
within cells

stages of viral replication
could be added. Explain
the stages of viral
replication including:
attachment, penetration,
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a.evaluate

Learning:

Bee Outcome*

OrgL1

c. discuss the
difficulty of
defining viruses,
their economic
and medical
importance

OrgL1

d. use
classification
principles to
identify and
classify living
things in known
and unknown
contexts;
examine the
importance of
classification
systems in
biology

18

18

OrgL2

a. describe the
complexity of
multicellular
organisms

18

Orgl2

b. compare the

ultrastructure of
prokaryotic and
eukaryotic cells

18

Clarity” Comment*

Clear learning
outcome.

Not a clear learning
outcome. The depth
required is very
difficult to assess
here. To what
level are the living
things classified?
_ As animals, plants,
. fungi, protist or
| bacteria? Do animals
| need to be classified
- as vertebrates and
invertebrates, or into
their phyla / classes?
Plants in their
families?

SLA detail does not
help provide clarity.

Clear but missing an
opportunity to relate
to LO OrgL1la and
the use of the term
‘organisation’.

Clear learning
outcome

Proposed re-wording
of learning outcome #

Outline the importance
of classification
systems in biology.

Classify organisms
according to the three
domains of life.

Describe the
organisation of cells
in multicellular
organisms.

Comment on material in
SLA column#

Greater depth of
treatment required

on ‘Phylogeny -
classification based

on evolutionary
development’. Clades

are a key feature

of phylogenetic
classification but are not
mentioned here - difficult
to teach phylogeny
without mentioning them.
Depth on three Domains?

Cellular basis of life
already mentioned in
OrgL1a.

Detail on ‘microstructure’
and ‘ultrastructure’
should be provided in the
SLA section here.
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Orgl2 Clarity can be In\./estiga.te, using DQ schools hav; sufficient
- ) improved in SLA a light microscope, microscopes, with enough

c..mves‘tlgate, section the structures and magnifying power, to

using primary ’ organelles of animal formulate primary data on

and secondary and plant cells and organelle structure?

data, the T relate them to their

structures and functions.

18 organelles of

animal and

plant cells and

relate them to

their functions

Orgl3 Learning outcome is Describe - Decept clarity, although

2 outline a unclear and related carbohydl_rate.s, lipids | functions could be _

o SLA is confusing. and proteins in terms elabora‘;ed. No mention of
nutritional of their basic units, saccharides as the unit of
source, and the sources, metabolic and = carbohydrates - the only

18 | structural and structural roles. biomolecule whose unit is
metabolic roles, not stated?
of carbohydrate,
lipid and protein
Orgl3 Unclear learning R_ecognise the rples of Wate.r and Fat Soluble
) outcome vitamins and minerals = mentioned but no
b. recognise in biological processes; specifics - any one of
the roles of describe the role of each? Two of each?
vitamins and one water soluble Specific vitamins? @
18 minerals in and one fat soluble
biological . vitamin in humans, and
processes = outline their deficiency
diseases.
Orgl3 Clear learning SLA could outline
o outline the outcome acceptable roles.
main roles of
18 S
water in living
organisms
Orgl3 Unclear. The “level” Illnlvestigate que;litatively L}i1St o'f alcceptabklle b
d. investigate of a food constituent the presence of any one ¢ em;lcezi tests should be
qualitatively cannot be measured constituent 1n a range  provided.
of food samples, using

qualitatively - level ) p
- implies quantitative ~Primary data to support
| data. conclusion.

the level of any
]9  one constituent ||
in a range of
food samples,
use primary
data to support
conclusions
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Learning:
B Outcomg#
OrgL3

e. describe the
role of ATP and
NAD+/NADP+
in metabolic
pathways

OrgL3

g. describe the

basic structure
20  and function of

DNA and RNA

20

OrgL3
h. relate
genes, proteins
and traits in
organisms;

20 outline the
concept of the
genetic code

OrglL4

a. describe the
structure of a
chromosome

20 | gene; compare
nuclear and
non-nuclear
inheritance

and the role of a

Clarity:

b insufficient (“the

Comment*

Clear learning
outcome

Describe the structure
of a DNA and RNA
d nucleotide.

Learning outcome is
unclear. SLA seems
incomplete and coul

\ create confusion.

Describe the
relationship between
genes, proteins and
traits.

Unclear learning
outcome. Difficult
to unpack the depth
required here - the

SLA detail is grossly Define the term

concept of the genetic genetic code

" \code” is far too

vague)

This learning outcome
should be split into
separate parts.

Unclear learning
outcome. Greater
detail needed on
what is required in

B the “structure of a
| chromosome”. This
y is due to the addition

of epigenetics in
Org L4b which
causes changes

to chromosome /
chromatin structure.

Proposed re-wording Comment on material in
of learning outcome #

SLA column#
Could also include proton
transfer, along with

energy and electrons, in
the SLA text.

No reference to sugar
(ribose or deoxyribose) or
phosphate in the structure
of DNA or RNA.
Nucleotides mentioned
earlier - should be
referenced here.

Considering that this is
a HL learning outcome,
greater clarity needed on
the depth and meaning
of “the concept of the
genetic code”.

Is this second statement
even required,
considering that protein
synthesis is outlined in
greater detail later?)

Detail required on
“chromosome structure”
- which parts need to be
mentioned? Centromere,
telomere, chromatin,
histones, methyl groups?

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)

‘ ISTA Response to New Specs 23 Feb.2024.indd 179

®

23/02/2024 09:08#47



180

OrglL4

b. compare
genetic and
epigenetic
mechanisms

20

OrglL4
c. predict
inheritance
to the first
generation of a
oo  single unlinked
trait in crosses
involving
homozygous
and
heterozygous
parents

OrglL4
d. predict a

20 cross involving
incomplete
dominance

Compare genetic
mechanisms (deletions
and mutations) with
epigenetic mechanisms
(methylation and
histone modification).

Unclear learning
outcome. Difficult

to unpack the

depth required here

- which genetic

and epigenetic
mechanisms?
Typically, epigenetics
works in one of

three ways: DNA

A methylation, histone
| modification and non-
~ coding RNA action.

It’s not clear in

the previous LO

if methyl groups
and histones are
even required

in chromosome
structure. This needs
a rethink.

Clear learning
outcome

Clear learning
outcome

Key concepts are useful
but far greater detail
needed.

Genetic and epigenetic
mechanisms should be
separated in this section
for clarity.

Detail on specific
mechanisms should be
provided.

The key concepts are
useful although it would
be useful to have a
separate SLA section for
each of these learning
outcomes.
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181
- Define Mendel’s The SLA content opposite
Unclear learnin . ) . PP
OrfgL4 outcome £ Laws of Segregation  this learning outcome
€ 1llust,rate - Inapproﬁriate use of and Independent (non-nuclear inheritance)
Mendel’s Laws ' the verb “illustrate’.  Assortment. does not apply to it. It’s

5o  of Segregation confusing and not related

| Ilustrate suggests

and ¥ that a student will not to any specific learning
Independent —— be asked to define outcome.
Assortment either or both laws?
OrglL4 Clear learning
f. predict outcome
inheritance

to the second
generation of
two unlinked
20 traits in crosses
involving
homozygous
and
heterozygous
parents

Crossing over not

required is mentioned
: outcome b .
g. explain how twice, in the LO and

linkage affects SLA.
Mendel’s Law

(O] 5o  of Independent

Assortment

(knowledge of

crossing over

not required)

OrgL4 Clear learning

: .. Describe sex Previously, (well
OrgL4 ) Ezglr:;?%u? (;l ;c(g) rSnE AS determination by X constructed) questions
h. describe sex detail provided and Y chromosomes in = appeared on sex
determination P ' mammals / animals. determination in other
by XandY animals (including birds

_ Clarity on depth
. required ... suggest
removing “in

chromosomes in
20 humans

where the XX gives rise
to maleness). Perhaps
change this to mammals

" humans”. - :
or animals to provide
greater challenge?
List two examples SLA should provide
Unclear what ) examp p
QrgL4 « dr;i/:fgpvgnacl use of sex-linked some examples, as a
i. develop and characteristics starting point. Elaborate

_ models” refers to here
& and how it could be
1 applied to sex-linke

use models to
explain and
20 predict the

on meaning of ‘develop
q Carry out a genetic models’.
cross to show the

- ) | traits. ; .

inheritance of ; inheritance of sex-

sex- linked traits linked characteristics in
from known the F1 generation.

examples
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OrgL5

a. explain
the variations
that come
from sexual
reproduction

20 .
and mutations

OrgL5
b. discuss the
rationale for,

20 and basis of,
the theory of
evolution by
natural selection

OrgL5
c. consider
evidence
that supports
the theory
of evolution
by natural
20  selection;
recognise
the value of
the theory of
evolution in
understanding
the modern
world

OrgL5
d. evaluate
the practical
applications
20  of artificial
selection;
discuss ethical
and societal
issues

SPL1
a. explain
how enzymes
27 fun'c‘.cion to
facilitate the
catalysis of
biochemical
reactions
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A mutations, meiosis.

l'| unnecessarily
| vague. It should be

\ improved.

Define the term

Unclear learning oL
variation .

outcome. No

clarity on depth of
treatment on types of
mutations, causes of

List the two causes
of variation - i.e.
mutations and sexual
reproduction

" Although crossing

over was not required
in Orgl4,itisa
significant source of
variation in sexual

reproduction.

Unclear Discuss the theory of
No depth of evolution by natural
treatment. selection.

Clear learning
outcome

Compare natural
selection and artificial
selection; discuss the
ethical and societal
issues of artificial
selection in agriculture
and animal breeding.

Unclear learning
outcome. The
use of ‘practical
applications’ is

more specific e.g.
agriculture, dog
breeding etc

Explain how enzymes
lower the activation
energy of biochemical
reactions, facilitating
their catalysis.

Unclear learning
outcome. SLA
content could be

SLA section should be
used to provide greater
clarity here.

Depth of treatment should
be provided in SLA.

SLA detail is very good;
a model for all learning
outcomes.

No SLA content here at
all, which seems lacking.
Examples of practical
applications required
should be listed here.

No SLA content
provided. Is knowledge
of activation energy
required, for example? If
so, it should be mentioned
in the SLA section.
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Learning:
B Outcomg#
SPL1

b. illustrate
enzyme
specificity
using the
Induced Fit
model.

22

SPL1

c. investigate
factors that
affect the rate
of enzyme-
catalysed
reactions, use
primary and
secondary
data to support
conclusions

22

SPL1

d. evaluate the
use of enzymes
in a known
enterprise;
appreciate the
central role

of enzymes

in industrial
applications

22

SPL2

a. outline

the processes
of anaerobic
respiration,
aerobic
respiration and
photosynthesis

22

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)

‘ ISTA Response to New Specs 23 Feb.2024.indd 183

Clarity:

Comment*

Clear learning
outcome

Unclear learning
outcome. Not specific
enough - the factors
to be investigated
should be listed

here. How many

do students have to
investigate?

Use of ‘primary data’

" here is unnecessary.

Needs to be more
specific. SLA should
provide greater
detail on acceptable
examples.

A Evaluate seems an

inappropriate action

" verb in this case;

explain seems cleaner
and more relevant,
considering the spec’s
own explanation of
the action verbs.

Unclear learning
outcome. Grossly
insufficient.

.| While ‘outline’ means
§ restrict to essentials,
the essentials need

to be provided in the
SLA.

®

Proposed re-wording
of learning outcome #

Investigate the effect
of pH and temperature
on the rate of enzyme-
catalysed reactions,
use data to support
conclusions.

Explain the use of
enzymes in industry,
giving examples.

Distinguish between
anaerobic and aerobic
respiration.

Define photosynthesis.

Comment on material in
SLA column#

3D structure ... does this

mean the term ‘globular’

is not required?

The use of 1/tisn’t
suitable for many enzyme
investigations. For
example, the catalysis of
H202 by catalase (used
by most teachers) uses
height of foam to measure
the rate of enzyme action.
Is this no longer suitable?

SLA should list suitable
factors to investigate:
temperature, pH, surface
area, enzyme conc,
substrate conc etc.

SLA should give
examples of acceptable
enterprises / applications.
By saying, know
enterprise in the LO, it
leaves little flexibility of
the SEC to assess this.

Depth of treatment
required here.

For example: are
balanced chemical
equations required?
Reactants and Products?
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SPL2
b. investigate
factors that

722 photosynthesis,
use primary
and secondary
data to support
conclusions

SPL2
c.investigate
the conditions
necessary for
22 fermeptation,
use primary
and secondary
data to support
conclusions

SPL2
d.examine how
leaf structure
is adapted for
photosynthetic
efficiency;

22 discuss the
role that
manipulation of
photosynthesis
can play in
horticulture

SPL2

e. develop and
use models

to explain

the two-stage
processes of
photosynthesis
and
respiration;

22 make
particular
reference to the
role of transfer
molecules
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affect the rate of = 4 '

Unclear learning
outcome. How many
factors need to be
investigated?

| Why not add other

" factors, e.g. colour of

light?

Unclear learning
outcome. Which
conditions should the
student investigate?

\ Temperature, sugar

concentrations, pH?

Greater clarity
needed here.

Unclear learning
outcome. The
‘manipulation of
photosynthesis’ is a
clunky and confusing

' , statement.

Unclear learning
outcome. Grossly
insufficient.

No depth of
treatment provided
here. Simplifying
respiration into
two stages is

A oversimplification

and arguably just

¥ plain wrong.

Investigate how

light intensity, CO2
concentration of
temperature affect the
rate of photosynthesis.

Hard to provide an
alternative when so
little detail is provided
initially.

Examine how

leaf structure is
adapted for its role
in photosynthesis;
discuss the role of
photosynthesis in
horticulture

In truth, this should
be a series of separate
learning outcomes:

Outline the process
of the Light Stage
and dark stage of
photosynthesis.

Outline the stages of
Aerobic Respiration.

Outline the process of
Anaerobic Respiration

Traditionally, Elodea was
used for photosynthesis
investigations but is
almost impossible to
source now. Advice

on alternatives should

be provided here e.g.
immobilised microalgae
(algal balls).

This could be a lovely
investigation but greater
detail required here.

Information on all
investigations should be
detailed and concise.

No SLA content
provided.

SLA detail is insufficient
in providing any clarity
on the depth required.

Respiration has more than
two stages.

The mention of
‘concentration gradients’
makes the depth of
treatment even more
confusing; suggests
greater detail than in
previous syllabus without
providing clarity. Grossly
insufficient.

The use of key concepts
here, like in Orgl4, could
be used.
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c.investigate
d.examine

Learning . Proposed re-wording Comment on material in
Page: Outcome* Ll Comment: of learning outcome # SLA column#
SPL2 Unclear learning R}?late' 'the};stages oi ELA needs tar more detail
f. recognise outcome. Greater p otos;lint esis to tfeh ere.
the sionificance clarity needed here. internal structure of the . .
el chloroplast. What detail is required on
of the internal It is unclear what a ‘conce‘ntration gradients’
structures of B student has to do to  Relate the stages of or the ‘electron transport
mitochondria A .chieve this learning respiration to the chain’ for example?
23 and | outcome internal structure of the
chloroplasts in 4 mitochondria.
facilitating the
processes of
photosynthesis
and respiration
SPLA3 Unclear learning Suggest makmg this SLA.sectlon .should
describ outcome. “Describe  Scparate learning provide detail on the
a. elscilll © simply” is a outcomes: depth required for both
sim e R {0
ply : confusing statement. . mitosis and meiosis for
process o Usine th : Outline the process of | this comparison.
o g the action o .
mitosis and verbs available mitosis; illustrate the
meiosis; outline seems r; ore fourstages (prophase,  Is is unclear whether any
compare the B appropriate. metaphase, anaphase detail on the stages of
roles of mitosis and telophase). mitqsis or meiosis are
23 and meiosis Detail to be covered Define th required at all.
should be specified. ~°. ne.t’e terfns . .
mitosis’ and ‘meiosis’. Not mentioning the cell
@ cycle here, or before,
Compare the roles of | seems a mistake.
mitosis and meiosis
in unicellular and
multicellular organism.
SPL3 Unclear learning Quthn}f the cgll cycle: SL? pri)lvuges little clarity
b. explain the outcome. The interphase, mitotic on epth ot treatment
rolo of DNA lack of a learning phase. Lrlll thelczll cy;li. Is
licati d outcome specifically . owledge of the stages
replication an A |on the cell cycle Explain the role of of Interphase needed?
3 mitosis in the ' when mentioned DNA replication to the
cell cycle ! here. seems remiss.  ccll cycle. Note: Interphase not
Sugéest adding ' mentioned anywhere in
additional learning the specification.
outcome.
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186
: Describe the stages No SLA detail at
No detail on depth Stag ;
SPL3 . re(c)luiere?il h(;rrle epLO is of DNA replication, all, which seems
c descrlbg vague and unclear  Making reference to inappropriate. Detail
hOW DNAis " therole of enzyme on DNA replication
replicated and No reference to depth Helicase and DNA should be providqd - is
the flow of needed in DNA Polymerase. knowledge of helicase
information replication or ‘flow of - and DNA polymerase
through mRNA information through Outline, in simply required? Polymerase
to protein mRNA to protein’. terms, how information is referred to in a later
is copied from DNA as LO so really should be
mRNA and transferred = mentioned here.
23 to ribosomes to form
specific proteins. e.g DNA Replication
- Helicase unzips DNA
- Free Nucleotides
- DNA Polymerase Builds
New Strand
- Reforming of double
helix (half old, half new)
SPLA3 Clear learning SLA should provide clear
d. describe outcome depth here.
how gene and
chromosomal

73  mutations
occur, making

reference
to known
examples of
both
SPL3 Unclear learning Describe ‘th processes = SLA makes no mention of
] outcome. No detail  ©f transcription and codons or anticodons ...
e. describe the on the depth of translation in protein  does that mean students

processes of
transcription
and translation

synthesis; outline the | do not need knowledge
roles of mRNA and of them. It’s very difficult
tRNA in the process of = to explain the process
Note: For HL protein synthesis. without knowledge of
| learning outcomes, ‘ these terms, in a practical
| the depth should be Describe the codoq sense.

nature of the genetic
code; relate the
structure of tRNA to
the codon nature of the
genetic code.

treatment required. It
is very confusing.

23
even more specific.
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Learning . Proposed re-wording Comment on material in
Page: Outcomg# Ll Comment: ol'-lgarning-outcomneg# SLA column#
SPL3 Unclear learning Relate mit_osis .It is uncl_ear how _the SLA
. outcome. Should be @nd meiosis to the information provided

f. outline how rephrased development of relates to the learning
unlciontrollleld . \ P ' cancers. outcome.

23 Ic)iolii(;:ﬁor?n . Missed opportupity

! to relate to previous
can lead to LOs.
development of
cancers
SPL3 Clear learning Exam.ine the role of SLA content ig relevant
_ outcome, although 1nfe_ct10us agents, here ... is detall.on

g. examine there is room for environmental metastasis required?
Fhe ro'le of further clarity in the factors gqcl_/or _genetic
infectious SLA susceptibility in
agents, the development of
environmental Consider separating differe;nt cancers in an
factors and/ into two distinct organism.
or genetic learning outcomes, .
susceptibility in considering the Evaluate solutions

23 the development weight of the term  t© address the
of different ‘evaluate’. development of
cancers in cancers.
an organism;
evaluate

® solutions to
address the
development of
cancers
. Distinguish between SLA should contain the

SPL‘l‘ ) gl?t‘éfli‘gecagﬁ;%er the CNS and PNS in  parts of the CNS and PNS
;ﬁiﬁ tofe separating into two (TS of their function = the LO refers to.
the parts of the learning outcomes? and parts.
central nervous Compare the nervous
system and system and endocrine

23 the peripheral system in the way
nervous they carry out their
system to their functions.
functions;
compare nervous
and hormonal
coordination
SPL4 Clear learning Gooc_l use Of. SLAto
b. describe outcome provide clarity on LO.
the roles of the

24 .
main parts of
the brain
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SPL4

¢ .describe the
structure of a
neuron and the
mechanisms of
impulse transfer

24

SPL4
d. develop and
use models to
explore the
interaction of
the hormonal
and nervous
24 systems to
maintain
homeostasis

SPL4
ie. illustrate
the location and
function of the
24 major glands in
the endocrine
system and
their associated
hormones
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Clarity required:

- The structure of
which neuron type
should be described?
Motor, sensory, both?
- What depth is
required under

the mechanism of
impulse transfer i.e.

b through the axon or

from one nerve to the

" next?

Consider replacing
the term impulse with
‘action potential’

- the more widely
recognised phrase for
impulse. This will
also provide clarity
here.

An incredibly vague
learning outcome;
impossible to
ascertain the depth
required.

Must give specific

'-I examples in the SLA
| to make this LO

workable.

Unclear LO. Llist of
“major glands” must
be provided in the

B SLA.

Compare the structure
of the motor and
Sensory neuron.

Outline the role

of endorphins and
dopamine in the human
body.

Outline how an action
potential forms in an
neuron.

Describe how an
impulse travel across
a synaptic cleft;
outline the role of
neurotransmitters and
enzyme inhibitors at
the synapse.

Describe homeostasis;
relate homeostasis
to metabolism and
enzyme reactions.

Describe how the
endocrine and nervous
systems interact to
maintain homeostasis.

Locate the pituitary
gland, thyroid,
parathyroid, adrenal,
pancreas, testes and
ovaries in the human
body. Explain the
role of each of these
endocrine glands.

Far greater detail required
here.

A missed opportunity
to relate to learning
outcomes on enzymes.

Almost no concrete
information provided
here.

Specific examples
should be provided here
e.g. water levels, body,
temperature, pulse etc.

SLA must provide the

list of what is deemed a
“major gland” and the
hormones associated with
them.
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189
Learning . Proposed re-wording Comment on material in
DR Outcome’ DT LA of learning outcome # SLA column#
~ Discuss the use of Consider adding
Unclear | Seus . £
SfPL4 ) 0132 :I?lz e&ﬁiﬁ% pe artificial hormones agriculture to that list.
. recognise : :

e i ga o rephrased. in sport, health,

p agriculture and
of hormonal — Consider rephrasin commercial enterprises.
manipulation on ; up p &

. . ‘hormonal

24 ~ Organisms | manipulations’;

" or give specific
examples i.e.
contraceptive pill,
ethylene to ripen

fruits etc.
SPL4 Unclear. Greater Distinguish between SLA should provide
C depth néede d in the innate and acquired examples of acceptable
g. distinguish SLA section. More  mmunity; outline strategies to prevent and

between innate
and acquired
immunity;

the strategies applied  treat microbial diseases.
to prevent disease
(including vaccination); Missed opportunity to

specific mention of
vaccination should be

b made.
24 outline the b made outline methods to treat reference RNA vaccines.
strategies microbial diseases.
applied to
prevent and
treat microbial
diseases
. Compare the roles of | SLA is completely blank
Fora HL1 p pictely
@ SPLf‘ . . og‘fca(l)m o ti:leil;‘nmg different types of white = for the immunity learning
h. distinguish ’ . blood cell (monocytes, outcomes, which seems
between th needs more clarity. .
etween the . 1 natural killer cells, strange.
roles of B and Knowledge of which
B and T cells is B lymphocytes and
T lymphocytes needed? What about T lymphocytes) in Greater depth of
in the body’s mono c3;tes and immune response. treatment can be provided
immune here.

b natural kill 11s?
| ratutat kifler celis Outline the role of the

different kinds of T
lymphocyte (helper,
killer, suppressor
and memory) in the
immune response.

24 response

Outline how mutations = Again, no SLA which

SPL4 Unclear; a missed d envi 1 . .
i explore how opportunity to relate aE environmenta seems inappropriate.
; to mutations and change result in the
new diseases evolution in previous cmergence of new No reference to
emerge; discuss p diseases. autoimmune diseases.

. b learning outcomes.
the importance &

of emerging Discuss the importance
diseases for of a knowledge of
society T emerging diseases
is society, including
autoimmune diseases.

24
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190
. Relate the general SLA should provide
Unclear learnin
SPLSl outcome Thereg structure of the male  details on the parts of
a. relate is ¢ onfuéi on as to and female human the reproductive system
the general why not ‘human’ reproductive systems to required.
structure of the duct; their functions.
le and female ) [feprocuictive
ma I y  system rather than
24 mamma 1gn mammalian; seems
reproductive . | an unnecessary
systems to their " addition.
functions
No detail on which
parts of the systems
are required.
SPLS No depth of Outline how hormone ' SLA needs more detail.
: levels (Oestrogen
: treat t, which i Sy .
b. 01.1tllne.the Sr;inn;igmgs 11(;1 a g1, Progesterone, LH and  Considering adding:
relationship learning outcome FSH) change during the Make reference to the
between " menstrual cycle. following:
hormonal . - FSH
Which h
24 levels and o blec c 0&?;;23@ are Relate the changes - Graafian Follicle
stages of the ) in the level of these - Oestrogen
menstrual SLA content should hormones to stages of - LH
cycle be elaborated on. the menstrual cycle. - Corpus Luteum
- Progesterone
.. This learning outcome | SLA should contain detail
Grossly Unclear. Th g
SPI&S b corl(l)lss t}e,lkenriiiggtes ' should be split into on the stages required,
c. describe
pregnancy from or weeks to study, as separate parts. and to what depth.
it stands. Far greater .
the dnglopment detail required on the e.g. Zygote (as fqrhhsed
of t];ertlhsed depth needed at each e%g),&\/l)orulla (solid ball
embryo to t £ devel t of cells), Blastocyst
birth: relate the stage of development (hollow ball of cells
structure of the Should there be a - detail of inner cell
placenta to its _ separate learning mass and germ layers),
functions A outcome on the Embryp, Foetus, Birth,
24 | functions of the Lactation).
" placenta or b
fnggfircl)sigrg t}}llem Some of the items listed
here, is it implied in the SLA here dqn ¢
detail is needed on relate to any learning
these? outcome e.g. copulation,
' milk formation.
Note: a “fertilised
embryo” makes no
sense, it should be a
fertilised egg.
SPLS Which hormones are Illustrate the role of Need specific detail
1 being related to in the hormones (oestrogen,  relating to this learning
d. develop and learning outcome? progesterone, oxytocin = outcome. Which
use models " and prolactin) before, = hormones are being
to illustrate during and after related to?
25 ;he role of pregnancy.
ormones
before, during
and after
pregnancy
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®

SPLS Unclear learning List the advantages that Good detail provided
e. appreciate outcome. modern technology has = here.
advancements “apprgmate” isnot P
in modern  an active verb, we
. propose that this
25 technology on ' learning outcome be
prenatal and " rewritten to make it
postnatal care clear what students
must be able to do
in order to show that
they appreciate this
concept.
SPLS Unclear. Discuss the use of Could elaborate on the
; Perhaps this could different methods of three words‘prowde':d
f. discuss the be easily simplified  contraception; discuss  here. Seem insufficient.
use and medical h “Sirategics to control he use and medical
25 1mp11cat19ns | fertility’ seems like a implications of fertility
of strategle§ .to / long winded way of treatments.
control fertility saying contraception.
and treatments
for infertility ) )
SPLs Clear learning No detail provided on
g. investigate outcome Zl:)emsrt)glizaures tobe
the structures '
of insect and
wind pollinated
75  plants and
relate them to
their functions,
use primary
and secondary
data to support
conclusions )
SPL5 Clear learning Some guldapce on
: ) outcome methodologies should be
h. Investigate provided here; it should
the digestive not be assumed that
activity of knowledge of the current
25 seeds during investigation is available.
germination,
use primary
data to support
conclusions
SPL6 Good learning
a.distinguish outcome
between
diffusion,
osmosis and
25 active transport;
examine
the role of
osmosis in food
preservation and
plant health



a.distinguish

192
SPL6 It would be useful ~ 1nvestigate how SLA should provide
. ) to have a list of temperature, detail on factors to be
b. 1nvest1gat§ acceptable factors to concentration gradient  investigated and how
factors affectmg be inIz/esti ated. How ©F surface area affects  many.
rates of osmosis [ an fact%)rs need  the rate of osmosis
55 across semi- m bginv estigated,  ACTOSS semi-permeable
permeable | especially mgmbranes, use
membranes, considering primary primary data to support
use primary data is required. conclusions.
data to support
conclusions
Suggestion is to split up It seems remiss to not
SPL6 g;;if?g Ii\e/l ;l dc ;1 dnilri) e this learning outcome | reference ADH here; it
c. relate the the SLA column on into multiple parts. is practically impossible
macrostructure the depth required to explain the role of
of the urinary on the filtration of the nephron without
system to its ferencing ADH and it’
ystem 1o  blood at the nephron. refer g . s
function in | Ts reabsorption a missed opportunity to
26  filtering and | of nutrients not not reference previous
removing y required? Or leaming outcomes.
waste; outline osmoregulation? ¢.g. SPL4 d, e and
the filtration homeostasis.
of blood in the
nephron
SPL6 Not clear on depth Needs to be broker} SLA is gr'ossly inadequate
i required; information into multiple leamlng here gnd is contrary to
hd. diicrlbe is ¢ ontra,ry to SLA.  outcomes to provide learning outcomes. ®
owihe © clarity.
macrostructure Which organs and . Only enzyme mentioned
of the human glands? Which Describe the is amylase, yet reference
digestive system enzym'es? macrostructure of the  to digestion of fats and
and associated human digestive system proteins is within the
organs and p and associated organs | learning outcome.
2% glands carry out || and glands.
the process of Needs far greater
digesting fats Relate the organs gnd expansion.
’ glands to the physical
carbohyd?ates and chemical digestion = Hepatic portal vein
and proteins of carbohydrates, fats = mentioned but no
and proteins. mention of the liver.
Are the functions of the
liver outside of digestion
required?
SPL6 Clear learning Assgming the products
. outcome of digestion relate to
e descrlbe. carbohydrates, fats and
the absorption, proteins, and not just
26 transport and those of amylase and
storage of the starch?
products of
digestion

ISTA Response to New Specs 23 Feb.2024.indd 192 @ 23/02/2024 09:03:49 ‘ JE—



Learning . Proposed re-wording
Page: Outcome# Clarity Comment: of learning outcome #
SPL6 Clear learning
f. consider outcome
the biological
26 implications of

dietary choices

SPL6 No depth of Draw and label the
o. relate the treatment. The LO or Eartst l?'f the ht[lman
anatomy and SLA should provide reathing system.
physiology of ?: (;?llilrsegrxﬂﬁiﬁetaﬂ Outline how gaseous
the breathi.ng h [the anatomy and exchange occurs
26 syste.m to its ' physiology of the betweet_l the': alveoli and
role in gaseous ' breathing system. the capillaries.
exchange in the
lungs No mention of
alveolus - does that
mean it doesn’t need
to be learned?
SPL6 Clear learning
h. outline outcome
the role of
carbon dioxide
concentration
as a controlling
26 | factor in
stomatal
opening and
in the human
breathing
system
SPL6 Clear learning
i. investigate outcome
the structures
of the heart and
relate them to
26  their functions,

use primary
and secondary
data to support
conclusions

Comment on material in
SLA column#

SLA content useful to

provide context to LO.

Consider adding a

‘wellbeing flag’ here as
this issue can be sensitive.

SLA should be used to
provide detail here.

Some clarity on the
structures within the heart
would be useful here.
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194
SPL6 The use of ‘develop
j. develop and and use models
use models to to describe’ is
describe the unnecessary here.
interaction
between the

26 circulatory and
other human
body systems
in facilitating
transport of
materials
around the body
SPL6 Unclear. Also, a

k. explain missed opportunity
heartbeat and _ to relate this LO to
its control by ) SPL4dande.

26 the pacemaker, ' Greater clarity on
pulse, blood depth required on
pressure and the blood pressure and
cardiac blood cardiac blood supply
supply needed.

SPL6 Unclear learning

1. relate the outcome. Since the

composition verb “appreciate” is

of the blood to not an active Verb,'

its functions: _ We propose that this
. ’ . learning outcome be

27  appreciate rewritten to make it
the value of " clear what students
knowledge on must be able to do
blood grouping in order to show that
for human they appreciate this
health concept.

SPL6 Clear learning
m. distinguish outcome
between

arteries,veins

and capillaries

27 based on their
macrostructures
and role in the
circulatory
system of
humans

Describe the
interactions between
the circulatory and
other human body
systems in facilitating
transport of materials
around the body

Explain the stages of
the heartbeat (systole
and diastole) and its

control by the brain and

SA and AV nodes.

Distinguish between
pulse and blood
pressure.

Describe the structure
and role of red blood
cells, white blood cells
and platelets.

SLA should provide
detail on which materials
should be referenced.

Currently no SLA
content.

No SLA content supplied.

ABO Blood grouping
System
Rhesus Factor

Why no detail on
macrostructure for
comparison?
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SPL6

n. relate the
structure of
the lymphatic
system to its
functions

27

SPL6
o. relate the
structure of
the root, stem
and leaf and

27 their associated
tissues with
their functions

Lacks clarity - like
many learning
outcomes, it assumes
the same level of

detail is required as in

the old syllabus.

Which structures
within the lymphatic
system need to be

A referred to? Which

' functions? How

- much detail on these
structures is required?

e.g. there is no

mention of the lacteal

in the digestive
system learning
outcomes - should
this be referenced
here?

Unclear. There is

an assumption that
we know which
structures and tissues
the LO is referring

b to - needs greater

clarity.

Missed opportunity
to relate to LOs

on tissues / cell
organisation.

It doesn’t need
rephrasing, just
elaboration.

Relate the main
structure of the root,
stem and leaf to their
basic functions.

Describe the associated
tissues within the root,
stems and leaves that

contribute to their roles.

SLA should provide the
detail required here.

SLA provides no detail on
depth required.

Should reference
structures within all three
plant organs and which
tissues need to be referred
to.

SPL6

p. describe the
transport of
water, minerals,
carbon

dioxide and
photosynthetic
products in the
plant

27
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Grossly Unclear. No
depth provided.

Is knowledge of
Cohesion-Tension
model needed?

Is knowledge of
xylem and phloem
needed?

- & How much detail

| is required on the

/' transport of sugars in

the phloem?

®

Describe the cohesion-
tension model of
water transport; relate
mechanisms for
movement of materials
in cells (diffusion,
osmosis and active
transport) to water
transport.

Outline how carbon
dioxide is transported
within the plant;
compare CO2 levels in
a plant during the day
and at night.

Outline the movement
of the products of
photosynthesis through
phloem tissue.

SLA provides very basic
information, mainly

on water transport and
none on CO2 or sugar
transport.

Much more detail needed
here.




196

IL1
a. discuss the
ways in which
science interacts
with social,
economic,
cultural and
ethical factors
28 | to inform the
making of
decisions on
local ecological
issues

IL1

b. analyse
evidence

of species
diversity in
ecosystems
using a
mathematical

28 model
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Unacceptable.
Extremely vague, open
ended and open to
multiple interpretations.

While the LO has value,
the depth required needs

to be clearly presented.
In truth, this learning

i . outcome could be a
| Leaving Certificate
~ course in itself.

Which social,
economics, cultural and
ethical factors. What
decisions are being
referred to? Legal,
research, legislative?

Learning outcome
unclear

Significant clarification
needed on SLA content.

Not sure where to
start.

Analyse methods
of determining
diversity in
ecosystems.

Use the Simpson’s
Species Diversity
Index to calculate
species diversity.

Currently, the SLA
content opposite
(although useful for the
wider topic) provides
little clarity on this
learning outcome.

Detail on which factors
and how many factors
in each interaction the
students are required to
discuss.

The model provided is
the Simpson’s Diversity
Index - is this the only
model that can be used,
as the learning outcome
suggests any model can
be used?

Do the students have
to be able to use the
Simpson’s Index i.e.
make calculations?

Do they need to know
the formula by heart,
or just use it? Do they
need to source the data
themselves?
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Learning . Proposed re-wording Comment on material in
Page: Outcome’ B Comment: of learning outcome # SLA column#
‘s Compare the use of = The SLA shown has
L1 This is a Inadequately . . . :
c. interpret constructed learning pyramids o_f numbers little to do with carrying
. outcome. There is and pyramids capacity or pyramids of
pyramids 1o other mention of of biomass in numbers.
of biomass . . . ecosystem Study
. carrying capacity in :
to explain . .
the specifications, but
and make clearly a knowledge Use data from
predictions is required to treat pyramids of biomass

about the _ this outcome fully. To to make quantitative
carrying B> predictions of energy

7g  capacity of transfer in food

chains.
ecosystems at
different scales

L. what depth is carrying
capacity explored to?
¢ It can be a large topic
in itself, pertaining

to various species

Explain the term

including humans. carrying ce}pacity
and relate it to
Far greater detail needed PYfamldS of

here; in truth, this 10mass.

should be a series of
learning outcomes.

Using secondary The SLA should provide

IL1 The inclusion of dat luate th i h
i rimary data here makes data, evaluate the suggestions on how
d.. interpret ?he legnin outcome _cffects of human to find secondary data
primary or £ . activity on species | relating to human impact
generally unworkable in ty on sp ing to p
(O] secondary data diversity; discuss on biodiversity.

relating to a school setting.

the effects of
29 human activity

the impact of
biodiversity loss in
ecosystems.

.| It is difficult to ascertain
| what is meant by the

on species e ‘benefits and risks’
diversity; o of human impact on
evaluate species diversity. It
associated makes little sense, to be
benefits and honest.

risks
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198

IL1

€. construct

a model of

the ecosystem
illustrating
species, relevant
biotic and
abiotic factors

el. construct
a model of
the ecosystem
illustrating

biotic and
abiotic factors

IL1

e2. investigate
the influence

of a range

of abiotic
factors on the
distribution of a
species

29
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29  species, relevant I

Unclear what ‘construct
a model’ means in this
context. Is it simply

to gather qualitative
and quantitative on

an ecosystem and

then write a report
summarising the
findings? This needs to
be clarified.

Firstly, e2 and e3 are
practically the same; the
use of both is needless.

How many abiotic
factors constitute a
“range”?

We would question the

| use of ‘distribution of
| species’ in both these

learning outcomes;

it would make more
sense to investigate the
effect of abiotic factors
on the abundance of
species in an ecosystem,
which can be measured
quantitatively while
distribution cannot.

Investigate an
ecosystem,
qualitatively and
quantitatively, and
illustrating species
present, biotic
factors and abiotic
factors.

Suggest dividing
into two learning
outcomes:

Describe how to
measure abiotic
factors:

Air temperature;
Wind speed

Water temperature;

pH; salinity
Soil Temperature,
pH.

* the key is to
provide specific
information in the
specification

Detail on meaning of
‘model of an ecosystem’
should be provided here.

The use of ‘collection
methods’ is unsuitable; a
list of suitable methods
and then number required
would be helpful.

What does the term
‘classifications systems’
refer to? Classification
of species, classification
of abiotic factors,
classification of
ecosystems?

List of acceptable abiotic
factors; how many do
students need to measure?

What is meant by
‘ground’ abiotic factors?
(soil already mentioned)

The content of the SLA
section here, in general, is
vague and ambiguous.

The SLA section is not
sufficient for providing
detail in this learning
outcome; in fact, there
seem to be factual errors.
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Learning:
Page: Outcome#
IL1

e3. investigate
quantitatively
the impact

of variation

in abiotic
factors on the
distribution of a
species

29

IL1

e4. describe
the transfer

of matter and
energy from
producers to at
least 3 trophic
levels

29

IL1

e5. describe
how an
organism’s
adaptations
enable it to
exploit a niche
in the ecosystem

29

IL1

6. explain
the feeding
and symbiotic
relationships
that occur
between
organisms

29

L2

a. distinguish
between
bacteria and
fungi in terms
of structure,
nutrition,
reproduction
and cellular
nature

29
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Clarity’

Comment#

As above, practically
the same apart from
the addition of
quantitatively. Needs
greater clarity and
distinction from the

| previous one.

This is unclear. Also,
does it have to relate
to the ecosystem

study only and not to

.| unknown scenarios?
| Perhaps aligning it to
- the ecosystem study

leaves little room for the
SEC to assess it?

Unclear. This LO leaves
no room for exploring
adaptation of organisms

B outside of the studied

ecosystem.

Same as above.

Unclear. Why is
cellular nature in
bold? The previous
LO distinguishing

A between prokaryotic and

eukaryotic is not HL

" only.

®

Proposed re-wording Comment on material in
of learning outcome #

Suggested
replacement for both
these LOs.

Investigate the
effect of variations
in an abiotic factor
on the abundance
and distribution of
a named species;
use primary and
secondary data to
support conclusions.

Describe how
different nutrients
are transferred from
one trophic level to
the

Explain why there is
energy loss from one
trophic level to the
next.

Explain the concept
of the niche

using examples

as it applies to
adaptations in an
ecosystem.

Describe two
examples of
a symbiotic
relationship

Outline the structure
of a bacterial cell.
Describe the process
of binary fission.
Distinguish between
the process of
asexual and sexual
reproduction in
fungi.

SLA column#
The SLA provides no
clarity to the depth
required.

The only concern here is
that there is no learning
outcome on energy
transfer outside of the
investigation of the
ecosystem, where primary
data is the only source
allowed.

Again, not sure why
prokaryotic and
eukaryotic are HL only
here but not in previous
LOs.




200
Lo Clear learning outcome Suggest adding: SLA provides a list
i ) of factors that can be
b. mvestigate I1lustrate how the investigated; how many
factors affecting bacteria growth need to be completed by
the growth of curve can be the student?
29 microorganisms, used to model the
use primary population growth of SLA mentions bacteria
and secondary microorganisms. growth curve but no
data to support learning outcome.
conclusions
Lo Learning outcome LiSj[ two ways in No relation to lgaming
. discuss the is unclear. The SLA whlch bacteria and = outcome opposite;
: :  content is ambiguous fungl play a role separate }eamlpg outcome
economic, A and potentially in the economy, on genetic engineering in
59  medical and | confusing medicine and the next section.
pharmaceutical ' pharmaceutical
importance of industry
microorganisms
L2 No detail on depth Describe the'
d. illustrate required, except ca§b0n cyilet,hmakf
el e athe ol
the carbon and microorganisms are not photosy ’
: needed. respiration, '
nitrogen cycles decomposers, fossil
fuels and carbon
sinks.
30 Describe the stages @
of the nitrogen cycle,
making reference to
the types of bacteria
involved: nitrogen
fixation, nitrification,
decomposition,
denitrification.
2 Very difficult to judge Evaluate the stability No SLA information
o. evaluate the depth of treatment of the carbon ar.ld provided.
ethical and here. The addition of gﬁroger}[}(l: yclels, ¢
sustainability ~ cthical issues seems slllss(t::islfablz role o
. - unnecessary. . practices
30  issues | | in the carbon and
associated with nitrogen cycles.
the cycling of
nutrients
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Learning

B Outcome#

IL2
f. discuss the
link between
atmospheric
carbon dioxide,
methane and
climate change;
30 evaluate
biological
strategies
to reduce
atmospheric
levels of these
gases

IL3w
a.describe
the principles
and processes
involved

in genetic
engineering

30

IL3

b. describe the
process of DNA
profiling and its
potential uses

30
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Clarity:

B mentioned in the DNA

Comment+

Clear learning outcome

Describe
mechanisms of
4. common gene

The learning outcome
and supporting SLA
material seem outdate
Even the phrase ‘genetic
engineering’ is more
commonly referred

to as ‘gene editing’ or
‘genome engineering’..

including CRISPR;
evaluate the

ethical and societal
effects of genome
engineering.

No reference to

B CRISPR in either the

| learning outcome and

| SLA seem like a missed
~ opportunity to bring a

modern technique into
the course.

No reference to the
ethical or societal issues
associated with genome
engineering again
seems like a missed
opportunity.

Define the process
of DNA Profiling
and describe the
steps involved in
generating a DNA
profile.

Unclear.

Only issue is reference
to PCR when DNA
Polymerase is not

replication learning

J outcome SPL3c¢

previously. You cannot
explain PCR without
reference to DNA
Polymerase in DNA
replication.

®

Proposed re-wording Comment on material in
of learning outcome #

editing technologies, which seems outdated

SLA column#
Suggest adding the phrase
‘carbon sequestration’
along with carbon sinks.

The SLA material is
based on just one form
of genome engineering,

considering the rise of
CRISPR as a gene editing
tool.

SLA should include
Definition of DNA
profiling.

Gel Electrophoresis.
Analysis of pattern
generated.

Reference to Polymerase
Chain Reaction changes
interpretation of LO
SPL3c.
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a.describe

202

IL3

c. outline

the principle
of DNA
sequencing
and its use in
bioinformatics

30

IL3

d.usea
genome
database to
search for
alleles that

are known to
cause (or be
responsible for)
specific genetic
diseases

30

IL3

e. investigate
patterns

using a DNA
profile, use
primary and/
or secondary
data to support
conclusions

30

IL3

f. discuss the
ethical and
sustainability
issues

arising from
advancements
in genetic
technologies

30

Clear learning outcome.

While clear, it is
difficult to understand
the rationale for this

learning outcome. What

is the end point here?

In addition, gene

databases are extremely

complex environments
to navigate.

Unclear. The addition
of ‘primary data’ here
should be removed. It
1s unfair to include an

A ‘and/or’ option as most
| schools simply will
" not be able to afford

Gel Electrophoresis
equipment.

Unclear.

SLA could be expanded
here.

SLA can be used to
provide specific examples
of genes to search for.

Investigate patterns = SLA provides no depth
using a DNA profile, here.

use secondary

data to support

conclusions

Discuss the ethical | SLA should make
issues arising from  reference to specific
advancements in genetic technologies to

genetic technologies. discuss here.
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Appendix 4

The use of the verb model in writing learning outcomes

The use of the word model as a verb has caused considerable confusion in many learning outcomes
in the Physics and Chemistry Draft Specifications. The word model is not used as a verb in any of
the Learning Outcomes in the Biology Draft Specification.

The correct use of the word model should not cause problems as the word is clearly defined in
dictionaries. The information in this Appendix is drawn from the following online dictionaries:

https://dictionary.cambridge.org/dictionary/english/model?q=Model
https://www.collinsdictionary.com/dictionary/english/model
https://www.oxfordlearnersdictionaries.com/definition/english/model_1?g=model

Model as a noun
Meaning: Something that a copy can be based on because it is an extremely good example of its
type:

o The educational system was a model for those of many other countries.

o They created an education system on the European model.

@& e [ worked as an artist’s model when I was a college student.

Model as an adjective

Model is used as an adjective to express approval of someone when you think that they perform
their role or duties extremely well.

o She really is a model (= perfect) student.

o As a girl she had been a model pupil.

e Hospital staff members say he is a model patient.

e [t is a model farm (= one that has been specially designed to work well).

Model as a verb

Meaning: to make a model of something or to wear fashionable clothes, jewellery etc in order to
advertise them:

o She modelled the clay into a sculpture.
o Tatjana is modelling a Versace design.
e [used to model when I was younger.

e [fsomeone models for an artist, they stay still in a particular position so that the artist can
make a picture or sculpture of them.
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https://dictionary.cambridge.org/dictionary/english/model?q=Model
https://www.collinsdictionary.com/dictionary/english/model
https://www.oxfordlearnersdictionaries.com/definition/english/model_1?q=model
https://dictionary.cambridge.org/dictionary/english/educational
https://dictionary.cambridge.org/dictionary/english/system
https://dictionary.cambridge.org/dictionary/english/country
https://dictionary.cambridge.org/dictionary/english/create
https://dictionary.cambridge.org/dictionary/english/education
https://dictionary.cambridge.org/dictionary/english/system
https://dictionary.cambridge.org/dictionary/english/european
https://dictionary.cambridge.org/dictionary/english/work
https://dictionary.cambridge.org/dictionary/english/college
https://dictionary.cambridge.org/dictionary/english/student
https://dictionary.cambridge.org/dictionary/english/perfect
https://dictionary.cambridge.org/dictionary/english/student
https://dictionary.cambridge.org/dictionary/english/design
https://dictionary.cambridge.org/dictionary/english/young

204

Definition of model in Glossary of Action Verbs published in Leaving Certificate
Physics and Chemistry Draft Specifications

In the Glossary of Action Verbs published in the Physics Draft Specification the verb model is
defined as follows:

Use words, diagrams, numbers, graphs and equations to describe phenomena

make justified predictions and solve problems.

In the Chemistry Draft Specification the verb model is defined differently:

Generate a mathematical representation (e.g. number, graph, equation,
geometric figure) or physical replica for real world or mathematical objects,

properties, actions or relationships.

The above definitions are completely different from any of the definitions of the verb model found
in dictionaries. It is not surprising that teachers have found learning outcomes using the verb model
to be very confusing. Teachers who teach both Leaving Certificate Physics and Chemistry would be
even more confused!

In all cases where the verb model is used in writing learning outcomes in the Leaving Certificate

Physics and Chemistry Draft Specifications, in Appendices 1 and 2 we have indicated alternative

action verbs as understood in dictionaries written by professional lexicographers, e.g. explain,

solve, predict, apply, calculate, discuss, describe, demonstrate and interpret. ®

One of the basic rules for writing learning outcomes is that they should be simple sentences using
language that is easily understood by teachers and students.

Recommendation

All learning outcomes containing the word model when used as a verb should be replaced by action
verbs whose meanings are clearly defined in standard English dictionaries.
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Appendix 5

Copy of online questionnaire completed by science
teachers

Irish
Science
Teachers’
Association

a eoloioi
na héireann

ISTA Online Questionnaire

Feedback on Draft Physics, Chemistry and Biology Specifications

2/2/°24

When completing this questionnaire, please pay particular attention to the clarity of learning
outcomes listed in each draft specification (syllabus). It is essential that the specification is as clear
as possible since problems have been encountered in interpreting the learning outcomes of the
Leaving Certificate Agricultural Science syllabus introduced in 2019.

Please complete this form by midnight on Sunday 11 February 2024 as the data from this
questionnaire will be analysed over the mid-term break in order to meet the deadline set by NCCA

for receipt of submissions.

1. Are you a member of ISTA?
O O
Yes No

2. Please indicate which of the following Leaving Certificate subjects that you teach.
O O O
Biology Chemistry Physics

3. The proposed breakdown of marks awarded to students in the draft specifications is 60% for the
written paper and 40% for the additional assessment component research Investigation as described
in the draft specifications. Are you happy with this breakdown?

O O
Yes No

The ISTA response to the draft specifications for Biology, Chemistry and Physics (Dec. 2023)
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4. Please explain your answer to the previous question.

5. If you answered “no” to question 3, please indicate your preferred allocation of marks to the
additional assessment component Investigation.

O O O O
10% 20% 30% QGreater than 40%

6. Please indicate the level of laboratory equipment / resources that best describes those found in
your school?

O O O O
Very well equipped Fairly well equipped  Poorly equipped Very poorly equipped

7. Please explain your answer to the previous question.

8. Do you believe that your school laboratories have sufficient resources to support your students in ®
completing to the best of their ability the additional assessment component research Investigation?

O O
Yes No

9. Please explain your answer to the previous question.

10. Please outline any concerns that you may have regarding the impact that the additional
assessment component might have on the availability of school laboratories and laboratory
resources to other classes such as Junior Cycle and Transition Year.

11. Have you any other comments on the proposed model of assessment of Leaving Certificate
biology chemistry and physics additional assessment component” by means of a laboratory-based
Investigation in sixth year as outlined in the draft specifications?
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Biology Draft Specification

If you do not teach Leaving Certificate Biology, please move to the next section

12. Clarity of learning outcomes. From reading the learning outcomes in the draft biology
specification, please estimate the percentage of learning outcomes that you feel are unclear.

Percentage

13. Please explain your answer to the previous question with reference to the relevant learning
outcomes listed in the draft biology specification. You need not rewrite learning outcomes in full
but simply refer to the page number and letter assigned as examples of learning outcomes that are
unclear to you, e.g. “p. 19 LO ¢”

14. What topics, if any, have not been included in the draft biology specification which you feel
should be included to cover the knowledge, skills and values required of Leaving Certificate biology
students? Please state your reasons why these topics should be included

15. What topics, if any, have been included in the draft biology specification which you feel should
not be included? Please state your reasons why these topics should not be included

16. From reading the draft specifications, are you clear on what mandatory laboratory practicals
should be carried out by students in school laboratories?

O O
Yes No

17. Please explain your answer to the previous question.

18. Are you in favour of a list of mandatory student laboratory practicals being included in the final
draft of the biology specification?

O O
Yes No

19. Please explain your answer to the previous question.
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20. Any other comments?

21. Thank you for your feedback. If you are willing to share further insights into your answers,
please provide your email address.

If you do not teach Leaving Certificate Chemistry or Physics you have now finished completing
the questionnaire. Thank you for taking the time to complete this questionnaire. Your assistance in
helping the ISTA to reflect the views of its members is very much appreciated

Chemistry Draft Specification

If you do not teach Leaving Certificate Chemistry, please move to the next section.

22. Clarity of learning outcomes. From reading the learning outcomes in the draft chemistry
specification, please estimate the percentage of learning outcomes that you feel are unclear.

Percentage

23. Please explain your answer to the previous question with reference to the relevant learning @
outcomes listed in the draft chemistry specification. You need not rewrite learning outcomes in full

but simply refer to the page number and letter assigned as examples of learning outcomes that are

unclear to you, e.g. “p. 19 LO ¢”

24. What topics, if any, have not been included in the draft chemistry specification which you
feel should be included to cover the knowledge, skills and values required of Leaving Certificate
chemistry students? Please state your reasons why these topics should be included

25. What topics, if any, have been included in the draft chemistry specification which you feel
should not be included? Please state your reasons why these topics should not be included

26. From reading the draft specifications, are you clear on what mandatory laboratory practicals
should be carried out by students in school laboratories?

O O
Yes No
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27. Please explain your answer to the previous question.

28. Are you in favour of a list of mandatory student laboratory practicals being included in the final
draft of the chemistry specification?

O O
Yes No

29. Please explain your answer to the previous question.

30. Any other comments?

31. Thank you for your feedback. If you are willing to share further insights into your answers,
please provide your email address.

If you do not teach Physics you have now finished completing the questionnaire. Thank you for
taking the time to complete this questionnaire. Your assistance in helping the ISTA to reflect the
views of its members is very much appreciated

Physics Draft Specification

32. Clarity of learning outcomes. From reading the learning outcomes in the draft physics
specification, please estimate the percentage of learning outcomes that you feel are unclear.

Percentage

33. Please explain your answer to the previous question with reference to the relevant learning
outcomes listed in the draft physics specification. You need not rewrite learning outcomes in full but
simply refer to the page number and unique number assigned as examples of learning outcomes that
are unclear to you, e.g. “p. 19 LO c is unclear because.....”

34. What topics, if any, have not been included in the draft physics specification which you feel
should be included to cover the knowledge, skills and values required of Leaving Certificate physics
students? Please state your reasons why these topics should be included
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35. What topics, if any, have been included in the draft physics specification which you feel should
not be included? Please state your reasons why these topics should not be included

36. From reading the draft specifications, are you clear on what mandatory laboratory practicals
should be carried out by students in school laboratories?

O O
Yes No

37. Please explain your answer to the previous question.

38. Are you in favour of a list of mandatory student laboratory practicals being included in the final
draft of the physics specification?

O O
Yes No

39. Please explain your answer to the previous question.

40. Any other comments?

41. Thank you for your feedback. If you would be willing to share further insights into your

answers, please provide your email address.

Thank you for taking the time to complete this questionnaire. Your assistance in helping the ISTA to
reflect the views of its members is very much appreciated.
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